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INTRODUCTION

The significant role of infantile atrophy in infant mortality in Hungary
[113, 178] lends considerable importance to studies concerned with the
conditions.

Infantile atrophy is a clinical, or pathophysiological entity of no uniform
aetiology. For this reason research has to embrace all aspects of the problem ;
investigation into any as yet unclarified detail problem may possess signif-
icance.

In recent years, systematic research on infantile atrophy has been conduct-
ed in several institutes in Hungary.** Besides studying the aetiology [113,
114] and endocrine relations [113, 299, 7, 23] of the disease, Gegesi Kiss et
al., of the 1st Department of Paediatrics of the University Medical School of
Budapest, investigated also other detail problems,*** first of all the meta-

*This work has been sponsored by the Hungarian Academy of Sciences.

** To mention only the significant results obtained by Kerpel-Fronius and his asso-
ciates at the University of Pécs, as well as by Kulin, at the University of Debrecen (v. Refer-
ences [178, 179 and 197].

*** Studies on reticuloendothelial function [372], changes in the bones [112], intestinal
bacterial flora [345], meteoropathological relations [346].

1 Acta Medina X11/1—2



2 F. GERLOCZY and B. BENCZE

holism in atrophy. It seemed, therefore, necessary to investigate vitamin
metabolism, in addition to studies on carbohydrates [24—28], proteins [29,
34, 35, 367], and fats [3].

As far as we know, such systematic studies on vitamin metabolism
have not been conducted before and there are no pertaining data in the
literature. Starvation has been the subject of extensive investigations, mostly
in adults, and the observations made were preponderantly clinical. Exact
chemical determinations of the single vitamins are lacking even in the enor-
mous literature on the subject [180]. However, the findings obtained in star-
ved adults cannot be applied without restrictions to infantile atrophy. Al-
though in some respects the two conditions are closely analogous, there are
important differences in pathophysiological properties. Some of these are
even opposite in certain stages of infantile atrophy [178].

In the investigations to be presented we have sought answers to the
following questions :

a) Does vitamin deficiency occur in infantile atrophy? If so, what
is its measure (complete, severe or moderate) and in which stage of atrophy
does it occur?

b) Is a lack of some vitamin or vitamins characteristic of certain stages
of atrophy, or is it only a change necessarily accompanying the single special
forms of atrophy?

Only after these questions has been answered will it be possible to
establish whether (i) vitamin deficiency plays a role in the initiation, conti-
nuance or aggravation of atrophy ; (ii) it is possible to draw practical con-
clusions as to the prevention, therapy (how much should be given from which
vitamin, and when), and the daily requirements of single vitamins. We had
to face certain difficulties, as

(i) the normal values for infants were not available for every vitamin.
In the case of vitamin E, for instance, in Hungary we had to determine them.

(ii) to gain a deeper insight into the relations of vitamin metabolism,
it did not suffice to make individual vitamin determinations. Tolerance
tests had also to be carried out. And, as we were dealing with infants, a micro-
method had to be developed to test small volumes of blood [36].

(iii) a) when evaluating the results, it does not suffice to speak broadly
about “atrophy”. One must specify its grade as exactly as possible. For this
reason we were very careful when appraising the severity of the actual state.
We have rejected the use of the so-called development quotient (Q, DQ),
because this may lead to errors in appraisal [178]. Instead, we have computed
the “loss of weight”, based on a sounder principle, i. e. the percentage lag in
weight, as compared to an eutrophic infant of the same body length. (On the
basis of the “paediometric weight index” of Simko [330, 331, 332].) On grounds
of the paediometric index (P,j the classic three grades of severity of atrophy
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(Finkelstein : dystrophy, atrophy, decomposition; Marfan : hypo-
trepsie I, hypotrepsie Il, atrepsie; Maslov: hypotrophy I, hypotrophy IlI,
hypotrophy 111) might be determined as follows.
Pi
BEULTOPRNY e 107,5 to 97,5
Dystrophy (Hypotrophy 1) e 97,5 to 85
Atrophy (Hypotrophy T1) 85 to 75
Decomposition (Hypotrophy T1) i 75 to —

We are, naturally, fully aware of the fact that the evidence derived
from body weight and length can be used only as guide in the determination
of the stages of atrophy [113].

b) It does not suffice to take into account the severity of atrophy
(grade I, 1I, 111). Gegesi Kiss [113] has pointed out that the concept of
infantile atrophy should be divided into two parts, notably the process of
atrophy and the state of atrophy, because the final state of grave atrophy
differs from the preliminary and preparatory process not only quantitatively,
but also qualitatively. Thus, in this final stage the structural composition
and the corresponding functions of the atrophic infant differ not only from
those of the normal infant, but also from those of the infant still in the process
of atrophy [113]. For this reason we have focussed attention primarily

on infants in grade IlIl of atrophy. To approximate the so-called final stage,
grade Ill has been subdivided into further 2 groups :
Pi
Decomposition (Hypotrophy 111) e 75t0 —
WIthin this THT e 75 to 65
FET2 e 65 to —

By so doing it has been attained that, ceteris paribus, the severest forms
(Finkelstein’s decomposition and Marfan’s atrepsie) were included in the
same group.

(iv) A precise aetiological analysis of infantile atrophy has been greatly
endeavoured. In Czerny’s classical triad (ex alimentatione, ex infectione, e consti-
tutione), infection has an outstanding, almost dominant role, as it has been
pointed out by Gegesi Kiss [113, 114] on the basis of evidence derived from
a very large material. Thus, the infectious factor had to be analysed in the
first place, both as a primary factor starting the process of atrophy and as
a secondary one partly responsible for the continued existence and aggrava-
tion of the condition. This close relationship between atrophy and infection
has made it necessary to include in the present study eutrophic infants who
had contracted some infection. Although in our material faulty or deficient
nutrition was rarely the primary factor initiating the process of atrophy,
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and by the time the infants were admitted there was no so-called “pure”
starvation atrophy encountered [113, 114] — special attention had still to
be devoted to the alimentary factor (mild or severe quantitative or qualita-
tive damage), since the actual vitamin supply to the organism is greatly depend-
ent upon tie quantity of vitamin ingested. Constitution and actual condi-
tional factors, as aetiological and modifying agents, as well as the other condi-
tions starting the process of atrophy (such as the various developmental
disorders, premature birth, cerebral haemorrhage, haemolytic disease of the
newborn with its sequalae, etc.) have all been considered.

The metabolism of fat-soluble vitamins in Leiner's erythrodermia and
in atrophy secondary to that condition has been studied separately. The
atrophy associated with that disease is namely one of the special forms of
infantile atrophy, of which the characteristic feature is a pathological fat
metabolism resulting from a severe disturbance of digestion, absorption or
intake. (To this group belong, beside Leinens erythrodermia, the cystic
fibrosis of the pancreas, the congenital aplasia or occlusion of bile ducts,
the so-called “Mehlndhrschaden” (Czerny) (resp. kwashiorkor). With the
latter form  Leiner's erythrodermia has many features in common
(fatty degeneration of the liver, hypoproteinaemia, oedema, pancreatic
failure). All these forms may be associated with multiple vitamin deficiency.

Vitamin metabolism was studied in nearly 200 atrophic and control
infants. In the present report we shall discuss investigations concerning
vitamins E, A, Bx and C.

VITAMIN E (Tocopherol)

Serum tocopherol levels in eutrophic infants

When studying vitamin metabolism in pathological conditions, the
knowledge of the physiological values is essential. This applies also to vitamin
E studies in infantile atrophy. There have been no data as to the physiological
values for vitamin E in the serum of normal infants in Hungary. The few data
published in foreign countries could not be relied upon, because these relate
to other climatic and dietary conditions. For this reason we have determined
the normal value for vitamin E in the serum of normal infants.

I. Survey of the literature

(A survey of the literature concerning physiological tocopherol concentrations
in human blood serum)

On the basis of the evidence published by Kibardin [181], Moyer
[262], Cattaneo and Mariani [62], Wright et al. [392], as well as Gerloéczy,
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Bencze et al. [115], the physiological level of tocopherol in the serum of the
newborn infant can be presented as follows.

Days of life Serum tocopherol mg/100 ml

1st 0,20 (62)

0,24 (262)
breast-fed artificially fed (392)

2nd 0,38 0,31

3rd

4th 0,81 0,52 (392)

5th

6th 1,46 0,50 (392)

2nd —5th 0,36 (262)

2nd—6th 0,353 (115)

Newborn 0,30 (181)

In determining these data, Moyer [262], Wright et al. [392] employed
the alpha-alpha dipyridyl micromethod of Quaife Scrimshaw and Lowry ;
Gerloéczy, Bencze et al. [115] used the procedure modified by Bencze ;
Kibardin [181], the method of Emmerie, Engels and Minot.

Breast-fed newborn — nursing and non-nursing mother. Wright et al.
[392] demonstrated that the level of tocopherol changed in the opposite
direction in the blood of the breast-fed newborn and decreases in the
blood of the mother during the first days of postnatal life. It increases
from 0,38 mg/100 to 1,46 mg/100 ml from the 2nd to the 6th day in the breast-
fed infant, whereas it hardly increases (from 0,37 mg/100 to 0,50 mg/100 ml)
in the artificially fed infant. This illustrates clearly what a rich source of vita-
min E the colostrum is. It is remarkable that on the first days already the
level of tocopherol is so much higher in the non-nursing mother’s blood than
in the blood of the breast-feeding mother. The difference becomes statistic-
ally significant by the 4th day, when the maternal blood level is 1,63 mg/100
in the nursing, and 1,93 mg/100 ml in the non-nursing mother. Similar observ-
ations have been made by Moyer [262] (blood tocopherol level in mature
infants increases from 0.23 mg/100 ml on the 1st day to 0,36 mg/100 ml in the
period of from 2 to 5 days), as well as by Gerléczy, Bencze et al. [115]
(the blood tocopherol level in the newborn increases during the first few days
from 0,283 mg to 0,353 mg/100 ml and, though not significant, this increase
appears to be in correlation with the start of colostrum secretion).
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Mammary barrier. The level of tocopherol in the blood of newborns
is reported to be as low as 0,20, 0,23, 0,30, 0,35, 0,38 mg/100 ml [62, 262, 181,
115, 392] at birth and on the first two days of extrauterine life. It has been
estimated to 1/2 [115], 1/5 [392] and 1/7 [62] of the maternal level. This low
level changes when feeding begins. Measure and rate of the increase depend
on the tocopherol content of the food. (Human colostrum contains much
tocopherol [289, 4, 62], whereas intermediate and mature human milk contains
only moderate amounts [190, 62])*. It is remarkable that 240 mg of toco-
pherol daily given to the motherincreased the tocopherol level, but this never
reached the physiological concentration. Under pathological conditions we
[116—118] succeeded in inducing a diuretic effect in premature babies by
administering d-l-alpha tocopherol acetate (by mouth, in a total dose of 150
to 200 mg in 5 days) to the mother, but not to the baby. The diuretic effect
appeared when lactation began.

Premature infants. At birth [262], or immediately after it [392] there is
hardly any difference in blood tocopherol level between premature and normal
newborns. Later, however, there are differences in this respect. In the first
40 days the blood levelin the artificially nourished premature infant decreases
gradually and is as low as 0,09 mg/100 ml at 31 to 40 days [392]. In the
breast-fed premature infant the blood tocopherol level does not increase**
during the first two months [262], resp. between the second and eighth
weeks [272], only in the 3rd to 6th months [262], reaching a level of 0,50
mg/100 ml. According to Engel, the mean value is 0,19 mg/100 ml.

According to Wright et al. [392], between the 1st and 4th months the
blood level of tocopherol is 1,25 mg/100 ml in breast-fed, and 0,53 mg/100 ml
in artificially fed infants. From 5to 8 months of age these values increase to
1,35 and 0,75 mg/100 ml, respectively. According to Kibardin [181], the
blood level of tocopherol is 0,44 mg/100 ml between 3 and 12 months of age.
No significant differences have been found between boys and girls, or twins
(Straumfjord and Quaife) [343].

The average serum vitamin E level in the child has been found to be
0,83 mg/100 ml at 1 to 3 years, and 0,94 mg/100 ml at 8to 16 years of age
[181]. Guzman and Scrimshaw' [70] found the blood tocopherol level to
vary between 0,61 and 0,74 mg/100 ml in children aged 7 to 12 years. Accord-

* As compared to human milk, cow’s colostrum [149] and milk [266, 289, 153, 4, 1454
218, 96, 149] contain less vitamn E. Even less is contained in goat’s milk 388. Artificial
foods prepared with cow’s milk are the poorest in vitamin E 144, 146. Skinned cow’s miig
contains hardly any tocopherol 4. There are great differences in tocopherol content accordink
to the cows being fed green or dry fodder, and also according to seasons (summer and winter
milk) [196, 289.]

** In the period 1946 —1948 we have observed an increase in the incidence of scler-
oedema in premature infants fed human milk. We believe the condition to be due to vitamin
E deficiency 116-118, 119-121.
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ing to Minot and Frank [257], the average tocopherol content of the blood
in normal children aged 5 to 12 years is 0,88 (0,64 to 1,12) mg/100 ml.

Daily vitamin E requirementof the infant. The relative vitamin E require-
ment is the highest in infancy [341]. The optimum daily supply has been
estimated to 30 mg in adults [391, 98, 49, 150], and to about 5 mg daily in
infants. The reserves infants bring with them from intrauterine life are low.
The physiologically low reserves are filled up when the newborn is fed milk
containing about 0,900 mg/100 ml vitamin E [265]. As cow’s milk is poor
in tocopherol, it is advisable to enrich the food of artificially fed newborn
or premature infants with vitamin E [266]. The average diet, however, will
never answer the minimum requirement [290, 146]. The daily doses employed
vary over a wide range (1 to 3 mg [307] ; 3 to 9 mg [389] ; 12,5 to 25 mg
[316] ; and even higher doses [339, 123, 375, 337, etc.]).

Normal adults. The blood tocopherol level in normal adults has been
estimated at around 1 mg/100 ml (0,96 mg/100 ml by Wechsler et al. [384] ;
1,2 mg/100 ml by Quaife and Harris [287]; 1,04 mg/100 ml plasma by Harris
et al. [143] ; 0,73 to 1,28 mg/100 ml serum by Minot and Frank [258]. Others
[360, 296, 224, 90, 78, 101, 342, 181, 68, 63, 205, 203, 12, 361, 58] found diver-
gent values, the variations ranging from 0,2 mg/100 ml to 2 mg/100 ml. As
already pointed out [115], the differences in the results are ascribable to
differences in the technique of determination and isolation, and mainly to
those in nutritional habits. The blood level of tocopherol depends mainly
on the diet. It therefore varies according to seasons, geographical area and
nutrition, (£ e. according to the occurrence of tocopherol in nature and thus
in the diet [143, 1, 203, 206, 384, 360, 79, 361]). There are several data in the
literature concerning this problem.

W ith age, the blood tocopherol level tends to increase, but only in males
[68]. No diurnal and nocturnal variations have been observed [1].

Pregnant women. The blood tocopherol level is higher in pregnant women
than in men or non-pregnant women [360, 362, 296, 63, 343, 361]* and increases
gradually during pregnancy [343, 321, 62, 191]. The increase is so great
that by the end of full term the level may be 1,5 to 2 times as high as initially.
In this respect the behaviour of the tocopherol level is the opposite of the
other vitamins, which decrease with the advance of pregnancy.**

According to our investigations, the mean tocopherol level in mother’s
blood is 0,573 mg/100 ml at the onset of labour and immediately after delivery,
but before the detachement of the placenta [115].

Placental barrier. At birth and for a few days after birth the level of toco-
pherol is much lower in maternal blood than in the blood of the umbilical

* Only Athanassiu [19] found no differences,
** Other authors claim the blood tocopherol level to decrease with the advance of preg-
nancy [362] or that there is no relation between the two [1].
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cord. (Varangot et al. [363]; Straumfjord and Quaife, [343]; Athanassiu,
[20]; Cattaneo and Mariani. [62]; Gerlé6czy, Bencze et al.,, [115]; Wright et
al. [392]. Blood in the umbilical vein contains 1,67 mg/100 ml tocopherol [20],
while arterial blood, 0,44 mg/100 ml [20, 265], indicating the high tocopherol
requirement of the foetus. The tissues and organs of the foetus are poor in
tocopherol [3, 88], in the mature and premature infant the level is somewhat
higher [88], but still lower than in adults [288]. The placenta contains 2 to
4 times as much tocopherol as foetal tissues, but still much less than maternal
blood [88]. Thus, the foetus has apparently low tocopherol reserves and the
high requirement is met only partially by placental transfer. Many experiments
have demonstrated that the placenta permits the passage of a small fraction
of the tocopherol administered to the mother [363, 265, 350, 137, 306, 127,
251 —254, 255]. The role played by the placenta is apparently not only one
of storage, but also one of regulation (20 and 88, respectively) : it mobilizes
maternal reserves, so that the newborn gets sufficient tocopherol in the colos-
trum ; tocopherol is namely transferred much better by the milk than through
the placenta [228].

Il. Experimental
Infants tested

The vitamin E studies were made in normal infants. Very strict criteria
were applied to select the best-developed infants, i. e. those thriving best
and fulfilling all other criteria of eutrophy.*

Determination ofthe state ofdevelopment. The degree of development and
nutrition has been determined by means of the paediometer devised by SimkO
[330, 331, 332]. This instrument, similar in construction to a slide rule,
serves for determining the so-called iipaediometric index” (P,), composed of
two, unrelated data : weight index/length index. According to SimkO, the
principle underlying the P, is that the weight of an infant depends on its
length and body length depends on age. The ratio of body weight percentage
and body length percentage is the P,-, which, being derived not from ebsolute
values (g, cm) but from a difference between the changes, is suitable for
comparing the degree of nutrition and development of infants. If P; = 100/100,
the weight of the infant as related to its body length, as well as the body
length related to the infant’s age, are ideal. Owing to the biological variations,
a baby is accepted as eutrophic if the weight index falls between 97,5 and
107,5. When the weight index is lower than 97,5, we speak of hypotrophy.
In contrast with P,, which is based on a sound principle, the so-called “deve-
lopmental quotient” (Q., DQ) shows not the correlation between weight

11 infants were examined in a day nursey, 6 in a nursery and 1 atour department.
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and length, but the increase in weight related to the weight at birth and
to age. And, as it has been stressed also by other authors [288], the gain in
weight by itself, without taking into account longitudinal growth, cannot
express the true degree of development of an infant. For example, infants
of the same age and weight, but of different growth may greatly differ in
development. We have computed the P- for the day of examination in
every case.

Age. The 18 infants examined ranged in age from 1 1/3to 13 1/2
months ; 17 infants were less than 1year old, 7 were less than 6, and 3 less than
3 months old.

Feeding. Infants Nos. 4, 6 and 14 were fed exclusively on mother’s milk;
the others were maintained on artificial diets, complete in all respects.

Procedure

Blood sampling. Blood was taken from a vein 4 hours after the last
feeding. After clotting, the serum was separated by centrifugation.

Time of test. Except for case No. 11, the tests were made between Sep-
tember and February.

Estimation of vitamin E in serum. Serum vitamin E was determined
by Bencze’s method [37, 38, 36], based on the following principle. Tocopherol
is oxidized to tocopherol red, then condensed with o-phenylene-diamine.
The condensation derivative dissolved in a mixture of methyl and butyl
alcohol shows an intense yellowish-greenish fluorescence in ultraviolet light.
Under appropriate experimental conditions the reaction yields quantitative
results and determines even 2 to 3 micrograms of tocopherol within a 10 per
cent limit oferror. The reaction has the further advantage of being specific
i.e. it is given only by tocopherol. Interfering contaminants can be removed
by chromatographic purification.

Results and discussion

The serum vitamin E values estimated are tabulated in the order of
magnitude. The deviations were marked, in spite of the infants having been
fed practically the same diet of suitable composition and yielding calories
sufficient at the respective ages. The deviations were apparently due to
the fact that the vitamin E content of mother’s and cow’s milk depends on
the vitamin E content of the food ingested by the mother and cow, respectively.

Statistical analysis showed the mean (M) to be 0,383 mg/100 ml vitamin
E, with the true values ranging from 0,350 to 0,416 mg/100 ml. Thus, the
serum of the normal infant contains at least 0,350 mg/100 ml of vitamin E.

A comparison of our results with the rather scarce evidence published
in the literature shows that our data are closely similar to those reported
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Serum vitamin E values in normal infants

Exp. Date of . Age, Paediometric index Serum vit. E
No. record examination Initials months Sex weight i/length i mg/100 ml
No. or DQ

I. 118 Sept. 1954 P. T. 8 3 98/99 0,150
2. 120 Sept. 1954 N. I 1 9 104/94 0,193
3. 141 Dec. 1954 P. E. 8 9 98/106 0,212
4. 147 Feb. 1955 T. A 3Vs a 105/89 0,266
5. 132  Sept. 1954 T. K. n 23 ’ 101/110 0,300
6. 116 Sept. 1954 S. F. V. 4 98/104 0,316
7. 138 Dec. 1954 K. 7 9 97s/101 0,328
8. 119 Sept. 1954 K. N. 623 3 975/98 0,350
9. 121 Sept. 1954 M. 1. " 3 97597 0,350
10. 149  Feb. 1955 F. T 223 3 98/108 0,356
11. 107 May 1954 H. 1203 9 i 0,387
12. 140 Dec. 1954 T.J 9 \ 105/99 0,433
13. 117  Sept. 1954 K. 1 7 9 99/100 0,466
14. 148 Feb. 1955 G. I 393 3 100/100 0,480
15. 125 Sept. 1954 M. M. 51» 9 976/1 04 0,550
16. 145 Jan. 1955 Sz. G. 137. 3 102/107 0,569
17. 139 Dec. 1954 T. G 11273 3 100/106 0,582
18. 144  Jan. 1955 sz. J. 523 3 103/90 0,620

M = 0,383

ffM = 0,032

by KiBARDiIN [181] (0,44 mg/100 ml), and Straumfjord and Quaife [343]
(0,30 to 0,48 mg/100 ml), and are comparable to the values reported by W right
et al. [392] for artificially fed infants (0,53 mg/100 ml). Wrigiit et al., however,
found much higher values for breast-fed babies.

On the basis of the above, we consider a serum tocopherol value of
under 0,350 mg/100 ml as a sign indicative of hypovitaminosis.

This value agrees well with the 0,40 mg/100 ml one reported to be patho-
logical (Abderhalden) [1].

Summary

The serum vitamin E level has been determined in 18 normal, well-
developed infants, ranging in age from 1 1/3 to 13 1/2 months. Some of the
infants tested were fed exclusively mother’s milk, the others were fed a com-
plete artificial diet. Estimation of vitamin E was made by Bencze’s method.
In normal infants the servim vitamin E level was found to vary widely, with
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a mean level of 0,383 mg/100 ml of serum. Statistical calculations revealed
that the true values varied between 0,350 and 0,416 mg/100 ml.

In these investigations we have determined the serum vitamin E level
for normal infants in Hungary. Levels lower then 0,350 mg/100 ml are inter-
preted as indicative of hypovitaminosis.

Serum tocopherol levels in infantile atrophy

It has already been mentioned which questions we endeavoured to
clarify by systematic studies on the vitamin household in infantile atrophy.
In the present paragraph we shall discuss the serum level of vitamin E in
infantile atrophy, as well as in infected, but eutrophic babies. The normal
values have been presented in the previous section. Atrophy associated with
Leiner's disease will be discussed separately, as in that condition fat meta-
bolism is severely impaired.

I. Survey of the literature

Data concerning for vitamin E in infantile atrophy are lacking in the
literature, nor are there exact data for children, even in the ample literature
on starvation.*

For long, vitamin E was prescribed exclusively in obstetrical-gynae-
cological conditions, such as habitual abortion, premature birth, abruption
of the placenta, menorrhagia, dysmenorrhoea, primary sterility (in both
females and males), menopausal syndrome, as well as in progressive muscle
dystrophy and in neurological disorders, because in these conditions, on the
analogy of the deficiency symptoms in animals, an a priori deficiency of
tocopherol had been suggested to be present. The results, however, lent very
little, if any, confirmation to this view. At the 3rd International Vitamin E
Congress, held 1955 in Venice, less interest has been devoted to the above
conditions and entirely different fields of human pathology have been pointed
out as being the main fields of vitamin E adm inistration. Since the 1st (London,
1939) and 2nd (New York, 1949) Vitamin E Congresses this “polyfunctional” vita-
min has namely been found to possess such a great number of physiological
effects as is unique in the field of vitamins. Suffice here to mention that since
the 1949 Congress 1600 reports have been dealing with vitamin E. When
administered in certain doses, tocopherol acts not as a vitamin, but as a
drug, and in this case its use represents a chemotherapeutical, rather than a
substitution treatment.

*In the blood of malnourished adults the vitamin E level is 25 per cent lower [143]
than in normal individuals. In the starving Germany even lower values were found [1]. During
the German occupation, 0,2 mg/100 ml average values were found in France [360] and similar
ones were reported for the Netherlands [79]. On the other hand, daily administration of small
doses of tocopherol prolongs the life of starved rabbits [67].
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First of all, the favourable results attained in the prevention and treat-
ment of cardiovascular diseases should be mentioned.* These are based on
the following physiological effects.

Alpha-tocopherol reduces the oxygen requirement not only of the muscles
[160] and the animal as a whole [395, 276, 162, 349, 350], but also of the
isolated heart [171] thus creating favourable conditions in anoxia [162],
favourable influencing the function ofthe enzyme system of the myocardium
[130, 335]. It dilates the capillaries [326], reduces capillary permeability
[325] and fragility [251, 256, 254, 252, 92, 250], relieves vascular spasm [359].
In the rabbit it apparently promotes the formations of collagen fibres, preser-
ves and protects the reticular and elastic stroma of myocardium and corona-
ries and dilates the coronary capillaries [245]. By virtue of its physiological
antithrombin effect [171, 396, 172], it delays the formation of intravascular
thrombi and by its action on fibrous tissue** it is capable of dissolving already
existing thrombi [171, 327]. Likewise, it can delay the development and
shrinkage of fresh and old scars [326, 327, 328, 338, 54, 13, 314]. In animals,
artificial vitamin E deficiency induces oedema by increasing capillary fragility
(“exudative diathesis”) [80],*** produces vascular changes, thrombosis,
haemorrhages [231], or even arteritis [156]). It is interesting that in man
vitamin E increases the thrombocyte count [86, 275] and in the placenta it
not only dilates the capillaries, but also enhances epithelization and vascular-
ization [351].

By inducing chronic vitamin E deficiency, myocardial changes can be
produced in animals [134, 229, 221, 103]. Similarly vitamin E administration
may bring about regression of the spontaneously developing heart disease
of the dog and cat [198], and lessen the arteriosclerosis of the hen’s aorta that
develops on normal diet [387]. The acid-fast ceroid pigment formed in the
dystrophic muscles of animals with vitamin E deficiency is identical with the
pigment found in the old-age atrophy of the human myocardium [225, 258,
268]. In the arteriosclerotic human aorta peroxide accumulates [124]****
quite as in the experimental animals with vitamin E deficiency.

These, mainly vascular, pharmacodynamic effects of vitamin E explain
the good results obtained by its use in peripheral vascular diseases,***** in dis-

* We do not wish to deal here with the subject in detail. Those interested should consult
the surveys [14], [354] and [324], published since 1940, 1949, and in 1954, respectively.

** The action on the vessels and on the connective tissue explains the results achieved
in primary fibrositis (Dupuytren s contracture, Peyronie's disease), in myositis, fibromyositis,
muscle rheumatism, bursitis, in collagenoses (lupus erythematodes, granuloma annulare,
scleroderma).

*** Alpha-tocopherol has also some antihyaluronidase activity [61].

**** As a strong anti-oxidant, vitamin E interferes with the oxidation of unsaturated
fats ; this is the primary cause of pigment formation and it is by this property that vitamin
E acts on proteines [61].

***** Thrombophlebitis, phlebothrombosis, thromboangiitis obliterans (Buerger's
disease), intermittent claudication.
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eases of the skin and other conditions closely related to vascular changes,*
as well as in heart disease, mainly in those with coronary involvement.**
Its “antidi; betic” effect*** can he ascribed mainly to a prevention and
cure of progressive vascular degeneration in diabetes. The beneficial effect
of vitamin E in certain ocular (retinal) changes is likewise due to its vascular
effect. The prevention of cerebral and pulmonary thrombus formation by
vitamin E has been made use of also in the post-operative phase of congenital
heart disease.

The afore-mentioned, and more or less confirmed, pharmacological
effects develop only on prolonged administration of at least 150 (to 1000)
mg of tocopherol daily, i. e. several times the amount contained in the diet.
In such cases there is apparently a failure of the organism to supply from
its normal tocopherol reserves the increased demand due to certain affections
of the connective tissue and capillaries associated with a distuibance of tissue
metabolism or even destruction.

The only proven and principal role of tocopherol as a vitamin in the
human body is its being an important intracellular antioxidant in metabolic
processes. Is it then justified to speak of avitaminosis E in man?

a) As far as simple avitaminosis E, i. e. a condition due to an insufficient
intake of tocopherol for a long period of time, is concerned, it is unlikely that
it would develop in adults and there is no evidence available to show that
it occurs at all. When previously the intake and storage had been normal,
it may take years for the avitaminosis to develop even if the diet contains
no vitamin E whatever. Vitamin E deficiency may, however, develop in
newborns and infants, i. e. at a time when storage in tissues has not become an
important factor.

b) As regards the so-called complicated avitaminosis E, i. e. a condition
due to impaired absorption, storage, and to increased utilization, total defi-
ciency is unlikely to occur in adults, only an unsatisfactory supply (hypo-
vitaminosis). In infants, however, the reserves may completely be depleted
and thus total avitaminosis E may develop.

The measure of vitamin E supply in the organism is reflected by the
tocopherol content of tissue depots. This may be estimated (on the basis of
the correlations between them) [185, 186, 291, 243] on grounds of the plasma
level, although, according to Mason [232], this is unfeasible in acute experi-
ments.

* Indolent ulcers, arteriosclerosis and early gangrene of the extremities, burns, delayed
healing of wounds, kraurosis vulvae, nephritis.

** Coronary sclerosis, coronary occlusion, rheumatic heart disease, hypertensive
arteriosclerotic heart disease, hypertension.

*** Diabetic arteriosclerosis, arteritis (thromboangiitis), diabetic gangrene, diabetic
vulvovaginitis. Vitamin E reduces the insulin requirement in diabetics, not by potentiating
the insulin effect, but by improving the glycogen metabolism of muscles.
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In recent years, vitamin E deficiency has been suggested to be involved
in a variety of pathologic conditions and favourable results have been observed
with the use of tocopherol in a wide spectrum of diseases. In the period of
from 1940 to the second half of 1950, 900 such reports have been published.
The majority of these communications, however, should be eyed with criticism,
because

a) most of the conclusions drawn were based exclusively on the thera-
peutic results obtained with vitamin E. Besides, the opinions concerning the
single diseases are far from being unequivocal.

b) there has been a tendency to use vitamin E in many a condition
absolutely lacking the experimentally induced manifestations of vitamin E
deficiency, or any ofits criteria. Thus, in human changes with no experimental
equivalent, conclusions should be drawn only from investigations carried
out with utmost care and controlled most meticulously [394, 95].

c) as compared to the data based on therapeutic results (“ex iuvantibus™),
few reports include experiments (balance ; biochemical or pathological
studies ; tolerance or simple tests) confirming the claims.

It should be also borne in mind that the data obtained by estimating
the vitamin E level in serum or plasma do not always give unequivocal results.

For instance, in adults the tocopherol level in serum or plasma is low
when the diet is deficient, fat absorption is impaired, or when intake is low
(chronic steatorrhoea, coeliac disease, sprue, biliary obstruction, cystic fibrosis
of the pancreas, diarrhoea [102, 82, 83, 274, 357]. In heart and liver disease
[187, 188, 185], too, the level is low for alimentary reasons and not because of the
disease proper [224]. Lower levels are measured in hyperthyroidism [154],
in menopause associated with vasomotor disturbances [32], in Dupuytren's
contracture [183], whereas in muscle dystrophy and pathologic pregnancy
some authors observed low [385, 384, 297], others normal [258, 321] levels.

Unusually high isthe tocopherol level in conditions associated with hyper-
cholesterolaemia, for example in diabetes associated with nephrosclerosis,
carotenaemia and coronary thrombosis. Moderately high levels are encount-
ered in cardiovascular affections associated with hypertension [83]. Other-
wise, the level is normal in diabetes [41], increased in nephritis, but not in
nephrosis [279].

In many a condition (including pneumonia and infection) which has
been reported to respond well to vitamin E administration [357, 188, 279]
the blood level is normal.

Vitamin E has been observed to have a therapeutic effect in a variety
of diseases of infants and children.* However, the considerations outlined
above apply also to these claims.

In the following, only proved effects will be mentioned, — and a cli-
nical picture will be described.



Table 1
Atrophy (Hypotrophy I1)
Clinical data for infants (P, = 85—75)

Infection Dietary injury ~ Constitution Condition
preceding on admission
Exp.
No.  record Date of test Initials mﬁﬁﬁgs P<or DQ E‘
No. 1 3 2 s £
£ = \% @ < e b5
5 2y 8 oy 3 © g
1 Sl o 5 £ W z <
I 88 ; Feb. 1954 F. Gy. 107» 78/104 - + — + - - + — — +
2. 109 May, 1954 Sz. M. 107» 78/104 -f . — — — — + — - —
3. 73 Jan. 1954 F. K 17» 80/93 + + — - - - — — . +
4. 65 Dec. 1953 B. J 137» 761112 — — — + — + — — — —
5. 54 1 Nov. 1953 M. M 17» 77/106 — + + + — + — + + +*
6. 72 Dec. 1953 V. E 37» 77/91 — + + — — + + - - -
7. 21 March 1952 J. Gy. A7» 0,82 -f + + + — — + — + +
P; = paediometric index.
Infection, preceding (in history)
diarrhoea....... 1
diarrhoea + pneumonia 1
diarrhoea -)- otitis 1
influenza, pneumonia 2
pyoderma 1
6
Infection, on admission
O LIS e 1
otitis + mastoiditis+ pneumonia.. 1 * Erythrocyte count : 2 480 000.
otitis + pneumonia 1 Injury during pregnancy in 1 case (No. 5).
influenza, pneumonia 2

Death
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Ini-
Date of test

oS Na

tials
d
bl
26 Apr. 1952 N. L
95 March,1954 B. A
22  March,1952 V. M.
IK Aug. 1952 U. L
43 Feb. 1953 J. F.
27 Dec. 1952 M. s.
74 Jan. 1954 A J
75 Jan. 1954 H. Zs.
79 Jan. 1954 L. T.
41 Jan. 1953 T. L
11  Dec. 1951 A 1
63 Dec. 1953 Cs.F.
71 Dec. 1953 U. M.

months

io23
7V.
573
51.
123
97s
47,
67,
47,
37s

Infection, preceding (in history)

diarrhoea
diarrhoea + vomiting

diarrhoea + thc, syphilis...
O LIS i
otitis + mastoiditis -f-pyoderma 1

vomiting
pertussis

Table 11

Decomposition (Hypotrophy 111)

Clinical data for infants in subgroup IIl/I (P/ = 75—65)

Infection
preceding on admission
I,
or
DQ
A 3 ° R
0 o o
67/89 + + +
70/100 - + + -
70/92 + + + +
71/91 + — o+ —
74/93 - - + —
0,68 + — o+ +
72/87 + - +
75/88 + + + +
067 — + + +
69/93 - — + —
70/93 + - + +
66/102 + — + +
73/98 + — +

diarrhoea
pneumonia
mastoiditis

otitis -j-
otitis -j-

otitis + pneumonia -f- diarrhoea 1

otitis + pneumonia

Dietary

ocodwm <

+ + + 4+

1
13

njury Constitution

< o

+

+

+ +

Condition
K
— E 5 S Post-mortem diagnosis
n es &£ 9
g X ST &2 A
3 g g_g §§ S
z, K < &wm Q
- + +° 4+ + - Partial atelectasis of
lungs. Comp, em-
- -t ) phys. Congestion of
+ + _ = = — liver and spleen.
o+t = = — * \ otits m.s. 1d
+ + — —_ b —_
1Bronchopneumonia,
S - - confluent paraver-
- = = o+ tebral. Gastroenteri-
+ - = = = Dilatation of cardiac
- = 4 = = — ventrale. Parenchy-
+ matous degeneration
+ + + = of the myocardium.
_ - -+ = = Passive hyperaemia.
j 00 Cerebral oedema.
— — + _ — e
Otitis.

*semolina in water
**1/2 milk without sugar
***yomiting since birth (Pyloric stenosis)! 38%
****insufficient 1/2 milk from beginning J
****x*1/2 milk with saccharine

° erythrocyte count 1020 000

00 erythrocyte count 3 000 000
Injury during pregnancy in

4 cases (No. 1, No. 3, No. 9, No. 13).
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Minkowski administered tocopherol to the mother during labour and
could then by prevent cenbromeningeal haemorrhage in premature babies ;
he supported his observations by exact studies of blood level, permeability
and capillary fragility [251, 256, 254, 257, 250]. It has been proved both
in vivo and in vitro that vitamin E reduced the lysis of the newborn’s erythro-
cytes by hydrogen peroxide [128, 127, 138]. The good results we achieved by
the use of vitamin E in scleroedema of premature infants in the years following
World War Il, have been substantiated by the untreated infants, whose patho-
logical changes resembled those occurring in animals with vitamin E defi-
ciency [116, 118, 120, 119, 117, 121]. As far as retrolental fibroplasia is con-
cerned, favourable or encouraging results have been mentioned [272, 263,
193, 310], but also doubtful [182] effect or even no effect at all [15, 199,
200, 298]. No correlation was detected between the blood vitamin E level
and retrolental fibroplasia [182, 298, 311], or the level increased significantly,
in spite of the fact that the patient’s condition deteriorated [200, 209].

Il. Experimental
Patient material

The studies were made on 27 atrophic infants, classified according to
the severity of atrophy. Of the 27 infants 7 belonged to the group of atrophy
(hypotrophy Il) and 20 to that of decomposition (hypotrophy Ill). The latter
group has been divided into two subgroups. The infants with a P, between 75
and 65 were included in subgroup IIl/I, those with a P, lower than 65 were
listed in subgroup I11/2. In this way the infants with the severest decompo-
sition fell into subgroup I111/2. The clinical data for group Il, subgroups I11/I
and I11/2 have been summarized in 3 Tables. Furthermore, we have deter-
mined the serum vitamin E level in 6 eutrophic infants suffering from acute
febrile disease. In the following we shall discuss the serum vitamin E level
studies made in these 33 infants.

Methods

Blood was taken during the first few days following admission,
before any therapeutic vitamin administration had been started. Blood was

* Anorexia [42], pyloric stenosis [104, 309], postdiphtheritic palsy [243], infantile
acrodynia [105, 313], enuresis [300, 223], erythroblastosis [352, 353], non-occlusive congenital
hydrocephalus [364, 341], poliomyelitis [341], mental retardation, mongolism [70, 341],
acute glomerular nephritis [285, 286], eryptorchidism [307], myocardial lesion [208], chorea
[93]. Vitamin E has been recommended for the promotion of weight gained in premature infants
[312, 300, 284, 389, 16, 135] and infants [269, 157, 175, 316, 176]. Contradictory evidence has
been reported for its action on lactation [148, 301, 40, 304, 50, 329].

2 Acta M-J ica 1 1—2
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2. 7
3. 25
4. 44
5. 91
6. 10
7. 68
Infection,
Infection,

Table 111
Decomposition (Hypotrophy 111)

Clinical data for infants in subgroup I11/2 (P; = below 65)

Infection . Constitution  Condition
D_|e_lary
preceding on admission  'Mury % ?
. Age Pi a T . .
Date of test Initials 1 onths Dor " _ A - _.ﬂi\ Post mortem diagnosis
Q e . B g £ 8BS E.

£ 5 2 3 s 3 E noos & 23 EE %

S = = = i o X 2 c wg 283 >

5 o 5] 15} > 1S w r o < a o [a)

Ll

Dec. 1951 Sz z. gy 55096 4+ 4+ 4+ - ot ) AHaemorrhage in the lungs.
Nov. 1951 H. L. 173 64/98 + + o+ o+ + + + + < Dilatation of the heart.
Dec. 1952 K. J. 10 056 — + + + — + + — + 4o — — _ LlAnaemia Jaundice
Feb. 1953 L. M. 573 59/97 + + + - +* 4 + — - - + - —
March 1954 K. J. 275 40/110 — 4 + + - - + - — - ¥ -
Dec. 1953 M. F. gy3 58/99 - - + + - + + - - + - - _
Dec. 1953 M. M. 92/3 0,42 + + + + +** 4 + — + + — — J—
preceding (in history)
diarrhoea -f- pneumonia 1
diarrhoea + pneumonia + pyoderma 1
diarrhoea -j- otitis + mastoiditis .... 1
diarrhoea -f- pyoderma 1
pneumonia | *Vomiting since birth (pyloric stenosis) 1 ,9#o/ \
pneumonia -f- otitisS ..ccocoeirieiiiien 1 * Undiluted goat’s milk J!’ et

6
on admission
O LITiS oo 1 °Erythrocyte count, 3 200 000
otitis -f- pneumonia.....inninnn 2 Injury during pregnancy in 2 cases (No. 1, No. 7).
otitis + pneumonia+ hepatitis___

1
otitis + pneumonia -f- mastoiditis 1
+ pneumonia -f-pyoderma ... 1

mastoiditis -f-pyoderma ... 1

otitis
otitis
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taken and vitamin E content of the serum was determined as described previ-
ously.

The paediometric index (P,) has been calculated invariably for the
day of the test. The developmental quotient was computed only if the length
of the infant could not he measured accurately.

Results and discussion

The results of the vitamin E determinations for group Il, subgroups
111/l and II1/2, are shown in Table V.*

In the infants of group Il (atrophy, hypotrophy Il) the serum vitamin
E level was practically the same as in normal infants. The mean level was
M = 0,434 mg/100 ml, as compared to the M = 0,383 mg/100 ml in normal
babies.

The infants of subgroup 111/l exhibited a much lower level (M = 0,253
mg/100 ml), hut statistical analysis showed the difference to be not significant.
This means that the low levels found in subgroup 111/l cannot be interpreted
as a sign of hypovitaminosis.

In subgroup I11/2 the mean serum vitamin E level was 0,080 mg/100 ml,
significantly lower than in the normal group, showing that these infants are

M <M Se

related to
Eutr. Hypo. W Hypo.Ll.

Eutrophy 0.363

Hypotrophy I 07134 06 OA

Hypotrophy 1ll/j 0.253 HO 11

Hypotrophy 111/2 0060 32 6.7 31 15
Eutrophic.diseased 0.17it 60 3.0

yyy\comparable toeutrophic values
L not significantly lower
significantly lower

Fig. 1. Serum E vitamin levels in infantile atrophy (as determined by Bencze’s method)
on the basis of the mean value (M/mg/100 MI)

* As our purpose was to study the vitamin E level in decomposition and atrophy,
infants belonging to group | (dystrophy, hypotrophy 1) were not examined. According to
our previous investigations, these show vitamin E values near to normal.



20 F. GERLOCZY and B. BENCZE

Table IV

Serum vitamin E levels in eutrophic infants suffering from acute febrile disease

Se. vitamin E

No. Initials months DQ Diagnosis mg/100 ml
i M. 1. 7 1,12 Spastic bronchitis. Otitis 0,042
2 Cs. I 8V3 1,10 Pneumonia. Otitis. Mastoiditis 0,050
3. B. Gy. 823 0,98 Pneumonia. Otitis 0,080
4 M. J. 373 14 Pneumonia. Otitis 0,226
5. J. Gy. 673 1,0 Bronchitis. Enterocolitis 0,226
6. D. L. 3 0,97 Pneumonia. Otitis 0,423
M= 0,174

aM= 0,60

S= 3,0

poorly supplied with vitamin E. This fact indicates that all the 7 babies in
this group suffered from hypo- or avitaminosis.

Accordingly, in infantile atrophy the serum vitamin E level decreases
with the severity of atrophy. The level in group Il was similar to what
we had found to be normal, whereas in subgroup III/l the level was much
lower, though not significantly so. In subgroup LW /2, which included the
infants with the gravest decomposition, a P{less than 65, the level was signif-
icantly below the normal. It is remarkable that in the serum of 2 cases of
group 11l there were only traces, and in 1 case not even a trace of vitamin E.
We have not found such observations in the literature. Further, the level
was lower than 100 micrograms in 10 of 20 cases. These, too, are very low
values comparable only to those observed by Firer et al. [102] and W right
et al. [392] in cases of impaired fat absorption.

As in 6 of the 7 cases in subgroup I11/2 in the history there was mention-
ed infection initiating atrophy and on admission all 7 cases suffered from
secondary infection apparently contributing to the maintenance and prog-
ression of atrophy, the question arose whether the low vitamin E levels were
due to the decomposition or to infection. Although infection was a common
feature also in subgroup 111/l and group 1Il, as a control eutrophic babies
suffering from acute febrile diseases were examined. The results can be found
in Table IV. Although in these eutrophic infants with acute, febrile conditions
the level of vitamin E was also bslow normal (M = 0,174 mg/100 ml), the
difference was not significant, only probable. This shows that, apart from
being the decisive factor in the process of atrophy, infection may play a poten-
tial role in the decrease of the serum vitamin E level.
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Table V

Vitamin E content of the sarum in atrophic infants

Atrophy Decomiposition
(Hypotrophy 1) (Hypotrophy III)
bc = 8575 i/l 1112
P< = 75—65 P, = 65 —
S 7 P
. 0,100 l. 0 l. traces
2. 0,115 2. traces 2. 0,040
3. 0,214 3. 0,026 3. 0,040
4. 0,517 4. 0,030 4. 0,058
5. 0,605 5. 0,035 5. 0,071
6. 0,724 6. 0,044 6. 0,100
7. 0,766 7. 0,075 7. 0,252
8. 0,080
9. 0,150
10. 0,214
11. 0,425
12. 1,000
13. 1,212
M= 0,434 M = 0,253 M = 0,080
erM = 0,108 <M= 0,110 = 0,032
S= 04 S= 101 S= 6,7*
* = Related to normal subjects S = 3,1**
** = Related to hypotrophy Il S = 1 Gxkx
HHK = « « « 111/1 '

It is well-known that as an aetiological factor, dietary injury acts mostly
not by itself, but in association with infection. The incidence of mild dietary
injury in the history was practically identical in the 3 test groups [43, 46 and
43 per cent). However, in group Il there was no evidence of a grave dietary
factor, whereas this occurred at about the same rate in subgroups I/l and
111/2 (28 per cent and 38 per cent, respectively). Thus, beside infection the
diet may also interfere with the serum vitamin level, but, according to the
present data, it is correlated first of all with the severity of the atrophy al-
ready developed.

Vitamin E being soluble in fat, a disturbance of fat absorption must also
be taken into consideration as a factor lowering the serum vitamin E level.
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Our material did not include cases associated with severe impairment of the
intake, digestion or absorption of fat (Leiner's disease, fibrosis of the pan-

creas, congenital aplasia of biliary ducts, “Mehlndhrschaden” (Czerny)
(protein deficiency disease). In no case was there steatorrhoea. In the pre-
sence, or shortly after diarrhoea no tests were made. In group IIl, serum

cholesterol was determined in 8 cases. It was slightly less than normal in
1 case only. There are few data concerning fat absorption in infantile atrophy
(apart from the mentioned diseases and some forms occurring under
the tropics), but the investigations of Barta et al. [30] revealed no
disturbance of fat absorption even when the developmental quotient was
less than 0,72. Lengyel et al. [207] found a good fat utilization in infant-
ile atrophy both at room temperature and in a climatic milieu, in spite of the
fact that in 23 of their patients the weight loss amounted from 20 to 41
per cent, i. e. atrophy was marked. According to Kerpel-Fronius and
Varga [179], apart from the above-mentioned special conditions, the absorp-
tion of fat is impaired only in the final stage of decomposition, in consequence
of the general deterioration of absorption due to anhydraemia and hypo-
thermia. We have sought for a correlation between serum vitamin E level,
serum proteins, and liver function, but discovered no reliable proof of that.

Summary

The fasting serum vitamin E level has been determined in 27 cases of
infantile atrophy and in 6 eutrophic infants suffering from acute febrile
disease. The infants were classified into 3 groups, according tho the severity of
atrophy. They belonged to groups Il and IlIl. The latter group was subdivided
into 2 subgroups.

The serum vitamin E level was found to decrease with the severity of
atrophy. In group Il the value was practically the same as what had been
found in normal infants (M = 0,383 mg/100 ml). In subgroup 111/l the level
was lower (M = 0,253 mg/100 ml), but the difference was not significant.
In subgroup 111/2 significantly lower levels were found (M = 0,080 mg/100 ml).
10 out of the 20 cases in group Ill yielded values of less than 100 microg.
In 2 cases traces,in 1 case no trace of vitamin E were found in the serum.
These latter values are unusually low and no such levels have been reported
for infantile conditions not associated with a distuibance of fat absorption.
Thus, as determined on the basis of the serum level, infants with the severest
grade of atrophy are very poorly supplied with vitamin E. That this is cor-
related mainly with atrophy and not with infection, has been proved by the
vitamin E values of eutrophic infants suffering from acute infection. These
values were lower than those for normal eutrophic babies, but the difference
was only probably significant.
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Tocopherol tolerance tests in infantile atrophy

It has been shown in the previous section that the serum vitamin E
level of infants with the severest grade of atrophy is significantly lower than
the level we had determined for normal infants.

None of the infants studied had been atrophied in consequence of a
disturbance of fat absorption, nor were there clinical symptoms to suggest a
poor absorption of fat (steatorrhoea, diarrhoea). It has been reported [30,
207] that fat absorption is unimpaired even in the severest cases of atrophy
and a disturbance of fat absorption is likely to occur only in the terminal
stage of decomposition, as part of the general deterioration of absorption
due to anhydraemia [178].

If we accept that in infantile atrophy (not including special forms)
fat absorption is unimpaired, the reduced and significantly lower serum vita-
min E levels found in the severe and severest forms of decomposition must
have some other explanation. To elucidate this problem, tolerance studies
have been carried out.

I. Survey of the literature

No evidence is available concerning the absorption of vitamin E, or
vitamin E tolerance tests in infantile atrophy and for this reason we cannot
present pertaining data from the literature.

Ingestion of vitamin E with food. The thesis, still to be found in most
text-books, that the normal human diet contains sufficient vitamin E, is
not true even for adults.* For this reason an adult may be inadequately
supplied with vitamin E, in spite of the absence of clinical symp-
toms. Such a “biochemical hypovitaminosis”, which has no clinical symptoms
only laboratory ones, is known to occur in old age with other vitamins, too [295].

In infants and children hypovitaminosis, or even avitaminosis may
develop since most of the tocopherol in the mother’s blood cannot pass the
placental barrier and the newborn has low tissue reserves at birth. The depleted
stores are rapidly filled up when the baby is fed mother’s milk (the low blood
tocopherol level increases at a fast rate), because colostrum, and even mature

* According to tests made in the USA [143, 292, 288, 147] and in the Netherlands
[98, 99], the average diet contains far less tocopherol than it should. For example, the average
workman in the USA gets merely 10 to 90 per cent of the required quantity [151]. The diabetic
diet contains only about 50 per cent of the tocopherol content of the normal diet [288]. It should
he borne in mind that the main sources of tocopherol in the poor diet are vegetables and
fruits, which contain the relatively less active gamma form instead of the more effective alpha
form [326a]. In the richer diet these are milk, butter and lard, which, containing rancid fats
and unsaturated fatty acids, cause a further reduction in the tocopherol content of the diet.

It is also to be remembered that only a certain proportion of the tocopherol ingested will be
absorbed (see later).
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human milk, contain several times as much vitamin E as cow’s milk. This
explains the fact that in babies fed cow’s milk the blood vitamin E level
increases slowly or not at all and when the infant is fed a low-fat artifical
diet it will continue to decrease.

Absorption and elimination of vitamin E. Vitamin E is absorbed together
with, or by the same mechanism as exogenous fat [278]. The fasting blood
tocopherol level does not show the rate of absorption from the intestines and
therefore a low fasting blood level is indicative not of defective absorption
[278], but of a depletion of tissue depots [185, 186]. The vitamin E tolerance
curve is believed to reflect the relations of absorption [102, 383].

Absorption of vitamin E in infants and children has been investigated
by Fiter et al. [102] who found that age plays a very small or no role in
the shape of the 12-hour curves after oral tocopherol administration and no
significant differences were observed in the tolerance curve between mature
infants and prematures. The tolerance curves determined in infantile diseases
not associated with a disturbance of fat absorption showed the maximum
9 hours following the administration of tocopherol.

Most of the tocopherol ingested is eliminated in the faeces [186, 189,
152] and very little or no vitamin E is passed in the urine [98, 186]. A certain
amount of the absorbed tocopherol is re-excreted into the intestines [186,
189]. The tocopherol content of the bile is practically the same as that of the
blood. In the normal adult about 2/3 of the tocopherol introduced is excreted
in the faeces [189, 291].* Recent experiments with radioactive carbon (C14)
labelled vitamin E [267, 333] revealed that in the guinea pig the faeces con-
tain 2/3 of the tocopherol administered [333], and in the rat 75 per cent of
the radioactivity fall to the faeces [267], 0,9 per cent to the urine and 20 per
cent remain in the body. In fat tissue radioactivity was demonstrable only a
few days later. Metabolic studies with radioactive isotopes lent support to
the earlier view that tocopherol administered subcutaneously or intramuscularly
is absorbed at a slower rate than that given by mouth.

Storage of vitamin E in tissues. Detailed studies by Abderhalden [3]
and others [293, 233, 88, 234, 294, 89] revealed that the quantitative state
of tocopherol in the body is reflected most truly by the tocopherol concentra-
tion in fat tissue. The human organism stores tocopherol practically in fat
tissue (like vitamin A is stored in the liver) ; muscle tissue is second to fat,
but its vitamin E contentis by far lower than that of fat tissue [322]. The toco-
pherol recoverable from tissues is preponderantly of the alpha type; gamma and
delta tocopherols** are present in smaller quantities.*** Organ analyses [3]

* Others give the ratio as 4 :1,2 [152].
** At the 1955 vitamin E Congress, Green [131] reported also on the new e and f forms
of tocopherol.
*** |n general, the tocopherol content of tissue stores is expressed in total tocopherol
content.
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and tissue studies in normal subjects who had met an accidental death [293]
showed that the adult human contains about 30 to 70 mg of tocopherol per
kg body weight [291, 293]. Dju et al. [89] made tissue analyses in a great
number of foetuses, placentae, premature and mature newborns, infants
and children* and found that in the 2 to 6-month old foetus (as a whole or
in single tissues) the concentration of vitamin E is as low as 3,1 mg/kg body
weight [233, 88]. Premature and mature infants do not contain much more
(5,6 mg/kg). Thus both premature and mature infants are born with very
low tissue reserves and if some disease interferes with the replenishment
of the stores, which may take years, hypovitaminosis or even avitaminosis
may develop.

When assessing the utilization of vitamin E in metabolism, we must
take into account not only the net absorption (the difference between intake
and output), the data for tissue depots, but also other factors. Of these, the
antivitamins play a significant role [334, 248, 76, 340, 33].

Il. Experimental

Patient material

The tolerance tests were made in 6 decomposed infants (hypotrophy
I11) (3 in subgroup W /1, 3 in subgroup I11/2), as well as 6 eutrophic infants
suffering from acute disease. The 5 normal infants used as controls were kept
constantly in a nursery, under regular medical control, and were fed a complete
diet. Thus, vitamin E tolerance tests were made in a total of 17 infants.

Procedure

Twenty mg/kg body weight tocopherol acetate was administered by
mouth.** Blood was taken after 4, 8 and 12 hours and the sera were tested
quantitatively for vitamin E.

The initial value was the vitamin E level estimated in the serum of the
blood taken 24 hours earlier (4 hours after the last meal). This was done
to avoid an additional blood sampling on the day of the test.

To facilitate evaluation, curves were plotted from the mean increases
observed after 4, 8 and 12 hours (Fig. 2). Also shown are the values for the
areas enclosed by the curves (in square cm).

* As well as in adults of different ages (in old age the depots are depleted again).

** An exactly measured quantity of tocopherol acetate was dissolved in a few ml warm
milk in a dish, the contents of which were washed several times with human milk into the
feeding hottle. Prior to administration the contents of the feeding bottle were slightly warmed
and shaken several times. The drained bottle was shaken again with 10 ml tea and this, too,
was given to the infant, in order to eliminate loss due to dissolution or administration.
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The areas enclosed by the curves were calculated by copying the curve
on cardboard, cutting out the appropriate area, and weighing this on analytical
scales. Knowing exactly the weight of the cardboard per square cm, the size
of the area cut out was determined on the basis of its weight. The means
for these values (M) were also plotted in curves (Fig. 3).

Fig. 2. Vitamin E tolerance curves, plotted from the mean increases in serum vitamin E
level (mg/100 ml)

M 0]V s
related to
eutrophy

Eutrophy 35.6 13
Hypotrophy Il 93.2 signhiifgi]ch%r']tly
Eutrophic,diseased 30A 103 0A7

Fig. 3. Vitamin E tolerance tests, as evaluated on the basis of the mean area enclosed by
the curves (M in square cm)

Results and discussion

The results of the tolerance tests made in normal, decomposed and
acutely ill eutrophic infants have been tabulated. For the last two groups
the clinical data have also been presented. The size (in square cm) of the areas
enclosed by the curves is shown in the appropriate columns of the Tables.

The curves for the normal and acutely ill but eutrophic infants were
practically parallel, whereas the curves for the decomposed babies ran higher.
Correspondingly, in this last group the increase in the serum vitamin E con-
centration was greater than in the first two groups (particularly after 4 and
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8 hours) (see Fig. 2), and the size of the area enclosed by the curve was
also significantly greater than in the case of normal babies (see Fig. 3).

To interpret the divergent results yielded by the infants with decom-
position, we must realize that the process indicated by the tolerance curve is
composed of two part-processes of opposite direction. The one indicated by
the ascending branch of the curve is the absorption of vitamin E from the
intestines. The other, shown by the descending branch of the curve, is the
flow of vitamin E from the blood into the tissues, where utilization, storage
and breakdown of the excess vitamin E takes place by oxidation. Both
processes may proceed at different rates. The curve is the resultant of these
two processes.

Starting from the tolerance curve for normal babies, or from the process
indicated by the curve and comparing with this the curve for the decomposed
infants, the following can be derived on the basis of present knowledge on
the subject. Absorption is unimpaired in decomposition and even the rate
of absorption is about the same as in normal infants. (In this connection we
again refer to the data [30, 178, 207], according to which in infantile atrophy
(except, of course, its special forms) fat absorption is unimpaired).

In contrast with this, the descending branch of the curve forthe decomposed
infants may differ considerably from the normal, insofar as it is significantly
depressed or protracted.

The slowing down of the latter process explains the fact that in decom-
position the curve has a high peak. Such a high tocopherol concentration
can result only if the second process has slowed down with the first being
unchanged. With normal absorption, storage, utilization and breakdown this
high concentration can obviously never be attained. The possible explanations
of the slow rate of flow are : a) vitamin E is stored in tissues at a slow rate
(reduction in the size of fat tissue; b) utilization is minimal, particularly
in the muscles (reduced motility, marked muscular atrophy) ; c¢) tissue
anoxia may result in a reduced rate of vitamin E breakdown.

Summary

Vitamin E tolerance tests have been made in 6 decomposed (hypotrophy
II1) and 5 normal infants and 6 eutrophic infants suffering from acute febrile
disease. The sera obtained 4, 8 and 12 hours after the ingestion of 20 mg/kg
body weight of tocopherol acetate were tested quantitatively for vitamin E.
Of the rises in the serum vitamin E level curves were plotted and
the size of the area enclosed by the curve was given in terms of square cm.
The curves for the normal babies ran closely parallel with those for the
eutrophic infants suffering from acute febrile disease, whereas those for
the decomposed babies ran at a much higher level. Correspondingly, in
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Vitamin E tolerance tests
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Dietary . Condi- Consti- Rise in vit. E mg/100 ml serum
precedent on admission injury tion tution
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Eutrophic (normal) infants
Pi = —975
103 Apr. 1954 B. J. 13 Older 0,374 0,750 0,532 34,3
than
1 year
107/a  May 1954 H. A, 193 1,18 0,725 0,760 0,312 417
127 Sept. 1954 P. M. 109y3 98/97 0,528 0,990 0,356 41,5
128 Sept. 1954 M. Gy 5 97/102 0,345 0,633 0,237 27,0
126 Oct. 1954 M. M. 5y3 97/104 0,473 0,594 0,499 33,3
0,489 M = 0,745 0,387 M 35,6
oM = 0,068
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Dec. 1953 M. M. gy, 0,42
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* The size of the area enclosed by the tolerance curves, in square cm

0,773 2,160 1,060 81,2
0,742 1,594 1,748 78,7
5,455 3,369 1,020 231,0
1,458 2,925 0,282 108,0
0,369 0,760 0,533 36,9
0,451 — 0,143 23,8

1,546 M = 1,801 0,798 M = 93,2

S=25
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the latter group the rise of vitamin E level was more marked 8 hours following
administration. There was also a significant difference between the first two
groups and the third group in regard to the size of the area enclosed.

The divergent results obtained in decomposition are explained as
follows. In decomposition the absorption of fat is unimpaired and the rate
of absorption is at least equal to that in normal infants. In contrast with
this, the rate of the flow of vitamin E from the blood into tissues is definitely
reduced and this explains the high tocopherol concentration observed in
decomposition. This slow rate of vitamin E flow from blood into tissue is
suggested to be due to the following. Storage in the tissues is retarded (ex-
treme wasting of fat tissue) ; utilization, particularly in the muscle, is greatly
diminished (decreased motility, marked muscular atrophy) ; and, in conse-
quence of cellular anoxia, breakdown is slow.

Tocopherol metabolism in atrophic infants suffering from
Leiner’s erythrodermia

On the basis of an analysis of 1081 cases of infantile atrophy admitted
to our department in 6 years, Gegesi Kiss [113] found that the factor prima-
rily responsible for the initiation of the process of infantile atrophy was a
deficient diet in 43 cases (3,97 per cent) ; infection in 793 (73,40 per cent) ;
constitutional, actual conditional and non-infective diseases in 245 cases
(22,63 per cent). In the latter group there were 65 cases (making up 6,0 per
cent of the total) in which Leiner’s disease had started the process of atrophy.
For this reason, Gegesi Kiss stated that in Hungary the successful therapy"
of Leiner’s disease presented a special scientific problem in the fight against
infantile atrophy. According to Frank [106], approximately 2 per cent of
all hospitalized infants suffered from Leiner’s disease ; and Leiner’s disease
was the aetiologic factor in 10 per cent of the infants treated for atrophy in
his own department in the period of from 1950 to 1954.

In vitamin metabolism studies in infantile atrophy it is reasonable
to discuss separately the cases of Leiner’s erythrodermia and those in which
atrophy develops secondary to that disease. The more so, as atrophy due
to Leiner’s erythrodermia is one of the forms of which a pathological fat
metabolism (impairment of digestion, absorption or intake) is characteristic.
To this group belong further the congenital aplasia or occlusion of biliary
ducts, the cystic fibrosis of the pancreas, protein deficiency disease (“Mehl-
nédhrschaden”) [368], resp. (kwashiorkor) [356]. Leiner’s disease resembles pro-
tein deficiency disease (kwashiorkor) in several fundamental features
(oedema, hypoproteinaemia, fatty degeneration of the liver, failure of pan-

* More recently, Hungarian authors showed that in protein deficiency disease (Mehl-

ndhrschaden) (Véghelyi, [368]) and Leiner's disease (Mester, [246]) pancreatic function
is impaired.
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creatic function)* [178, 179, 84, 219]. According to Kerpel-Fronius, Leiners
disease, protein deficiency disease and tropical atrophy would differ only
in the development and quality of cutaneous changes, as well as in the mani-
festations of the associated vitamin deficiencies [178].

Fat absorption is severely impaired in Leiner's disease. According
to Mester [246], steatorrhoea is a common feature and the reduced intake
due to anorhexia should be also taken into consideration. Mester et dl. [247]
found that the cause of steatorrhoea was pancreatic failure. This, in cases
progressing toward death, was total. Post-mortem examination revealed
cystic fibrosis of the pancreas. A similar case has been observedby Bairogh
[22]. The reduction in the number of haemoconia after meals has also been
interpreted as indicative of an impairment of enzyme production in Leiner's
disease [87].

Studies on vitamin metabolism and therapeutic experiments in Leiner's
erythrodermia have been made concerning thiamine, riboflavin [190a],
biotin [139, 344, 376, 353a, 156a], pyridoxine [123, 283, 91], nicotinic acid
[261], and vitamin B12[107, 108, 308].*

In order to elucidate whether in Leiner's disease with atrophy the
serum vitamin E level and the vitamin E tolerance curves were determined
primarily by the disease itself (or by its peculiar aetiology) or by the secondary
atrophy, we have grouped our cases according to the clinical severity of the
condition, taking into consideration all cardinal symptoms and pathophysi-
ological criteria, as well as according to the severity of atrophy. To obtain
an even clearer view of the influence of Leiner's disease and atrophy on the
serum level of vitamin E, the investigations were extended to infants who
were “eutrophic” in spite of suffering from Leiner's disease.** Finally, atrophy
due to congenital biliary duct aplasia or occlusion was also studied, to obtain
data for atrophy associated with an impairment of fat absorption due to
causes other than Leiner's disease.

Survey of the literature

In Leiner's disease neither the serum vitamin E level, nor vitamin
E tolerance have been investigated. In the absence of pertaining observations
we shall discuss only such data from the literature as can be considered ana-
logous with some features found in our patient material.

* Although the forms of atrophy associated with a markedly reduced absorption of
fat obviously involve a multiple vitamin deficiency, neither vitamin A, nor vitamin E have
been investigated in Leinerd disease.

** We are aware of the fact that “eutrophy”, as determined on the basis of the paedio-
metric index (P/) [332, 330, 331] or the developmental quotient (DQ), may in some cases be
misleading, owing to the presence of latent oedema.
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In kwashiorkor the degeneration of striated and heart muscle suggests
vitamin E deficiency [356]. The plasma vitamin E level has been found to be
low in infants suffering from African kwashiorkor [356a].

As regards conditions associated with impaired fat absorption, in adults
with sprue [82, 83, 102] and chronic streatorrhoea [83] the serum vitamin E
level was found to be low. Tverdy et al. [357] detected post-mortem signs
of vitamin E deficiency (testicular atrophy, ceroid pigmentation of smooth
muscles, muscle atrophy) in alethal case of sprue. Pappenheimer et al. [274]
made similar observations in a case of fatal intestinal disease. In infant’s
and children low serum vitamin E values have been found in occlusion of the
bile ducts [83, 102], in consequence of a deficient diet, in cystic fibrosis of
the pancreas [83, 102], as well as in coeliac disease. In the last three condi-
tions [102], as well as in sprue the vitamin E tolerance tests yielded flat
curves. Except for one case, premature infants absorbed vitamin E just
as well as normal infants [102]. (This is in contrast with the poor absorption
of fat and vitamin A in premature infants.) In metabolic disturbances asso-
ciated with hypercholesterolaemia (diabetes) the tolerance curve runs very
high [102].

In liver disease in adults low serum vitamin E levels [185, 186] and
flat tolerance curves have been found [185, 186, 279, 188, 314]. The same
was found in infantile cirrhosis [102].

The administration of tocopherol proved to be beneficial in a variety
of skin diseases.

Il. Experimental
Patient material

In the following we shall discuss tests made in a total of 27 infants
including 25 with Leiner's disease (20 with atrophy and 5 eutropliic
babies ; and 2 infants suffering from congenital bile duct aplasia). In 14 of
the 25 infants with Leiner” disease vitamin E tolerance tests were also carried
out. The infants with Leiner's disease were grouped according to development
(or atrophy). Their clinical data are summarized in Table I. On grounds of
their development the distribution of the 25 babies was

EULFOPNY o 5 cases
I. Dystrophy (Hypotrophy 1) . 5 "
Il. Atrophy (Hypotrophy 1) 6 "

I1l. Decomposition (Hypotrophy 111) ...... 9 "

The cardinal clinical data and symptoms of Leiner's disease have been
comprised on Table Il. On the basis of these data and on that of the general
changes, of the 25 infants 14 were classified as severe, 8 as moderate and
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mild. Three patients were convalescing from the disease. The grade of severity
in the single cases is also shown in Table II.

Procedure

Blood was taken as described previously. Before taking blood the
infants had been given no fat-soluble vitamins.

Vitamin E tolerance tests, as well as the determination of the area enclosed
by the curves were carried out as previously described.

20 mg tocopherol acetate/kg body weight was administered by mouth.
Vitamin E in oil was not injected, as only a fraction of the vitamin thus
administered is absorbed [102, 278, 271, 125, 100, 333].

Results and discussion

The infants with Leiner's disease associated with group I, Il and IIlI
atrophy showed practically similar serum vitamin E levels. There was no
significant difference in the serum vitamin E level between these and the

According to the Severity of Atrophy

M (M S

related O
Normal 0.383 norma/
iutrgphic.with Lemers disease H | 0.109 AA 5.0
Hypotrophy 1"Lemers disease 0.1 78 2B
Hypotrophy /7. Lerersdisease atAo 75 3.0
Hypotrophy Hl..Lemers d<sease 01AB AA A3
Total for Lemer s disease 0.127 32 55

According to the Severity of Leiner"s disease

Moderately severe mild
Lemer's disease 0.237 61 16
Severe Leiner's disease 0.096 32 63

notsignificantly lower
significantly lower
Fig. 4. Serum E vitamin levels in infants sufferring from Leiner's disease

(Mean value (M) mg/100 ml)

normal infants. On the other hand, the “eutrophic” infants with Leiner's
disease had a much less vitamin E in serum, than the atrophic infants with
Leiner's disease and the difference between them and the normal group was
significant (Table Ill, Fig. 4). Thus, in Leiner's disease no correlation was
detected between the grade of atrophy and the level of vitamin E in serum.
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Table 1

Clinical data for atrophy

Infection
precedent on admission
Pi or DQ «
T 2 2
¢ s & 2
Dystrophy (Hypotrophy 1)
(P/ = 97,5-85)
85/94 - - + +
92/103 — + + _
0,93 - - + R
86/107 - - + +
88/95
Atrophy (Hypotrophy II)
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81/95 + + + +
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80/104 — — + +
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13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24.
25.

46
76
26
151
96
84

152
94

82
59
134
137
142

F. B. 42,
P. F. 3V,
K. A. 9V.
M. J. 2V,
K. K. 293
K. F. 27,
K. P. 5V,
Sz. T. 3V,
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When, however, all the infants with Leiner's disease, both the atrophied
and the “eutrophic” ones were compared to the normals, there was a signi-
ficant difference. The serum vitamin E level was much lower in the group
with Leiner's disease (Table Il1l). This means that the cause of the low vitamin
E level should be sought for in Leiner's disease proper and not regarded as a
sequel to atrophy.

We have analysed the 25 infants with Leiner's disease also on grounds
of the clinical severity of the process (i. e. ignoring their grade of development).
Comparing the statistical data for the vitamin E levels in the moderatelv
severe and mild cases with the grave ones, it was found that in grave Leiner's dis-
ease the vitamin E level is significantly lower than in normal infants, whereas
there is no marked difference between the moderate and mild cases and the
normals (see Table Il and Fig. 4). This finding lends further support to the
view that the low serum vitamin E level of atrophic infants suffering from
Leiner's disease is correlated with the disease or with its severity and not
with the atrophy or its grade.

It was remarkable that only traces, or not even traces of vitamin E
were present in the sera of 6 of the 25 infants with Leiner's disease and the
serum level of vitamin E was lower than 100 micrograms in 13 infants,
in about half of the material. Vitamin E levels lower than 100 micrograms
have rarely been mentioned in paediatric literature,* and vitamin E was
completely lacking in the serum in 1 case only.**

To facilitate comparison, we have tested also 2 cases of atrophy due
to congenital aplasia of the bile ducts. Not even traces of tocopherol were
detectable in the sera from these two babies.

The results of the tolerance tests are presented in Table IV which shows
the increase in serum vitamin E values 4, 8 and 12 hours following adminis-
tration, as well as the size of the area enclosed by the curves, in square cm,
The serum vitamin E values determined at different points of time have
been plotted (Fig. 5) presenting separate curves for the moderately severe
and severe cases of Leiner's disease. The values for normal babies have been
likewise plotted in a curve.

The planimetric data for the tolerance curves of all the infants with
Leiner's disease were significantly lower than the normal values. The signif-
icance is even higher, if we differentiate according to the severity of Leiner's
disease. The extent of the area enclosed by the curve was identical in the
group comparising the moderately severe and mild cases and the normal

*In five premature infants aged 31 to 40 days 0,090 [392], in two infants with cir-
rhosis 0,090 and 0,060, respectively, and in aninfantwith coeliac disease 0,060 mg/100 ml [102].

**In a premature infant [102].
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5,0
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4.8
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3,7
5,3
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1780 000
4 540 000
3 500 000
3360 000
3 600 000

2120 000
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3940 000
3 600 000
2 300 000
3900 000
3 000 000
3 800 000
3200 000

3320 000
2 420 000
4 000 000
3820 000
3.980 000

Table U

Clinical dala for Leiner's disease

Liver function

wee Lo g 1 £g¥ Cummmeime o
R B
Dystrophy (Hypotrophy 1)
(P, 97,5-85)
9,200 -J- 1 50 severe
5,400 - neg. 8 0,5 14 severe
7,600 — lieg. 4 37 mild
18,500 6 severe
11,200 neg. 1 4.6 37 mild
Atrophy (Hypotrophy II)

(P, = 85-75)
9,400 + 4, 0,5 87 severe
29,800 + neg. 3 0,5 14 severe Keratomalacia,
7,800 30 hepatitis
12,200 - + 3 18 severe Anaemia of prog-
18,000 + 46 moderate  nancy
8,000 27 moderate

Decomposition (Hypotrophy HI)
(Pi 75 )

9,600 + 6 0,5 3 severe
13,800 + + + 3 0,5 35 severe Nephropathy of
11,000 — 133 pregnancy
12,0)0 + 42 severe
10,200 + sugg. 4 40 severe
11,200 + + 7 0,5 61 severe
4,200 + + + 14 0,5 175
22,000 + + 5 05 35 severe
9,200 — + 5 0,5 73 moderate

Eutrophy

P/ -97,5)
11,600 - + 4 37 severe
11,800 + 51 severe Keratomalacia
11,200 - neg. 15 1,7 25 mild
11,800 — 14 mild
11,200 — 20 mild

Outcome

recovery
recovery
recovery
death

recovery

recovery
death
recovery
death
recovery

recovery

death

recovery
recovery
recovery
recovery
recovery
recovery
recovery

recovery

recovery
recovery
recovery
recovery

recovery

1Sinus thrombosis. Adrenal
) haemorrhage, Emphysema
| atelect. Pancreatic change.
1Haemorrhagic enteritis.

j Bronchopneumonia. Ente-
{ ritis. Cerebral oedema.
Jaundice.
Cerebral and subdural
haemorrhage. Sinus throm-
bosis. Brochopneuinonia.
Fatty degeneration of the
liver

j Bronchopneumonia.

) Emphysema. Severe fatty
| degeneration of the liver.
' No change in pancreas.
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group (M = 35,6 square cm, oM = 1,3 square cm). The 7 infants with severe
Leiner's disease exhibited significantly lower values. The results of the toler-
ance tests support the above view that vitamin E deficiency was a result
of the disease and was closely correlated with its severity.

MaV s
related to
normal
Normal %6 13
7otal. Leiner”s disease 176 4a 49
Moderately severe and
mi ld Leine):"s disease 32 61 058
Severe Leiner"s disease 36 1A 16.6

comparable tonormal
not significantly lower
Significantly lower

Fig. 6. Vitamin E tolerance tests in infants with Leiner's disease. (Mean (M) size of area
enclosed by the curve, square cm)

In the two cases of jaundice due to congenital bile duct aplasia there
was no absorption as indicated by the fact that in the tolerance tests not
even traces of vitamin E were detected in the sera from these infants.

We explain the development of vitamin E deficiency in the following
way. Leiner's disease is associated with severe anatomical and functional
changes in the pancreas [246, 247, 22, 323, 87], resulting directly in a quanti-
tative decrease or total absence of lipase activity. This, in turn, causes a
disturbance in fat absorption. Absorption being impaired the organism, cannot
get the required amount of vitamin E, even when intake is ample and there
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Table 111
Serum vitamin E levels in infants with Leiner’s disease
. Vitamin E
Date of test Initiale mg/100 ml
serum

March
Apr.

Nov.

Nov.

Jan.
Apr.
June
Feb.
Jan.

Nov.

Feb.
Jan.

June
March
Jan.

June
March

Jan.

Nov.
Nov.
Dec.
Dec.

Dystrophy (Hypotrophy 1) P; = 97,5—85

1954 Z. E. 0 M — 0,159 mg
1954 B. J. 0,033 (aM = 0,078)
1953 K. J. 0,067 S = 2,8 (related to the normal)
1953 J. L. 0,345
1954 M. E. 0,350
Atrophy (Hypotrophy Il) P; = 85—75
1953 P. I 0
1954 Z. M. 0 M - 0,140 mg
1952 D. Zs. traces (M = 0,075)
1954 M. A 0,033
1954 B. M. 0,120 S = 3,0 (related to the normal)
1953 V. J 0,690
Decomposition (Hypotrophy IIl) P; = 75—
1953 F. B traces
1954 P. F. 0,040 M = 0,148 mg
1952 K. A 0,048 (uM = 0,044)
1952 M. I 0,099
1954 K. K 0,113 S = 4,3 (related to the normal)
1954 K. F. 0,120
1952 K. P 0,185
1952 Sz. T 0,317
1954 Cs. P. 0,410
Eutrophy P, = -97.,5
1954 P. Zs. 0,033 M = 0,109 mg
1953 Sch. G. 0,250 (aM 0,044)
1954 V. T. 0,125
1954 K. I traces S = 5,0 (related to the normal)
1954 K. F. 0,140
M = 0,127 mg
oM = 0,032
S=55

(related to the normal)
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Serum vitamin E levels according to the severity of Leiner's disease

Severe Leiner's disease (14 cases)
M = 0,098

aM =0,032
S = 6,3 (related to the normal)

Moderately severe and mild Leincr's disease (8 cases)
M 0,237

M = 0,081
S = 1,6 (related to the normal)

Table IV

Vitamin E tolerance tests in infants with Leiner's disease

- Rise in se vit. E evei
No. r%frd Date of test Initials Sec(;;isrigst}:és()f /100 ml
a1 g1 21
l. 93 Feb. 1954 Z E. severe (0} o o
3. 62 Dec. 1953 K. I mild 0,489 0,385 [¢]
4, 60 Nov. 1953 1. L. severe o [¢] o
5. 135 Nov. 1954 M. E. mild 0o 0o 0,100
9. 85 Feb. 1954 M. A severe 0,067 o} (o}
11. 61 Nov. 1953 . J. moderate 0,614 0,760 0,637
13. 76 Jan. 1954 P. F. severe 0,043 0,010 0,160
16. 96 March 1954 K. K. severe 0,037 0,038 0,161
17. 84 Jan. 1954 K. F. severe o 0,151 0,624
20. 94 March 1954 Cs. P. moderate 0,192 0,780 0,590
21. 82 Jan. 1954 P. Zs. severe 0,067 0,092 0,067
23. 134  Nov. 1954 V. T. mild 0,614 0,805 0,823
24. 137 Dec. 1954 K. L mild 0,694 0,852 0,741
25. 142 Dec. 1954 K. F. mild 0,466 0,749 0,527
Average 0,235 0,330 0,316 M
Normals (5 cases) oM =
M = 35,6 square cm S =
= 1,3 (related to the
Vitamin E tolerance results according to the severity of Leiner's disease
Moderately severe and mild cases (7) Severe cases (7)
M = 32,0 square cm M 3,6 square cm
nMm 6,1 square cm oM =1,4 square cm
S = 0,58 (related to the normal) S = 16,8 (related to the
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4,4
11,4
30,8

45
44,9
48,0

35

= 178ant

4,8cm2
4,9

normal)

normal)
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is no anorrhexia. As a result, the tissue depots are completely depleted, the
level of vitamin E in serum decreases below normal or, in extremely grave
cases, disappears altogether. The flat tolerance curves obtained in such cases
are obviously due to the fact that the small amount of vitamin E entering
the blood stream in spite of the poor absorption, is eagerly absorbed by the
depleted tissue.* The more severe is the Leiner’s disease, the more severe is
the vitamin E deficiency.

Our investigations have revealed that vitamin E avitaminosis may
develop in grave Leiner’s disease and have thereby contributed to the
problem of human avitaminosis E.**

Finally, it would be difficult not to outline our hypothesis, which is as
follows. Although a number of factors have been suggested to be involved,
the disturbed metabolism of the liver and pancreas residting from protein
deficiency appears to play the leading role in the development of Leiner’s
erythrodermia [107, 108, 109]. The correlation with vitamin E deficiency
apparently lies in the factthat the amount of free amino acids is decreased in
both the serum of infants with Leiner’s disease and the milk of their mothers.
This decrease is particularly markedinthe case of cystine [110], and vitamin
E is known to substitute methionine and cystine in their protective action
against liver injury.***

Summary

The serum vitamin E level has been determined in 25 infants with
Leiner’s disease. Of these babies 20 were atrophied and 5 “eutrophic”. In 14
cases vitamin E tolerance tests were also made.

Two infants with congenital bile duct aplasia were used as the controls.

As compared to the serum vitamin E level of normal infants determined
by us (M = 0,383 mg/100 ml),

(i) the serum vitamin E levels for the infants with Leiner’s disease and
group I, Il, and IIl atrophy did not differ significantly. Likewise, no signif-

* As it has been pointed out, the deficiency in vitamin E appears to be correlated with
the severity of Leinerd disease, and not with that of atrophy. The volume of tissue depots
(first of all of fat tissue and muscle) seemed to play a minor role. In the presence of fat tissue and
muscle, which is not wasted but is still depleted in vitamin E, the vitamin probably passes
faster from the blood into the tissues than in normal infants and the curve will be flat also
when absorption is satisfactory, but the tissue depots are depleted [185, 186]). In contrast
with this, we ascribe a great significance to the extreme, progressive wasting of these tissues
in the interpretation of the tolerance curves yielded by gravely atrophied infants (P/ = below
65) with no disturbance of fat absorption.

** Data for avitaminosis E occurring in adults have been supplied by Tverdy et ah
[357), as well as by Pappenheimer et al. [274].

*** Fatty degeneration of the liver and cystic fibrosis of the pancreas (of which the
latter condition appears to be the primary one [369]) can be produced not only by infection
and toxic factors, but also by qualitative protein deficiency (deficiency in methionine and
cystine). Both methionine and tocopherol can equally prevent the development, or ameliorate
the course, of such hepatic changes [163, 155, 177, 164, 81, 318, 140, 235, 319, 320].
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leant difference was demonstrated between atrophied infants and normal
ones. On the other hand, the “eutrophic” babies with Leiner's disease showed
much lower values than those with atrophy due to Leiner's disease, and
there was a significant difference between this group and the normals (M =
= 0,109 mg/100 ml, S = 5);

(i) the group including all 25 babies with Leiner's disease showed a
significantly lower vitamin E level in serum than the normal group (M = 0,127
mg/100 ml, S= 5,5). In that group the serum E vitamin level was signif-
icantly below normal in cases of grave Leiner’s disease (M = 0,098 mg/100
ml, S = 6,3), whereas no significant difference occurred between the group
of moderately severe Leiner's disease and the normal group (M = 0,237
mg/100 ml, S = 1,6).

In 24 per cent of the infants with Leiner's disease either only traces
or not even traces of vitamin E were present in the serum and in 50 per cent
the level was below 0,100 mg/100 ml.

As regards the size of the area enclosed by the tolerance curves in com-
parison with the normal infants (M = 35,6 square cm),

(i) the mean for all the infants with Leiner's disease was significantly
smaller ; (M = 17,8 square cm, S = 4,9);

(i) in infants with moderately severe Leiner's disease it was practically
the same as in the normals (M = 32,0 square cm, S = 0,58), while in grave
Leiner's disease it was significantly smaller (M = 3,6 square cm, S =
= 16,8).

Both the serum vitamin E and the tolerance values indicated that no
correlation exists between the severity of atrophy and the vitamin E content
of serum. The low serum vitamin E level in atrophic infants with Leiner's
disease is correlated with the disease and its grade of severity, and not with
the process of atrophy and its severity.

We explain the development of vitamin E deficiency by a failure of the
organism to get the required supply of vitamin E, due to the disturbance of
fat absorption involved in Leiner's disease. As a result, the tissue depots
become gradually depleted or totally exhausted, the serum level of vitamin
E decreases below normal. The vitamin may entirely disappear from the
serum in extremely grave cases. When making the tolerance test in such a
condition, it is easy to interpret the flatness of the curve : owing to poor ab-
sorption only a small amount of vitamin E enters the blood and, the flow
from the blood into the tissue being faster than normal, this small amount
is rapidly absorbed by the depleted tissues.

Thus, the grave impairment of vitamin E absorption in severe Leiner's
disease may result in a depletion of the vitamin E reserves and thereby in the
development of avitaminosis. Our investigations have contributed new evi-
dence to the problem of vitamin E deficiency, as it occurs in man.
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The correlation between vitamin E deficiency and protein deficiency
has been discussed and it has been suggested that these factors may play a
role in the pathomechanism of Leiner's disease.

VITAMIN A
Serum vitamin A levels in infantile atrophy

Although different from vitamin A deficiency of adults, the condition
in infants is in many respects analogous to avitaminosis A in fast-growing
experimental animals [77]. As the symptoms of infantile avitaminosis A
include impaired development, susceptibility to infection and epithelial
metaplasia in the respiratory, gastrointestinal and genitourinary tracts, a
correlation has been suggested to exist between atrophy and vitamin A supply.
Infection plays namely a decisive role in the initiation and maintenance of
infantile atrophy [114, 113]. Also, longitudinal growth may be retarted or
completely inhibited during atrophy. It seemed therefore interesting to
extend our investigations into the vitamin metabolism of atrophic infants
also to vitamin A. For this reason, in atrophic infants the level of vitamin
A in serum has been estimated.

Is it possible to judge the vitamin A supply on the basis ofthe blood level?

From the serum vitamin A level diagnostic inferences must be drawn
with some caution, as normal variations are wide and there is a certain ten-
dency for individual blood levels [17]. The hepatic depot, practically the only
store of vitamin A in the body, plays an important role in the maintenance
of the blood level. If this depot is filled, the blood level may remain unchanged
for months even on a vitamin-free diet [5]. On the other hand, in children a
deficient vitamin A intake may manifest itself in the blood level within 2 to
4 months [126]. Some authors [11, 194] found no correlation between plasma
vitamin A level, vitamin A intake and the symptoms ascribed to vitamin
A deficiency, whereas others [7] claimed that a close correlation existed.
Considering, however, that all of the vitamin A in blood is contained in the
plasma [71] and that the tissue concentration is at equilibrium with the
blood level [277], the vitamin A supply may be estimated indirectly on grounds
of the blood level. Also in support of this view is the fact that, notwithstanding
the wide range of individual variations, there still remains a considerable
difference between the lowest values thus obtained and those indicative
of vitamin A deficiency, as the average value for patients exhibiting the
symptoms and signs of vitamin A deficiency is 6 1. U./100 ml serum (0 to 27
I. U.) [126]. Thus, ceteris paribus, a low blood vitamin A level indicate the
presence of vitamin A deficiency, a depletion of depots or of a disease affecting
vitamin A metabolism [126].
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I. Survey of the literature

In the literature* we found no data concerning serum vitamin A levels
in infantile atrophy.

According to Waltner [378], in infantile atrophy the depots are not
normal and one should look upon the atrophic infants as one having a vitamin
A depot sufficient for not more than at the most a week.

The serum vitamin A level in normal infants is lower than in adults and
children. Individual variations are wide also in infants, the value is ranging
from 24 [220] to above 100 I. U. [57].

The serum vitamin A level in normal infants, I. U
Lund et al. [220] newborn (at birth) 49
Lewis et al. [211] « 76 (falls>to 37 at tbe end of the
second day and rises to 61 on
the 4th)
Byrn et al. [57] « 91
Lewis et al. [212] premature baby (few weeks old) 52-164
McCreary et al. [242] infant (birth — 6 months) 20,7
McCreary et al. [242] « (6 to 12 months) 27,6
Brock [53] « 50- 80
Masi [227] infant and child 52—210 (the lower
values tend
to occur in
infants)
McCreary et al. [242] « « « 32

The serum vitamin A level in infants and children suffering from
disases not associated with an impairment of fat absorption.** Fever
and infection strongly influence the serum vitamin A level. Fever by
itself reduces the level, even if the rise in temperature is due not to
infection, but for example to drugs [72, 18]. In such cases the low serum
vitamin A level is due not to poor absorption, but to diminished mobilization.
After the fever has subsided, the serum vitamin A value returns to the original
level [170]. On the other hand, infection, with or without fever,*** depresses
the level of vitamin A. The fall is steeper in acute, febrile infections and retard-
ed in chronic afebrile ones. After infection the serum vitamin A level increases
again, faster in the former, and slowly in the latter case [242]. In lobar

* Kretsiimer and Bayandina [195] include hypovitaminosis A among the causes
of the dystrophy of infants with septicaemia. In one group of newborns there was no vitamin
A at all in the blood during the acute and convalescent stages and the vitamin A level in-
creased gradually after or during clinical recovery. In another group the serum vitamin A level
was very high during the acute phase and decreased during convalescence and in the phase
of recovery. This apparently paradoxical phenomenon has been ascribed by the cited authors
to liver disease depending in its gravity on the duration of dystrophy and to a secondary
impairment of the liver’s ability to store and synthetize vitamin A.

** The data in the literature concerning vitamin A supply in infantile diseases associ-
ated with impaired fat absorption will be discussed in the section on vitamin A metabolism
in atrophic infants suffering from Leiner's disease.

*** In chronic afebrile infection a serum vitamin A level of 28 I. U. was found.



44 F. CERLOCZY and B. BENCZE

pneumonia vitamin A may totally disappear from blood [71]. The serum
vitamin A level is low in incompensated mitral stenosis [336] ; infantile
heart disease [44, 281] associated with anoxaemia (since this interferes with
the formation of vitamin A from carotene) and with hepatic congestion (since
this affects storage) ; nutritional deficiencies [281] (owing to the insufficient
intake) ; infected adenoid vegetation of infants ; ecczema and asthma of
infants and children [336]. Normally, vitamin A is not excreted in the urine,
or at the most traces of it are there present [355], but in pneumonia and, to
a lesser extent, in skin diseases [202] vitamin A appears in the urine. In sebor-
rhoid dermatitis vitamin A may be lost also through the skin.*

In nephrosis, especially when the condition is associated with marked
lipaemia, the serum vitamin A level is high [173]. The values found in dia-
betes are not unequivocal [44].

Serum vitamin A in nutritional deficiency (starvation) of adults.
Recent studies have revealed that vitamin deficiencies do not play a
major role in the starvation disease of adults [180]. Among the prisoners of
concentration camps adm itted to Swiss hospitals only occasional cases occurred,
with discrete symptoms [158] and the incidence of avitaminosis was remark-
ably low in the Spanish War (1936—39) [305]. During World War 11, the
incidence of avitaminosis (particularly in Europe) was less than in World
W ar | [180]. This was due in part to the fact that extreme starvation leads
to death so soon that there is no time for a vitamin deficiency to develop
[158], and in part to the low requirement during starvation [158]. Acute
starvation is not associated with vitamin deficiency because during consider-
able loss of weight the organism can utilize the vitamins released from its
tissues. For this reason vitamin deficiencies develop only when body weight
is relatively stable, or when wasting is slow.**

Deficiency in vitamin A is particularly rare.*** Keratomalacia did not
occur either in Dachau [158], nor among the victims of the Bengal famine
(1943 —44) [43]. On the contrary, vitamin A intake sometimes even in-
creased as, because ofthe lack of caloric rich food, more vegetables and green
plants, or, in World War Il, during the German occupation, weeds and grass
rich in carotene were ingested. For example, among British and Soviet prisoners
of war in a German camp the daily vitamin A intake during the severest
famine has as high as 3000 I. U. [217], and carotanaemia occurred in Lenin-
grade in 1941—42 [210]. Similar observations were made also in other areas

* The serum vitamin A level in adults is low in chronic liver disease [141, 280, 249],
as well as in acute infectious hepatitis [280, 249, 282, 142].

** According to the so-called semi-starvation series of the “Minnesota Experiment”
(Keys et al. [180]).

*** Only the Spanish fugitives transported to France during World War Il [397], and
the inhabitants of the Madrid slums during the Spanish War [302, 303] developed hemera-
lopia (night blindness) [66] believed to be due to vitamin A deficiency, as well as an impair-
ment of dark adaption during the German occupation of Paris [66].
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during World War 11 [264, 236]. The serum vitamin A level was not low
among subjects with chronic nutritional deficiency (weight loss of from 5 to
15 kg) in occupied Belgium in 1940—44 [94]. In the starvation phase of the
“Minnesota Experiment” [180], the serum vitamin A level did not differ
significantly from the control [180, 374]. In contrast with this, a definite fall
(0 values in 9 out of 34 patients) was found in 1945 in Amsterdam in starved
subjects with oedema [165, 166] and low levels occurred during the occupation
of Paris by the Germans [201, 66].

The vitamin A requirement of the normal infant increases with the in-
crease in body weight. It applies equally to animal [133, 129]* and man [132]
that the normal vitamin A requirement is first of all the function of body
weight. In infants the requirement is less than at later age. Artificial feeding
usually does not cover the vitamin A demand (including storage) and for this
reason the administration of vitamin A is justified as long as the baby is not
given a mixed diet. In premature infants, in whom the liver depots are poor,
vitamin A should be prescribed as soon as that the age of 2 weeks [71].**

The infant's requirement is changed under pathologic conditions, because
the disease interferes with the absorption and metabolism of vitamin A. For
this reason a high vitamin A diet, or the administration of vitamin A are
important in chronic diseases [44]. The requirement is great with depleted
stores, poor absorption (for example in conditions associated with an impair-
ment of fat absorption), increased elimination through the kidneys (e. g. in
pneumonia), diminished mobilization (for instance in infections).

According to Waltner, after ample intake the normal infant has vita-
min A reserves capable of meeting its requirement for about 1 month during a
total lack of supply. A sick baby should be considered to have enough vita-
min A for about 2 weeks [378].

Il. Experimental
Patient material

Twenty-nine infants with atrophy were studied, all of them belonging
to the group of gravest atrophy (decomposition, hypotrophy 111). As controls
were tested 5 absolutely normal infants less than 1 year old, living in a nursery

*In certain animals equal doses of vitamin A are required to avoid hemeralopia
without permitting storage.

** The daily dose for infants under the age of 1 year was set at 1500 I. U. by the Food
and Nutrition Board of the USA National Research Council [168]. The requirement of the
infant increases from month to month ; the 1500 I. U. daily applies to infants 6 to 8 months
of age.

uaily vitamin
Lewis el al. [213] infant by the adaptation method
Nylund [270] « 19-38
Lewis el al. [214] by blood level studies 100-200
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on a diet complete also as regards vitamin A. Thus, the results published below

concern a total of 34 infants. The clinical data of the atrophic infants have
been tabulated (Table 1I).

Procedure

Blood was taken at least 4 hours after the last meal. The serum was
separated by centrifugation and was tested without delay.

The method employed for the estimation of vitamin A in serum was
that of Bencze, based on the Carr—Price reaction.

M 6M 5
related to
eutrophy

Eutrophy 61.6 8.6
Hypotrophy Il 62 9.6 ons3

nearly identical with the eutroph/c value

Fia 7. Serum vitamin A levels in atrophic infants (as determined by Bencze's method,
based on the Carr—Price reaction) on the basis of the mean value (M) (I. U./100 ml)



Table 1

Clinical data for decomposed (Hypotrophy I111) infants

~

11.
12.
13.
14.

15.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

© ®© N o o A~ ®

P/ below 75
consti- ™ I
injury tation
Exp. pre« ed- A Prema
recoFr)d Date of test Initials ongffTs %\T "9 sion n ? tare Post-mortem diagnosis
No. DQ P (] 10 " birth
kA . s ¥ o T W e VO «
=_3* o o (0] € bl z 2 < Q Q
2 March, 1951 1. S. 201/3 75/86 — 4+ o+ o+ — & 4+  — 4+ 4+ — twin —
37 October, 1952 V. 16 54/104 + - - — 4 . . .
i Dilatation of the ventric-
L February 1954 K. 175 42113 — — + — — + + — — [es. Capillary bronchio-
Ef66 July, 1952 B. 1593 R .. - s 4. : 4+ ! litis. _Oe(_jema and ate-
1 . { lectasis in the lungs.
March, 1951 H. A. 207, 74/86 — + + o= o+ o+ — twill — (Partial atelectasis and
43 February, 1953 J. F. 173 70/92 — — — + T — 4+ — + 1 emphysema. Congestion
I of liver and spleen.
112 June, 1954 L. L. 3 73/89 - + + - + + - - * Cerebral oedema. Otitis.
80 Jdanuary, 1954 2 0,59 + o+ 1 — - - _ _
41 January, 1953 33 69/93 — — UL
44 February 1953 5 59/97 + «+ -y o+ o+ _ -
39 November,1952 9 0,51 — — + — + o+ — — —
38 November,1952 5V. 64/99 +  — - - - +  — - N
81 January, 1954 3 74/93 + + - + -+ = _ -
26 July, 1952 1023 67/89 — — + — + + ~— prema- —
tlre Capillary bronchiolitis and
atelectasis. Dilatation
: of heart. Parenchyma-
101 April, 1954 k. 373 69/88 + 4+ - — + — - prema- + tous myocardial degener-
ation. Mastoiditis. Cereb-
14/1)  February,1952 A. A. 10 69/91 — 4 — 0y -+ — —  ral oedema.
22 March, 1952 K. E. 1273 65/102 + + + — o+ - - — —
E20/e  April, 1952 K. P. 97. 0,49 + - + = -+ o+ —- -
E22/d  April, 1952 V. M. 5 70/92 4 + + -+ - = = =
23 March, 1952 N. E. 4 68/95 - — + o+ + - = -
12/b  October, 1951 K. Sz. 7 62/98 + — + — 4+ + — twin —
12/a March, 1951 G. Z. 323 70/94 4+ - -+ o+ - - — Bronchopneumonia with
14/a March, 1951 Z. L. 117, 59/110 + 4 + — + + — — — abscess on right side.
- Suppurative bronchio-
29 April, 1951 L. L " 63/96  + + R A A - ¢t litis. Fibrinous pleuritis.
106 April, 1954 B. k. 117» 064 — 4 - — + - = - = Dilatation of heart.
27 March, 1952 Gy. I. avs 58/104 4+ — + — + + — — _ Mastoidits.
28 May, 1952 T. P. 77. 0,59 — 4 ¥ o+ —
45 March, 1953 L. L. 7 0,50 + = - o+ — —
18 April, 1951 M. M. 2903 61/98 — 4 + - o+ o+ — — _
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The Cark—P rice antimony-trichloride reaction is ia time reaction. This
means that the intense blue colour formed increases n intensity to a sharp
maximum lasting for a few seconds, then fades gradually. The intensity of
the colour depends on the amount of reagent, the concentration of vitamin
A, the volume of the reaction mixture, and time. All these are factors making
the determination of vitamin A technically difficult ; 2 workers are needed
to estimate by means of a colorimeter the depth of colour at a certain point
of time which depends on the skill of the workers.

To eliminate these errors, we have discarded the colorimeter as the
measuring instrument and carried out the reaction in a colourless glass tube,
8 mm in diameter and 8 to 10 cm high, observing the usual rules (avoiding
moisture, etc.). At the moment of mixing the solution a stop watch is started
to measure the time during which the blue colour turns into grey or definitely
greyish-yellow. From the standard curve plotted from known quantities the
time corresponding to 1 I. U. of vitamin A is calculated, and this value is
used in further computions. The results of measurements and the standard
curves presented in Fig. 8 show clearly that the procedure yields well re-
producible results and by its use the errors mentioned can be eliminated.
Of course, the period of time corresponding to 1 I.U. of vitamin A depends
also on the concentration of antimony chloride which must therefore be deter-
mined whenever a new solution is prepared, and its value will be the factor
characteristic of that solution.

Results and discussion

The mean serum vitamin A value for normal infants was found to be
61 1. U. (Table I11), a value identical with those mentioned in the literature.
A mean value of 62 I. U. was obtained for the 29 decomposed infants, practic-
ally the same as for the normals (Table Il and Fig. 7). The division of the
group of decomposed patients (hypotrophy Ill) into two subgroups did not
alter the situation.

Unlike with vitamin E, the degree of atrophy has no bearing on the
serum vitamin A level. For this reason it did not seem important to extend
the studies to infants in the group of dystrophy (hypotrophy 1), and in that
of atrophy (hypotrophy Il), and to eutrophic infants suffering from acute
disease.*

On grounds of the serum vitamin A level, the decomposed infants seem
to be sufficiently supplied with vitamin A. This is in contradiction with the

* Another reason why the vitamin A studies were focussed exclusively on decompo-
sition was that our investigations concerning vitamin E, another fat-soluble vitamin, had
revealed that an eventual deficiency was correlated with the grade of decomposition and
would have manifested itself best in the patients with the severest decomposition.
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Table 11

Serum vitamin A levels in decomposed infants

No. E,’é’égi&’“ﬁ.‘}{a' Date of testing Initials Vitamligo f\n III u
| 2 March, 1951 H. s. 7
2. 37 October, 1952 V. Gy. 10
3. 86 February, 1954 K. J. 13
4. Ef66 July, 1952 B. R. 15
5. 1 March, 1951 H. A 15
6. 43 February, 1953 J. F. 17
7. 112 June, 1954 L. L. 24
8. 80 January, 1954 Sch. K 25
9. 41 January, 1953 T. 1 26
10. 44 February, 1953 L. M 27
11. 39 November, 1952 Sch. 1 33
12. 38 November, 1952 J. T. 35
13. 81 January, 1954 T. J. 43
14. 26 July, 1952 N. 46
15. 101 April, 1954 K. L. 54
16. 14/b February, 1952 A. A. 55
17. 22 March, 1952 K. E. 58
18. E20/e April, 1952 K. P. 76
19. E22/d April, 1952 Y. M. 76
20. 23 March, 1952 N. E. 79
21. 12/b October, 1951 K. Sz. M 90
22. 12/a March, 1951 G. Z 92
23. 14/a March, 1951 Z. L. 95
24. 29 April, 1951 L. L. 105
25. 106 April, 1954 B. K. 114
26. 27 March, 1952 Gy. | 121
27. 28 May, 1952 T. P 145
28. 45 March, 1953 L. L 146
29. 18 April, 1951 M. M 165
M= 62,0 I. U.
<M= 9,6
S = 0,03

(related to the normal)

statements we have made in connection with vitamin E, another fat-soluble
vitamin ; in the decomposed babies there was namely a marked vitamin
E deficiency. (The aetiology ofthe atrophying process was practically the same
in the decomposed infants studied with respect to vitamin E and vitamin A.
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Moreover, there were 7 babies tested not only for vitamin A, but also for
vitamin E. The above difference was noted also in these cases.)

The causes of the discrepancy (normal vitamin A level with vitamin
E deficiency) are thought to be the following.

(i) The vitamin A requirement of the decomposed baby is presumably
low as, parallel with the extreme loss in weight, the vitamin A demand also
decreases. (On the other hand, the light-weight, or the young organism needs
relatively much vitamin E.)

(ii) Vitamin A is stored mainly in the liver and, although the systemic
atrophy involves also that organ [178], the liver loses by far not so much
weight than does the fat tissue. (As well-known, vitamin E is stored almost
exclusively in fat, and for this reason storage is hardly possible inthe practic-
ally de-fatted decomposed body.)

(iii) In our opinion the normal vitamin A level results from the wide-
spread consumption of provitamin A in this country.* The infants involved

Table 111

Serum vitamin A levels in normal infants

No. Er’;%?{r'é“ &not_al Date of testing Initials P<—975 V"‘}"T&S M' u

i 107/b May, 1954 H. A. 33

2. 129 November, 1954 M. P. 105/93 56

3. 131 November, 1954 M. M. 100/103 62

4. 132 November, 1954 Sz. |. 100/99 71

5. 130 November, 1954 P. M. 98/97 86
M= 61,61 U.
aM = 8,6

in the study (except for 2 or 3 from the total of 29) were of such age in which
fruits and green vegetables are widely consumed. It must be taken into account
that in Hungary one of the richest sources of provitamin A is the raw carrot,
which, as a substitute for fruit (and a coloured vegetable) is remarkably
popular. As in nearly 60 per cent of our cases diarrhoea was the immediate
factor giving rise to atrophy, carrot soup prescribed for therapeutical purposes
must be also taken into consideration.

*Waltner [379, 380, 381, 382] pointed out that the usual Hungarian diet meets easily
the vitamin J1 requirement at any age and called attention to the ample provitamin /1 con-
tent of baked pumpkin and maize. According to his investigations, the cases of vitamin A
deficiency among Hungarian children in the period between the two World Wars were due
to an inadequate diet.

4 Acta Mcdica XI1/1—2
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The incidence of rough dietary error was 41 per cent in our cases of
atrophy. In caloric starvation, however, vitamin A supply may be satisfactory,
as it has been mentioned previously in connection with nutritional deficiency
disease.

(On the other hand, as it has been discussed above, not even an optimum
diet meets the vitamin E requirement of adults. As regards infants on an
artificial or deficient diet, intake lags far behind the demand in some cases
so much that avitaminosis may develop).

No correlation has been found between serum protein, serum cholesterol,
liver function tests and the serum vitamin A level.

Summary

Sera from 29 decomposed and 5 normal infants under the age of 1 year
were tested for vitamin A content by the Bencze method based onthe Carr—
Price procedure. In agreement with the data in the literature the serum
vitamin A level was found to be M = 61 |I. U. per 100 ml in normal infants.
Nearly the same value (M = 62 1. U./100 ml) was yielded by the decomposed
infants. Division of the group of decomposition into 2 subgroups (P; = 75—65,
and P; = below 65) disclosed no substantial difference. Thus, as determined
on the basis of the serum level, even the infants with the severest atrophy
appear to be well supplied with vitamin A. This is apparently in contradiction
with our findings in connection with vitamin E, another fat-soluble vitamin,
the deficiency of which was undoubtedly demonstrated in the severest grade
of atrophy. As about the same aetiological factors were responsible for the
atrophy of the infants tested for serum vitamin A and of those for vitamin
E and several were tested for both vitamins, and the divergence in the values
was always the same, the sufficient supply of vitamin A (as determined on
the basis of the blood level) in infantile atrophy has been ascribed to the
following.

(i) Vitamin A requirement in the decomposed infants presumably
decreases with the excessive loss in body weight. (In contrast with this, the
low-weight, and the young organism requires relatively high amounts of
vitamin E.)

(if) Vitamin A is stored mainly in the liver, but the liver loses less weight
than does fat tissue. (In contrast with this, vitamin E is stored almost exclusi-
vely in fat tissue and for this reason storage is hardly possible in the practic-
ally de-fatted decomposed organism.)

(iii) Foods rich in provitamin A are popular in Hungary. The vitamin A
supply may he sufficient even when the diet is low in calories. (On the other
hand, infants, especially artificially or erroneously fed ones, may ingest so
little vitamin E that avitaminosis may develop.)
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Vitamin A tolerance tests in infantile atrophy

In the previous section it has been established that, as judged from the
serum level, vitamin A supply is apparently sufficient in even the gravest
form of infantile atrophy. It should, however, be borne in mind that in spite
of a normal blood level the tissue depots may be more or less depleted, and,
also, that the depletion of the hepatic vitamin depot in infants fed a vitamin
A deficient diet may not affect the blood level for 2 to 4 months [126]. For
this reason, tolerance studies were made to determine whether or not in the
presence of normal blood levels the vitamin A depots are filled.

I. Survey of the literature

We have not found reports on vitamin A tolerance tests made in infant-
ile atrophy.

In general, vitamin A supply is determined by examining vitamin A
tolerance (absorption [126]). This, in view of the fact that vitamin A is ab-
sorbed parallel with fat, is considered also an indicator of fat absorption
[242].* The increase of the blood vitamin A level is the greatest when the
particles of the administered preparation are submicroscopic (“aqueous”) ;
the lowest, when they are macroscopic (oil) ; intermediate, when they are
1to 20 U (emulsion) in size [215]. However, dispergants or the aqueous solu-
tion itself only accelerate, but do not improve absorption. Thus, vitamin A
in an “aqueous” solution raises the blood level 2 to 3times more than vitamin A
in oil, in spite of the fact that vitamin A is completely absorbed in both
cases [44]. Thus, the rise in the blood vitamin A level after oral adminis-
tration does not show the measure of absorption. It indicates merely that
absorption has taken place and it has temporarily surpassed storage [44].
As, except in some diseases,** vitamin A is not excreted in the urine, the
quantity of vitamin A absorbed corresponds to the amount ingested minus
the quantity excreted in the faeces [126]. While adults absorb it completely
[377], infants absorb only 2/3 of a dose of 35 000 I. U. in oil, as judged on the
basis of faecal excretion [212, 216].

According to the original tolerance method of Chesney and McCoord
[65], vitamin A is determined in plasma or serum 4, 7 and 24 hours following
the administration of 7000 I. U. of vitamin A (ester) per kg body weight.
The vitamin A tolerance test has been widely used and the number ofreported
tests is great. Beside the ester, the alcoholic form of vitamin A has also been
used, in different doses. The oral dose for adults varies from 50 000 [17] to
500 000 [212] I. U.*** but there is no uniform standard for children.

* Adaptation studies cannot be made in infants.

** See the literature cited in the section dealing with vitamin A levels in atrophic infants.

*** For the details the reader should consult Bicknell and Prescott’s hook, The
Vitamins in Medicine [44].

4*
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(25 000 to 50 000 I. U. [194], 5000 to 6000 I. U.) per Lb (0,45 kg) body weight
([212, 227 and 192 173], respectively). In infants 35 000 I. U. was administered
in tolerance tests, irrespective of the actual body weight [212]. Bigger doses
produce higher blood levels, but the shape of the curve remains practically
the same [194]. Blood is taken at various points of time ; more frequently
during the first 6 to 8 hours following administration and less frequently
later. Owing to the sharp rise caused by it, when an aqueous solution is
administered the blood level should be estimated also after 2 hours. In
general, the peak is reached in 3 to 6 hours. Then a decline follows, sharp
for 8 hours and gradual later ; after 24-hours the level is still higher than
initially.

Il. Experimental

Patient material

Oral vitamin A tolerance tests were performed in 12 infants, 7 atrophic
and 5 normal. All the atrophic infants belonged to the group of decomposition
(hypotrophy IIl). The clinical data for the decomposed babies are presented
in Table |I. The normal infants were kept in a nursery, fed a complete diet
with sufficient vitamin A and C, and were under permanent medical supervision.

Procedure

Neither vitamin A, nor any other fat-soluble vitamin preparation was
administered to the atrophic infants after admission, or to the normal ones
until the time of the tolerance test. The dose of vitamin A (25 000 I. U./kg
body weight, in 0,25 ml oil, as vehicle) was then administered by mouth.
This dose was precisely measured, added to 2 to 3 g rice water, homogenized
and added to about 30 ml of milk, in which it was homogenized again before
being administered. Subsequently, the dish was washed with milk, and this
was also given to the baby. In this way losses in solution and administration
were eliminated. Vitamin A was determined in the sera from blood samples
taken 4, 8 and 12 hours following administration. Blood taken 24 hours earlier,
not sooner than 4 hours after the last meal, was considered to yield the initial
level. This was done to avoid one more blood taking on the day of the test.
After clotting, the serum was separated by centrifugation and tested without
delay for vitamin A content. During the tolerance test the infants were fed
the prescribed diet.

The values obtained after 4, 8 and 12 hours, as well as the size of the
areas enclosed by the single tolerance curves have been tabulated (Table II).
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K. L.
Sz. Gy.
B. K.

Table |
Clinical data for infants belonging to

Hypotrophy 111 (P| =

Infection

CA

28 2 3

SN

V2, 42113 - -, -
3 73/89 - . +
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Table 11

Vitamin A tolerance tests in decomposed (hypotrophy I11) infants

Experi- Vitami? A akisorbed
No. ?‘932}%' Date of testing Initials 1. U/100 m Area eggl&);reg ckr)%/ curve,

No. 4h 8n 12n
. 86 February, 1954 K J. 380 159 205 12,7
2. 112 June, 1954 L. L 268 115 43 8,2
3. 80 January, 1954 Sch. K. 60 74 32 3,0
4. 81 January, 1954 T. J. 203 78 61 6,1
5. 101 April, 1954 K L. 159 124 108 6,3
6. 110 May, 1954 Sz. Gy. 288 93 99 75
7. 106 April, 1954 B. K 473 305 219 9,0

270 135 109

M=9,0 sq.cm
aM= 1,9
S=1,0

(related to the normal)

To facilitate evaluation, another curve (Fig. 9) has been constructed from
the mean rises. The extent of the area enclosed by the curves have been
computed as earlier described.

W ith the normal infants the procedure was the same. These results are
shown in Table Ill, and the united results in a curve (Fig. 9).

Fig. 9. Vitamin A tolerance tests in atrophic infants on the basis of the mean (M) increase
in serum vitamin A (I. U./100 ml)
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Table 111

Vitamin A tolerance tests in normal infants

Experi- Rise in vitamin A

No. Te?:glrzl Date of testing Initials U./100 ml Area eg;Lc;sreed Ct?]/ curve
No. 4h Sh 12h

i 129 November, 1954 M. P. 191 205 244 12,6

2. 131 November, 1954 M. M. 199 107 98 6,9

3. 130 November, 1954 P. M. 262 178 54 9,2

4. 132 November, 1954 S. I 358 223 74 10,7

5. 107/6 May, 1954 H. A. 616 631 347 28,8

325 269 163

M = 13,6 sq. cm
oM = 19

M oM S

related to

eulrophy
Eutrophy 136 19
Hypotrophy HI. 9,0 1,9 1,0

Not significantly lower

Fig. 10. Vitamin A tolerance tests in atrophic infants on the basis of the mean (M) size
of the area enclosed by the curve (square cm)

Results and discussion

The data and curves obtained revealed that the tolerance curves of the
decomposed infants ran slightly lower than those for the normal babies but
the difference between the curves (or between the areas enclosed by them)
was not significant. This means that in this serious stage of infantile atrophy
the normal serum vitamin A level is associated with adequately filled vitamin
A depots.

These results diverge from those obtained for vitamin E, another fat-
soluble vitamin. The explanation has been outlined in the previous section.

Summary

Vitamin A tolerance tests have been made in 7 atrophic and 5 normal
infants. All the atrophic babies belonged to the group of decomposition

(hypotrophy I11).
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After oral administration of 25000 I. U./kg body weight of vitamin
A in 0,25 ml oil as vehicle vitamin A was estimated in the serum of blood
samples taken after 4, 8 and 12 hours. From the mean values for the increase
curves were plotted. The extent of the areas enclosed by the single tolerance
curves was expressed in square cm.

The tolerance curves of the atrophic babies ran somewhat lower than
those of the normal infants. The difference between the mean areas enclosed
by the curves (13,6 square cm for the normal and 9 square cm for the decom-
posed infants) was not significant. These investigations confirm the view that
the normal serum vitamin A level we have demonstrated to be present in
this serious phase of atrophy is associated with adequately filled vitamin
A depots.

Vitamin A metabolism in atrophic infants suffering
from Leiner’s erythrodermia

It has been pointed out that the atrophy in Leiner’s disease is one of the
special forms of infantile atrophy, one associated with disturbed fat absorp-
tion. It has been shown namely that together with cystic fibrosis of the pan-
creas and protein deficiency disease (kwashiorkor, “Mehlndhrschaden”,
Czerny) [370, 368], Leiner’s disease [246, 247], also involves a disturbance
in the exocrine function of the pancreas.

Although these forms of atrophy associated with an extreme reduction
in fat absorption obviously involve a midtiple vitamin deficiency, no exact
data concerning Leiner’s disease are avaiable in the latter respect.* As far
as vitamin A is concerned, this is the more astonishing, as xerophthalmia is
not uncommon in Leiner’s erythrodermia, skin changes are serious, and
the infants suffering from the condition are extremely susceptible to infec-
tion, especially of the respiratory tract.

I. Survey of the literature

The serum vitamin A level in infants with Leiner’s disease, or tolerance
tests in such infants have not been discussed in the literature.

In grave kwashiorkor the serum carotene level was found low, mostly
less than 10 per cent of the blood level in European children [261, 356]. Cli-
nical signs (especially eye symptoms) have been described to occur [75, 6, 273].
The incidence of eye symptoms may attain 44 per cent [11] and in Mexico
corneal dryness was revealed by the slit lamp in 90 per cent of the children

*Vitamin E metabolism in Lciner's disease has been discussed in a previous section.
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suffering from kwashiorkor, whereas xerophthalmia associated with ulcera-
tion occurred in 7 per cent [273].

A report from the paediatric department in Kiel, Germany, described
30 cases of keratomalacia, as a complication of protein deficiency disease
(“Mehlndhrschaden”, Czerny [386]).

In general, avitaminosis A develops easier in infants than in children
or adults. If we ignore such symptoms of avitaminosis A as may be due to
other causes (for example retarded growth and a reduced resistance to infec-
tion), the main clinical symptoms of the deficiency will be xerophthalmia,
hemeralopia and the specific dermatosis (keratosis).

Xerophthalmia develops easier in infants and young children than in
older ones or adults. It develops at the most dramatic rate in infants [46] ; it has
been described to be present already at birth [237]. In India its incidence
is higher among children under 5 years of age [393] and almost every case
observed in Japan was less than 5 years old [242]. The cases of keratomalacia
observed in Russia during the religious fast (Kursk, 1906) [238] occurred
without exception in infants [315]. It is well-known that at the beginning
of World War | in Denmark the incidence of infantile cases increased [47].
The incidence is the highest in infants aged from 6 to 12 months [71]. The
blood of xerophthalmic children contain very little [85] or no vitamin A.
In most cases of xerophthalmia there is also hemeralopia, only it passes unre-
cognized [71]. The incidence of hemeralopia is much higher among children,
than among adults [45, 184, 169]. Low serum vitamin levels have been found
in cases of keratosis of children [194].* Xerophthalmic infants are susceptible
to skin infection [48].

Vitamin A deficiency may develop not only primarily (i. e. due to insuffi-
cient intake), but also secondarily, as a result of a disturbance in absorption,
storage, in the conversion of carotene to vitamin A, or due to extreme loss.
Absorption may be impaired by

1. a lack of pancreatic lipase (fibrosis of the pancreas);

2. a lack of bile salts (liver diseases : infectious hepatitis, congenital
occlusion of the bile ducts, cirrhosis of the liver);

3. intestinal changes (sprue, coeliac disease, colitis, giardiasis). In these
conditions the absorption of both the fats and vitamin A is impaired, because
the absorption of vitamin A, like that of fats, is preceded by hydrolysis (by
lytic enzymes), emulgeation (by the bile). Vitamin A is absorbed like fats,
from the superior and medial section of the small intestine [44]. Thus, in
fibrosis of the pancreas of infants and children the serum vitamin A level
is low (8,4 1. U.)[17]. In premature infants there is a disturbance of the absorp-

* Others found normal values [59] or no correlation between the symptom and the
serum vitamin A level [204].
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tion of both fat and vitamin A [74]. In pancreatic fibrosis of infants and
children the tolerance curves are quite flat [241, 239, 73, 212, 216, 240], but
absorption may be accelerated by administration of pancreatic enzymes [71,
239, 73]. In pancreatic fibrosis the aqueous vitamin A solution is absorbed
better than the oily solution in normal subjects [239, 212, 192]. In many
cases not treated with vitamin A xerophthalmia develops [10]. In congenital
aplasia of the bile ducts the tolerance curve indicates poor vitamin A absorp-
tion [240, 9]. In coeliac disease the serum vitamin A level is low (16,2 1. U.)
[242], and the tolerance curves are flat [393, 242, 73, 192], or even indicate
a total absence of absorption. In the coeliac syndrome the serum vitamin
A level reflects the grade of steatorrhoea [238, 52]. In giardiasis the vitamin
A tolerance curve is flat [174, 371].

Il. Experimental

Patient material

The serum vitamin content was determined in 8 infants suffering from
Leiner's erythrodermia. In 6 cases tolerance tests have also been made.

The 8 infants with Leiner's disease showed the following distribution
as to grade of development :

BUEFOPNTC oot 1
dystrophic (hypotrophy 1) e
atrophic (hypotrophy 1) e,

The clinical data concerning atrophy and Leiner's disease have been
presented separately in Table | and Table Il ; the latter shows also the
grade of severity of Leiner's disease, ignoring that of atrophy.

The severity of Leiner's disease in the cases tested nras as follows : severe,
6 cases ; moderately severe or mild, 2 cases. Four of the infants subjected
to tolerance test had severe and 2 had moderately severe or mild Leiner's
disease.

Method

Blood sampling and the tolerance test were carried out as already
described.

The rises in the serum vitamin A level recorded after 4, 8 and 12 hours
have been tabulated (Table 1V). From the means a curve has been plotted
(Fig. 12). The extent of the area enclosed by the single curves is also shown
(in Table 1V), expressed in square cm.
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83/99
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0,86
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Clinical data for atrophy
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Post-mortem diagnosis

Bronchopneumonia.
Catarrhal enteritis.
Cerebral oedema. Jaun-
dice. Grave fatty dege-
neration of the liver.
Dilatation of the

heart
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M  6M 5
related o
normals
Normal ~ 61.6 BE
Lemer s disease T IA3 A2 5.0

significantly louwer

Fig. 11. Serum vitamin A levels in infants with Leiner’s disease on the basis of the mean
(M) value (I. U./100 ml)

Fig. 12. Vitamin A tolerance tests on infants with Leiner’s disease, on the basis of the
mean rise (M) in the serum vitamin A level (I. U./100 ml)

M oM S
related to
normals

Normal 136 19
Lelnersdisease 80 13 13

not significantly lower

Fig. 13. Vitamin A tolerance tests in infants with Leiner’s disease, on the basis of the
mean size (M) of the area enclosed by the tolerance curves (square cm)

Results and discussion
As it can be seen in Table 1V, the 8 infants with Leiner's disease had

significantly less vitamin A (M = 13,3 I. U.) than the normal value we had
determined (M = 61 I. U.) (Table Ill). None of the 8 infants with Leiner's
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Date of testing

June, 1954
June, 1954
June, 1954
June, 1954
Jan., 1953
March,1954
April, 1954

May, 1954

Initials

N

A< mmOmrm
>me

symptoms Oedema
marked +
marked +
moderate —
marked

marked +
marked -
marked +
moderate = —

Serum
protein

%

ap
4,8

4,6
4,9
5,3
5,1
5,0
4,2

Anaemia

Hb

RBC

3,200 000
1,780 000

3,480 000
3,000 000
3.920 000
3,800 000
2,800 000
3,700 000

Table 11

Clinical data for Leinerd disease

Leucocytosis

WBC

15,000
29,800

12,000
13,400
9,400
7,200
23,200
12,000

QOrth

Takata

neg.

neg.

neg.

Liver function

Thymol

neg.

neg.

W W =N

Se. bilirubin
mg %
2
0,5
below 0,5
0,5
below 0,5
1,06

Dura-

tion

treat-

ment
days

29
14

57
41
87
56
43
18

Other

xerophtalm.
hepatitis

Severity of
Leiner’s
disease

severe
severe

moderate
severe
severe
severe
severe

moderate

disease

recovery
death

recovery
recovery
recovery
recovery
recovery
recovery

Post-mortem diagnosis

IBronchopneumonia. Catarrhal

1 enteritis. Cerebral oedema. Jaun-
1 dice. Grave fatty degeneration of
1 liver. Heart dilatation.






VITAMIN METABOLISM IN INFANTILE ATROPHY 61

Table 111

Serum vitamin A levels in infants with Leiner's disease

Experi- i i
No. mental Date of testing Initials Serum vitamin A 1. U./ 100 ml
record No.
l. 114 June, 1954 R. G. 0
2. 105 April, 1954 Z. M. 0
3. 113 June, 1954 F. I traces
4. 115 June, 1954 L. M traces
5. 42 Jan., 1953 P. 1 15
6. 97 March 1954 P. S 21
7. 100 April, 1954 V. E. 25
8. 111 May, 1954 T. A 46
= 13,3 I. U.
M= 4,2
S=50
(related to the normal)
Table IV
Vitamin A tolerance tests in infants with Leiner's disease
. Increase of se. vit. A
Experi- ) . 1. U./100 ml
No. mental Date of testing Initials Area, square cm
record No.
4h 12i1
I 114 June, 1954 R. G. 217 100 113 7,4
3 113 June, 1954 F. L 140 76 36 4,8
4. 115 June, 1954 L. M. 210 109 102 7,4
6. 97 March, 1954 P. S. 212 151 103 6,7
7. 100 April, 1954 V. E. 163 113 113 7,8
8. 111 May, 1954 T. A 446 191 166 14,3

231 123 105 M = 8,0 sq. cm

(related to the normal)
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disease reached the normal level.* In 4 cases the serum level was much lower
than the normal, in 2 cases only traces and in 2 cases not even traces of
vitamin A were present in the serum. One of the 2 patient completely lacking
vitamin A had xerophthalmia.

The tolerance tests revealed that in Leiner's disease the vitamin A tole-
rance curves were flatter and the areas enclosed by them smaller (M = 8,0
square cm) than in the controls (M = 13,6 square cm), but neither difference
was significant (Table 1V).

An analysis of the vitamin A values and of the tolerance tests disclosed
that in atrophic infants with Leineks disease a depletion of tissue depots
consequential to malabsorption is responsible for the low serum vitamin A
level. Thus, these infants suffer from vitamin A deficiency.

Summary

In eight infants suffering from Leiner's disease the serum level of vita-
min A has been estimated. Six of the infants were subjected to tolerance
tests. Of the 8 infants 6 were atrophic (hypotrophy II), 1 was dystrophic
(hypotrophy I) and 1 was “eutrophic”.In 6 cases Leiner’s disease was severe
and in 2 it was moderately severe or mild.

As compared to the normal level we had determined (M = 61 I. U.),
the infants with Leiner's disease showed significantly lower values (M = 13,3
I. U.). It was remarkable that the serum vitamin A level was not normal in
any of the infants with Leiner's disease and in 4 cases either no vitamin A
(one case exhibited xerophthalmia) or only traces of it were detected in the
serum.

The results revealed that the vitamin A tolerance curves and the area
enclosed by them were flatter and smaller, respectively, in Leiner's disease,
than in normal infants, but the difference was not significant.

An analysis of the serum vitamin A values and the results of the tole-
rance tests revealed that in Leiner's disease a depletion of tissue depots due
to impaired absorption is responsible for the low serum vitamin A level, i. e.
in that condition vitamin A deficiency is present.

*In the chapter dealing with vitamin E metabolism in infants with Leiner's disease
it has been stated that the low vitamin E level was correlated with Leiner's disease and its
severity and not with atrophy and its grade. The vitamin A level ought therefore also to be
discussed in the light of the severity of Leiner's disease. We have, however, not done so
(in spite of the fact that 6 of the 8 infants tested had severe Leiner's disease), because the
small number of cases did not justify such a procedure.
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VITAMIN Bx

Vitamin BLtolerance tests in infantile atrophy

I. Survey of the literature

Vitamin Bx (and different members of the vitamin B complex) has
been extensively studied in atrophic infants and also in the deficiency disease
of adults due to starvation [158, 180]. The cases of atrophy investigated,
however, were almost without exception of the oedematous type (Leiner's
disease,* protein deficiency disease (“MehlIndhrschaden”, Czerny; kwashiorkor)
[356]. As far as we know, the non-oedematous, so-called “dry” forms of atrophy
have not been studied systematically from the point of view of vitamin Bx
metabolism.

11. Experimental
Patient material

The vitamin Bx tolerance tests involved 11 atrophic infants and, as
the controls, 5 normal babies. The distribution of the atrophic infants, accord-
ing to the severity of atrophy, was as follows :

Dystrophy (Hypotrophy 1) e
Atrophy (Hypotrophy 1) e
Decomposition (Hypotrophy I111)

The clinical data for the atrophic babies have been tabulated (Table I).
The normal controls were most carefully selected from the material
available and only those were subjected to tolerance tests whose development

Eutrophy Hypotrophy /., IL, 1L
[
M = O.HB m- 0.076
6M = 11,8 <5M = 11
5 = 26

related to eutrophy
Percentage excretion of 0.5mg vitamin Bi in2h30*

23.6 5.2 *

Fig. 14. Vitamin Bx tolerance tests in atrophic infants (by the thiochrome method)
on the basis of the mean total urinary excretion (M) of vitamin Bx (mg)

* The pertaining literature has been discussed in one of the sections dealing with the
vitamin metabolism of infants suffering from Leiner's disease.
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was absolutely normal and who fulfilled all the other requirements of eutrophy.
The atrophic babies ranged in age from 3 to 12 months whereas the
normals from 123 to 4 V3 months.

Methods

Vitamin Bj supply was studied by determining urinary excretion follow-
ing a tolerance test [31]. According to the data in the literature, when the
supply is normal the intramuscular injection of 0,5 mg of vitamin Bxis followed
by the appearance of at least 0,050 mg of aneurin in the urine collected for
4 hours.

Attempts have been made to develop a sufficiently precise procedure
not causing severe strain in the atrophic infants.

First of all, the normal infants were subjected to the tolerance tests.
They had been amply supplied with vitamin Bv and vitamins A, D and €,
being under constant medical supervision. On the day of the tolerance test
the babies were given exclusively 100 or 200 ml tea. The initial value was
obtained prior to the administration of the tolerance dose, which was 0,5 mg
of vitamin Btintramuscularly. After the administration of this dose the urine
was collected over several hours. After the test period had been completed
the bladder was emptied by catheterization and the vitamin Bj content of
the pooled urine samples was determined by the thiochrome method [31].
The normal infants well supplied with vitamin Bj excreted at least 0,118 mg
of the 0,50 mg within 2 ¥2 hours (Table II).

Table 11

Vitamin B1 excretion of normal infants

Experi- Excretion, total

No. mental Date of testing Initials mﬁgihs Pf or DQ urine vitamin B!
record No. ml mg
l. 27 January 14, 1955 P. T. av, 99/130 80 0,111
2 28 January 14, 1955 M. G. 3 98/99 80 0,101
3. 32 February 18, 1955 T. A 3X3 105/89 77 0,085
4 33 February 18, 1955 G. I 123 100/100 100 0,140
5. 34 February 18, 1955 F. T. 2V, 98/108 120 0,148
M= 0,118
oM = 118

23,6 per cent of the 0,5 mg of vitamin Bx
injected intramuscularly was excreted in 2
hours and 30 minutes.
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N
=4

11.
12.
13.
14.
15.
16.

8 December, 1954 K.St.K. 3 96/101

2 October, 1954 T. .1 5 76/92
4 November, 1954 H. E 1293 78/96
16 December, 1954 K. Gy 12 78/83
15  December, 1954 1. M. 723 75/96
7 December, 1954 G. Z 42/3 78187
23 December, 1954 p. J 9 85/98
9 December, 1954 V. L 12 77/98
October, 1954 N. M 2 78179
5 November, 1954 E. J 1B2/3 79/105

in history)

1
Diarrhoea  furunculosis 1
Diarrhoea + pneumonia 1

Infection (in history)

Other : pneumonia 1

grippe.. 1

mastoiditis 1

6

* = RBC : 2920 000

6 November, 1954 G. E. 373 74/102
13 December 1954 o | 3213 62/100
36 February, 1955 Zs. B. 5 70/91
14  December, 1954 J. F. 3'/3 73/98
24 January, 1955 V. L 673 69/98
29  January 1955 Sz. V. 4 68/93

Diarrhoea ... 1

Diarrhoea -f- furunculosis |

Other : Pneumonia .... 1

O titiS.viiine 1

4

* /2 milk with saccharine
** Projectile vomiting since the age of two weeks
*** RBC : 3 140 000

Table 1

Dystrophy (Hypotrophy 1)

(Pl - 97,5-85)

+ + - + — - - -
Atrophy (Hypotrophy II)
(P, 85-75)
+ + - + - + — —
+ — - - + — - - -
+ — - - + — - - -
+ + - - + - + + * -
+ — + —_ + - -
+ — - + — - - -
+ + — — + — - — -
+ - - + - + - +
+ + + + +
Infection (on admission)
.............. 5
Otitis + furunculosSiS......occoviiciies o 1
Otitis -f- pneumonia.......coevnennnee
Otitis + grippe 1
Otitis -~ pneumonia -j- enteritis j ah-
scess Oof the thigh . s 1
9
Decomposition (Hypotrophy 111)
(Pl =75-)
+ +* +
+ + - - + - - 4R
+ - - - - - + - -
* %
+ + : - + - + - +
Infection (on admission)
OIS s 1
Otitis " enteritis. 1
Otitis + enteritis -f- sepsis -j- absc. fern. 1
Other @ gripPe s 1

Hare lip -j- rachischisis.
Antrotomy.
Degeneration of

liver and kidney.
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The same procedure was carried out in the atrophic babies. Their vita-
min Bx supply was assessed by comparing the results obtained for the two
groups.

Table 111

Vitamin B1 excretion of atrophic infants

. Excretion, total
Experimental

No. record No. Date of testing Initials wine, vitamin Bj, mg
l. 10 December 14, 1954 K. St. K. 50 0,061
2. 19 December 23, 1954 K. Gy. 65 0,014
3. 20 December 23, 1954 J. M. 57 0,046
4. 12 December 16, 1954 G. Z. 142 0,073
5. 21 December 20, 1954 P. J. 270 0,108
6. 1 December 15, 1954 V. L. 210 0,084
7. 17 December 22, 1954 St. L. 47 0,106
8. 35 December 22, 1954 Zs. B. 45 0,044
9. 18 December 22, 1954 J. F. 60 0,054
10. 22 December 29, 1954 y. J. 147 0,112
11. 30 January 27, 1955 Sz. V. 74 0,137

M = 0,076

<rM= 11,0

S= 26

15,2 per cent of the 0,5 mg of vitamin Bx
injected intramuscularly was excreted in 2
hours and 30 minutes.

Results

During the test period the normal infants excreted of the 0,5 mg of
vitamin Bj 0,118 mg and the atrophic infants 0,076 mg. Accordingly, vitamin
Bj retention was more marked in the atrophic than in the normal infants.
However, statistical analysis showed this difference not to be significant.
As the atrophic infants excreted much more than 0,050 mg of vitamin Bx
the level accepted as indicative of an adequate supply, was no vitamin Bj
deficiency in the atrophic infants. The small number of cases tested does
not allow conclusions as to the correlation between the grade of severity of
atrophy and the excretion of vitamin Bj.

5 Acta Medica X11/1—2
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Summary

To obtain reliable data, 11 infants with atrophy and 5 normal ones were
subjected to vitamin Bxtolerance tests under the same conditions and employ-
ing the same method. The atrophic infants showed the following distribution.
according to the severity of atrophy :

Dystrophy (Hypotrophy 1) e
Atrophy (Hypotrophy T1) e 5
Decomposition (Hypotrophy 1) . 5

The amount of vitamin Bxexcreted in the urine collected for 11/2 hours
after the intramuscular administration of 0,5 mg of vitamin Bxwas determined
by the thiochrome method. The initial value was obtained prior to the
administration of the test dose.

During the test period the normal infants excreted 0,118 of the 0,5 mg
of vitamin Bx; the atrophic babies, 0,076 mg. Thus, the latter retained more
vitamin Bt than the former. Statistical analysis showed this difference to be
not significant. In view of the fact that vitamin Bx excretion exceeded the
0,050 mg value accepted as indicative of a sufficient supply, the atrophic
infants had no vitamin Bx deficiency. The small number of cases did not
permit conclusions as to the correlation between the severity of atrophy and
the amount of vitamin BXx excreted.

VITAMIN C
Vitamin C tolerance tests in infantile atrophy
I. Survey of the literature

Systematic data on the vitamin C supply of atrophic infants are few.

No vitamin C deficiency occurred among the many atrophic babies
during the siege of Budapest in 1944—1945 [368], nor among those in German-
occupied Greece [69].

On the other hand, other authors, using different laboratory methods,
demonstrated vitamin C deficiency in dystrophic [358, 244, 64] as well as
in atrophic [64] infants.

Underdeveloped* infants excrete significantly less vitamin C than
well-developed ones of the same age [167]. As judged from the 24-hour vita-
min C excretion, even the mildly dystrophic infants show vitamin C defici-

* Premature infants retain about 50 per cent of the vitamin C administered [64].
The dose of vitamin C that must be administered to make vitamin C to appear in the previ-
ously vitamin C free urine is higher in infants than in children and significantly higher in
children than in adults [222].



Table |

Clinical data for atrophic infants

Infee tion Dietan injury Constitution Condition
_ Preceding On ad nission
g : i Ax pe >
ég Date of testing Initials months SrQ @ £ .
.gg ] § 5 I 5 y g 8 § %
. o3} & 2 = 2 3 3 3 S
2 ks a< 5 o) fo) s £ z 2 x S
Dystrophy (Hypotrophy |y
P/ = 97,5-85
l. 10 December, 1954 K. St. K. 3 96/101 + + - + — + - -
Atrophy (Hypotrophy II)
P, 85-75
2. 19  December, 1954 K. Gy. 12 78/83 + - + - - - + — - -
3. 20 December, 1954 J. M. - 75196 — + + + — — + — + 1=
4. 12 December, 1954 G. Z *73 78/87 — + + + + _
21 December, 1954 P. J. 9 85/98 + — — - + — — —
6. 11 December, 1954 V. L. 12 77/98 + + + + — — + _ _ _
Infection (in hiStOry).ninnicnnn Infection (on admission)..........
diarrhea..... 1 O BT EIS coeee e 3
diarrhea + pneumonia o1 otitis + pneumonia -f- enteritis.... w1
PNEUMONIA i | otitis + pneumonia - enteritis -f- abscess .... 1
JriPPE e | on the thigh .. 1
4
* Erythrocyte count 2 920 000
Intrauterine injury in cases Nos. 3 and 4.
Decomposition (Hypotrophy 111)
P/ below 75
Infection (in history) Infection (on admission)
diarrhea  furunculosis ... 1 O LTS o 1
PNEUMONIA. .o 1 otitis -f* sepsis -f- enteritis-f- abscess........c....... 1
OLITIS e 1 OLitiS + eNteritiS .o 1
3 3

* Projectile vomiting from 2nd week on
** Erythrocyte count : 3 140 000

Developmental
disorder
Premature,
twin birth
Death
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ency and those with severe dystrophy suffer from hypovitaminosis. The
urine of atrophic babies contains only traces of vitamin C. Urinary vitamin
C increases with the improvement of the disease and vica verse [365]. In the
organs of dystrophic infants post-mortem examination revealed little vitamin
C and there was a demonstrable parallelism between the severity of dystrophy
and the vitamin C content of organs [366].

Il. Experimental
Patient material

Vitamin C tolerance tests were made in 16 atrophic and 5 absolutely
normal infants, using the latter as the controls. According to the severity
of atrophy, the atrophic babies were grouped as follows.

Dystrophy (Hypotrophy 1) i 1
Atrophy (Hypotrophy T1) e
Decomposition (Hypotrophy 111) . 6

The clinical data for the atrophic babies can be found in Table I.

The normal babies were most carefully selected and only infants gaining
weight excellently and fulfilling all other criteria of eutrophy were subjected
to tolerance tests.

In age, the atrophic babies ranged from 3 to 18 23 months ; the normal
babies, from 2 23 to 4 ¥3 months.

Procedure

According to the present view, the vitamin C supply can be best assessed
by determining the urinary vitamin C output after the administration of a
tolerance dose. The method is at the same time the one most reliable clinic-
ally [31].

Different methods have been recommended for the tolerance test.
Generally, 1000 mg of vitamin C is administered intravenously [358, 244]
and the vitamin C supply is estimated on the basis of the total urinary vitamin
C output in 6, or even in 24 hours [8].

It has been generally accepted that if 40 per cent of the ingested vitamin
C is excreted with the urine in 4—5hours, the organism is sufficiently supplied
with ascorbic acid [31].

The urinary excretion of vitamin Cis influenced by renal function and may be altered
by foods (proteins), drugs, infection and other factors [44].

We have endeavoured to develop a reliable method of assay not exposing
the atrophic babies to great strain. The data thus obtained allowed to con-

s’
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elude to the measure to which the atrophic infants had been supplied with
vitamin C.

First of all, the normal infants were subjected to tolerance tests. These
infants were well-supplied with both vitamin C and other vitamins (A, D,
Bj), being under constant medical control. Four hours after the last meal
1000 mg of vitamin C was administered intravenously. During the test period
only tea was given. Urine was for several hours collected by means of a catheter.

Eutrophy Hypotrophy L.l
M = 450 M = 373
em = 33 eM = 3xe
5 = 77

related to eutnophy

Percentage urinary excretionof the test dose / 1000mg
of vitamin C intravenously/ in2 hours:

45 per cent 37.3percent

Fig. 15. Vitamin C tolerance tests (by the dichlorphenol-indolphenol method) in infantile
atrophy, assessed on the basis of the mean (M) total urinary vitamin Coutput (mg)

The initial value was obtained from urine collected by catheterization before
injecting vitamin C. The single urine portions were acidified with acetic-
acid (to a concetration of 10 per cent) and vitamin C was determined by means
of dichlorphenol-indolphenol [31]. It has been found that the normal infants
well-supplied with vitamin C excreted at least 45 per cent of the administered
quantity within 2 hours. (Table I1.)

The same procedure was carried out with the atrophic infants. Urine
was collected for 2 hours and at the end of the test period the bladder was
emptied by catheterization. To avoid loss due to breakdown,the 1-hour sample
was also tested for vitamin C content. Vitamin C supply in the atrophic
infants was assessed by comparing the results obtained for the two groups.

Results

A comparative analysis of the results of vitamin € tolerance tests (Table
I11) revealed that the atrophic infants excreted about 37 per cent of the
administered quantity of vitamin C, i. e. slightly less than the normal babies.
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Table

Urinary vitamin C output of normal infants

69

Experi- ) N Age ) Total output
re(l:ﬂo?gtal\llu Date of testing Initials months Pi or DQ ugﬂe Vitamén c
25 January 12,1955 M. G. 3 98/99 130 377
26 January 12,1955 P. T. 47. 99/130 90 493
37 February 25,1955 T. A 37. 112/95 61 450
38 February 25,1955 G. I 2 98/100 56 380
39 February 25,1955 F. T. 27. 101/104 99 550
M = 450 mg

<M = 33,0

Table

45 per cent of the total amount injected
(1000 mg of vitamin C intravenously) was

excreted in 2 hours.

Urinary vitamin C output of atrophic infants

Experimental

Total output

record No. Date of testing Initials

urine ml vitamin C mg
8 December 7, 1954 K. St. K. 33 164
2 October 14, 1954 T. L. 100 565
4 November 20, 1954 H. E. 68 399
16 December 21, 1954 K. Gy. 152 560
15 December 21, 1954 J. M. 60 476
7 December 7, 1954 G. Z 21 354
23 January 4, 1955 P. J. 190 330
9 December 13, 1954 V. L. 134 485
3 October 27, 1954 N. M. 51 235
5 November 22, 1954 E. J. 265 385
6 November 23, 1954 G. E. 50 400
13 December 20, 1954 St. L. 114 331
36 February 24, 1955 Zs. B. 27 297
14 December 20, 1954 J. F. 102 106
24 January 4, 1955 V. | 97 444
29 January 25, 1955 Sz. V. 62 444

M = 373 mg

™M = 37,3

s= 17

37,3 per cent of the total amount injected
(1000 mg of vitamin C intravenously) was
excreted in 2 hours.
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The difference was not statistically significant. When, however, the cases
were studied one by one, it was found that in 6 of the 16 atrophic infants
urinary excretion amounted to only 34 per cent of the injected amount and
values of 10 to 16 per cent also occurred.

On this basis it seems that slight hypovitaminosis C (or in some cases,
a considerable deficiency) occurs in infantile atrophy.

The number of cases was too small to allow conclusions as to the corre-
lation between the severity of atrophy and urinary vitamin C output in the
tolerance test.

Summary

Vitamin Ctolerance tests have been made in 16 cases of infantile atrophy
and 5 normal infants, using the latter as the controls. The distribution of
atrophic infants according to the severity of atrophy was as follows :

Dystrophy (Hypotrophy 1) 1
Atrophy (Hypotrophy 1) e 9
Decomposition (Hypotrophy 1) . 6

The method of examination was identical in every case. Urinary vitamin
C output was estimated 1 and 2 hours after the intravenous administration
of 1000 mg of vitamin C, titrating with dichlorphenol-indolphenol in a 10
per cent acetic acid medium. The initial level was estimated in a sample of
urine obtained before the administration of vitamin C.

The normal infants excreted an average of 450 mg from the 1000 mg
injected, i. e. 45 per cent ; the atrophic babies, 373 mg (37,3 per cent). The
difference between the two groups was not significant, but it was still concluded
that slight hypovitaminosis C. or in some cases, a considerable vitamin C
deficiency may occur in infantile atrophy. The number of cases tested was too
small to allow conclusions as to a correlation between the severity of atrophy
and the urinary vitamin C output.
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SUMMARY

Vitamin metabolism in infantile atrophy

The fact that infantile atrophy still plays a significant role in infant mor-
tality in Hungary, lends importance to studies concerned with the condition.
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Infantile atrophy is a syndrome not uniform in either aetiology or
pathophysiology. For this reason, investigations concerned with it must he
extended to all aspects of the problem. Thus far, the metabolism of proteins,
carbohydrates and fats has been the subject of investigation. The vitamins
have not been studied from this respect and pertaining evidence is lacking.
Most data for starvation concern adults, and these findings cannot be applied
without restriction to infantile atrophy. Reliable chemical determination of
the single vitamins could not be found in the voluminous literature on the
subject.

In the present investigations we sought the answers to the following
questions. Does a vitamin deficiency occur in infantile atrophy and, if so,
what is its measure and in which stage does it develop? Is the deficiency of
some vitamin characteristic of a certain stage of infantile atrophy or is it
onlv a persistent complication of certain special forms of the condition?

The metabolism of vitamins E, A, Bx and C has been investigated in
nearly 200 atrophic and normal infants. The studies had to be carried out
with the utmost care, because

(i) normal data for infants were not available for each vitamin. For
example, in the case of vitamin E we had to determine those peculiar to
Hungary;

(i) tolerance tests had to be performed and for this reason we had to
develop micromethods for vitamins E and A, allowing the assay of small
volumes of blood ;

(iii) when appraising the grade of severity of atrophy we had to be most
cautious. The use of the so-called developmental index (DQ) was discarded,
because it might have led to serious error. Instead, we have employed the
paediometric index (P,) method of Simkos. This is based on the sounder prin-
ciple of “loss of weight”, i. e. the percentage difference in weight as compared
to the weight of an eutrophic infant of the same body length ;

(iv) great significance was ascribed to a detailed analysis of the develop-
ment of atrophy. In view of the dominant role played by the infection factor,
infected, but eutrophic infants were also used as controls.

Vitamin E

The serum vitamin E level in atrophic infants decreased with the sever-
ity of atrophy. In infants belonging to the group of hypotrophy Il, it was prac-
tically the same as in the eutrophic babies. In group IIl, subgroup 111/l it
was much lower, but not significantly so, while it was significantly lower in
the infants with a P,- of less than 65, i. e. in subgroup I11/2. In 10 of the 20
cases in that last group the value was below 100 micrograms. In 2 cases
only traces, and in 1 case not even traces, of vitamin E were present in the
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serum. Such low values have not been described to occur in diseases not asso-
ciated with a disturbance of fat absorption. Thus, in the gravest cases of
infantile atrophy, the vitamin E supply is very poor. That this is in correlation
with atrophy and not with infection, it was shown by the vitamin E level in
the infected but eutrophic infants. This was much lower than in the healthy
eutrophic babies, although the difference was only probably significant. The
incidence of rough dietary injury was the same in the different groups. An ana-
lysis of our material may justify us to claim that a rough dietary injury, too,
may effect the serum vitamin E level, which, however, is correlated first
of all with the severity of atrophy already present. W hat then actually ac-
counted for the low blood level?

The tolerance test curves for the eutrophic, and for the eutrophic but
acutely ill infants were parallel, while the curve for the decomposed infants
ran at a much higher level. In this group the rise in the serum vitamin E
level after 8 hours was also more marked and so was the area enclosed by
the curve. The process indicated by the tolerance curve can be divided into
two part-processes of opposite direction. The one, indicated by the ascending
branch of the curve, is the absorption of vitamin E from the intestines. The
other, indicated by the descending branch, is the flow of vitamin E into tissues,
where it is utilized, stored and split. The rate of either process may greatly
vary. The curve obtained shows that the absorption of vitamin E isunimpaired
in decomposition and the rate of absorption is at least comparable to that
in eutrophic infants. In contrast with this, the second part-process is slowed
down considerably. This explains why in decomposition there was more
tocopherol in the serum than in eutrophic babies. Such a high concentration
may result only if the second part process is slowed down with the first remain-
ing unaffected. The possible causes of the reduced rate of flow are : a) storage
of vitamin E in tissues is retarded or impaired (wasting of fat) ; b) utilization,
particularly in the muscles, is minimal (reduced motility, marked muscle
wasting) ; c) cellular anoxia, residting in a slow breakdown of vitamin E in
tissues.

Vitamin A

The serum vitamin A level of decomposed infants was found to be
practically the same as that of eutrophic babies. Even the subdivision of
group Il failed to demonstrate any substantial difference. Thus, on the basis
of the serum vitamin A level, even the most severely decomposed infants
were excellently supplied with vitamin A. This is apparently in contradiction
with the finding that in grave atrophy there is a marked deficiency of vitamin
E, another fat-soluble vitamin. As the infants tested for vitamin A and vita-
min E had about the same history and as in several patients in whose serum
both vitamins were determined the same difference was revealed, the satis-
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factory vitamin A supply, as appraised from the normal blood level, is sug-
gested to be ascribable to the following factors.

(i) The vitamin A requirement of the decomposed infant decreases
presumably parallel with the loss of weight. (In contrast with this, the light-
weight and young organism requires much vitamin E.)

(if) Vitamin A is stored practically only in the liver, the weight of which
organ is less reduced than that of the fat tissue. (In contrast with this, vitamin
E is stored almost exclusively in fat tissue, so that there is, practically, no
storage in the nearly completely de-fatted decomposed body.)

(iii) In Hungary, some foods containing much provitamin A are very
popular. Vitamin A supply may be satisfactory even with caloric starvation.

(On the other hand, baby foods — especially in case of artificial nutrition or
alimentary error, — may contain so little vitamin E that deficiency may
develop.)

The tolerance curve for the decomposed infants ran somewhat lower
than that for the normal ones, though the difference was not significant.
Thus, it could be confirmed that in this grave state of infantile atrophy the
blood level of vitamin A being normal, the vitamin A depots are adequately
filled.

Vitamin B

Athrophic infants retained more of the vitamin Bx administered than
normal babies, but the difference was not significant. Considering that the
excretion of vitamin Bxsurpassed the quantity generally accepted as indicative
or adequate supply, the occurrence in infantile atrophy of vitamin Bxdeficiency
was excluded.

Vitamin C

Vitamin C excretion in urine was not significantly less in atrophic
infants than in normal babies. It was assumed that slight hypovitaminosis
C, or, in some cases,'marked vitamin C deficiency may occur in infantile
atrophy.

Vitamin metabolism in atrophic infants suffering from Leiner's erythrodermia

When investigating the metabolism of vitamins (especially of the fat-
soluble ones) in atrophic infants, atrophy in Leiner's disease should be ex-
amined separately. This is justified by the fact that Leiner's disease is one
of the forms ofinfantile atrophy associated with pathological fat metabolism.
To this group belong the cystic fibrosis of the pancreas, atrophy due to a
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congenital bile duct aplasia, the so-called protein deficiency disease (“Mehl-
ndhrschaden”, Czerny kwashiorkor). Leiner's disease has many features
(fatty degeneration of the liver, hypoproteinaemia, oedema) in common with
the last two conditions and Hungarian authors have shown that both in
protein deficiency disease and Leiner's disease pancreatic function is im-
paired. Although these forms of atrophy associated with a severe impair-
ment of fat metabolism are obviously involving multiple vitamin deficien-
cies, exact studies concerning vitamin E and vitamin A in Leiner's disease
have not been made. This is the more astonishing since in Leiner's disease
xerophthalmia is not uncommon, dermal lesions are severe and there is an
extreme susceptibility to infection, especially of the respiratory tract.

Our investigations involved nearly 40 cases. The patient material has
been analysed separately on the basis of clinical severity, independently of
the grade development, taking into account all the cardinal symptoms and
pathophysiological features. Although it had been suspected that the vitamin
supply of atrophic infants with Leiner's disease is determined primarily by
the disease and secondarily only by the consequential atrophy, we have grouped
our cases also according to the severity of atrophy. To obtain reliable infor-
mation about the share of Leiner's disease and of atrophy in the changes
demonstrated, the investigations have been extended to so-called eutrophic
infants suffering from Leiner's disease. For the sake of comparison, with
atrophy associated with a disturbance of fat metabolism due to causes other
than Leiner's disease, atrophic infants suffering from jaundice due to congeni-
tal bile duct aplasia have been investigated.

Vitamin E

As compared to the serum vitamin E level observed in normal infants,

(i) the serum vitamin E levels in infants with Leiner's disease and grade
I, 11, or Il atrophy did not markedly differ ;

(if) serum vitamin E was markedly less in the “eutrophic” group
with Leiner's disease than in the atrophic group and the former group and
exhibited a significant difference from the normals ;

(iii) in all infants with Leiner's disease, including those with grade I,
Il and Ill atrophy and also in the “eutrophic” ones the serum vitamin E level
was low and the difference was significant;

(iv) the serum vitamin E level was significantly lower in grave Leiner's
disease, whereas in moderately severe cases the difference was not significant.

In 24 per cent of the patients with Leiner's disease the serum contained
no, or only traces, of vitamin E, and in 50 per cent the serum level was below
100 micrograms.
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Compared to the tolerance values yielded by normals infants and as
judged by the extent of the area enclosed by the tolerance curve,

(i) the cases of severe Leiner's disease showed a significant difference
(flat curve), whereas

(if) the moderate ones did not.

A comparative analysis of the serum levels and of the results of tole-
rance tests showed unequivocally that there exists no correlation between
the severity of atrophy and the serum vitamin E level. The low level of vitamin
E in serum is correlated with Leiner” disease and its severity and not with
the atrophy and its severity.

Vitamin E deficiency in these cases is believed to be due to

a) a poor absorption of vitamin E (fat absorption is impaired as a
result of tne lack of lypolytic enzymes) ; therefore

b) the vitamin E depots of the body are completely depleted;

c) the tissues storing vitamin E are wasted (progressive wasting of fat
tissue and damage to the other important depot organ, the liver) ;

d) as a result, the serum contains less vitamin E level than normal or,
in extremely grave cases, none of it ;

e) exposing the infants in that conditions to the tolerance test, it will
be obvious why the curve is flat : owing to poor absorption only minute
amounts of the test dose reach the blood and even those amounts are rapidly
absorbed by the depleted tissues. As a result of the depletion of vitamin E
depots, the vitamin will flow from the blood into the tissues at a rate exceed-
ing the normal. This explains why the curves show hardly any rise.

Thus, in grave Leiner's disease the impaired absorption of vitamin E
and the depletion of the depots leads to real deficiency. Our investigations
have thus contributed information to the problem of avitaminosis E in man.

Finally, the obvious hypothesis which presents itself is as follows.
In Leiner's disease there is a disturbance in the pancreatic and hepatic systems,
owing to protein deficiency. The correlation with vitamin E deficiency may
be sought for in the fact that, as it has been demonstrated by a Hungarian
author, cystine is greatly reduced in the blood of the infant with Leiner's
disease and in the milk of its mother, and it is also known that vitamin E
can substitute methionine and cystine in their effect of preventing liver damage.

Vitamin A

In Leiner's disease the serum vitamin A level was significantly lower than
in the normal infants.

In none of the sera from infants with Leiner's disease was the vitamin
A level normal. In 4 cases vitamin A was either totally lacking (one of these
cases exhibited xerophthalmia) or only traces of it were present.
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Tolerance tests in infants suffering from Leiner's disease yielded values

lower than normal. Thiswas shownboth by the curves and by the area enclosed
by the curves. The difference however, was not significant.

An analysis of the serum values and of the results of tolerance tests

revealed that in infants suffering from Leiner's disease the low vitamin A
content was due to a depletion of tissue depots resulting from poor absorp-
tion. Thus, vitamin A deficiency occurs in Leiner's disease.
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NATURGESCHICHTE DES LUPUS ERYTHEMATOSUS
UND DIE KLINISCHEN ZUSAMMENHANGE
DER RHEUMATISCHEN ERKRANKUNGEN

,Von

J. Petranyi
Il. MEDIZINISCHE KLINIK DER UNIVERSITAT DEBRECEN

(Eingegangen am 21. November, 1957.)

Einige Entziindungskrankheiten unbekannter Atiologie lassen sich auf
Grund histologischer Charakteristiken in eine gemeinsame Gruppe einteilen.
Diese histopathologischen Charakterziige hat zuerst Kiinge in eine logische
Einheit zusammengefalBt. Der gemeinsame Charakterzug, der als typisch
betrachtet wird, ist die fibrinoide Verdnderung im Bindegewebe. Auf Grund
der Voraussetzung, da das Fibrinoid aus der Degeneration der Kollagen-
fasern des Bindegewebes stammt, haben Kiemperer und Mitarbeiter diese
Erkrankungen »Kollagenkrankheiten« benannt. Die Einreihung dieser,
verschiedene klinische Bilder aufweisender, scheinbar unabhdngiger Erkran-
kungen in eine gemeinsame Gruppe wurde vom Kklinischen Gesichtspunkt
auch durch die Annahme rechtfertigt, daB fiir die gemeinsamen oder &hnlichen
histopathologischen und histochemischen Verdnderungen eine gemeinsame,
oder &hnliche Pathogenese verantwortlich gemacht werden durfte.

K1emperers Kollagenose-Begriff, der hauptsachlich morphologisch war und den
Schauplatz des pathologischen Prozesses bezeichnete, bedeutete jedoch im Vergleich mit
K 1inGes zugleich eine Erklarung suchender, allergisch-hyperergischer pathogenetischer Ansicht,
weder vom Standpunkt der klinischen Praxis, noch von dem der allgemeinen Betrachtung der
Geschehen einen Fortschritt. Es steht hingehen auBer Zweifel, daB trotz den durch die Tier-
versuche gelieferten Beweisen, die man auch mit den menschlichen Erkrankungen in Analogie
stellen kann (M asugi, Rich usw.), Ki1emperers Einwand berechtigt zu sein scheint, nach
welchem die als typisch angenommene Fibrinoidveranderung keineswegs spezifisch ist, da
sie auch dann vorkommt, wenn Sensibilisation kaum anzunehmen ist (Ulcus pepticum,
Trauma usw.). Gleichzeitig erschitterten neuere Untersuchungen Kiemperers Benennung
(Kollagenose) in ihren Griunden, da diese Untersuchungen auBer Zweifel stellten, daB die
fibrinoide Verdnderung des Bindegewebes nicht aus der Degeneration der Kollagenfasern
entsteht, sondern wahrscheinlich dadurch, dal die aus dem Plasma durchsickernden patho-
logischen EiweiBstoffe sich in der Grundsubstanz des Bindegewebes ablagern. Auf diese
Weise wurde die mittlerweile sehr in Mode gekommene Bezeichnung : »Kollagenkrankheit«
unrichtig. Nichtsdestoweniger empfiehlt sie K1emperer auch weiterhin ; auf dem 1954 in
Stockholm gehaltenen 3. internationalen medizinischen KongreR begriindete er seine Ansicht
damit, daB einerseits dieser Name noch immer am klarsten darauf hinwcise, daB das Grund-
problem interzellular zu suchen ist, anderseits ist — und er fihrte Goethes Worte an : »Doch
ein Begriff mu mit dem Worte sein«k — nicht der Name das wesentliche, sondern das, was
man darunter versteht. Obwohl das richtig ist, ware es doch Schade, wenn man sich wegen
der unrichtigen Benennung zu einer einseitigen »inter-zellularpathologischen« Betrachtung
verpflichten und die gute alte Bezeichnung »rheumatische Krankheiten« ganz verwerfen wirde,
die zu nichts verpflichtet und deren Begriffskreis man der wissenschaftlichen Forschung ent-
sprechend jederzeit modifizieren kann.
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Wdéahrend die Pathologen die gemeinsamen Charakteristiken suchten,
die die neue Erkrankungsgruppe vereint, waren die Kliniker eher bestrebt,
die Einzelfragen der Erkrankungen zu kldren, die scheinbar zu dieser Gruppe
gehdren:siesuchten nach Zeichen, die diese Erkrankungen, als auch innerhalb
der Gruppe selbstdndige und unabhdngige pathologische Einheiten charak-
terisieren, umgrenzen und voneinander trennen. Diese Bestrebung war sehr
nutzlich, brachte zahlreiche neue Erkenntnisse ; doch erreichte sie, meiner
Ansicht nach, den Gegensatz dessen, das sie erstrebte : sie unterstiitzte nicht
die Selbstdndigkeit dieser verschiedenen Erkrankungen, sondern eben ihre
Unzertrennbarkeit.

Die Beobachtung der an einer der charakteristischsten Kollagenkrank-
heiten, an Lupus erythematosus leidenden Patienten, die sorgféltige Auswertung
ihrer Anamnesen und die weitere Verfolgung ihrer Schicksale brachte uns
zur Uberzeugung, daR innerhalb der »rheumatisch« — »kollagénén« Krank-
heitsgruppe der Lupus erythematosus (LE) das zentrale Syndrom sei, dafl zur
pathogenetischen Gruppenidentitat der einzelnen kollagénén Erkrankungen
auch von Kklinischer Seite Uberzeugende Angaben liefert.

Es konnte noch immer entschieden werden, ob der auf die Haut lokalisierte,
»discoide« Lupus erythematosus und der mit anderen pathologischen Sym-
ptomen verbundene »systemische«, »disseminierte«, »viscerale« Lupus erythe-
matosus zwei verschiedene Formen derselben Erkrankung seien (Reiches,
Kushniruk), oder aber zwei verschiedene Erkrankungen. Meiner Ansicht
nach wirde diese Diskussion schon ldngst entschieden, und zwar nicht nur
auf Grund klinischer Beobachtungen (Kaposi, Osler, USW.), sondern auch
auf Grund histologischer Untersuchungen (McCreight Und Montgomery,
Staughton Und Werts, Entis Und Bundick). Die klinischen Zusammenhénge
sind heutzutage nicht nur in der Richtung des hdufig als Monosystem-
erkrankung auftretenden Hauterythematodes, sondern auch in derjenigen der
tUbrigen Kollagenkrankheiten, die ebenfalls hdufig als Monosystemerkran-
kungen aufzutreten pflegen, klar zu erkennen.

Zweck der gegenwadrtigen Mitteilung ist der Nachweis — mit Hilfe der
Analyse unseres eigenen Krankenmaterials — der Tatsache, daB die oft als
alleine, Monosystemerkrankungen auftretenden »rheumatisch-kollagenen«
Erkrankungen eigentlich nur verschieden gestalteten, bzw. lokalisierten Va-
rianten desselben Grundprozesses sind und daRB der Lupus erythematosus
— cum lupo oder sine lupo — auch nur eine Manifestation dieses Krankheits-
prozesses darstellt.

Nomenklatur. Kaposi hat als erster erkannt, daB die Lupus erythe-
matosus benannte Hauterkrankung »mit concomittierenden und allgemeinen
Erscheinungen« verbunden sein kann, die »den Gesamtorganismus in Mit-
leidenschaft ziehen, ja dessen Existenz gefdhrden und vernichten«. Da dieser
Lupus nicht tuberkulotischen Ursprungs ist, schlug Jadassohn die Bezeich-
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nung »Erythematodes« vor. Der Auftritt der innerorganischen Phdnomene
kann mit der Zerstreuung des Aussatzes in Verbindung stehen, darum ge-
brauchte die Literatur in bezug auf diese Erkrankungsform im allgemeinen
die Benennung Lupus erythematosus »disseminatus«, gegeniiber dem sich
auf die Haut beschrdnkenden Lupus erythematosus »discoides«. Diese Bezeich-
nung ist jedoch unrichtig, da die Erkrankung nicht nur ohne Dissemination,
sondern auch ganz sine lupo vorkommt. Nach der franzdsischen empfehlen
in der deutschen Literatur Siegentiiater und Hegglin die Benennung
»visceraler LE«. Diese hat nicht nur den Nachteil, dal sie den heutzutage
bereits als einheitlich betrachteten Lupus erythematosus auch weiterhin in
»Hautkrankheit« und in »viscerale Erkrankung« trennt, sondern auch, daf
wir das Beiwort »visceral« im allgemeinen nur bezlglich der abdominalen
und thorakalen Organe gebrauchen und es z. B. auf die Gelenke und auf das
Blut nicht anwenden. Die amerikanische Literatur gebraucht die Bezeichnung
»systemischer« (systemic) LE. Diese Benennung ist unserer medizinischer
Fachsprache darum fremd, weil diese unter »System« nicht den ganzen Orga-
nismus, sondern nur dessen einzelne Anordnungen (Knochensystem, Nerven-
system, usw.) versteht. Wir werden jedoch sehen, daBR das eine oder das
andere System auch in sich selbst erkranken kann ; anderseits kénnen diese
Systemerkrankungen sich in verschiedenen Formen kombinieren. Darum
wdre nach meiner Meinung am richtigsten einstweilen den Lupus erythema-
tosus (oder Erythematodes) als Sammelnamen anzunehmen, zugleich betonend,
dafl das keine Hautkrankheit bedeutet, und dafl innerhalb dieses Begriffs
zwei Haupttypen zu unterscheiden sind :

1. »Monosystemische« Erscheinungsform (Monoerythematodes), wenn die
Verédnderung sich hauptsdchlich auf ein System, also entweder nur auf die
Haut (LE cutaneus, Hauterythematodes), oder auf die Gelenke, oder aber
auf die Niere, usw., d. h. nur auf ein Organ, bzw. auf eine Gewebsart (ein
System) beschrdnkt und andere Erscheinungen zur Zeit nicht, oder kaum
zu entdecken sind.

2. »Polysystemische« Form (Polysystemischer Lupus erythematosus :
PLE, Polyerythematodes), in weicherverschiedene monosystemische Typen sich
miteinander kombinieren : diese Kombinationen kénnen sehr mannigfaltig
sein und es kdénnen innerhalb dieser Kombinationen solche Erscheinungen
Vorkommen, die wir in sich nicht antreffen. Diese beiden Formen koénnen in
jeder Richtung ineinander Ubergehen.

Das untersuchte Krankcninatcrial und die Kriterien der Diagnose des LE

Unsere an Lupus erythematosus erkrankten Patienten beobachten wir
seit 1952 systematisch (Petranyi und Lesvey) und verfolgen ihr Schicksal
mit wenigstens halbjahrlich vorgenommenen Untersuchungen. Die Anamnesen
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greifen natirlich auch auf frihere Zeiten zurick, und wir benitzten deren
Angaben, wenn sie zuverldsslich waren (schriftliche Befunde der Kranken-
hauser, von Arzten gelieferte Angaben, charakteristische Symptombeschrei-
bungen intelligenter Patienten). In der gegenwdértigen Bearbeitung werden
33 sicher an »polysystemischem« Erythematodes leidende Patienten berlck-
sichtigt.

Als »sicheres« Kriterium des polysystemischen Lupus erythematosus

(PLE) betrachteten wir :
Tabelle 1

Klinische Erscheinungen des polysystemischen Lupus erythematosus
Gesamtzahl der Falle: 33 (= 100%); davon Frauen: 29 (88%); Manner: 4 (12%)

Symptom Zahl der Félle %
Hauterythematodes 21 63
Haarausfall 7 21
Polyarthritis + Carditis.......ooeoseiieersseroseeissssisssiessnns 8 24
Rheumatoide ATrthritis ... 25 75
Spondylitis (Bechterew) ... 1 3

Hydrops art. intermittens. .. 1 1
Carditis :  Klappenfehler ..., 2 6
Myocardschaden ... 21 63

PericarditiS. ..o 6 18
Paroxysmale Tachycardie ... 2 2

Storungen der Menstruation ... 8 30
Gastrointestinale Beschwerden ... 13 39
Neurologische Erscheinungen 9 27
AUGENSYMPLOME oot 3 9
Blutungen (PUrpura, USW .) .. 3 9
Thrombophlebitis. ..o 5 15
UICUS CIUTIS oottt sessss ettt 3 9
Lymphadenopathie ... 14 42
MilZVErgroBerung ot 3 9
LebervergroRerung ... 5 15
Atypische PNeUMONIE. ..ot 9 27
P LB U FIEIS it 12 36
POIYSEIOSITIS .oovviieiiesiiciiciee et 4 4
Nierenkrankheit.. 27
TendovaginitisS ..o 3 9
BUTSITIS oottt 5 15
F D R e 30 90
M USKEIatrOPhIE oo 11 33
Abmagerung (KachexXie).... s 9 21
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Tabelle 2
Laboratoriumsbefunde bei polysystemischem Erythmalodes

Untersuchung Zahl der Falle %
LE Zellphd&nomen (LE-Zellen) ..., 22 66
BSG uber 50 mm/st 31 93
Leukopenie unter 4 500 ... 26 78
Anamie unter 3 000 000 .....ccooeirrierenircinirneeeeseeene 17 51
Albuminurie, HAMaturie ... 12 36
Pseudopositivitdt der W aR ..o 6 18
KOProporphy riNUIIE. .o 14 42

A. nebst einer Systemldsion oder mehrerer Systemlé&sionen, die nach
unseren gegenwdartigen Kenntnissen mit dem polysystemischen Erythema-
todes vereinbart sind und zugleich auf keine andere bekannte Atiopathogenese
zurickgefuhrt werden kénnen,

B. die Anwesenheit wenigstens einer der folgenden drei Erscheinungen :
1. mit Sicherheit festgestellte positive LE-Zellerscheinung ; 2. unzweifelhaft
charakteristische Hautldsion ; 3. charakteristischer bioptischer (oder autop-
tischer) histologischer Befund.

Die bei polysystemischem LE vorkommenden Beschwerden und
Symptome wurden schon von vielen Forschern beschrieben und kategorisiert,
zumeist um die diagnostischen und differentialdiagnostischen Charakterzige
des LE als Krankheitseinheit umzugrenzen. Tabelle 1 gibt die Haufigkeit der
einzelnen wichtigeren klinischen Befunde bei unserem eigenen Krankenmate-
rial an, und Tabelle 2 die H&ufigkeit der Laboratoriumsbefunde in absoluten
Zahlen und in %. Jedes Symptom, bzw. jeder Laboratoriumsbefund kommt
nur einmal pro Patient vor, unabh&ngig davon, wie oft es am selben Patienten
rezidivierte. 88% unserer Patienten waren Frauen und 12% Madnner. Aus
den Tabellen geht hervor, daB sozusagen alle in der Literatur beschriebenen
Erscheinungen (Harvey et al, Dubois, Jessar, Shearn uUnd Pirofsky,
Gold uUund Gowing usw.) in unserem M aterial vorkamen ; dieses kann also als
typisch betrachtet werden und eignet sich deshalb auch in weiteren Schluf3-
folgerungen.

Schlisse, die sich aus der Naturgeschichte des polysystemischen
Lupus erythematosus ziehen lassen

Da ich den Beweis zu erbringen winsche, dall die Kollagenkrankheiten
(ob monosystemisch, oder aber in verschiedenen polysystemischen Kombina-
tionen) keine selbstdndige pathologische Einheiten sind, untersuchte ich zuerst
die Frage, welche Erkrankungen in unserem M aterial die ersten, als Kollagén-
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kranklieiten qualifizierbaren Affektionen waren, d. h. diejenigen, mit denen
der Prozess begonnen hatte. Aus Tabelle 3 ersieht man, daBR die Erkrankung
in allen 33 Féllen als Monosystemkrankheit erschien. Von den Angaben dieser
Tabelle ist besonders wichtig und verdient hervorgehoben zu werden, daf
lediglich 18% unserer Fdlle mit einer Hautldsion (Hauterythematodes, dis-
coider Lupus erythematosus) anging. In 82% unserer Félle begann also die
Erkrankung sine lupo.

Tabelle 3

Beginn der Reihe der Kollagén-Krankheiten

Die erste Diagnose Zahl % Zeit bis zur Erscheinung
der Félle ° des nachsten Symptoms
Chron. rheumat. Polyarthritis li 33 von bis
3 Monate 13 Jahre
Unbestimmte Gelenkbeschwerden 5 15 von bis
3 Jahre 12 Jahre
Status febrilis 3 9 von bis
6 Monate 2 Jahre
Haut-Erythematodes 6 18 von bis
2 Monate 15 Jahre
Mitralstenose 2 6 von bis
4 Jahre 13 Jahre
Carditis 1 3 3 Monate
Atyp. Pneumonie 1 3 5 Monate
Pleuritis 1 3 3 Monate
Hamaturie 1 3 2 Jahre
Purpura 1 3 2 Woche
Myalgie 1 3 4 Jahre

Tabelle 4 stellt dar, welche der drei »LE-Kriterien« die Diagnose der
PLE (polysystemisches Lupus erythematosus) zuerst ermdglicht hatte.
Wir haben alle unsere Falle in vivo diagnostiziert.

Bei unseren 33 Patienten vermochten wir im Laufe der Jahre insgesamt
in 53 Fdéllen eine als PLE diagnostizierbare Phase zu beobachten. Darum
haben wir in Tabelle 4 auch diejenigen der diagnostischen Kriterien angegeben,
die wahrend der Rezidiven gegenwdértig waren. Aus dem ersten Teil der
Tabelle geht hervor, daB wir nach Auftritt des ersten Kriteriums sehr oft
auch die weiteren Kriterien auffinden konnten. Biopsie nahmen wir selten vor.
In keinem Fall hatte der histologische Befund den ersten Beweis zu der PLE-
Diagnose geliefert. Darum fehlt auch die Histologie unter den Kriterien in
Tabelle 4. Das Resultat der histologischen Untersuchungen und der Sektionen
ersieht man aus Tabelle 5.
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Tabelle 4

Héaufigkeit der PLE-Kriterien (Hauterythematodes und LE-Zellerscheinung) von
54 PLE-Perioden die die Diagnose zuerst mdglich machten und spéter bestatigten

Zahl des Vorkommens
Diagnostisches Kriterium

Zuerst positiv Spéter auch positiv Negativ

Hauterythematodes 31 ( 58%) 3 ( 5%) 20 (37%)

LE-Zellerscheinung 23 ( 42%) 13 (24%) 18 (33%)

Zusammen 54 (100%) 16 (30%) 38 (70%)
Tabelle 5

Wert der histologischen Untersuchungen bei Kranken mit polysystemischem Lupus erythematosus

daVvon
Zahl der Falle
charakterist. nicht charakt.
Haut 3 3 —
4>
" Lymphknoten 4 - 4
gJ Gelenk 2 - 2
d iNiere
fa
(iNadelbiopsie) 5 3 2
Autops e 7 2 5

Die Therapie war eine energische. Es war aber bemerkenswert, daf
obwohl bei der Sektion die Diagnose der Kollagenkrankheit in allen Féllen
unterstiitzt wurde, ein flir PLE charakteristischer Befund nur in 2 von 7
Fallen anzutreffen war.

Um zu ermdglichen, daB man die &ufRerst mannigfaltige Naturgeschichte
des Erythematodes nicht im Lichte der in den polysystemischen Zeiten auf-
tretenden Symptome erblicke, sondern — was zur Beurteilung der Krankheit
viel wichtiger ist — auch in ihrem zeitlichen Verlauf klar erfasse, stellte ich
in Tabelle 6 den Krankheitsverlauf der einzelnen Kranken in ihren Haupt-
diagnosen von der ersten Kollagenkrankheit bis zum AbschluR dieser Mit-
teilung, bzw. bis zum Tode des Patienten dar. Die Kranken gruppierte ich
nach Alter ; der &lteste (62 Jahre alt) steht oben und unten findet man den
jungsten (15 Jahre alt). Der Anschaulichkeit halber begniigte ich mich mit
den Hauptdiagnosen, die in der fraglichen Zeit fir den Patienten am charak-
teristischesten waren, und erwdhne keine Nebensymptome, die an der Grund-
diagnose nichts &nderten (z. B. von Zeit zu Zeit einen Anfall paroxysmaler
Tachycardie oder Vorkammerfibrillation, méssige psychische Depression oder
Unruhigkeit, leichte Albuminurie, Andmie, Leukopenie, Thrombophlebitis, Irido-



Tabelle 6

Naturgeschichte des polysystemischen Lupus erythematosus

N ame Geschlecht Krankheitsgeschichte in Diagnosen
Geb. Jahr
F. L. ? 1946 in— 1954 X,—XI. 23
1895 ? 1PLE : Exitus
Sz. B. ¥ 1945 ix.-x — 1946— 1956 x — 1957 - .
1900 Pleuritis 1 RA 1 PLE | RA
R. J. 3 1946 i- 1947— 1951— 1952— 1953 V - IX- 1954 X1- 1955 \M
1900 RA 1 0 1 ? 1 ? 1 Polyserositis | RA | PLE : Exitus
N. I 9 1948 u - 1952— 1954 rv.------ vi-1955—1956 i- -n-—- 1957 m.
1903 ? 1 RA 1PLE 1 ? 1PLE 1 ?
Cs. J. 2 1947 in- 1950 ix- 1951 i.23
1906 cut. E. PLE : Exitus
Sz. L. 9 1936 W.—Vi— 1946— 1953— 1955 ix - 1956 LU - 1957 wi.
1909 4 101 ? 1lcut. E. I PLE 1 ?
S. .1 9 1954 in.—V—1955 h- iv.-1X- -1956 i— —N—1957 H-w .
1910 cut. E. 1 o0 17 10 1Nephrose | PLE | 2 | PLE
Cs. K. 9 1954 XH+ 1955 in.-—-—V.—VIl.-----x i- 1956 w.-x u - 1957 i—iX.-X
1912 RA + »pernioc 1RA 10 1RA 1 PLE | ? | PLE | ?|PLE
H. K. 9 1943 hi—x— 1944 V,— -1X— 1946 N.— —v— 1948 vi— 1953 x — 1954 v.-——-VIl.— —X— 1957 w—

1915 cut. E. 9 Psor. 1 9 Psor. RA | PLE | RA | Psor 9
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No

10

11.

12.

13.

14

15.

16.

17.

18.

19.

j« ame
Geb. Jahr

K. L.
1916

1918

1918

K. .1
1919

1922

K. .1
1924

Ny. L.

1924

F. J.
1925

H. R.

1925

1925

Geschlecht Krankheitsgeschichte in Diagnosen

?

1954 |.—v.— VI—vil— 1955— 1956 i— 1957 k—u—
RA | Pleuritis | 0 | Polyserositis | ? | PLE

1956 i —V,—Vili—x— 1957 in—

RA IPLEI2 10
1945— 1951— 1953 v— vil— x— 1954 i—#,—x.—XI— 1955 n— 1956 v.—vin— 1957 in-
A 10 121 Pleur. lcut. E. I RA |PLE |?|PLE | ? | 0 |PLE | 2
1952  w,— 1953 iv. vil.—X— 1954 in.—x - 1955i—xil— 1956 ix— 1957 in—

RAIPLE 121 0 IPLE| ? |PLE | 2| RA
1952 1- 1954 n.-VI 1957 wj.

RA | PLE j RA

1952— 1953— 1954— 1955 w.-1V. 6
RA I Nephritis | PLE : Exitus

1955 v.----- vil.—X— 1956— 1957 .
atyp. Pneumonie | PLE | ?

1945 x - 1955 ni.-iv.17
RA | PLE : Exitus

1944 ni.-x- 1950 w, - 1951 vi- 1952n- 1953 n.— Xx. T
2 1 0 1] RA | PLE |out. E. | PLE : Exitus

...1948 - 1952--------- 1953 i— 1955 i. B
.. .Sten. 0. v. s. -f- Epilepsie | PLE : Exitus
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No

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Name
Geb. Jahr

B. I
1928

T. P.
1928

V. E.
1929

K. J.
1930

S. A
1930

Sz. .1
1931

Sz. A.
1931

V. K.
1931

1932

T. K.
1932

Krankheitsgeschichte in Diagnosen

1943 w- 1945— 1951— 1955 v.- -XI- 1956 v.—  vn— 1957 ui.
A 10121 0 1 cut E. 1 0 1PLE 1 cut E.
1951 i- 1956 u,—vil- 1957  ii—in.
cut. E. 1 PLE lcut E. !PLE

1947 ni- 1950 wvili.-1X - 1951 iv. VII- 1952 vi—VIIl 1953— 1954 ix.-Xi-

RA 1 PLE 1RA 1Purpura ] RA 1PLE 1RA 1

...1952 i- 1953—1954— 1955 n -iv - 1956— 1957 m.

...Sten. 0. v. s. + RA 1PLE | RA f Sten. 0. v. s.
1952 vili—x - 1953 V,—x— 1954 v.—vn.— ixmll
cut. E 1 PLE 1? I PLE 1 ? 1Nephrose: Exitus

1950 j— 1953 vil —VIII 1955 vin.-ix- 1956 L—in— 1957 in.
A 1PLE I ? JjPLE 1 ? PLE [ ?

1947— 1948— 1950 m -v- 1952)V-vi 1953 i 1954 XIl— 1955 x - 1956 H—in— 1957 hi.

Carditis 1? 1 Pleur. |2 ) A|PLEj 2 1 PLE 1 2

1953m.—vi -ix — 1954 v— 1955 x.
2] 0 1RA 1PLE: Exitus

1943 in.—vi— 1956 ii.—in.—v— 1957 n.—in.
Carditis 1 ? 1 RA 1PLE | ? ]JPLE ?

1953 xi.-xill 1954 vn— 1955 i.-ii.—vili— 1956— 1957 .
RA' 1 PLE1 ? jPLE 1?1 0

UN\U13d



No Name Geschlecht Krankheitsgeschichte in Diagnosen
Geb. Jahr
30. B. J ? 1953 vil—vili— 1954 vn=1955 i—n.—vi— 1956—1957 ni-
1932 cut. E. 1PLE 1 ? 1PLE1?1 0
3L 0. M 2 1952 x- 1953 |.—ix.—x—1954 l.—vii.—x1—1955 in —vil- 1956 i.
1933 A + Pleuritis IRAIPLE | ?| PLE| ? | 0 | ? | PLE: Exitus
32. K J 0 1952 x— 1953 X1— 1954 xil—1955 n— 1956—1957 w.
1937 Haematurie | 0 | PLE | O
kel B. s. 0 1952 u— 1956 vil—ix.-xil- 1957 m
1942 ? 1A 1IPLE1 0 1PLE
Abkilrzungen : A : Unbestimmte Gelenkbeschwerden

cut. E.: Hauterythematodes ohne andere Symptome und Beschwerden

PLE : polysystemischer Lupus erythematosus

Pleur.: Pleuritis

Ra : Rheumatoide Arthritis (priméar-chronisches rheumatisches Polyarthritis)
Sten. 0. v. s.: Stenosis ostii venosi sinistri

? : Beschwerden und Symptome die aber keine bestimmte Diagnose ermadglichen

0 : Keine Symptome und Beschwerden.
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cyclitis, usw.) obwohl diese den Verdacht auf eine polysystemische Erkrankung
lenkten. Auch die in der Zwischenzeit aufgetretenen Prozesse von bestimmt
anderer Atiologie bleiben unerwahnt, da die das Schicksal unserer Patienten
in keinem Falle wesentlich &nderten (Grippe, Pneumokokken-pneumonie,
mechanisches Trauma, usw.). Da, wo das klinische Bild verwirrt oder unbe-
stimmt war und die unbestimmten Beschwerden und divergente Symptome
die Diagnose jeder bestimmten Erkrankung verhinderten, bezeichnet ein
Fragezeichen (?) diesen Zustand. Dort, wo eine Diagnose angefiuhrt wird, war
diese immer typisch. Die identische Diagnose bedeutet selbstverstdndlich
nicht immer und Uberall dieselbe Schwere der Erkrankung. Die rheumatische
Polyarthritis (RA) z. B. zeigte vom auch als akute rheumatische Polyarthritis
qualifizierbaren Bilde bis zum schwachen, aber noch mit objektiverVerdnde-
rung verbundenen Arthralgie, bzw. zur symmetrisch deformierenden, charak-
teristischen primér-chronischen Polyarthritis alle méglichen Ubergénge bei
den verschiedenen Kranken und manchmal auch bei demselben Kranken.
Es gehdrt zur Natur der kollagénén Erkrankungen, daB sie in hohem MaRe
fluktuiren ; Remissionen und Rezidive sind h&ufig. Die Fluktuation nimmt
in der Regel erst dann ab, wenn infolge der Irreversibilitdt der entstandenen
Destruktion eine Remission schon kaum mdglich ist. Je ausgebrannter ein
Organ im Laufe der Entziindung, umso Kkleiner werden die Fluktuations-
moglichkeiten. Auch die polysystemischen Formen waren von sehr verschie-
dener Gravitdt sowohl vom Gesichtspunkt der allgemeinen Symptome, als
aus demjenigen der Organldsionen und deren Kombinationen. Die verschie-
denen Krankheitsphasen trennten sich nicht scharf voneinander ab, sondern
gingen gewdhnlich stufenweise ineinander (ber; so war die Erkrankung
— besonders wenn man auch die Nebensymptome in Betracht zieht — in den
Zeiten um die Trennungslinien der Tabelle di-, tri- oder polysystemisch.
Die Trennungslinien wendete ich an, um damit die Tabelle trotz den verschie-
denen Krankheitsprozessen ubersichtlich zu machen, anderseits um die Dauer
der einzelnen fihrenden Symptomen zu registrieren.

Die Erkrankung kommt in derselben Familie nur selten vor ; darum
ist es erwahnenswert, dal in Tabelle 6 die Patientin Nr. 26 die Tochter von
Nr. 4 ist. Die Erkrankung hat sich zuerst bei der Tochter gemeldet, und zwar
nicht nur dem Lebensalter, sondern auch dem Datum entsprechend. Die
Polyarthritis, die sich bei der Mutter vor 40 Jahren abgespielt hatte, konnte
wegen Mangel an Angaben nicht in Erwdgung gezogen werden.

Aus Tabelle 6 ist es klar ersichtlich, daR die Perioden mit manifestem
polysystemischen Erythematodes ziemlich kurz sind und sich wdahrend der
Krankheit so launenhaft ablésen, dal sie beinahe als zuféllige Erscheinungen
wirken. Tabelle 7 zeigt, welchen Prozentsatz der in Monaten berechneten
Krankheitsdauer bei den einzelnen Kranken die einzelnen — mehr oder
weniger miteinander zusammenflieBenden — Phasen — und unter ihnen
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Tabelle 7
Dauer der verschiedenen Diagnosen wéahrend der Krankheit

andere
G 0
0%] Mo- Mo- Mo- Mo- Mo- Mo-
nat %  nat % nat % nat % nat % nat %
l. 81 2 2 — — — — — — 79 98 — —
2. 139 5 4 132 95 — — 2 1 — — — —
3. 109 3 3 26 24 — — 4 3 28 26 48 44
4. 110 5 4 27 25 — — — — 78 71 — —
5. 47 5 1 — — 42 89 — — — — — —
6. 254 7 3 - — 32 12 5 2 96 38 114 45
7. 145 5 4 — — 3 2 4 3 12 8 121 83
8. 28 7 25 8 28 - — — — 10 36 3 1
9. 169 7 66 39 6 4 10 6 55 32 25 15
10. 39 3 3 8 — — 20 51 12 30 1
11. 15 4 27 1 2 — — - — 2 13 5 33
12. 147 7 5 3 2 3 2 14 10 33 22 87 59
13. 62 24 39 21 34 — — — — n 18 6
14. 63 5 8 58 92 — — — — — — — —
15. 39 1 3 24 61 — — 14 36 — — — -
16. 23 4 17 — — — — 2 9 17 74 — —
17. 7 2 29 5 71 — — — — - = — —
18. 115 17 15 15 13 1n 10 — — 7 6 65 56
19. 84 24 29 — — — — 60 71 — — — —
20. 170 3 2 — — 14 8 23 14 12 7 118 69
21. 75 8 1 — — 67 89 — — — — — —
22. 21 3 7 82 68 — — 3 2 28 23 — —
23. 63 3 5 13 21 — — 47 74 — — — —
24. 26 16 62 — — 2 8 3 11 5 19 — —
25. 87 7 8 — — — — 42 48 38 44 — —
26. 60 21 35 — — — — — — 39 65 — —
27. 32 18 56 8 26 — — — — 3 9 3
28. 169 4 2 1 1 — — 3 2 161 95 — —
29. 41 10 24 1 3 — — — — 10 24 20 49
30. 45 12 27 — — 1 2 — — 18 24 53
31. 40 17 42 8 20 — — 3 8 8 20 4 10
32. 54 3 6 — — — — 13 24 — — 38 70
33. 62 4 7 — — — — 2 3 53 85 3
PLE = polysytemischer Lupus erythematosus.
cut. E = Lupus erythematosus der Haut, ohne andere Erscheinungen.
RA -= Rheumatoide Arthritis, primar-chronische Polyarthritis.
? -= Verschiedene unbestimmte Symptome und Beschwerden.
0 = Dauer der beschwerden und symptomfreien Zwischenperioden.

7 Acta Medica X 11/1—2
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die Phasen mit PLE ausmachten. In den nicht als PLE bezeichneten Phasen war
die Erkrankung als solche nicht diagnostizierbar (da es keine Hautverdnde-
rungen gab, die LE-Probe wiederholt negativ war und Organbiopsie entweder
nicht unternommen wurde, oder kein beweiskréftiges Ergebnis gab).
Obwohl es uns dem Nachweis unserer festgesetzten These nicht né&her
bringt, der Vollstindigkeit halber sei erw'déhnt, daR die Lethalitdt unseres
Krankenmaterials 30% war. Die auf die Lebensdauer und auf die Todes-
ursachen bezilglichen Einzelheiten sind in Tabellen 8—9—10 zusammengefalt.

Tabelle 8
Lethalitat
Zahl der Falle Le )endig Gestorben
33 100% 23 70% 10 30%
Tabelle 9

A) Lebensdauer von dem ersten Symptom gerechnet

Die Lebenden Die Gestorbenen
Lebensdauer bis heute Lebensdauer bis zum Tode
Zahl Jahre Zahl Jahre
der Falle der Falle
—2 3—5 6— 10 11—15 16— —2 3—5 6—10 11—
23 2 6 8 6 1 10 1 5 4
70% 6% 18% 24% 18% 3% 30% 3% 15% 12%

B) Lebensdauer von der ersten PLE Diagnose gerechnet

Die Lebenden Die Gestorbeni
Lebensdauer bis heute Lebensdauer bis zum Tode
Zahl Jahre Zahl Jahre
der Félle der Falle
-2 3-5 6—10 11—15 16— _2 35 6—10 11—
23 12 10 1 10 8 2

70% 36% 30% 3% 30% 24% 6%
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Tabelle 10

Todesursache der Kranken mit polysystemischem Lupus erythematosus

Diagnose Zahl der Falle
PLE, akuter Zustand 4
Uramie 5

Nephrose -)- Infektion |
Zusammen 10

Diskussion

Die Krankheitsgeschichte unserer an Lupus erythematosus disseminatus,
nach amerikanischer Nomenklatur an »systemischen« Lupus erythematosus,
nach franzdsischer, bzw. deutscher Nomenklatur an visceralen Lupus ery-
thematosus, nach der hier empfohlenen Nomenklatur an polysystemischen
Lupus erythematosus leidenden Patienten beweist, daB die Kranken fast
ausnahmslos ziemlich lange an verschiedenen »rheumatisch-kollagenen«
Erkrankungen litten ; in der Zwischenzeit wechselten beschwerde- und
symptomfreie Zeiten mit solchen, in denen der Patient verschiedene Beschwer-
den vorbrachte. Dann kam eine Periode, in welcher die Erkrankung den heu-
tigen Kriterien des PLE entsprach. In dieser ersten PLE-Periode starb ein
Teil (21%, 2/3 aller Verstorbenen) trotz aller therapeutischer Versuche ; ein
anderer Teil lebte jedoch weiter und die Erkrankung dieser Patienten kam bei
der bekannten Therapie in Remission, oder wurde als »Teilerkrankung«
fortgesetzt und der Patient starb mit den Symptomen dieser Teilerkrankung
(z. B. Nierenkrankheit), oder wurde die Erkrankung fir kirzere oder ldngere
Zeit wieder als polysystemischer LE diagnostizierbar und die Todesursache
konnte auf diesen zuruckgefuhrt werden, oder nur eine Teilerkrankung be-
stand weiter, dann wurde sie wieder auf eine Zeit véllig beschwerden- und
symptomfrei, oder hatte der Kranke wieder unbestimmte Beschwerden und
ungewisse Symptome... und so weiter ohne jegliche RegelméRigkeit

Jedem unserer Patienten wurde seit 1952 eine, der LE-Diagnose ent-
sprechende wirksame moderne Behandlung zuteil (Cortison, ACTH, Prednison,
Atebrin, die der Notwendigkeit entsprechenden symptomatischen Eingriffe,
wie z. B. Perikardpunktion usw. und andere moderne Verfahren der Thera-
peutik) und das trug zweifellos dazu bei, dall ein grofRer Teil der Patienten
die heftigen akuten Perioden 0Uberlebte ; aber es kam auch vor, dal die
Erkrankung nebst Unverdndertheit der bisher als wirksam befundener Thera-
pie rezidivierte, oder daR sie nach dauernder Wirkungslosigkeit derselben

7*
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Therapie in Remission kam. Mit der Therapie haben wir das Leben unserer
Patienten verladngert, aber das bedeutete nichts anderes, nur daB die Erkran-
kung, die viele lebenswichtige Organe angriff, wieder zahmer geworden ist,
in verédnderter Form sich auf ein System oder ein paar Systeme beschrénkte,
oder subklinisch geworden ist. Das klinische Bild wurde durch die Therapie
(die durch sie verursachten Komplikationen abgerechnet) wesentlich nicht
verédndert. Von Genesung kénnen wir nicht sprechen, nur von einer Symptom -
freiheit von ungewisser Dauer, woraus das Rezidiv in der urspringlichen oder
in einer verdnderten Form jederzeit erfolgen kann. Die Grenze zwischen
Gesundheit und Krankheit ist oft vollig verschwommen. Auf diesen Vorgang
palt der bekannte Eisberg-Vergleich vorziglich ; der bedeutende Teil die-
ser Erkrankung befindet sich unter dem Niveau unserer Kenntnisse.

Die Forscher, die den festen Zusammenhang des polysystemischen LE
und der in ihm vorkommenden Teilerkrankungen nicht als nachgewiesen
betrachten, mdgen einwenden, dal es sich hier von zufdlligen Begegnungen
handelt. Dieser Standpunkt ist aber génzlich unhaltbar, da die verschiedenen
Formen der Kollagenkrankheiten vor unseren Augen ineinander UberflieRen
und je starker wir die differentialdiagnostischen Zeichen anpacken wollen,
umso weniger davon in unseren Hdanden bleibt. Wir wissen mit Sicherheit,
daB Erkrankungen wie Pneumonie, Pleuritis, Arthritis, Epilepsie, Throm-
bophlebitis, Nephritis, Lymphadenopathie, Leukopenie, usw. auch auf viele
andere Ursachen zuriuckgefuhrt werden kénnen. Wir wissen jedoch keines-
wegs, ob es selbstindige rheumatoide (primdar-chronische) Polyarthritis und
klinisch von dieser auf keine Weise abweichende »erythematodische« Poly-

arthritis, — rheumatische Pneumonie und erythematodische Pneumonie,
rheumatische primdar-chronische Nephritis und erythematodische priméar-
chronische Nephritis, usw., usw. — gibt. Und da wir es nicht wissen,

steht es uns natlrlich frei, beide Mdglichkeiten vorauszusetzen. Aber ob
wir uns auf den Standpunkt der Einheiten, ob auf denjenigen der Selbstén-
digkeit stellen, wissen wir nicht, was die Lokalisation der Erkrankung und
die Launenhaftigkeit des Verlaufs bestimmt. Wo ist der wesentliche qualitative
Unterschied in den Erkrankungen, wenn sie sich auf ein einziges Organ-
system lokalisieren, wenn sie mehrere Organsysteme befallen, oder wenn sie
zugleich auch den LE-Kriterien entsprechen? Der Beantwortung dieser Frage
kénnen wir aus zwei Richtungen nahe kommen. Die erste besteht darin, daR
wir die LE-Kriterien im Krankheitsbild des LE untersuchen ; die zweite,
dal wir die wegen Mangels an LE-Kriterien in diese Gruppe nicht passenden
Féalle untersuchen und von beiden Richtungen ausgehend die Verbindungs-
bzw. Trennungszeichen aussuchen. Betrachten wir zuerst die LE-Kriterien
der Reihe nach. Im Verlauf unserer Beobachtung vermochten wir in unseren
33 Féllen mit Berlicksichtigung der Rezidive insgesamt 54mal auf Grund der
charakteristischen Kriterien die Diagnose des polysystemischen Erythemato-
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des festzustellen. Auch an demselben Patienten haben sich die Kriterien
im Laufe der Rezidive verdndert. So kam es z. B. oft genug vor, dall das
Kriterium bei der ersten Gelegenheit die charakteristische schmetterlingfor-
mige Ld&sion auf dem Gesicht war ; bei spateren Gelegenheiten rezidivierte
jedoch die Hautldsion nicht und das Kriterium wurde die positive LE-Probe.

Von den drei Kriterien — charakteristische Hautldsion, unbedingt
positive LE-Probe, charakteristischer histologischer Befund — vermochte die
Histologie am seltensten einen bestimmten Beweis fir die LE-Diagnose
erbringen. Das ist leicht zu verstehen, da die Histologie seiner Natur nach
nicht unbeschrdnkt angewandt und wiederholt werden kann, gegeniber der
oft untersuchbaren LE-Probe und der Haut, die vom Arzte und von Patienten
selbst bestindig nicht aus den Augen gelassen wird. Ubrigens ist der Wert
der Biopsie ziemlich ungewiss, weil sie nur selten ein bestimmtes Ergebnis
ergibt. Lymphknotenbiopsie fihrte z. B. in jedem Falle zu der Diagnose :
»nichtspezifische Entzindungszeichen«. Die Nadelbiopsie der Nieren fihrten
wir nur in neuerer Zeit systematisch durch ; so kennen wir den W ertdieses
Verfahrens noch nicht genau. Auch kennen wir einerseits die Haufigkeit
des Vorkommens der als charakteristisch behaupteten »Wire-Loop«-L&sion
nicht, anderseits wissen wir nicht, wie frih und bestdndig dieses Zeichen ist
und ob es verschwinden und rezidiveren kann, schlieRlich, wie h&ufig es in
anderen Kollagenkrankheiten vorkommt. Unter unseren eigenen Fdallen gab
es einige, bei denen die Obduktion und der ausfihrliche histologische Befund
nicht beweiskrdaftig waren (Lesvey und Haraszti); dagegen sind Félle
bekannt, wo die Wire-Loop-Lé&sion der Niere das erste sichere Kriterium war,
das die LE-Diagnose ermdglichte (Lister und Baker, Montgomery und
McCreight). Dabei vermindert es jedoch den Wert des Biopsiebefundes
in der Richtung der »spezifischen Erkrankung«-Konzeption, und es spricht
fir den engen Zusammenhang der Vorgdnge, dass die Wire-Loop-L4&sion auch
in Sklerodermie vorkommt (Allen, Hannigan et al., Baehr und Pollack).
Bei einem unserer Kranken erschienen im Laufe der polysystemischen LE
auf den Vorderarmen Dermatomyositis-Symptome. Der histologische Befund
zeigte ein charakteristisches Bild (Prof. Szodoray, Dermatologische Klinik
in Debrecen). Die Dermatomyositis bestand schwach fluktuierend noch fir
eine ldngere Zeit, selbst dann, als infolge der Therapie der Zustand sich bedeutend
besserte und auch die LE-Probe negativ wurde. Einen bestimmten Uber-
gang zur Dermatomyositis beobachteten wir auch bei zwei anderen Kranken ;
leider wurde bei diesen keine Biopsie vorgenommen.

Der Hauterythematodes als diagnostisches Zeichen ist im allgemein das
wertvollste und auch das hdufigste. Seine Ha&ufigkeit wird verschieden
angegeben : von Shearn und Pirofsky mit 91%, Harvey et al. mit 85%,
Dubois mit 52%. In unseren eigenen Fdallen kam er als erste, einleitende
Kollagenkrankheit in 18%, in der ganzen, 54 LE enthaltenden Periode jedoch
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in 63% vor. Die abweichenden Prozentzahlen finden ihren Grund wohl darin,
daB die verschiedenen Beobachter in verschiedenem MaRe LE-Probenunternah-
men in annehmbar sine lupo-Féllen. Das Krankenmaterial ist vom statistischen
Gesichtspunkt nie ohne Auswahl, da die Erkrankung meistens vom Derma-
tologen erkannt wird, andererseits weil die Hauterscheinung zumeist schreiend
diagnostisch ist. Offenbar ist die Zahl der sine lupo-Félle infolge des LE-
Zellph&nomens im Steigen begriffen.

Die Bewertung des LE-Zellphdnomens ist Gegenstand einer folgenden
Studie. Hier sei nur erwahnt, daB zwar 37% unserer Féalle auf Grund des
LE-Zellphdnomens diagnostiziert wurde, 34% der Fdalle dagegen LE-negativ
waren. In Hinsicht der Spezifitdt der Probe gehen die Meinungen noch ausein-
ander. Es ist aber bestimmt, dal die Negativitdt der Probe nichts bedeutet
und keineswegs ausschliefend ist (Bobory und Petranyi).

Unsere Ansicht Gber die 3 LE-Kriterien zusammenfassend, kénnen wir
feststellen, daB ihre Negativitdt die Mdglichkeit des LE-Yorganges selbst in
den polysystemischen Féllen nicht ausschlieBt und ihre Negativitdt umso
wahrscheinlicher ist, je narbiger sich der monosystemische Fall erweist.
Wenn wir uns also der Einheit der Kollagenkrankheiten von seiten des poly-
systemischen Lupus erythematosus nahern, gewinnen wir die Uberzeugung,
daBR die verschiedenen Kollagenkrankheiten ohne Grenzen ineinander flieRen.
Trennungszeichen gibt es nicht, da die »LE-Kriterien« eigentlich nur Sym-
ptome sind, die in gegebenem Falle vorhanden sein, aber auch fehlen kénnen.

W enn sich aus der Richtung der monosistemischen Teilerkrankungen, der
rheumatoiden Arthritis, der primérchronischen Nephritis usw. uns der Frage des
klinischen Zusammenhanges oder der Unabhé&ngigkeit der verschiedenen Kolla-
genkrankheiten ndher kommen will, gelangt man zu demselben Schlisse. In
keiner dieser Teilerkrankungen findet man n&mlich irgendein Zeichen, das die
Mdéglichkeit der Zusammengehdrigkeit dieser Erkrankungen ausschlieBen
wirde. In bezug auf den Hauterythematodes ist der Zusammenhang heute
schon zweifellos und selbst die Mitteilungen, die dies zu bestreiten versuchen,
nehmen alle fir die Identitat, und fir die Mdglichkeit des génzlichen Uber-
ganges ineinander Stellung. In der rheumatoiden Arthritis findet man bei
Verfolgung des Krankheitsvorganges oft Ubergénge auch zu anderen Kollagen-
erscheinungen und zum klassischen polysystemischen LE.

Je ldnger man zahlreiche, an monosystemischen Kollagenkrankheiten
leidende Patienten beobachtet, desto h&ufiger trifft man auch bei ihnen einen
Ubergang zu den iibrigen Kollagenerkrankungen. Unsere klinische Beobach-
tung beginnt heutzutage auch auf diesem Gebiet sich zu verfeinern.

Friher erkannten wir nur die extremen Varianten, z. B. den »Lupus
erythematosus disseminatus acutus«. Seit der LE-Probe und der Biopsien
erkennen wir auch viele »sine lupo«-Félle. Mit der dauernden Beobachtung
der Patienten (die neben der spontanen Remissionen durch die Therapie
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ermdglicht wurde), haben wir auch die Tatsche erkannt, dal die W drter wie
»malignus« »akut«, w»subakut«, »chronisch« nicht zur Diagnose gehdren ;
sie kénnen nicht einmal als Typen, als Erscheinungsformen, ja als Stadien
akzeptiert werden, da der Krankheitsvorgang so launenhaft ausfallt, dal es
keine Stadien Vorkommen, und jedes Rezidiv einen anderen Grad der Heftigkeit
aufweisen kann. Diese Beiwdrter bezeichnen hdchstens den momentanen
Zustand. Sie haben nicht einmal prognostischen Wert, da viele unserer Pa-
tienten leben und arbeitsfdhig sind, obwohl sie hyperakute, maligne Krank-
heitsphasen Uberstanden haben ; gleichzeitig starben mehrere Patienten in
Niereninsuffizienz in verhéltnismé&Rig kurzer Zeitund ohne heftigere Symptome.

Fir die Einheit der rheumatisch-kollagenen Erkrankungen spricht noch
der auf dauernde Dosierung von Hydralazin (Apresolin) eintretenden Zustand
(Comens und Schroder, Henn etal,, Erickson et al., Reinhardt und Wald-
ron, Shakman et al., Dustan et al.,, Morrow et al. Perry und Schroder, Slo-
nim), der in einigen Fé&llen rheumatoide Arthritis zeigt, in anderen wieder
das Krankheitsbild des Erythematodes sine oder cum lupo, mit ziemlich
starker Streuung.

Bei den Kollagenkrankheiten wissen wir nicht voraus, welche Kombina-
tionen spédter auftreten kdénnen ; je ausdricklicher progressiv vernarbenden
Charakter die Entzindung in irgendeinem System (Haut, Gelenk) annimmt,
umso wahrscheinlicher ist, dal die Erkrankung gréRtenteils oder hauptsdchlich
monosystemisch bleibt und groRe polysystemischen Aufflammen nicht
Vorkommen.

Die klinischen Angaben beweisen also, dal die rheumatisch-kollagenen
Krankheiten nicht selbstdndig, sondern die Teilerscheinungen desselben
Krankheitsvorganges sind. Die Atiopathogenese ist unbekannt und gleich
vielen anderen Erkrankungen (z. B. der Tuberkulose) wissen wir auch hier
nicht, was die Ursache der verschiedenen Lokalisationen und der Launenhaftig-
keit des Verlaufs ist und was dazu fihrt, dafl die verschiedenen Lasionen
monosystemisch oder in verschiedenen Kombinationen Vorkommen. Sehr
bemerkenswert ist Kiemperers neue Beobachtung, dal das LE-Fibrinoid
in ihren F&rbungseigenschaften von derjenigen der anderen Kollagenkrankhei-
ten etwas abweicht. Diese These mufl noch erst bewiesen werden, aber wenn
sie erwiesen wird, so spricht dies dafir, dal die Gefdlwéande durchdringenden
und in der Grundsubstanz des Bindegewebes eine Verdnderung ausldésenden
Krankheitsstoffe (pathologische Proteine?) in den einzelnen Kollagenose-
M anifestationen verschieden sein kénnen. Mehrerlei pathogene Paraproteine
dirften den Ursprung der verschiedenen Systemfdllen erkldren.

Wir wissen, daB in den Kollagenkrankheiten die die Antikdrper enthalten-
de Gammaglobulinfraktion sich zumeist vermehrt, daf auch der LE-Faktor
darin Platz nimmt und dalR man gewisse autoagressive Stoffe im Laufe der
der Kollagenerkrankungen im Blut nacliweisen kann. Man kann jedoch anneh-
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men, dall diese sich als Antikérper verhaltenden Stoffe auch ohne Antigen-
einwirkung zustande kommen konnen, als Produkte einer Entgleisung im
Eiweillstoff-Wechsel (Moeschlin, Miescher, Muller, Wihrmann).
Gegenuber den auch im normalen Stoffwechsel vorkommenden harmlosen
Entgleisungen (die man Parametabolismus nennen mag), kénnen wéhrend
des Anabolismus oder des Katabolismus auch ernstere pathologische Ent-
gleisungen stattfinden, die pathogene Metaboliten hervorbringen. Den weiteren
Fortschritt erhoffen wir von der Erforschung dieser Entgleisungen.

ZUSAMMENFASSUNG

Vom Auftritt der ersten Kallagenkrankheit verfolgten wir 33 solche Kranken Schritt fir
Schritt, bei denen wir inzwischen die Diagnose des Lupus erythematosus (disseminatus, vi-
sceralis, polysystemisch) aufzustellen vermochten. Wir haben die beobachteten Symptome
beschrieben und deren Haufigkeit berechnet. Als Kriterium der Diagnose betrachteten wir —
nebst entsprechenden Verénderungen, die auf keine andere Atiologie zuriickzufihren sind —
die Anwesenheit wenigstens eines der folgenden drei Zeichen : charakteristischer Hautery-
thematodes, sicher positive LE-Zellerscheinung und charakteristischer histologischer Befund.
Wenn keine dieser Charakteristiken vorhanden ist, kann man Lupus erythematosus nicht
diagnostizieren, sondern es kann nur eine dem klinischen Bilde entsprechende symptomatische
Diagnose aufgestellt werden. Unsere 33 Patienten entsprachen im Laufe der Jahre bei 5
Gelegenheiten diesen Bedingungen.

In Tabellen stellten wir die auf den Krankheitsverlauf bezuglichen wichtigeren Daten
dar. Wir stellten fest, daB jeder Ubergang zu den iibrigen Kollagenkrankheiten maglich ist
und daB den Kriterien entsprechende klassische polysystemische Lupus erythematosus nur
ganz kurze Phasen der ganzen Erkrankung ausmacht ; auch in bezug auf ihre Gravitat
gibt es zwischen den einzelnen LE-Kezidiven solche Abweichungen selbst bei ein und demselben
Kranken, dal die friheren diagnostischen Attribute : akut, subakut und chronisch héchstens
zur Bezeichnung des augenblicklichen Zustandes dienen koénnen.

Die den LE-Kriterien entsprechenden und nicht entsprechenden Phasen flieRen launenhaft
ineinander. Wir besprachen den Wert der sogenannten diagnostischen Zeichen und stellten
fest, dass ihr Mangel nicht gegen die LE-Diagnose spricht. So sind wir nicht imstande, die Ver-
schiedenen Kollagenose-Teilerkrankungen voneinander zu trennen. Wir wissen nicht, ob es
innerhalb der Kollagengruppe eine besondere »erythematodische« und eine »nicht-erythema-
todische« Polyarthritis — bzw. Carditis, Nephritis, Serositis gibt. Auf Grund der dauern-
den Beobachtung des Schicksals der auch in den polysystemischen Perioden vom Lupus ery-
thematosus befallenen Kranken ist der Zusammenhang zwischen den Kollagenkrankheiten
nebst den histologischen Zeichen auch klinisch nachweisbar.
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Die Ursache des bei Novokaininfiltration vorkommenden Kollapses
suchend, fand Vendég an Leichen [20], dal das in die Nasenscheidewand
injizierte Methylenblau an der Gehirnbasis nachweisbar ist. Krompecher und
M itarbeitern machten die Verbindung der Nasenhdhle mit der Sché&delhdhle
zum Gegenstand eingehender Untersuchung [10] und stellten fest, dafl bei
der weiBen Ratte zwischen der Nasenschleimhaut, des Naheren dem mittleren
Drittel des septum nasi, und der Schddelhdhle, bzw. dem Liquorraum eine
unmittelbare Verbindung besteht [8]. Das unter die Nasenschleimhaut des
septum nasi injizierte Methylenblau war in—der Gegend des lobus frontalis,
olfactorius und des Hypothalamus nachweisbar. Die Versuche wurden auch
durch radioaktive Isotope ergénzt und bestdtigt [14]. In gr6fRter Menge hat
sich das Thorium B. im Hypothalamus angehduft. Ferner stellten sie fest,
daB, wenn Kindern ein mit Streptomycin durchtrdnkter Tampon in die
Nasenhohle eingelegt wurde, im Liquor ein viel hdherer Streptomycinspiegel
zu erzielen war, als durch intramuskuldre Verabreichung. Ein &hnliches
Verhdltnis fanden sie auch bei Meningitiskranken, wo die Permeabilitdt der
Blutliquorschranke erhdht ist [10].

In der Pathologie und dem Klinikum sind zahlreiche Tatsachen bekannt,
die diese Versuche zu bestdtigen scheinen. Wir wissen, daB bei Diabetes
insipidus-Kranken das Hypophysenhinterlappenhormon-Pulver von der Nase
aus resorbiert wird. Die Anwendung von Glanduitrin durch Nasentampon
ist in der Geburtshilfe wohlbekannt [9]. Endlich wissen wir, daR nach Inokulie-
rung einiger, das zentrale Nervensystem angreifender Virusarten (Encephalitis,
Influenza, Heine-Medinsche Krankheit usw.) in die Nasenschleimhaut die
entsprechenden Krankheitsbilder hervorgerufen werden kdénnen. Nach den
Untersuchungen von Reagen und Mitarbeitern [17] verursacht z. B. der
intranasal instillierte Newcastle Virus &hnliche Symptome, wie nach intra-
zerebraler Infizierung.

Mit unseren gegenwdrtigen Versuchen hatten wir die Absicht, die im
vorigen erwdhnten Untersuchungen auszubreiten, und verwandten dazu
Stoffe, deren Wirkung leicht erkennbar ist.
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Zuerst untersuchten wir die Resorption des Insulins von der Nasen-
schleimhaut. Seit der Entdeckung, bzw. Erzeugung dieses Mittels [1] suchten
zahlreiche Forscher eine Mdglichkeit um die Injektionsbehandlung zu ver-
meiden. Sie beobachteten die Wirkung des an verschiedenen Schleimhé&uten
und an der Haut angewandten Insulins, wdhrend andere Forscher sich bemuh-
ten, die Resorption des enteral gegebenen Hormons zu férdern — ohne jedes
nennenswerten Ergebnisses. (Die diesbezlglichen Literaturangaben haben wir
in Tab. | zusammengefalit.)

Tabelle 1

Versuche zur Substitution der Insulinverabreichung in Injektionsform
(Zusammenfassung der Literaturangaben)

Art und Weise der

Name des Verfassers Verabreichung Ergebnis Anmerkung

Harrison [7] oral in einem Falle wirksam, in den ungeeignet

tibrigen nicht
Bernhardt [2] oral schwache Wirkung Tierversuch
Mitter [12] oral unbefriedigend _
Satleén [18] oral minimale Wirkung —
Paulesco [15] oral und rektal ohne Wirkung _
Bium [3] perlingual schwache Wirkung —
Winter [22] aus dem Magen wirkt nur bei mit Alkohol behan-

deltem Hund, in Alkohol ver-

abreicht
Hachen [6] intestinal wird im Darm schnelll abgebaut  Tierversuch
Fischer [5] intestinal wirkungslos _
Stenstrom [19] rektal wirkungslos Fermentabbau?
Peskind [16] rektal wirkungslos —
Mauriac [11] intratracheal bei Tieren gute, bei Menschen —

schwache Wirkung
Colmant [4] Aerosol in der Hélfte der Falle Verminde-

rung des Blutzuckers, in der

anderen Steigerung desselben
Fischer [5] vaginal schwache Wirkung —
Matter [13] intrakutan Hypoglykdmie bei Kaninchen schwéchere Wir-

Wallgren [21]

perkutan Salbe

wird bei kleinen Kindern resor-
biert

kung, als bei sub-

kutaner Verabrei-

chung

kostspielig

Unser Zweck war eigentlich kein therapeutischer : wir richteten unser
Bestreben darauf, den Weg der in die Nase eingefihrten Stoffe zu verfolgen.
Dazu schien sich das Insulin zu eignen, dessen Wirkung auf den Blutzucker-
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Spiegel gut registrierbar ist. Wir probierten auch das Asthmolysin durch
Nasentampon aus, da sich hier die Resorption des Mittels an klinischen Sym-
ptomen (Beseitigung des Anfalls) abmessen lief3.

Methode

Unsere Beobachtungen wurden einerseits an gesunden Menschen, anderseits an an
Diabetes mellitus leidenden Patienten unternommen. Die Wirkung wurde durch Insulinbela-
stungskurven dargestellt. Nach Feststellung des niichternen Blutzuckerwertes injizierten wir
den Untersuchungspersonen 20 E. kristallinisches Insulin subkutan ; dann bestimmten wir
1,5—2 Stunden hindurch viertelstindlich die Blutzuckerwerte nach Hagedorn—Jensen.
Nach einigen Tagen gaben wir 20 E. kristallinisches Insulin denselben Patienten durch Nasen-
tampon, und bereiteten, wie oben, eine Blutzuckerkurve, und verglichen die beiden Kurven.
Die Reihenfolge war nicht immer die hier beschriebene : in anderen Gruppen fuhrten wir
den Nasentampon-Versuch friher aus, als denjenigen der subkutanen Injektion. In wieder
anderen Faéllen injizierten wir dieselbe Quantitat von Insulin unter die Nasenschleimhaut des
mittleren Drittels der Scheidewand. Als Kontrolle stellten wir auch Blindversuche mit physio-
logischer Ldsung ein.

Auf dieselbe Weise fihrten wir an insgesamt 18 Hunden Untersuchungen durch. Bei
12 Hunden wurde das Insulin subkutan und in Nasentampon verabreicht ; bei den weiteren
6 injizierten wir es unter die Schleimhaut der Nasenscheidewand, bzw. in die Zisterne.

Nebst Insulin fuhrten wir auch Versuche mit Asthmolysin durch. Bei Anfallen von an
Asthma bronchiale leidenden Patienten befeuchteten wir diinn zusammengedrehte W atte
mit  —1 Ampulle Asthmolysin und fihrten sie tief in die Nase hinein, der mittleren Nasen-
muschel entsprechend. Nun forderten wir den Patienten auf, ein paarmal zu schnupfen. Das
MafR der Resorption haben wir auf Grund der Losung des Anfalls geschatzt.

Ergebnisse

Die Zusammenfassung unserer Hundversuche zeigt Abb. 1. Je eine
Kolonne enthdlt die Angaben von 12—12, bzw. 6—6 Tieren. Wie ersichtlich,
hat das subkutan gegebene Insulin (20 E.) den Blutzuckerspiegel um etwa
55% reduziert, die durch den Nasentampon eingefiihrte gleiche Menge von
Insulin um 33%, d. h., daB die Wirkung des Nasentampons ungefdhr 60%
der subkutanen Wirkung ausmacht.

Abb. Il gibt die individuellen Kurven eines Hundes an.

Wir versuchten die Resorption des in die Nase eingefuhrten Insulins
auf verschiedene Weisen zu fdrdern. Mit dem aus der Ophthalmologie als
ein die Lymphstromung forderndes Mittel bekannten Dionin vermochten
wir die Resorption nicht wesentlich zu steigern. Da versuchten wir es mit
Hyase, jedoch ohne Erfolg.

Als wir das pH des Insulins untersuchten, fanden wir es zwischen 5.1
und 5.3, d. h. sauer. Da die Flimmerbewegungen in saurem Medium abnehmen,
neutralisierten wir die Losung mit Natriumhydrocarbonat, doch vermochten
wir damit keine Wirkungssteigerung zu erzielen.

Tabelle Il zeigt die an gesunden Personen und an Diabetikern gewonne-
nen Werte. Die Kolonne des Nasentampons wurde auf Grund der Kurven
von Diabetikern zusammengestellt. Die Wirkung des nasal injizierten Insulins
betrug durchschnittlich 77% (von 58% zu 92%, in drei Féllen untersucht)
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der subkutanen. Bei weiteren 7 Kranken probierten wir auch das mit Natrium-
hydrocarbonat neutralisierte Insulin, doch vermochten wir die Resorption in
diesen Fdéllen auch nicht zu steigern.

Abb. 1. Zusammenfassende Darstellung unserer mit Insulin an Hunden erreichten Ergebnisse.

Erklarung der Zeichen : Der Blutzuckerwert vor Verabreichung des Insulins wurde fir ,,0”

genommen. Die Blutzuckersenkung bzw. Steigerung wurde prozentuell angegeben. (—)

bedeutet Blutzuckersenkung, (+ ) Blutzuckersteigerung. Die Zahlen unter der Ordinate geben

den Zahl der Versuchstiere der einzelnen Serien an. Der Durchschnittswert der Prozentzahlen
der Tieren ist in den Kolumnen sichtbar

Es sei noch darauf aufmerksam gemacht, dall eine groe Schwankung
in der Wirkung des Nasentampons je nach Individuen besteht (von 17 bis
110% in 22 Féllen).

Die Ergebnisse unserer mit Asthmolysin unternommenen Versuche

zeigt Tabelle II1.
Diskussion

Unsere, mit Insulin und Asthmolysin durchgefihrten Untersuchungen
zeigen, dal diese Mittel von der Nasenschleimhaut resorbiert werden. Die
Wirkung des in Nasentampon gegebenen Insulins erreicht bei Diabetikern
etwa 53% derjenigen des subkutan verabreichten, bei Hunden etwa 60%.
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Das unter die Schleimhaut der Nasenscheidewand injizierte Insulin
hat die Wirkung des subkutan verabreichten nicht ganz erreicht, diejenige
des Nasentampons jedoch Ubertroffen. Zweifellos bleibt ein Teil des Insulins
im Nasentampon zuriuck. Die Unterschiede dirften auch durch den kompli-
zierteren Weg der Resorption erklart werden.

Abb. 2. Belastungskurven eines Hundes nach verschiedenen Anwendungsformen
von Insulin

Wier vermdgen auf die Frage, wie viel Einheiten von Insulin aus dem
Tampon resorbiert worden sind, keine Antwort zu geben, da wir die zurlck-
gebliebenen Menge nicht bestimmen konnten.

Die Vergleichung der Blutzuckerwerte nach Verabreichung von Insulin
durch die Nasenschleimhaut und mittels zisternaler Injektion kann uns in

Tabelle 11
Insulinresorptionsversuche an Menschen, in % der durschnilllichen BlutzuckerSenkung ausgedrickt
Die Blutzuckersenkung wurde prozentuell ausgedrickt: der Blutzuckerwert vor Anwendung
des Tampons diente als Grundwert und der tiefste Punkt der Blutzuckerkurve als zweiter
Wert. Erklarung z. B. zur Kolumne 1V : 15 an Diabetes mellitus leidenden Patienten
wurde Insulin im Nasentampon verabreicht und es erfolgte eine Blutzuckersenkung von 20%

. 1. e \A V.
Insulin Insulin und Hyase
subkutan injiziert nasal injiziert Nasentampon Nasentampon
Gesunde Diabetiker Diabetiker Diabetiker Diabetiker
16 Falle 21 Félle. 3 Falle 15 Falle 6 Falle

38% 34% 26% 20% 15%
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Tabelle 111

Wirkung von in Nasentampon gegebenen Asthmolysin auf den Asthmaanfall

Asthmanfall Zahl der Félle Anmerkung
GeIOST i 8 an 1 Patienten 8mal wiederholt
nahm stark ab ... 4 bei 1 Patienten 4mal wiederholt
nahm ab .. 5 bei 2-en davon wiederholt
linderte Sich..... 4
kaum beeinfluBt ... 3 bei 1 Kranken wiederholt
unverandert ... 3
insgesamt 27 Falle

Physiologisches NaCl in Nasentampon:

WIirkungslosS . 6
schwache subjektive Wirkung 1 (an demselben Krankenmaterial angewendet)

dieser Hinsicht gewisse Stiitzpunkte liefern. Weitere Versuche mit einer neuen
Methodik sollen diese Frage genauer beantworten.

Mit der zisternalen Verabreichung bezweckten wir einerseits die Klarung
der Frage, ob der Weg des aus dem Nasentampon resorbierten Insulins durch
den Liquorraum fuhrt, und anderseits beabsichtigten wir Angaben Uber den
Wirkungsmechanismus des von der Nasenschleimhaut resorbierten Insulins
zu gewinnen. Da die auf diese Weise erreichten Werte zumeist niedriger waren
als die nach subkutaner Injektion gewonnenen, kann das Insulin wohl kaum
einen direkten EinfluR auf das Nervensystem ausiben.

Auf Grund unserer Untersuchungen dirfen wir wohl behaupten, daR
die nasale Anwendung des Insulins therapeutisch — wenigstens in klinisch-
spitalméaRiger Beziehung — nicht in Frage kommen kann. Die Wirkung
ist halb so grof wie nach Injektion, und dazu noch sehr verdnderlich ; sie
wird aulRer der Stelle des Tampons auch durch den Zustand der Schleimhaut
in groBem Male beeinfluf3t.

Das Asthmolysin hat sich gut bewé&hrt und in einigen Fé&llen unbedingt
wertvolle Hilfe geleistet. Es ist geeignet die Hausapotheke des Kranken
zu ergdnzen. Diese Art der Anwendung dirfte bei Status asthmaticus — beson-
ders wenn die schnell eintretende gefédRverengernde Wirkung unerwinscht
ist (bei Coronarsklerose) — geeigneter sein, als die Injektionsmethode.

Unsere Versuche haben den Weg der Resorption der in die Nase gelangen-
den Wirkstoffe noch nicht gekldart. Auf Grund der uns zur Verflilgung stehenden
Angaben haben wir mit folgenden Md&glichkeiten zu rechnen. Der Stoff

1. gelangt unmittelbar in das GeféRnetz ;
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2. wird durch die submandibularen, sublingualen, zervikalen, bzw.
retropharingealen Lymphknoten in den truncus lymphaticus dexter
bzw. sinister befdrdert ;

3. gelangt durch unmittelbare Lymphwege in das cavum subarachnoidale;

4. perivascular, bzw. perineural in das cavum subarachnoidale.

Wir mochten die Aufmerksamkeit besonders auf diese letzte Mdglichkeit
lenken. Die Ergebnisse von Kosa, Foldes uUnd Orosz [8] erdffnen die
Perspektive, auf diesem Wege den Effekt solcher Stoffe messen zu kdnnen,
die ihre Wirkung unmittelbar an den Hypothalamus ausiben.

Von therapeutischem Gesichtpunkt ist es aber nicht ausgeschlossen,
dafl bei nasaler Anwendung dieser Mittel mit Fraktionen der uUblichen Dosen
Ergebnisse erzielt werden kdénnen (Sedativa, Hypophysen-Hemmittel, Mittel,
die auf das Vaguszentrum wirken, usw.). Anderseits werden die Gehirnzentren
mit solchen Stoffen erreichbar, deren periphere Wirkung nicht erwinscht
ist oder toxische Symptome hervorrufen kann.

In weiteren Versuchen beabsichtigen wir die Resorption biologischer
Stoffe von der Nasenschleimhaut zu verfolgen. Wir wollen den Weg der
Resorption untersuchen und auch die eventuelle Anhdufung der resorbierten
Wirkstoffe in den verschiedenen Gebieten des Gehirns. Diese Versuche sollen
auch die Frage klaren, ob der von der Nasenschleimhaut resorbierte Stoff
in den Liquorraum gelangt, oder nicht. Auch die Entscheidung der Frage,
auf welchem Wege die zisternal gegebenen Wirkstoffe in den peripheren
Kreislauf gelangen, wird von Wichtigkeit sein. Diese Untersuchungen sind
im Gange.

ZUSAMMENFASSUNG

An gesunden Personen und an Diabetikern vorgenommene, dann durch Hundeversuche
erganzte Untersuchungen zeigen, dal Insulin und Asthmolysin in wirksamer Menge von
der Nasenschleimhaut resorbiert werden. Mittels Verabreichung von 20 E. kristallinischen
Insulins durch Nasentampon erreichten wir bei Hunden durchschnittlich 60%, bei Menschen
53% der subkutanen Wirkung.

Die Resorption vermochten wir mit Dionin, Hyase, oder der Anderung des pH des
Insulins nicht zu steigern.

Das Verfahren ist fir Zwecke der Insulintherapie nicht geeignet.

Das Asthmolysin wird aus der Nase resorbiert, ja es lindert oder behebt den typischen
Asthmaanfall, darum ist die Methode auch im Klinikum verwendbar.
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The concept of the reticuloendothelial system has been created by
Aschoff [3]. This system is composed of multipotential mesenchymal cells
scattered in the organism. They stain vitally by acid dyes; they are able
to phagocytize and store colloidal, corpuscular foreign substances. The system
consists of the reticulum cells, histiocytes, the sinus endothelial cells of the
bone marrow and spleen, the red pulp cells of the spleen, the endothelial sinuses
of the lymph nodes, the Kupffer cells, and the endothelial cells of the adrenals
and the pituitary. Later it has been observed ihat these different cells are
not quite equivalent as regards storage and other functions. The histiocytes,
which are derivatives of the less differenciated reticulum cells, possess in the
first place the capacity of storing. In addition, the different cells do not res-
pond in the same way to various stimuli. Sometimes it is the enhanced function
and proliferation of the reticulocytes, sometimes that of the endothelial cells
and another time that ofthe histocyte-system which predominates. Accordingly,
the terms reticulosis, endotheliosis and histocytosis should be used. Consider-
ing the relation between the reticulum cells and the histiocytes, Ronr [5]
does not approve of the tripartition, and advocates to denote the system in
question reticulo-histiocyte-system instead of reticulo-endothelial system.
In the present study we abide by Aschoff’s original concept, considering that
in our experiments the reticulum cell, histiocyte, and endothelial cell systems
have been equally involved.

The reticulo-endothelial system exerts a very complicated function.
This follows from its complexity and extremely high potency, as well as the
activity of its cells. Of its functions, the defensive one recognized by Metsch-
nikoff [1, 2] is the most important. The reticulo-endothelial system integrates
the defense mechanism taking place in the organism (Heilmeyer, 6), by
cellular and humoral defense against the infectious agents and foreign corpus-
cular substances gaining access to the body (Doan, 7). Cellular defense mani-
fests itself with local and general inflammatory reactions and with phago-
cytosis. Storage, i. e. the accumulation of the foreign or superfluous or reserve
substances of the organism, is in close connection with phagocytosis. Humoral
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defense is related to protein formation. The reticulo-endothelial cells form the
immune globulins. Not only foreign corpuscles, but also the obsolete, injured
erythrocytes and leukocytes are phagocyted and completely decomposed by
the system. The same system exerts an intense cell forming function, the
cellular components of the hone marrow, of the spleen and of the lymph
nodes being also of reticular origin. Its further functions are protein- and
bilirubin formation, the decomposition of haemoglobin, the production of
heparin, the storage of iron and copper, and, finally, its supporting structural
function as connective tissue (Hatpern et al., 8 ; Jancso, 9).

The proteins in the body are contained both in the cells and extracel-
lularly. The extracellular proteins are those of the blood plasma. According
to shape, there are globular proteins — like albumin and globulin — and
structural proteins with a fibrillar structure — like the fibrinogen in the plasma
and elsewhere keratin, collagen, elastin (Kendrey, 10; Hughes, 11). The
proteins of the plasma are built up by the cells of the reticulo-endothelial
system [11, 12]. The formation [12, 13] of some of the albumins, of prothrom -
bin, the accelarating factors of coagulation and part of the fibrinogen takes
place in the liver, presumably in the Kupffer cells. Fibrinogen is also produced
by the bone marrow [14]. Most of the globulins are formed outside the liver,
in the bone marrow, spleen and lymph nodes [13, 15]. The immune globulins
— gamma globulins — originate in the plasma cells [16, 16, 18, 19, 20] and
in the lymphocytes [21, 22]. To build up the protein molecules, amino acids,
protein forming enzymes, energy and a pattern of the structure (templat)
are needed. After the incorporation of amino acids, protein forming enzymes
carry out their linkage by means of suitable co-factors. The energy for the
process is supplied by ATP, and ribonucleic acid serves as a pattern for the
structure [23, 24, 25]. Protein formation in the cells takes place in the micro-
somes. A change of the plasma colloid-osmotic pressure is an important stimu-
lus for the substitution of plasma protein. The formation of immune globulins
is elicited by the access of antigen into the circulation. It may be assumed
that the centre of regulation of protein formation is in the hypothalamus [26].

A pathologic function and change in the reticulo-endothelial system can
be brought about in two ways. There may arise in the organism processes
which set increased tasks for the system, such as extensive intravasal haemo-
lysis initiating a rapid decomposition of haemoglobin and enhanced bilirubin
formation ; massive bacterial infection inducing an enhanced defense reaction :
the acces of great amounts of corpuscular or colloidal substances giving rise
to increased phagocytosis and storage. Haemochromatosis, a disorder in the
absorption of iron, may lead to massive pigment storage. Extensive haemorr-
hage inobilizises cell formation. All these processes may lead secondarily to
an increased, possibly pathological, function of the corresponding cells of the
reticulo-endothelial system.
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There are irritants, e. g. viral and other infections, toxic agents and
unknown aetiological factors which affect primarily the reticulo-endothelial
elements, bringing about in them proliferative, or degenerative changes.
In consequence, the function of the damaged reticulo-endothelial system will
be disturbed, causing further injury to the whole organism, or to some ofits
parts. The proliferative and degenerative change of the system may be termed
reticulo-endotheliosis, or, briefly — perhaps not quite correctly — reticulosis.
In this sense reticulosis is a general pathologic concept including all degenerat-
ive and proliferative diseases of the reticulo-endothelial system. In the case
of a degenerative reticulosis, even if it is transient, a decreased, or deficient
function of the corresponding reticulo-endothelial elements must be taken
into account. Proliferative reticulosis may involve increased and pathological
function. If the proliferating cells suppress the normal elements, a diminished,
and possibly a pathologic function of the system ensues.

So far, the concept degenerative reticulosis has not been used in the
literature, although the destruction of the reticulo-endothelial system by
various noxious influences has long been known. The main morphological
sign of proliferative reticulosis is a proliferation of the reticulo-endothelial
elements. This may occur in different infectious diseases, such as virus infec-
tion, tuberculosis, syphilis, brucellosis, kala-azar, subacute bacterial endo-
carditis, rheumatic fever, etc., and in chronic inflammation of unknown
aetiology, such as collagen diseases. In such cases the reticulosis is associated
with a well defined disease. The origin of reticuloses accompanied by accumu-
lation of lipids or glycogen is unknown, quite as of those associated with
tumorous haematologic proliferation and leukaemia. According to extension,
circumscribed and diffuse, according to the course, acute and chronic, types
may be distinguished. From the patho-histologic aspect there are hyper-,
meta- and neoplastic reticuloses. According to the type of the proliferating
cells there are reticular, plasmacytary, histiocytary, monocytary and basophil
reticuloses (Barta J. 27). Oberling [28] mentions pure reticulosis and an asso-
ciated form ; Meyer [29], autochtonous and secondary ones. Rohr [4] distin-
guishes reactive, accumulative, tumorous and leukaemic reticuloses ; Barta
[27], reticuloses connected with pathologic storage, granulomatous disease,
systemic generalised disease, leukaemia, and with bone marrow tumours.

In reticulosis the physiological functions, of the reticulo-endothelial
system undergo a change. They may weaken. Defense, antibody production,
the inflammatory reaction, protein and cell formation decrease and become
manifest as aplastic anaemia and pancytopenia. Bilirubin formation and the
storage of iron may also diminish. It may also occur that the function of some
of the components of the reticulo-endothelial system is enhanced. Phago-
cytosis, storage, protein and blood cell formation may be increased and a
leukaemia-like proliferation appears. One of the manifestations of the increas-
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ed function is hypersplenism which may inhibit the function of the bone
marrow or lead to haemolysis, to “total” or “partial” cytopenia in the blood.
Another manifestation of the damaged reticulo-endothelial system is a con-
siderable change in the composition of plasma proteins, — dysproteinaemia,
— or the appearance of pathologic protein in the plasma, — paraproteinaemia,
— and the formation of irregular antibodies.

The changes of the plasma proteins which are due to protein deficiency,
disorders of digestion and absorption, or to increased loss of protein, are not
included among the dysproteinaemias ; they may cause hypalbuminaemia
or hypoproteinaemia.

The different elements of the reticulo-endothelial system are responsible
for the formation of various protein fractions. Hence the protein pattern
which appears may be very variable. Instead of going into details we refer
to the monograph of Wuhrmann and Wundekity [12].

One of the ways of the intense proliferation of the immune globulins is
that the responding reticulo-endothelial system is exposed to a strong anti-
genic stimulus. The antigen alters the enzyme system responsible for the
formation of the immune globulin. (Sevag, 30 ; McBurnet, 31 ; Pauling,
32). One of the large groups of the dysproteinaemias is that of hypo- and
a-gamma-globulinaemia, the other is Waldenstrom’s hyperglobulinaemia. In
the first group a considerable congenital or acquired damage of the reticulum
is assumed, in the second group reticulosis, associated with enhanced globulin
formation, may be involved. Pathologic proteins are : macro-, krio-, pyro-
globulins, Bence—Jones protein, myelomia protein, amyloid and paraamyloid.
Krioglobulins have been described by Wintrobe and Buerir [35], and the
macroglobulinaemias by W ardenstrom [34]. According to MacKay [36]
et al, the macro- and krioglobulins form in some way in the damaged reticulo-
endothelial system. It is conceivable that some virus, foreign substance, toxic
agent, gaining access into the reticuloendothelial cells change the protein
forming enzyme system, or the surface determining the structure, so that
pathologic protein molecules will be formed.

It is known that the so-called immune haematologic diseases are caused
by autoantibodies (Tzanck, Dusset 37, Benké 38). The autoantibodies are
pathologic, irregular antibodies, according to Hennemann [39, 40], pseudo-
antibodies, which are closely related to the paraproteins. Sciiubote [41] even
considers them to be paraproteins. In the opinion of Stefanini [42], the auto-
antibodies are formed by a pathologic reticulo-endothelial system on the
action of a pathologic stimulus due to the autoantigen.

We believe that the dysproteinaemias, paraproteinaemias and the irregu-
lar autoantibodies are produced by degenerative or proliferative reticulosis.
The appearance of pathologic proteins points to a pathologic reticulo-endolhelial
system, and in this sense it has a diagnostic importance.
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If it is accepted that pathologic functions bring about the described
changes, it may be assumed that their appearance in patients points to the
presence of some kind of reticulosis. Thus, a pathologic plasma protein pattern,
a reduced defense against infection, certain forms of deficient haematopoiesis,
cytopenias, hypersplenism, etc., may result from reticulosis, and if they are
considered as syndromes they may constitute the basis for the functional
diagnostic of reticuloendothelial diseases. The morphological detection of
reticuloses is rendered possible by biopsy of the bone marrow, spleen, liver
and lymph nodes (Barta, 27).

For experimental pathophysiologic studies of the reticulo-endothelial
system two methods are generally used. One consists of stimulation with some
substance, such as histamine, acetylcholine, an extract of bacteria (Salmonella
extract), a small dose of Bogomolets’ serum. The other method paralyzes the
system with electrocolloidal copper, thorotrast, radioactive carbon particles,
cortisone, dyes. In a stimulated or blocked condition the changes in the func-
tion of phagocytosis, storage, immune substance formations and cell formation,
etc. are examined (Jancsé, 9 ; Halpern, 8).

Some dyes like trypan blue, Congo red, etc., and some substances such
as heparin, carbon hydrate polymeres, gum-arabic, dextran, methylcellulose,
polyvinyl-alcohol, polyvinyl-pirrolidone, protein substances, furthermore gela-
tine and foreign proteins accumulate permanently in the reticuloendothelial
system, bringing about partly its degenerative destruction and partly its
considerable hyperplasia and proliferation (Jancsé 9, Halper 8). Degenera-
tion and proliferation due to experimental storage should be looked upon
as reticulo-endotheliosis — reticulosis. Experimentally induced reticuloses are
most significant and interesting from the pathologic and clinical point of view
as they show many characteristics of the reticuloses developing spontaneously
in the human and animal organism. Numerous authors have dealt with ex-
perimental storage reticuloses, although this term is used for the first time in
the present paper. Among others, Hueper [43, 44] established in his experi-
ments with polyvinyl pyrolidone, acacia, gelatine and other macro molecules
that these substances are generally stored in the reticuloendothelial system
and cause its considerable hypertrophy, proliferation and destruction. In
addition to the changes of the vessels, anaemia, leukocytosis, enhanced erythro-
cyte sedimentation and a decrease in the serum protein level occur. This
syndrome was termed by Hueper [43, 44] inacromolecular haematologic
syndrome.

Thus, inacromolecular storage brings about reticulosis and a syndrome
resulting from it, a pathologic process very similar to sponteneous human
reticulosis.
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The purpose of the experiments described below was to study reticulosis
induced by macromolecular storage. The examinations were carried out in
rats treated with methylcellulose. This substance was chosen for two reasons.
In the first place, because, according to our own experience, it is stored ex-
cellently and causes hyperplasia of the reticulo-endothelial system, and also,
as the pathologic consequences of its storage have so far received little attention
and only a few details of this problem were studied. The morphology of methyl-
cellulose storage and the effect it exerts on the haemopoietic system, the plasma
proteins, the formation of immune substances and on the coagulary factors
was examined.

The chemical structure of the methylcellulose carbon hydrate polymer is :

H OH
| |
G- H
/OH \
MC=C c—0—
CH2OH

Methylcellulose consists of the ether polymer of the above complex,
its molecular weight is 82 000 and its degree of polymerization 480. In a dry
state it is a yellowish-white, granular, fibrous substance, which in water
is well soluble forms a gel and yields after 48 hours a homogeneous, mucous
substance which can be injected. It should be stored cold. For injecting, an
aqueous solution of 2,5 per cent is the one most suitable.

Jung and Briziarelli [46], R o6ssle [47], Hueper [45] and others
[48, 49, 50] found that methylcellulose is rapidly stored in the reticulo-endo-
thelial system and causes considerable reticulo-endothelial proliferation. The
substance is also stored by the pulmonary vessels and the renal capillaries.

The morphological examinations were performed by Kovacs. In the
course of the experiments about 600 rats treated with methylcellulose were
examined. The animals were of both sexes and weighed 180—200 g each. One
ml of a 2.5 per cent solution of methylcellulose was injected intraperitoneally
twice a week for 4—5 weeks. The animals which had died or had been sacri-
ficed at the end ofthe experiment were dissected and histological examinations
were carried out. On gross examination the following changes were observed.

The omentum was thickened, the peritoneum in some places had lost
its smoothness, the size of the spleen was double or three times the normal,
on the capsule of the spleen and the liver signs of perisplenitis and perihepa-
titis were present. Histology revealed pronounced storage in the reticulum
cells of the spleen and in the red pulp. These cells were swollen and in some
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places decomposed. Simultaneously, the follicles atrophied (Photo 1). In the
spleen, giant cells, of the foreign body cell type were also seen.

In the liver the number of Kupffer’s cells was significantly increased.
The reticulo-endothelial cells of the adrenal and the cells of the glomerular
capillaries also contained methylcellulose. In the lumen of the tubules there
were methylcellulose casts. The glomerules of the kidney reminded one of the

Photo 1. Spleen of rat treated with methylcellulose

pattern in the Kimmelstiel—Wilson syndrome. The experiments performed
with cortisone (Kovacs, Horvath and Benkés, 52) revealed an enhanced
storage in the renal glomerules.

Histologically, methylcellulose was easily demonstrated by means of
Congo red, according to the method of Horvath and Kovacs [51], when the
stored substance stained a vivid red (Photo 2.).

The extent of methylcellulose storage is best expressed by the weight
of the spleen calculated for 100 g body weight. Table 1. shows that, on treat-
ment with methylcellulose, the weight of the spleen increased gradually. The
quotient spleen weight per body weight increased after 8 days’ treatment to
more than double the original.
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These data indicate that the reticuloendothelial system stores consider-
able amounts of methylcellulose. Simultaneously, signs of hyperplasia, pro-
liferation and degeneration develop in the system, so that the phenomenon
may be termed storage reticulosis.

Photo 2. Spleen of rat treated with methylcellulose, stained with Congo red.
The stored methylcellulose shows a vivid red colour

Next, the functional consequences of reticulosis due to methylcellulose

The haematological effect of storage was studied by Andrasi, Csapé
and Kecse-Nagy [53] on the basis that Paimer et al. [48], as well as Giblett

Table 1

The extent of methylcellulose storage expressed in spleen weight calculated for 100 g body weight

No.

hi.
V.

Group

Controls.....covcenenenee
Methylcellulose one day
Methylcellulose 8 days
Methylcellulose 33 days

* Mean error.

No.
f

0
animals

17
10
14
11

Average
body weight

178.5
152.5
160.4
162.3

+ o+

+

11.0*
1.7
5.6
8.1

Spleen we
calculates
100 g body weight

270.7
331.6
592.1
572.9

+ H+ I+

I+

ight

(? fprpg
16.8
13.3
44.4
60.1

1.

/111,
1/1V.

Probability

0.02 > p >0.01
p < 0.001
p < 0.001
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et al. [49], observed splenomegaly, marked anaemia and leukocytosis in rats
treated with methylcellulose.

Blood and bone marrow counts were studied in 15 animals treated with
methylcellulose, in 15 splenectomized animals treated with methylcellulose
and in 10 control animals. Methylcellulose was administered for 5 weeks.

Photo 3. Blood smear of a rat treated with methylcellulose. Normoblasts
in the peripheral blood

The findings will he reported in detail elsewhere, now only the final results
will be described in brief. In the first and second groups there was a moderate
decrease (by about 1.5 million) of the erythrocyte count. The leukocyte count
rose from an average of 10 000 to 40 000.

The qualitative count showed a moderate shift to the left. There was
a considerable rise in the reticulocyte count, from 1.5 per cent to 12.6 per cent
in the first group, and from 1.5 per cent to 7.7 per cent in the second. In the
peripheral blood normoblasts appeared in both groups (Photo 3.). In the bone
marrow erythropoiesis was enhanced (Photos 4., 5.). Whereas in normal
animals the myelopoietic cells amount to 52—56 per cent and the erythro-
poietic ones to 42—44 per cent, in the first group the erythropoietic cells
numbered 64 per cent ; in the splenectomized group, 49 per cent; whereas
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in the controls, 42 per cent. The osmotic resistance of the erythrocytes decreas-
ed significantly in the first and second groups, the Coombs-test carried out
with anti-rat globulin rabbit serum was negative.

Thus, administration of methylcellulose resulted in haemolysis, a de-
crease of the erythrocyte count, reticulocytosis, increased erythrocyte forma-

Photo 4. Normal bone marrow of a rat

tion and decreased osmotic resistance. The same took place in the splenecto-
mized group, but to a smaller extent. It is believed that haemolysis was due
not only to the storage hypersplenism, but also to other factors, perhaps to
a change in plasma protein, the more so as splenectomy did not inhibit
the effect.

In recent years, numerous authors have studied the alterations of plasma
protein following administration of macro molecules [54, 55, 56, 57, 58, 59,
60, 61]. Considering the significant morphological changes brought about by
methylcellulose in the reticulo-endothelial, the protein-forming system, —
it has been thought necessary to study the plasma proteins following adminis-
tration of methylcellulose. These examinations were carried out by Frohtich
and Balazs [62] ; Kovacs and Tiszai [62a].
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Rats weighing 170—200 g each were treated twice a week with 1 ml
of a 2,5 per cent solution of methylcellulose intraperitoneally for 5 weeks.
In each case significant storage resulted. The composition of serum proteins
was examined before and after treatment both in the treated animals and in
the controls, by paper electrophoresis. As compared with the controls, the

Photo 5. Bone marrow of rat treated with methylcellulose. Increased erythropoiesis

Table 11
The quantitative change of the protein fraction

Average value of the protein fraction in

Protein 9 per 100 ml Average difference Probability
before treatment ad;fitrfirsu"\g(t:ion
alh. 2.56 2.03 —0.52 + 0.148*
a 1.37 0.85 —0.55 + 0.104
R 1.05 0.59 —0.46 = 0.080 p < 0.01
v 2.33 2.85 + 0.59 + 0.185
total protein 7.31 6.32 —1.12 £+ 0.192

* Mean error Time of treatment : 33 days, No. of animals 26.
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sera of the treated animals showed at the end of the experiment a significant
difference. Total protein content, albumin, alpha and beta globulin fractions
decreased significantly, whereas gamma globulin was increased (Fig. 1 and
Table 2). The most striking qualitative deviation was a distinct new band
between the beta and gamma globulin zones (Photo 6). This band was eluated

Photo 6. The effect of methylcellulose storage on plasma proteins. Paper electrophoresis.
On the left, before treatment with methylcellulose. On the right, after treatment

and estimated together with gamma globulin. The increase in the gamma
globulin value was due to this new fraction. If electrophoresis was carried out
with Antweiler’s method, a new fraction was observed on the descending
branch of the gamma globulin, which was better separated in this way from
gamma globulin than by paper electrophoresis and consisted probably either
of T or B2 globulin. By the apparatus of Tiselius a similar picture was ob-
tained. If the methylcellulose had been added in vitro to the rat sera and

incubated for 2 hours, the above change was not exhibited by paper electro-
phoresis.
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In view of the fact that, beside a decrease in the gamma globulin and
albumin fractions, the new fraction reminds one of the electrophoretic change
of the hyperimmunized horse serum [63], it was examined whether or not
methylcellulose possesses antigenic characteristics. It was found that the
sera of treated rats precipitated at a dilution of 1 :8 and the methylcellulose
solution at 1:8. This raised the possibility of an antigenic character of the
substance and also that the new protein fraction was simply an anti-methyl-
cellulose antibody. Furthermore, we examined by means of the agar-gel
diffusion method of Oudin and Grabar whether the new fraction does possess

Average Average
g/pe* cent I I:normal g/p%rcent

.ﬂ"treated with MC

alb (e} 3 x fotgl

protein

Fig. 1. The effect of methylcellulose storage on the plasma proteins

an antigenic property which differs from the protein of the normal rat serum,
i. e. whether the fraction is a paraprotein. In the serum of rats treated with
methylcellulose no new antigen component was found. For the analysis of
the new protein component, further immune-electrophoretic and ultracentri-
fugal examinations are needed.

In view of the fact that the antigenicity of methylcellulose has been
made most probable the new protein fraction is believed to be in the first
place an anti-methylcellulose antibody due to a hyperimmunization mechanism
following prolonged administration. It cannot, however, be ruled out that
methylcellulose storage causes hyperplasia of the reticulo-endothelial system,
associated with disorders in protein formation and that this might have a role
in the formation of the new protein fraction. In rats treated with methyl-
cellulose no formation of heterogenous antibodies was observed.

It has already been pointed out that the reticulo-endothelial system
plays an important part in antibody formation. Although many authors
believe that the immune-globulins form in the plasma cells and lymphocytes
[16, 17, 18, 19, 20, 21, 22], this does not contradict the role played by the
reticulo-endothelial system, considering that these cells originate from the
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reticulum. Recently, the eosinophil cells are also considered to produce anti-
bodies [54]. Literary data confirm that a depression of the reticulo-endothelial
system by irradiation of the organism, cortisone, or by other means is associa-
ted with a reduction of antibody formation [55, 56, 57]. In some proliferative
diseases originating in the reticulo-endothelial system, such as chronic myeloid
leukaemia, antibody formation is decreased. On the other hand, in Hodgkin’s
disease and lymphosarcoma antibody formation remains normal [68, 69, 70].
Rice observed a decrease in the complement titre and antibody formation
following administration of macromolecular substances (acacia) [71]. Stern
[75] found a depression of haemolysin formation only in one strain of mice
treated with polyvinyl pyrrolidone. Lewis [77] reported a transitory decrease
in the formation of immune substances in rabbits treated with thorotrast,
and Jungeblut et al. [76] also noted a diminution of antibody formation after
treatment with India-ink. Other authors hold opposite views.

The effect of methylcellulose on the formation of haemolysin has been
examined by RalAzs, Kovacs and Tiszai [72]. The experiments were carried
out on male rats weighing 160—180 g each. Part of the animals was treated
for 8 and another part for 31 days with methylcellulose in the above specified
doses. For immunisation a freshly prepared suspension of erythrocytes from
the same sheep was used. The controls were treated simultaneously with
physiological saline. In the first experimental series an erythrocyte suspension
of 2 per cent was injected intravenously and in the second and third series
a suspension of 1 per cent. The haemolysin titre in the blood was determined
on the 6th and 12th days following immunisation. The estimation of immune
haemolysin was performed in 167 animals, according to the procedure modified
by Takatsy [73], Horvath and RalAzs [74]. A considerable increase in the
weight of the spleen was observed. If the results of the haemolysin titration
are expressed in logj, in the first experimental group the haemolysin titre of
the treated animals was lower on the 6th and 12th days than that of the
controls. The first difference was —1.02 (0.1 > P > 0.05), the second —1.38
(P 0.01). In the second experimental series the haemolysin titre of the
treated animals was also lower, in the 6th day the difference against the controls
was —3-81 (P 0.01) ; on the 12th day, —2.0 (P 0.01) (Table 3., Fig. 2.).

Table 111
The effect of methylcellulose storage on the formation of immune-haemolysin
On the 6th day after immunisation On the 12th day after immunization
Group Number Average Mean Number Average Mean
of —loga error P of log! error P
animals log. animals 199 log.
Treated with MC.....ccccoceee 22 4.50 0.34 p<sO.Q] 10 3.40 0.25 p~0O.OlI
CONErols. e 40 8.31 0.04 23 5.40

*log2 means the logarithm of basis two of the degree of the dilution.
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Finally, the values obtained in the third experimental series after 8 days of
methylcellulose administration were approximately the same as in the second
series. Accordingly, in the case of a considerable methylcellulose storage the
formation of haemolysin was consistantly and significantly less in the treated
animals than in the normal ones.

The question of the correlation between storage and blood coagulation
was raised by Jancsoe [78] in 1931. W hether storage exerts an effect on blood
coagulation was examined by Rak and Kovacs [79]. An increasing number

Fig. 2. The effect of methylcellulose storage on the formation of immune heamolysin.
Antigen: 1 per cent sheep blood suspension, 1 ml, intravenously

of literary data suggest that part of the specifically functioning proteins of
the blood, the so-called coagulatory active substances are formed in the
reticulo-endothelial system [12, 78, 80, 81]. Furthermore, it has been reported
that in diseases involving disturbances in reticulo-endothelial function reticulo-
sis, leukaemia, para- and dysproteinaemia, different kinds of coagulatory
disorders may occur [82, 83, 84, 85].

Coagulation was studied in 66 rats treated with methylcellulose for
1, 8 and 33 days. The recalcination time of the plasma, the activity of prothrom -
bin, the consumption of the latter, as well as the coagulation time of thrombin
were determined. The time or recalcination was prolonged in all the treated
groups, exceeding the average of the controls (58 seconds). It was the highest
in the animals treated for 8 days in which the average amounted to 113 seconds

(Fig. 3 group subacute, I1).

9 Acta Medien X11/1—2
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The prothrombin activity of the plasma is illustrated on Fig. 4. Taking
the values of the controls to be 100 per cent, the greatest deviation was found
in the group treated for 8 days, where the average prothrombin activity was

Sec
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120-

too-
60
20.-

controls acut subacutel. subacutell. chronic
L r o ups

Fig. 3. Recalcination time in controls and treated animals
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4
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Fig. 4. Prothrombin activity of controls and treated animals

65 per cent (Fig. 2). On examining the prothrombin consumption, no evaluable
difference between the controls and the treated animals was found.

The thrombin coagulation time was shorter in the treated groups than
in the controls. A standard solution coagulated without exception the plasma
of the methylcellulose treated animals 2—4 seconds earlier than that of the
controls. On examining the direct effect of the Me in experiments in vitro it
was found that it does not influence prothrombin activity, prothrombin
consumption and recalcination time. In the presence of methylcellulose the
thrombin time was — like in vivo — always shorter. Methylcellulose, probably,
shortens the thrombin time by ist fibrinoplactic effect [78, 87].

On the basis of the above, it was concluded that the disturbance resulted
in the first phase of coagulation, and that the decrease of coagulability may
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be mainly attributed to this fact. However, the coagulation disturbance was
not considerable. Yet, between the extent of storage and the change in coagu-
lation — as can be seen in Table I. — there was a certain relationship. Taking
into account the average values of the groups, the more intensive the storage,
the greater the shift of the values. This was not valid for the chronic group
where values approached more those of the controls.

The above experiment suggest that in the case of reticulo-endothelial
storage the coagulation mechanism — in the first place the prothrombin
complex — undergoes a certain change which is, however, moderate.

The question may arise whether in addition to methylcellulose some
infection also played a role in bringing about the phenomena described above.
We attempted to carry out the experiments so cautiously that the role of
infection may be ruled out.

Discussion

According to the literature, macro molecules are extensively stored in
the reticulo-endothelial system and bring about its hyperplasia. This hyper-
plasia may be considered analogous with the clinical and pathological processes
termed reticuloses. Hueper [43, 44] in his report on the storage of polymers
described the consecutive haematologic macromolecular syndrome. Ginl-
man [88] observed after administration of trypan blue reticulosis and conse-
cutive haemolysis, followed by tumour-like proliferations in the liver,
spleen and lymph nodes. He explained these phenomena by a change in the
reticulo-endothelial function and a disturbance in protein formations. The
haemolysis might be due to the effect of the macromolecules : trypan blue
combines with the plasma protein and the molecular complex produces erythro-
cyte agglutination and haemolysis. Ammon and Depner [99] observed an
amyloidosis-like phenomenon following polyvinyl pyrrolidone storage. Pailmer
et al. [48] and Gibrett et al. [49] suggested that consecutive haemolytic
anemia was due to the reticulo-endothelial hyperplasia and hypersplenism
resulting from storage of the macromolecular substance. Recently, Ess and
Friederich [92] have carried out with trypan blue the same kind of examina-
tions as we did and obtained similar results. We also succeeded in producing
significant storage and consequential reticulosis. In addition, particularly
following cortisone administration, in the glomeruli a change resembling
Wilson —Kimmelstiel’s syndrome was observed. Also, the morphological chang-
es in the reticulo-endothelial system were associated with very characteristic
haematologic and blood protein alteration. Haemolytic anaemia and dispro-
teinaemia resulted. This latter phenomenon was obviously due to a damage
of the protein forming function of the reticulo-endothelial system, in conse-

g*
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quence of considerable methylcellulose storage. Beside the y globulins a protein
fraction with a new motility was observed. The formation of this fraction
was interpreted in two ways. One, methylcellulose plays the role of an antigen
and this stored antigen would elicit through a hyperimmunity mechanism the
appearance of the new globulin fraction [63]. Two, methylcellulose may
bring about a structural change of the globulin forming enzyme system.

In the course of methylcellulose storage, haemolysis occurred. This was
partly accounted for by the consecutive reticulo-endothelial hyperplasia and
hypersplenism and partly the new protein fraction might have played in some
way a part in damaging the erythroctes. Although the presence of antierythro-
cytic autoantibodies could not be proved, it is conceivable that the methyl-
cellulose and the anti-methylcellulose antibody together compose a giant
molecule and that this complex injures the erythrocytes [89, 90]. Kopeloff
and Kopeloff [89], Miescher and Stresste [90] suggested allergic haemo-
lysis to result in this manner. According to Gititman [88], a similar mechanism
underlies the haemolysis.

Prothrombin reduction was presumably due to the methylcellulose
storage reducing somehow the formation of prothrombin. Also in this case
there were signs of a change in protein formation.

The significant decrease of immune haemolysin production points to
the fact that macromolecular storage inhibits the production of certain immune
bodies.

The reticulosis brought about by methylcellulose seems to be analogous
with those due to storage or infection in humans and with other reticuloses
associated with disproteinaemia and paraproteinaemia, such as Waldenstrom’s
disease. The immune haematologic diseases in the origin of which the prolifer-
ation of the reticulo-hystiocyte system may play a role (Stefanini, 85 ;
Benko, 91) should also be mentioned.

Conclusions

On the basis of the experiments the following working hypothesis has
been set up.

The course of some, expecially secondary, reticulo-endothelioses and that
of the consecutive diseases associated with them may take place as follows.
The whole process can be devided into 3 phases. In phase 1, some disease,
virus, bacterial infection, or intoxication initiates degenerative and prolifer-
ative alterations of the reticulo-endothelial system, i. e. the reticulosis. In
phase 2 the symptoms resulting from the reticulo-endotheliosis dominate,
with characteristic proliferation of the reticulo endothelial system, hepato-
esplenomegaly, swelling of lymph nodes, and consequential changes. In phase 3



RETICULOSES AND EXPERIMENTALLY INDUCED RETICULOSES 133

pathologic proteins are formed : macroglobulins, kyroglobulins, pyrrolglobu-
lins, irregular antibodies, amyloid etc. These pathologic proteins bring about
other processes ; such as macroglobulinaemic purpura, fever, degenerative
changes in the vessels, some kind of immune haematologic process, and,
finally, amyloidosis.

Accordingly, on the action of the pathologic proteins, the reticuloses
bring about secondary syndromes ; these may be termed pathologic protein
diseases. The mechanism resembles that of autoaggression in a wider sense
than Tzanck and Dausset used it in the case of the so-called autoallergic
diseases. This hypothesis is also confirmed by recent literary data : Davies
and Weber [93] described in the case of a patient suffering from multiplex
myeloma the occurrence of rheumatoid arthritis as the consequence of a disorder
of protein metabolism. We also observed rheumatoid arthritis associated
with reticulosis.

We believe that the storage of methylcellulose represents a model of
the above pathologic processes. In this experimental reticulosis induced by
us, the first phase was the storage of methylcellulose ; the second phase the
reticulo-endothelial proliferation associated with hepatosplenomegaly ; the
third phase the alteration of the blood proteins, disproteinaemia and conse-
cutive haemolysis. The course of the three phases may be shorter than with
spontaneous reticuloses.

The above observation might promote recognition of the genesis of
certain diseases correlated with the pathologic state of the reticular system
such as the pathologic protein disease, immune-haematologic syndromes and,
probably, the collagenoses, the origin of which is so far unknown.

SUMMARY

By means of methylcellulose storage, a reticulosis associated with dysproteinaemia
and haemolysis has been induced. A model has been created for the study of reticuloses inducing
paraproteinaemia and dysproteinaemia, which also afforded an explanation for the develop-
ment of protein- and immune-haematologic diseases.
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UBER DIE HYPERGLOBUUINAMISCHEN
PURPURAFORMEN
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(Eingegangen am 24. Februar 1958)

W aldenstrom beschrieb zwischen 1943 und 1952 in mehreren M ittei-
lungen Purpuraformen, die mit den bisher bekannten Krankheitsbildern nicht
Ubereinstimmten und mit wesentlichen Verdnderungen in der Serumeiweil3-
zusammensetzung einhergingen. Obwohl sich im letzten Jahrzehnt zahlreiche
Abhandlungen mit diesem Symptomenkomplex befallten, hat er noch nicht
die seiner Bedeutung entsprechende Beachtung gefunden. Die hyperglobulin-
&mische Purpura zahlt n&dmlich nicht zu den Seltenheiten. Wahrscheinlich
stand die Purpura bei einem Teil der friher mit der Diagnose ,idiopathische”
oder »vaskuldre« Purpura entlassenen Kranken mit Hyperglobulundmie im
Zusammenhang. Das Syndrom wird auch in den gr6RBeren Lehrblchern nur
ganz kurz behandelt, und in der ungarischen Literatur fanden wir auBer der
1955 erschienenen Beschreibung eines Falles von Kiringhofer, Szabé und
Pintér [9] keine einschldgige Mitteilung. Nach AbschluBR vorliegender Arbeit
erschien die kasuistische Abhandlung von Boroviczeny und Mitarbeiter [3]
mit kurzer Charakterisierung des Krankheitsbildes. Drei unserseits beobachtete
Falle gaben uns Veranlassung, die Frage eingehender zu untersuchen.

W aldenstrom hatte, nachdem die elektrophoretische Untersuchung
der Serumeiweiflle bekannt geworden war, die sog. essentielle Hyperglobulindmie
beschrieben und 1944 von Kranken berichtet, bei denen seit Jahren Haut-
blutungen bestanden und der Serumglobulinspiegel betrédchtlich erhéht war.
Die Symptome von multiplen Myelom oder anderen Krankheiten fehlten,
weshalb er fur den Zustand die Benennung Purpura hyperglobulinaemica
empfahl [22, 23]. In den folgenden Jahren beobachtete man derartige Falle
auch in D&nemark, Norwegen und Deutschland. Bald aber erschienen Mittei-
lungen, nach denenim Hintergrund der hyperglobulindmischen Purpura auch
eine mehr oder minder schwere Grundkrankheit nachgewiesen werden kann.
Hiernach schien es fraglich, ob es sich bei der Purpura hyperglobulinaemica
um ein besonderes Krankheitshild oder nur um einen Symptomenkomplex
handelte. Nach Mitteilung der Krankengeschichte unserer 3 Félle und Be-
sprechung der Literatur wollen wir versuchen, die Frage zu beantworten.
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Kasuistik

1. G. A, 51 J., Angestellter, wurde im Juli 1954 wegen einer seit 5 Jahren an den
unteren Extremitaten bestehenden Purpura aufgenommen. Die Blutungen traten von einem
Tag zum anderen pldtzlich auf, verursachten keine besonderen Beschwerden und nur zuweilen
leichtes Jucken. An anderen Korperteilen kamen Hautblutungen nicht vor. An den unteren
Extremitaten verblaBte die Purpura zeitweise und trat dann, hauptsdchlich nach schwerer
Kdérperarbeit, wieder in Erscheinung. Gelegentlich hatte der Kranke wenig blutiges Sputum
entleert und war deshalb wiederholt in der Lungenfiirsorge untersucht worden, wo man jedoch
keine pabnonalen Verdnderungen fand. AnlaRlich der fruheren Krankenhausaufenthalte
wurde die Natur der Krankheit nicht geklart, und die angewandten therapeutischen MaR-
nahmen fuhrten keine dauerhafte Besserung herbei. Pat. war nervés, appetitlos, schwach und
hatte in der letzten Zeit etwas abgenommen. Andere erwdhnenswerte Angaben fanden sich
nicht in der Anamnese.

Bei der Untersuchung des Kranken sahen wir ausgedehnte Purpura an den unteren
Extremitaten. VergréBerte Lymphknoten waren nicht vorhanden, die Leber war nicht
tastbar. Die kompakte Milz reichte 2 querfingerbreit (iber den Rippenbogen hinaus. Uber dem
normal grossen Herzen blasendes Systolengerdusch. Die Roéntgenuntersuchung ergab eine
maéachtige Dilatation des linken Vorhofes mit méaRiger VergréBerung der rechten Kammer.
Wi ichtigere Befunde : SG wiederholt 75 mm/h : Rbk 3,5 Millionen, Leuko- und Thrombozyten-
zahl, qualitatives Blutbild, Blutungs-, Gerinnungs- und Prothrombinzeit normal. Serum-
eiweilRspiegel 8,65 g%, Gammaglobulin 3,2%, Thymol 14 E., Formolgel-Probe (Kirten)
binnen 2 Stunden positiv. Im Harn zeitweilig minimale EiweiBmengen, je Gesichtsfeld 2—3
Erythrozyten. H&mokultur steril. Auf multiples Myelom deutende Knochenverédnderungen
waren auch bei wiederholter Réntgenuntersuchung nicht nachweisbar. Im Knochenmark neben
normaler Hamopoese Plasmazellenvermehrung. Leberbiopsie : geringe periportale Binde-
gewebsvermehrung mit mononukledarer Infiltration und herdartiger Verfettung. Zur Annahme
einer Zirrhose besteht keine Grundlage. Milzbiopsie : ausgepréagte Plasmazytose, einige Lympho-
blasten. Dg. auf Grund dieser Befunde : Mitralstenose und hyperglobulindmische Purpura.
Die zeitweilige Hadmoptoe war vermutlich durch die Stenose bedingt.

Den Kranken vermochten wir im Laufe des folgenden Jahres noch dreimal zu beobach-
ten. Die Purpura trat — wahrscheinlich infolge schonender Lebensweise — seltener in Er-
scheinung, die Hyperglobulindmie nahm jedoch eher zu : neben dem 85—9,0 g%igen Eiweil3-
spiegel war der Gammaglobulinwert standig Gber 4,0 g% . SG 50 —100 mm/h, Thymol 10—15 E.,
die Formolgelprobe stets positiv. Uber dem Herzen war auch Diastolengerdusch horbar gewor-
den, bei der Roéntgenuntersuchung weitere Zunahme der Erweiterung des linken Vorhofes
und gestaute Hili. Die Leber war tastbar. Bei regelmaBiger Digitalisverabreichung war der
Zustand des Kranken zufriedenstellend, er klagte nur Uber leichte Ermidbarkeit. Die letzte
Kontrolluntersuchung erfolgte im August 1955 : Leber- und MilzvergréBerung waren unver-
andert, auch die Laboratoriumsbefunde zeigten keine Abweichungen von den friheren Unter-
siichungsresultaten.

Ein diagnostisches Problem bedeutete in diesem Fall der eventuelle Zusammenhang
der neben dem Mitralfehler beobachteten Hyperproteinamie und Purpura mit der Herzkrank-
heit. In erster Linie muRte man an bakterielle Endokarditis denken, aber auch Leberzirrhose
und multiples Myelom kamen in Frage. Die entsprechenden histologischen, radiologischen,
hamatologischen bzw. bakteriologischen Befunde vermochten jedoch keine dieser Mdglich-
keiten in ausreichender Weise zu stltzen.

2. Bei N. J., einem 65j. Mann, trat zuerst im Januar 1957 Purpura an den unteren
Extremitaten, spater nach schwerer Korperarbeit auch an den Armen auf. Nach Angabe des
Kranken vermehrten sich die roten Flecke nach Fleisch- oder AlkoholgenuB. Nach langerer
Arbeit schwollen die Knodchel etwas an, sonst keine auf Kreislaufsinsuffizienz hinweisende
Beschwerden. Bei einer Untersuchung im Jahre 1950 fiel die Komplementbindungsreaktion
positiv aus. Deswegen wurde der Kranke jahrelang systematisch gegen Syphilis behandelt
(Wismut, Salvarsan, Penicillin), was aber an der Positivitdt der Reaktionen nichts &nderte.
Von einer syphilitischer Infektion weiB er nichts, auf unsere Klinik wurde er nach einjahrigem
Bestehen der Purpura aufgenommen.

Bei der Untersuchung sind an den unteren Extremitaten sowie in geringerem MaRe
am unteren Abschnitt der Bauchhaut und an den Unterarmen zahlreiche punktartige Blutun-
gen sowie pigmentierte Gebiete zu sehen. An den Kndécheln méaRiges Odem. Die Leber ist
3 querfingerbreit unter dem Rippenbogen tastbar, mittelméaRig kompakt, nicht empfindlich.
VergroBerte Lymphknoten sind nicht vorhanden, die Milz ist nicht tastbar. Die linke Pupille
ist lichtstarr, die rechte reagiert schwach. Achillesreflex fehlt, Rombergsches Phanomen
positiv. Neurologische Dg. : Tabes dorsalis. Wichtigere Untersuchungsbefunde : Wassermann-,
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Kahn- und Meinicke-Reaktion + + + + *SG 40 mm/h. Rbk 4 000 000, H&moglobin 14,0 g%,
Whbr 3300 -4100, qualitative Zusammensetzung normal. Die Untersuchungsergebnisse der
Blutungs- und Gerinnungsverhéltnisse haben wir zusammen mit den Angaben des 3. Falles
in Tabelle | vereinigt. Serumeiweif3.spiegel 7,0 g%, Gammaglobulin 3,0 g%, Thymol 11 E.,
Formolgelprobe nach 2 Stunden positiv. Sia-Probe positiv (Tribung auch nach Erwarmung).
Harn negativ. Im Knochenmark normale H&mopoese, mé&Rige Plasmazellenvermehrung.
Leberbiopsie : die Kupfferschen Zellen sind vermehrt, geschwollen, das periportale Binde-
gewebe ist maRig vermehrt. Periportal, aber auch in den Lobuli intensive herdartige Infil-
tration. Die Zellen entsprechen Fibroblasten, Lymphozyten, Retikulumzellen. Auffallend ist
die Anwesenheit der zahlreichen Plasmazellen. Dg. : Fibrose mit intensiver retikuloendothe-
lialer Proliferation. — An den Schédelknochen keine auf multiples Myelom deutende Ver-
anderungen. — Liquorbefund in jeder Hinsicht negativ.

Im Laufe einiger Monate wurde der Kranke zweimal untersucht ; weder iin Allgemein-
zustand noch in den Untersuchungsergebnissen waren Veranderungen festzustellen. Die Pur-
pura verschwand beim Liegen, trat aber wieder auf, wenn der Kranke aufstand. Alkohol

oder Fleisch allein riefen — im Gegensatz zu den anamnestischen Angaben — keine Purpura
hervor. E3 sei hervorgehoben, daR bei dem Kranken Schleimhautblutungen niemals auftraten.
3. Frau Sz. L. hatte im Jahre 1951, im Alter von 52 Jahren, zum erstenmal beobachtet,

dass an ihren unteren Extremitdten nach langerem Gehen oder Stehen punktartige Blutungen
erschienen. AuRerdem entwickelten sich an ihren Ober- und Unterschenkeln schmerzhafte
kleine Kndtchen. AnlaRlich einer Anstaltsuntersuchung im Jahre 1952 wurden die Haut-
blutungm auf Grund der negativen Untersuchungsbefunde als idiopathische Purpura diagno-
stiziert. Auffallend war nur die SG von 40—60 mm/h. 1953 wurde die Kranke wegen derselben
Beschwerden in einer anderen Anstal" behandelt und dort mit der Diagnose vaskuldre Purpura
entlassen. Die SG war auch hier 64 mm/h. Ihr Zustand blieb in den folgenden Jahren im wesent-
lichen unveréndert. Im Sommer 1957 traten gelegentlich Gelenkschmerzen auf, ferner klagte
sie Uber Mundtrockenheit ; im Bauch spirte sie Stiche unter den Rippenbogen, und die
Hautblutungen traten haufiger in Erscheinung. Im Januar 1958 wurde sie bei uns aufgenommen.

An den unteren Extremitéten der in gutem Allgemeinzustand befindlichen Kranken
waren zahlreiche punktartige Blutungen, ferner linsen bis hellergrofle braune, pigmentierte
Gebiete zu sehen. Letztere entsprachen den Resten friherer Blutungen. Vergrofierte Lymph-
knoten waren nicht vorhanden, die Leber war nicht tastbar. Die Milz war kompakt und reichte
3 querfingerbreit Gber den Rippenbogen hinaus. Wichtigere Untersuchungsbefunde : SG 55
m n/h, Rbh 3,4 Millionen, Hamoglobin 11 g%, Leuko wiederholt 3100, mit Lymphopenie.
SerumeiweiBspiegel 7,2 g%, Gammaglobulin 2,8 g%, Thymol 12 E., Formolgelprobe negativ.
Sia-Probe positiv (Tribung auch nach Erwarmung). Im Harn minimales Eiwei. Die Ziichtung
ergab E. coli, Harn nach Terramycinbehandlung steril. — Knochenmark schwach hyper-
zellular, Ha&mopoese normal. Geringe lymphoretikuldre Hyperplasie. Leberbiopsie : Kupffer-
sche Zellen etwas geschwollen und vermehrt. Periportal intensive herdartige Infiltration mit
Lymphozyten, Plasma- und Retikulumzellen, Fibroblasten. Dg. : retikuloendotheliale Hyper-
plasie. (Abb. 1. u. 2.) An den Schadelknochen keine pathologischen Veranderungen.

Im Liegen verschwindet die frische Purpura véllig, nach langerem Aufsein erscheint
si? wieder an den unteren Extremitdten. Durch Alkoholgenufl oder Kalteeinwirkung lieR
sich die Purpura nicht provozieren. Schleimhautblutungen fehlten auch bei dieser Kranken.
E3 sei noch bemerkt, daB sich die Purpura seit mindestens 7 Jahren stdndig wiederholte
und wahrend dieser Zeit eine wesentliche Verdnderung iin Allgemeinzustand der Kranken
nicht festgestellt werden konnte.

Besprechung

Als gemeinsame Ziige waren bei den beschriebenen 3 Féllen die ohne
Schleimhautblutungen auftretenden und hauptsdchlich auf die unteren
Extremitdten lokalisierte Purpura und die betrdchtliche Vermehrung der
Gammaglobuline zu beobachten. Auf Grund der in den letzten Jahren erschie-
nenen kasuistischen und zusammenfassenden Mitteilungen 1&4Rt sich diese
Krankheitsform gut definieren. Die Kranken haben zumeist keine allgemeinen
Beschwerden und wenden sich nur der Hautblutungen wegen an den Arzt.



Abb. 1. und 2. Histologisches Bild der Leber (Biopsie). VergroRerung 180 bzw. 400
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Tabelle 1

Untersuchungsergebnisse der hamostntischen Verhaltnisse

Untersuchung Sz. L. N. J. Normal
Rumpel-Leedesche Probe........ pos. pos.
Blutungszeit (DUKE)..ccooveviieriicscecrenee 1 Min. 3 Min. 1— 3 Min.
Thrombozytenzahl (Fonio) ... 170 000 180 000
Retraktion ... norm. norm.
Gerinnungszeit (Lee—White) ...ceevieeenee 6 Min. 8 Min. 5—10 Min.
Rekalzinierungszeit (Howell) ... 107 Sek. 103 Sek. 90— 120 Sek.
Thrombokinasebildung (Biggs— Douglas) norm. norm.
Prothrombinkonsumption (modif. Quick) norm. norm.
Prothrombinaktivitat (Quick).....cee. 8° 70%
Fibrinogen (gravimetr.) ... 420 mg% 480 mg%
Thrombinzeit ... 25 Sek. 30 Sek. 20 Sek.
Thrombinzeit mit Toluidinblau (Horn) . 20 Sek. 24 Sek. 16 Sek.
Serumantithrombin (Gerendas)................ norm. norm.
Thrombelastogramm (Hartert) ... norm. norm.

Die Purpura bleibt auf die unteren Extremitdten beschrédnkt, dehnt sich
gegebenenfalls auf die Haut der Bauchwand aus und tritt an den Armen nur
nach gréRerer Belastung in Erscheinung. Im Liegen verschwindet sie rasch,
doch bleibt eine charakteristische braune Pigmentation zuriick. Laut Waitden-
strom ist diese so kennzeichnend, dall die Diagnose bereits auf Grund dieses
Bildes mit groBer Wahrscheinlichkeit gestellt werden kann. Schleimhaut-
blutungen kommen niemals vor, ebensowenig wesentliche Lymphknoten-
vergréfRerungen, wohl aber die VergroRerung der Leber oder Milz bzw. beider
Organe. An einzelnen Kranken wurden maRiges Unterschenkelédem und
Venenerweiterungen beobachtet. Unter den Laboratoriumsbefunden sind die
Verédnderungen in der SerumeiweiBzusammensetzung am wichtigsten. Der
SerumeiweilRspiegel ist normal oder erhéht — selbst bis zu 10% —, der Gamma-
globulinspiegel aber in allen Féllen stark erhdht. Mit der heute allgemein
angewandten papierelektrophoretischen Untersuchung I4Rt sich diese Ver-
&nderung leicht nachweisen. Die vermehrte EiweilRfraktion ist nicht patho-
logisch, durch immunchemische Untersuchungen waren Abweichungen vom
Gammaglobulinspiegel des Normalserums nicht nachzuweisen [2]. Der Glo-
bulinvermehrung entsprechend gibt die Thymol- oder Zinksulfat-Tribungs-
probe ein stark positives Resultat, oft ist auch die Formolgelreaktion positiv.
Die Blutsenkungsgeschwindigkeit ist gewdhnlich stark erhdht, auch Werte
Uber 100 mm/h kommen oft vor. AuBRerdem fé&llt in einem betrdchtlichen Teil
der Fé&lle auch die Euglobulin- (Sia-) Probe positiv aus. Ihrer einfachen Durch-
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fihrbarkeit wegen ist dieses Untersuchungsverfahren sehr verbreitet ; zu
5 ml destilliertem W asser gibt man 1—2 Tropfen Serum ; Opaleszenz mit
anschlieBender Sedimentbildung gilt als positives Resultat. Der chinesische
Forscher SiA hatte die Probe in seiner Kala-Azar-Diagnostik zum Nachweis
der Globulinvermehrung eingefihrt [18], doch nahm Waldenstrom spéter
an, sie sei auch zum Makroglobulinnachweis geeignet. Diese Ansicht hat sich
jedoch als irrtimlich erwiesen. Laut Sandkuhler [16] beruht die Tribung
nur dann auf der Anwesenheit von Makroglobulin, wenn sie nach Erwdrmung
oder Zugabe von isotonischer Salzlésung verschwindet. Die Vermehrung der
normalen Gammaglobuline fihrt ebenfalls zu Opaleszenz, die sich indessen
nach Erwdrmung eher noch verstarkt. Trotz der scheinbaren Positivitat
der Sia-Probe dachten wir also in unseren Féllen Nr. 2 und 3 nicht an die
Anwesenheit von Makroglobulinen.

Bei den h&matologischen Untersuchungen ist madlige normozitére
Anamie ziemlich hdufig zu beobachten, ebenso Leukopenie. Bei betrdchtlicher
Thrombozytopenie glauben wir naturgemé&f, die Hadmorrhagie eher auf diese
Verédnderung zuriickfihren zu missen. Unter den mit der H&morrhagie zusam-
menh&ngenden Untersuchungen ist die Positivitdit der Rumpel-Leedeschen
Probe erwdhnenswert. Im Gerinnungsmechanismus bestehen keine wesentlichen
Stérungen. Bei unseren Fé&llen stellten wir lediglich eine méRige Senkung
der Prothrombinaktivitdt und eine geringe Verldngerung der Thrombin-
gerinnungszeit fest. Letztere dirfte eine Folge der Dysproteindmie sein ;
in Ubereinstimmung mit den Literaturangaben sahen wir namlich &hnliche
Abweichungen in zahlreichen Féallen, wo der Albumin-Globulin-Quotient —
unabhéngig von der Grundkrankheit und klinisch von der Natur der Hamorr-
hagie — nicht normal war. Die in derartigen Fé&llen vorausgesetzte Fibrinogen-
Fibrin-Konversionsstdrung dirfte wahrscheinlich im Zustandekommen der
Blutungsneigung eine gewisse Rolle spielen. Dennoch glauben wir, und zwar
gerade auf Grund des obigen, dal die mé&Rige Stérung der Fibrinogen-Fibrin-
umwandlung bei Purpura hyperglobulinaemica eher eine Begleiterscheinung
der Dysproteindmie als einen wesentlichen Faktor im Zustandekommen der
Purpura darstellt [7, 10, 21]. Im Knochenmark fanden wir normale Blut-
bildung, nur die Plasmazellen und Histiozyten waren etwas vermehrt. Uber
die histologische Untersuchung der Milz hatten Waldenstrom [23] und
Bruns [4] im Anschlull an je eine Splenektomie berichtet. Sie fanden lymplioide
und plasmazeilige retikuldre Hyperplasie. Bruns beobachtete auBerdem
den Gaucherschen Zellen dahnliche Zellformen, ferner Arteriitis und Gewebs-
eosinophilie. Diese Verdnderungen wurden auch von D 6rken[5] bei der histolo-
gischen Untersuchungen der Haut beschrieben. Histologische Leberbefunde
haben wir in der Literatur nicht angetroffen. Die unserseits beobachtete
intensive lymphozytédre, retikulumzeilige Infiltration steht im Einklang mit
den friher beschriebenen Verdnderungen im Knochenmark und in der Milz.
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Auf Grund der Literatur gibt es zweifellos Félle von hyperglobulindmi-
scher Purpura, bei denen trotz 8—10jadhrigen Bestehens eine Grundkrankheit
nicht nachgewiesen werden konnte. Dennoch gehen die Meinungen sehr
auseinander, oh wirklich eine »primédre« Form existiert oder ob jede Purpura
als sekundér betrachtet werden mufl. Bertiioud und Mitarbeiter [2] halten
nur 1ihrer 8 Félle fir primér, Weise [26] nur 11 der aus der Literatur gesam-
melten 28 Félle. Schmengler und Esser [17] setzen sich entschieden dafir
ein, daB die Krankheit immer sekundar auftrete, und wo sich die Genese
nicht ermitteln 1aRt, fihren sie die Entwicklung des Symptomenkomplexes auf
eine reaktive Funktionsstdrung des Retikulo-Histiozytensystems zurick.
Es ist jedenfalls beachtenswert, daB der Verlauf in diesen scheinbar priméren
Fallen ungewdhnlich gutartig war und der Zustand der Kranken Jahre oder
Jahrzehnte hindurch unverdndert blieb.

»Sekundére« hyperglobulindmische Purpura kann bei folgenden Grund-
krankheiten auftreten : multiples Myelom, lymphozytédre Leukdmie, Sarkoi-
dose, rheumatoide Arthritis, Zirrhose und maligner Tumor. Der primédre
oder sekundédre Charakter der Purpura ist bisweilen sehr schwer zu entscheiden.
Rogers und Welch [15] teilten unldngst einen Fall mit, bei dem 10 Jahre
lang eine gutartig erscheinende Purpura hyperglobulinaemica bestand und
erst dann ein in wenigen Monaten zum Tode flihrendes Plasmozytom diagnosti-
ziert wurde. Sie halten es fiur mdoglich, dall einige Plasmozytomherde bereits
seit langerer Zeit vorhanden waren und Hyperglobulindmie (und Purpura)
verursachten, aber im Organismus keine anderen Verdnderungen hervorriefen,
die zur Erkennung der Krankheit hétten fuhren kdnnen. Offensichtlich hdtte
jeder Beobachter den Fall jahrelang als primd&r bezeichnet.

In unserem 1. und 2. Fall war neben Purpura Mitralfehler bzw. latente
Syphilis nachweisbar. Diese kann man vom Gesichtspunkt der Purpura
hyperglobulinaemica nicht entschieden als »Grundkrankheit« ansehen, wenn
sie auch in der Hinsicht zur Vorsicht zwingen, die Purpura als »primér« zu
akzeptieren. Interesse verdient die Mitteilung von Bender und Gerlach [1],
die neben Syphilis -j- Endocarditis lenta Purpura beschrieben, sowie die von
Weise [26], in dessen Fall bei einem an Polyarthritis leidenden Kranken
nach der wegen Gallenwegsinfektion eingeleiteten Chloronitrinbehandlung
typische hyperglobulindmische Purpura auftrat. Im Zusammenhang mit der
Arzneimittelschddigung ergibt sich von selbst die Frage : in welcher Beziehung
steht die akute, sog. Schénlein—HENOCHsche Purpura zum Waldenstrém-
schen Typus? Die Frage ist noch nicht ganz geklart ; nach einigen Autoren
ist die Hyperglobulindmie auch bei dieser Krankheitsform anwesend, D 6rken
[5] hat dagegen in einem typischen Fall normale Gammaglobulinwerte fest-
gestellt. Auch wir beobachteten einen Kranken, bei dem mehrere Monate
hindurch am ganzen Kdrper Purpura in Begleitung von édem und mit sehr
ausgeprdgter Hyperglobulindmie in Schuhen auftrat. Seit 10 Monaten ist



144 M. WINTER und K. RAK

keine Purpura mehr vorhanden, aber im EiweilRbild ist keinerlei Verdnderung
eingetreten.

Im Pathomechanismus der Purpura kommt der gesteigerten Gamma-
globulinbildung unbedingt eine entscheidende Rolle zu. Wir wissen jedoch
nicht, worauf diese Uberproduktion beruht. Die von Schmengler und Esser
[17] betonte, das Retikulo-Histiozytensystem betreffende reaktive Funktions-
stérung bietet in dieser Frage eigentlich keinen ndheren Anhaltspunkt, wenn
auch eine Klarung des Problems vielleicht vor allem aus dieser Richtung
Zu erwarten ist.

W aldenstrom [22] hatte in seinen ersten Mitteilungen die Mdglichkeit
einer chronischen Virusinfektion vorgelegt, diese Annahme war aber spéter
von anderen Forschern nicht unterstitzt worden. Deutsche Autoren [19]
haben versucht die pathologische EiweiBproduktion durch einen allergischen
Mechanismus zu erkléaren.

Die andere wichtige Frage ist, ob ein Zusammenhang zwischen Hyper-
globulindmie und Purpura besteht? Hier sind allerdings gewisse Zweifel
berechtigt, weil in vielen Féllen eine wesentliche Gammaglobulinvermehrung
ohne Purpura zu beobachten ist. Es wurde schon erwédhnt, dal die vermehrte
EiweilRfraktion nicht pathologisch ist, also eine qualitative Verdnderung
im Serumeiweilbild nicht stattgefunden hat [2]. Waldenstrom denkt daran,
daB infolge der vermehrten Gammaglobulinproduktion ein Mangel an irgend-
einer anderen — zur intakten Kapillarfunktion bendtigten — Globulin-
fraktion zustandekommt. Andere Verfaler [14, 20] sind der Meinung, dal
die pathologisch vermehrte EiweilRfraktion die Schadigung der Kapillarwand
direkt zustande bringt, wieder andere [17] versuchen die Erscheinung mit einer
allergisch-hyperergischen Schéadigung der GeféBe zu erkldren. Sehr interessant
ist die Beobachtung von Martini und Engetkamp [13], nach welcher die
Kapillarresistenz bei Leberkranken auch bei normaler Thrombozytenzahl
und Prothrombin-Aktivitdt abnimmt, wenn Globulinvermehrung vorhanden ist.
Zwischen SerumeiweilBkdrpern und Kapillarfunktion besteht zweifellos ein
enger Zusammenhang, dessen Einzelheiten aber nicht gekldrt sind. Es sei
hier erwdhnt, daB laut den Tierversuchen von Kelemen und Mitarbeitern [8]
eine gewiBe Beziehung zwischen dem Eiweillstoffwechsel und der Permeabilitit
besteht. Mites und Withelm [12] vermochten aus frischem Meerschwein-
chenserum eine permeabilitdtssteigernde Globulinfraktion herzustellen. Bei
der Aufstellung der verschiedenen Theorien muB man unserer Ansicht nach
auch beriicksichtigen, daR Odem hei Purpurakranken im allgemeinen nicht
vorkommt und die Purpura meist nur nach Stehen oder Gehen entstehen,
so dal also auch diese Eigentimlichkeiten eine Erkldrung erfordern.

Wie schon erwdhnt, verlduft die Purpura hyperglobulinaemica, wenn
keine Grundkrankheit vorhanden ist, gutartig und dauert jahrzehntelang an.
Indessen kommen auch spontane Remissionen vor ; Fitip und Mitarbeiter [6]
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teilten einen seit 3 Jahren beschwerdefreien Fall mit, in dem sich auch das
Eiweillbild besserte. Die Beurteilung der therapeutischen Ergebnisse wird
dadurch sehr erschwert. ACTH und Cortison wurden von mehreren Autoren
erfolglos angewandt. In einigen Fdallen hat man, nicht wegen der Purpura,
sondern wegen der auf Hypersplenie zuriickgefihrten Andmie und Leukopenie,
die Splenektomie vorgenommen, ohne jedoch eine wesentliche Besserung der
Purpura jemals beobachten zu kdnnen.

ZUSAMMENFASSUNG

Im Zusammenhang mit 3 eigenen Fallen von Purpura hyperglobulinaemica wird die
Frage besprochen, wann die Purpura als »primér« oder »sekundar« angesehen werden kann.
In einem Fall blieb der Zustand des Kranken 7 Jahre unverandert, eine Grundkrankheit war
nicht nachweisbar, weshalb der Fall als primé&r betrachtet wird. In den beiden anderen Féllen
lag keines der als Grundkrankheit in Frage kommenden Krankheitshilder vor, da jedoch
gleichzeitig ein Mitralfehler bzw. latente Syphilis anwesend waren, erscheint es dennoch
zweifelhaft, ob die Purpura als primar angesehen werden kann.

Die Ergebnisse der Untersuchungen zur Klarung der Blutgerinnungsverhaltnisse,
ebenso die histologischen Befunde der Leberbiopsien werden in Verbindung mit einer Literatur-
Ubersicht eingehend besprochen.
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Although pharmacological textbooks agree in that, particularly in febrile
patients, a drop of peripheral resistance results from vasodilatation, if thera-
peutical doses of salicylate are applied, Sayen et al. (1951) observed in the
2nd hour after the intravenous injection of 1,8 g salicylate to 4 normal indi-
viduals no essential change in the arterial blood pressure, pulse rate, cardiac
output and digital cutaneous blood flow. On the other hand, Alexander
and Johnson (1956) found in 4 patients suffering from myxedema that, in
the course of salicylate treatment with daily 8 g, the temperature of the limbs
was higher also to touch, circulation time was shortened by 25 per cent and
cardiac output increased.

In the present experiments the change in the arteriovenous oxygen dif-
ference, i. e. the resultant of circulatory and metabolic patterns was investi-
gated in 18 adult subjects, 16 of whome were afebrile and practically normal.

Methods

Sodium salicylate was administered orally on an empty stomach in the morning. The
serum salicylate level was determined by the ferric chloride colour reaction with Loberg’s
technique. Skin temperature was taken with a thermistoric thermometer. Oxygen consumption
and carbon dioxide production were estimated with a Noyons diaferometer.

30 minutes before the experiment the patients were asked to lie in a comfortable position
on the experimental table, where their arms were immobilized. Venous oxygen saturation
was determined from the blood of the cubital vein sampled without stasis. Arterial blood was
drawn from the femoral artery. Oxygen saturation was measured with a Millikan type oxy-
meter. The observations lasted up to 4 hours after the ingestion of the salicylate dose.

Results

The results are summarized in Tables I and Il. As Table | shows, the
results of the skin temperature determinations were not uniform. The meta-
bolic increase was not closely parallel with the change of skin temperature,
although a considerable metabolic effect, an increase of 31 per cent or more,
was associated with the rise of the skin temperature.

IF
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Table 1

Changes ofvenous oxygen saturation in theforearm, of oxygen consumption and of skin temperature
in acute salicylate treatment of adult humans

Oxygen consumption
in ml/min, RQ and
CO02 production

Venous oxygen
saturation %

Salicylate dose by mouth, given
Serum salicylate level after 4 hrs
Change in metabolic rate in per
cent of the value before the
0 2saturation in femoral artery at

o E Maximum change in
- o skin temperature, °C
£ g5 = E] =z
~ 3 s 2 =
o £ < L
£ o before after = before after e 2
£ £ 2 ® >
=z £ 3 £ 3
[a1]
319 180 210 + 19 54 55 51
0,84 0,90
151 189
3 17 193 212 + 2 56 52 58
0,98 0,88
189 186
7 25 + 14 60 67 98 60*
35 Hand + 0.7 215 286 + 31 57 73 54*
Thigh + 1.0 0,93 0,89
Jugulum no change 200 255
7 29 Hand —0.9 250 295 + 18 56 78 98,5 83*
Forearm —0.5 0,91 0,91
Thigh no change 227 269
9 31 Forearm —2.1 230 275 + 19 57 69 61
Shank —1.2 0,90 0,82
Jugulum —0.9 207 225
9 55 Forearm + 2.0 210 256 + 35 47 66 97 54
Shank + 1.7 0,82 0,95
Jugulum + 2.4 172 243
9 32 Forearm — 1.4 229 250 + 9 70 72 66
Shank —3.2 0,92 0,94
Jugulum —1.7 211 235
9 40 Forearm + 2.4 200 315 + 57 56 72 98 63
Shank + 1.4 0,91 0,90
Jugulum + 2.0 182 284
7 22 Forearm —1.2 264 284 +10 56 54 98>
Shank —2.1 0,94 0,97
Abdomen — 1.8 248 280
6 28 Forearm —15 289 339 +19 37 58 98
Shank —1.7 0,64 0,78
Jugulum —o0.9 185 264
Note

Blood haemoglobin in all the subjects examined was above 13 g per 100 ml.

Determinations took place at a temperature of 19° to 21° C. Skin temperature changes
not exceeding 0,5° C were designed as “no change”. Parallel determinations were made at sym-
metric skin areas in all cases.

The metabolic rate was determined 4 hours after salicylate administration ; in the cases
marked with*, 2 hours after salicylate administration.

** Rheumatoid arthritis. Body temperature 37,5° C. Initial metabolic rate, +25 per cent.

*** Myelocytic leukaemia. Body temperature 38,3“ C. Initial metabolic rate, +52

per cent.
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Maximum change in
skin temperature, °C

Table 1 (continued)

Oxygen consumption

in ml/min, RQ and
CO, production

before

after

239

206

262
0,92
241

310
0,92
285

331
0,95
314

345
0,87
300

cent of the value before the

Change in metaibolic rate in per
experiment

+

45

+ 34

+ 52

Venous oxygen
saturation °/0

before

62

63

57

64

66

62

70

after

71

68

69

79

81

71

78

52

53

62

70

75

80

149

The metabolic increase caused by salicylate was investigated by Cochran
(1952, 1954). In the present experiments we measured the metabolic rate
only to evaluate the change of venous oxygen saturation. In any case, at the

Ofourresults, the change in venous oxygen saturation should be em phasi-
zed as a newly recognized fact. Saturation of the blood of the cubital vein
may increase by 20 per cent during the acute salicylate effect. Then, if meta-
bolism increased with 14 to 57 per cent, blood flow must have been accelerated
to such an extent that the venous oxygen saturation remained 20 per cent
above normal, in spite of the greatly increased oxygen consumption. The
operation of peripheral arteriovenous shunts in this phenomenon remains an
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Table 11

Oxygen saturation in the blood of the ventricles under acute salicylate effect in rats

Arterial oxygen satura- Venous oxygen saturation in the right
tion in the left ventricle ventricle
before 2—3 hours after before 2—3 hours after

550 mg/kg salicylate subcutaneously

95 94 46 56

96 96 47 58

97 96 51 60
52 63
53 67
58

The values “before” and “after” belong to different adult rats.

open question. Arterial oxygen saturation did not change under our conditions,
i. e. the arteriovenous oxygen difference diminished under the acute salicylate
effect*.

Discussion

According to animal experiments, an important site ofthe metabolic effect
of salicylate is the muscle. It is possible, therefore, that the change in the
forearm fraction of oxygen consumption is greater than that of the whole
body. The increased venous oxygen saturation thus becomes more remarkable.

To complete our observations, we examined mixed blood of the right ventricle in acute
salicylate injury in unanaesthesized rats. As Table Il. shows, the percentual increase in the
oxygen saturation of mixed venous blood occurred similarly.

Mitter and Tenney (1956) observed after the intraperitoneal administration of 200
mg/kg/day of salicylate to rats that carbon dioxide and oxygen tension in tissues was diminished.
This effect was attributed to increased alveolar ventilation and the greater oxygen consumption
of the tissues as compared with their perfusion. Tenney and Mirtter (1955) found a 50 per cent
increase in arteriovenous oxygen difference in the salicylate treated dog. Rowe et al. (1956)
confirmed this observation. We suggest that the explanation of our divergent results lies in
that the observations cited were performed in nembutal anacsthaesia and oxygen saturation
was estimated 22 to 60 minutes after administering the salicylate.

The advantage of high salicylate doses vs. lower ones is known from
clinical literature. As Table I. shows, venous oxygen saturation did not change
either in the first two subjects treated with lower doses, or in two other cases
where the metabolic increase was less than 14 per cent. Kelemen et al reported
in 1950 that small doses of salicylate hardly inhibited the acute experimental
inflammatory oedema in rat limb oedema test.

* Wegria et al. (1955) reported that the diminished arterial oxygen saturation of
patients with chronic emphysema increased during treatment with salicylate.
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Later we demonstrated that a significant increase in metabolic rate, increased peri-
pheral blood flow and vasodilation accompany the anti-inflammatory effect of high salicylate
doses. Therefore, circulation, metabolism and arteriovenous oxygen difference exhibit similar
changes during acute salicylate treatment both in human subjects and in rats.

SUMMARY

A metabolic increase of more than 14 per cent in the first 4 hours, induced by 6 to 10 g
sodium salicylate given orally to human subjects, is accompanied by an approximately 20 per
cent increase of oxygen saturation in the blood of the cubital vein. Although skin temperature
rose only if the metabolic increase had surpassed 19 per cent, the higher oxygen content of
the venous blood means that a remarkable increase of blood flow had occurred in 16 out of
the 18 cases.
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I. Introduction

In recent years it has been demonstrated that the melanocyte-stimulating
hormone of the hypophysis (MSH, Intermedin) is not only important as the
regulator of skin pigmentation in amphibians, but that it is also formed in
higher vertebrates and man, that it is excreted in the urine, and that its ex-
cretion undergoes marked changes in certain clinical syndromes (Suitman 1956,
Beerman 1956, Deutsch and Mescon 1957, Lerner 1955). The questions
of the mechanisms leading to its secretion have not yet been solved, and little
is known of the physiological significance of MSH in man. A marked relation-
ship between the formation and excretion of MSH and certain endocrinopathies
(Addisonism, postadrenalectomy states) and pregnancy shows the need for
determining MSH in biological material (urine, blood) in endocrinological
diagnosis.

Methods of determining MSH all record changes in the skin of amphi-
bians following aplication of the hormone and can be divided into two groups
according to whether they are based on determination in vivo or in vitro.
Methods determining MSH in vivo require usually more complex apparatus
(reflectometry), and although some authors prefer them (Deutsch et ul. 1957),
we decided to use an in vitro method. We had two reasons for making this
choice — we used the skin of one frog for simultaneous determination of MSH
activity in eight samples, we compared a standard and unknown preparation
in the skin of the same individual at the same time (thus excluding individual
differences), and, finally, we needed no special apparatus. Our method was
based on the same principle as that of Frieden et al. (1948), i.e. on the registra-
tion of changes in light passed through isolated frog skin after adding a solution
of MSH to the medium.
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Il. Method

Experiments were performed in October and November. Female frogs (Rana tempora-
ria) were kept in aquaterraria with continuously running tap water, the room was continuously
lighted. The animals weighed 50 —70 g each. One day before titration they were hypophysec-
tomized under urethane anaesthesia (0,5 ml 20% urethane solution per 50 g body weight,
administered subcutaneously into the dorsal lymph sac) by the buccal route. The bone opening

Sch, Sch2

Fig. 1. Drawing of division of skin from the back of large individuals of R. temporaria (Schi)
and from the back and thighs of smaller individuals (Sch2)

Fig. 2. Drawing of plates, between which the skin samples are stretched and the adapted
cuvette of Coleman-Junior spectrophotometer

was closed with bone wax and the mucous membrane was sutured. The commencement and degree
of loss of pigmentation varied considerably, although hypophyseetomy was complete. We
carried out the test in all completely hypophysectomized animals, without paying attention
to the development or degree of loss of pigmentation. The frogs were decapitated and the skin
was stripped from the back and thighs and immediately placed in frog-Ringer solution.
The skin was then pinned out on filter paper moistened with Ringer solution, residua of sub-
cutaneous connective tissue were removed and the skin was divided into eight pieces measuring
lcm by 2 cm, according to the diagrams in Fig. 1. The pieces of skin were immediately placed
in test-tubes, containing 5 ml. of Ringer solution. Then they were successively stretched out
between two polyamide plates, joined by brass screws, with an oval opening in the middle
corresponding to the aperture of the photocell of a Coleman-Junior spectrophotometer (Fig. 2).
We always divided the skin in the same way, paying no attention to the localization of dark
blotches, etc. As described below, there was no correlation between the localization of the skin
piece and the reaction to the dose of MSH, but there was a correlation between the localization
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of the skin and initial extinction. This correlation was due to the thickness of the skin rather
than to pigmentation (the skin on the lower part of the back and on the thighs is thinner).
The plates containing the taught skin were placed in adapted cuvettes of the Coleman-Junior
spectrophotometer (Fig. 2), containing 18—20 ml. of frog-Ringer solution.

EXT.

Fig. 3. Absorption spectra of two samples of isolated frog skin before adding MSH to the

medium (continuous lines) and after (broken lines). The thick line denotes the absorption

spectrum of the chosen standard. Below : increase in extinction of both specimen after adding
0.025 “vairon” units MSH/ml. x = wave-lenght in m/i

Absorption spectra of frog skin

In preliminary experiments we determined the absorption spectrum of
the isolated parts of frog skin. The results are shown in Fig. 3. We then pre-
pared a standard from brown waxed paper, stretched betweeen the same plates
as the frog skin, with an absorption spectrum approximately the same as that
of skin. On adding NSH to the incubation medium, extinction of the frog
skin increased, the maximum occuring between 525—575mp and 600—650 m/i.
(Fig. 3). We therefore measured constantly at 625 mp, which is at the same
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time the wavelength, at which can be the extinction of the standard most
easily adjusted to the 0 point of the scale ofthe spectrophotometer. With every
measurement we checked adjustment of the sensitivity of the colorimeter
(after inserting the standard, extinction equalled 0) and then read the extinc-
tion of the skin sample.

Measurement

After inserting the plates, with the piece of skin, in cuvettes containing
Ringer’s solution, we measured the extinction at half-hourly intervals, until
the change was no more than 0.02. This took 1% t° 2 hours. We then made
up the contents of the cuvettes to 20 ml by adding known quantities of MSH
in Ringer’s solution, so as to obtain a final concentration of 0,0125—0.05
“vairon” units MSH/ml. We used a lyophilized preparation of MSH (Inter-
meédine Choay, Paris), containing 16.000 “vairon” units per ampoule. The
amount of readily soluble powder in each ampoule is 6 mg, one mg. therefore
contains 2.666 “vairon” units.

Immediately after adding the standard solution (or other material),
we checked the extinction of the sample, regarding as the initial value. We
measured extinction at half-hourly intervals, recording these readings as the
change from initial extinction, which was taken as zero. For example, if the
initial extinction was 0.200, and after half an hour 0.240 was measured, this
was recorded as 0.040. After the addition of MSH to the medium, extinction
of the skin samples was higher. We expressed the degree of the reaction as the
maximum increase in extinction as compared with initial extinction, and
simultaneously in terms of the area enclosed by the curve of the reaction for
four hours after the application of the test material. The area of the reaction
was determinated by dividing by 0.02 the sum of all extinction changes,
obtained at half-hourly intervals for four hours after adding MSH (eight
values altogether). In our graphical recording of the course of the reactions,
1 cm2 corresponds to an extinction of 0.02 we therefore express the area of
the reaction in cm2 Expression of the reactions as an area has the advantage
that we can evaluate both the maximum change in extinction and also the
rate of increase. As seen below, this isimportant, particularly for differentiating
the quality of the effect of MSH, Voegtlin’s powder and ACTH.

I1l. Results with the standard preparation of MSH

The results of 76 titration tests, using different concentrations of the
standard MSH preparation (Intermédine Choay) are given in Tab. | and the
average curves of the reactions in Fig.4. Average reactions to the individual
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Table 1
Dose of MSH/m *“vairon” units 0.0125 0.025 0.0375
Number of tests ...ivieiicinienn, 17 25 17
maximal increase of the extinction . m 0.111 0.216 0.298
a 0.059 0.072 0.083
Gm 0.0149 0.0147 0.0207
Areaof the reaction cm2 ......cccovenee m 27 59 5
a 16.6 20.5 194
Gm 4.1 4.2 4.8

m = arithmetical mean ; a = standard deviation; am= s. d. of mean

157

0.05

17

0.372
0.087
0.0217

112
30.5
7.6

Fig. 4. Average curves of the reaction to the given concentrations of MHS in the medium
X = time in hours;y = absolute increase in extinction of the skin as compared with the initial

value

doses of MSH are given in Fig. 5, together with some statistical values. Indi-
vidual reactions to the various concentrations of MSH can be seen in Fig. 6.
The method reliably demonstrates a concentration of 0.0125 “vairon” units

per ml of the preparation, i. e. 0.0046 jug/m\.
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Fig. 5. A. Relationship between the dose of MSH (x — “varion” units/ml) and maximum
extinction increase (y)
B. Relationship between the dose of MSH (x = “varion” units/ml) and the area of the reac-
tion in cm2 after 4 hours (y) circles = average values, a = standard deviation, am= s. d. of
mean

IV. Analysis of the method

In order to be able to use all eight skin samples from every completely
hypophysectomized frog without the danger of distortion of the results through
any relationship between the reaction and the original localization of the skin,
it was necessary to exclude the possibility of any such correlation. Rank
correlation coefficients (0) were therefore calculated (May 1957) for relation-
ships between the number of the skin sample (Fig. 1, Nos. 1 and 2, 3, and
4, etc. were always regarded as one group) and initial extinction, and for
relationships between the number of the sample and the reaction to a given
dose of MSH. Finally, the usual correlation coefficients (r) were calculated
for relationships between initial extinction and the magnitude of the reaction,
expressed as the maximum in extinction and the area of the reaction curve.
The results are given in Table II.

Table. 1l shows that the correlation between the number of the skin
sample and initial extinction may be statistically significant, but that there
is no correlation between initial extinction and the reaction, whether the
latter is expressed as the extinction maximum (p > 0.05), or as the area of
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Table 11
Skin sample  MSH cone,
Correlation between division “vairon” e r n P
(Fig-1) units/ml
Number of skin sample and initial Schj —0.42 14 >0.1
exXtinction ..o

Sch2 —0.44 38 >0.01
Initial extinction and reaction 0.0125 —0.41 17 >0.05
(M aXima) . 0.025 —0.09 23 >0.05
0.0375 + 0.02 17 >0.05
0.05 —0.38 17 >0.05
Initial extinction and reaction 0.0125 0.26 17 >0.05
(area CmM2) .. 0.025 —0.21 23 >0.05
0.0375 —0.21 17 >0.05
0.05 —0.38 17 >0.05
Number of skin sample and reac- 0.0125 + 0.56 14 0.08
tion (area cmM2) ..covicnncnnne 0.025 —0.04 14 >0.1
0.0375 + 0.28 12 >0.1

0.05 + 0.12 1 >0.1

Q= rank correlation coefficient r = correlation coefficient
n = number of tests p = probability

the reaction (p ]> 0.05). It follows from this that the reaction of the skin to
MSH must he expressed in absolute values of the increase of the extinction,
and not in relative values (i. e. not the increase of extinction as a percentage
of initial extinction). Finally, the rank correlation coefficients for the relation-
ships between the number of the skin sample and the reaction to a given dose
of MSH show no statistically significant relationship between the degree of
the reaction and the number of the skin specimen, or its localization on the
frog’s body : in every case p was higher than 0.1, and approached the limits
of statistical significance, i. e. 0.08, only with the dose of 0.0125 “vairon”
units/ml.

In concluding the above statistical analysis, it should be noted that it
is possible to use any sample of skin, whatever its original localization on the
frog’s body (in the limits of Fig. 1). We nevertheless always use adjacent
samples (e. g. 1 and 1, 3 and 4, etc.) when comparing a standard and unknown
solution.

V. The melanocyte-expanding activity of an ACTH-preparation

It is generally known, that ACTH preparations have a melanocyte-
stimulating activity, and it has been stated that this effect is a property of
part of the ACTH molecule. We were therefore interested as to what reaction
the Czechoslovak ACTH preparation, Corticotrophin SPOFA, would produce
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under the above experimental conditions. We used batch No. 110257/5A.
The result can be seen in Table IlI.

On comparing with the curve of the effect of lyophilized MSH (Fig. 5.),
it can be seen that the melanocyte expanding activity of one milliunit ACTH
SPOFA corresponds approximately to one “vairon” unit of MSH (Intermédine
Choay, Paris).

EXT. MAX.

cm2

Fig. 6. Individual reactions (above maximum increases of extinction, below areas of reactions)
to the concentrations of MSH in medium (UV MSH = “varion” units/ml). In the first groups,
marked O, the skin was incubated in Ringer solution without adding MSH

VI. The melanocyte-expanding activity of the Voegtlin’s powder

When determining MSH activity, some authors used extracts of the
neurohypophysis (orthe international standard preparation, Voegtlin’s powder)
as the standard. This was employed by Frieden etal. (1948), whose principle
we used in elaborating our own method. It is important that these authors
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Table 111
Dose of ACTH in milliunits/ml1 0.0125 0.025 0.0375 0.05
Number of tests ..o 4 6 5 5
Average reaction (maxima) 0.105 0.153 0.302 0.312
Average reaction (area cm2) 29 44 102 106

did not succeed in finding a quantitative relationship between the dose of
neurohypophyseal extract and the reaction of isolated frog’s skin, and were
therefore obliged to resort to a more complicated titration method (determi-
nation of the increase in extinction after adding the test solution to the stan-
dard solution). In our own experiments we were unable to find a quantitative
relationship between the concentration of Yoegtlin’s powder extract in the
medium and the degree of darkening of the skin. The result of 21 titrations
is given in Table IV.

Table 1V makes it clear that Voegtlin’s powder cannot be used as a
standard in our method of titrating MSH activity in isolated frog’s skin, as
there was not the slightest correlation between the dose (concentration) and
the reaction. At the same time, howewer, Voegtlin’s powder possesses a high
degree of MSH activity ; a concentration of 0.625 milliunits/ml (corresponding
to 0.31 /rg/ml) still produced a strong reaction.

Table IV
Voegtlin U/ml 0.000625 0.00125 0.001875 0.0025 0.00375 0.005
No. of tests ... 5 0 3 3 2 2
Average reaction
(Mmaxima).... 0,424 0,265 0,433 0,250 0,285 0,325
Average reaction
(area cM2) ..o 151 93 146 97 101 115

The absence of a relationship between the dose and the reaction was
not the only characteristic feature of the action of neurohypophyseal extract
in our experiments. There was also a very marked difference in the course
of the reaction, the commencement of the reaction being much steeper than
with MSH. The ratio of the area enclosed by the curve of the reaction for the
first two hours to that of the second two hours was 1:1.92 for MSH and
only 1:1.16 for neurohypophyseal extract. A comparison of the individual
values (17 tests with 0.05 “vairon” units/ml. from Table I. and all concentra-
tions of Voegtlin’s powder extract from Table 1V) of the relationships between

11 Acta Medica X II/1—2.
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the two halves of the reaction is given in Fig. 7. The character of the reaction
to whole pituitary extract (rats) was the same as that of the reaction to Voegt-
lin’s powder. We could not, therefore determine the MSH-activity in whole
pituitary glands of rats.

Fig. 7. Individual values of the ratio “area of the reaction for the first two hours”: “area of
the reaction for the second two hours”

VII. Application of the method for estimation of MSH-activity in fresh
human serum and the results of titration in serum from pregnant women

Most clinical studies dealing with pathological pigmentation, etc. have
described the determination of MSH in urine extracts. Sutman (1956) examined
the MSH content in the blood of a considerable number of patients, but also
used the extraction method. The ideal method for the serial investigation
of MSH-activity in human blood would be to work with fresh serum. The
method described above is sufficiently sensitive for this purpose.

We used the following procedure for estimating M SH-activity in fresh
human serum. We prepared 18 ml Ringer’s solution in a cuvette with the
skin sample, and after extinction had stabilized we added 2 ml fresh human
serum, mixed with the medium and immediately read the initial extinction.
Then we proceeded as with the standard preparation. We usually added the
serum within 15 minutes of collecting the blood, but found that blood from
pregnant women produced a reaction after an even longer period (1—2 hours).
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We evaluated the reaction in the usual way, i. e. by the extinction maximum
and by the area of the reaction curve. A simple comparison with the curve
of the effect of MSH shows how many MSH units are represented by the
M SH-activity of the given blood specimen. Sera from normal subjects or from
patients convalescing from mild bronchopneumonia gave no reaction in these
experiments (extinction of the skin sample did not change, or varied only
in the limits of i 0.02). The results of 16 titrations of serum M SH-activity
in pregnant women are illustrated in Fig. 8. This shows that the level of MSH-
activity in the serum of pregnant women is quite high; in our cases it amount-

uv/ml
ab-

as-
ar-
ai-

o

Fig. 8. MSH-activity in fresh serum from pregnant women, expressed in “vairon” units/ml
(UV/ml). The roman figures in the circles denote the month of pregnancy ; asterisks denote
that blood was collected during labour or immediately after delivery

ed in the tenth month of the gravidity to 0.1—0.25 “vairon” units/ml. The
determination of MSH-activity in pregnancy serum was intended only for
verification of whether our method was sufficiently sensitive to demonstrate
M SH-activity in fresh serum. We had no intention of analysing the relation-
ship between M SH-activity and the month of pregnancy. The character of the
reaction was the same as after adding MSH, the ratio of the first half of the
reaction to the second half being :2.08 (Fig. 7).

VIIl. Discussion

The method described in present paper is characterised by a high degree
of sensitivity. It demonstrates a concentration of only 0.0125 “vairon” units
ml of MSH (Intermédine Choay), i. e. 0.0046 /tg/m| of this lyophilized prepa-
ration, or 0.0125 milliunits/ml of ACTH-SPOFA, i. e. 0.0125 /tg/ml of the
preparation used. In titrating MSH-activity by Friedens (1948) method,
Deutsch etal. (1956) found sensitivity to only 0.125 fig ACTH/mI, the activity
being 1.56 IU/mg, so that required amount corresponds to about 0.2 milli-

11*
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units/ml. Thisamount is 16 times more than in our method, not taking, howe-
wer, into account the fact that different preparations were used and that
there might therefore have been an unequal relationship between ACTH
and MSH activity.

It is difficult to compare the sensitivities of the in vivo and in vitro
methods. Deutsch et al. (1956) found that their in vivo method (which they
regard as more sensitive than the titration in vitro) is sensitive to a minimal
amount of 0.064 /ug of an ACTH preparation, containing 1.56 IU/mg, so
that 0.064 mg corresponds to 0.0998 milliunits of ACTH, i. e. approximatively
0.1 milliunit. The given amount in Deutsch’s method is administered to the
living frog in 0.1 ml solution.

The causes of these differences in sensitivity are probably due to the
different species of frogs (Frieden used Rana pipiens while we used Rana
temporaria), and to the fact that we worked with hypophysectomized animals
(in which, according to Collip’s principle, greater sensitivity may be expected)
and finally, in our opinion, to the fact that we did not determine extinction
changes either globally, through the whole spectrum, by a densitometer, like
Deutsch et al. (1956), or only using a filtre, like Frieden etal. (1948), but
we measured the reaction at its spectral maximum, i. e. at 625 m/u.

A further characteristic feature of our method is the differentiation
between the effect of lyophilized MSH (Intermédine, Choay) and that of
Voegtlin’s dried neurohypophyseal powder. Two extreme types of reaction
can be distinguished — a reaction with a slow onset, which is characteristic
of MSH, and a reaction with a rapid onset, characteristic of Voegtlin’s powder.
In the latter type of reaction, which is also characteristic of whole rat pituitary
extract, we found no quantitative relationship between the dose and the reac-
tion, whereas with a slowly developing reaction a relationship was clearly
evident. As mentioned above, the application of fresh pregnant serum produc-
ed a reaction with slow onset (characteristic of MSH), although the ratio
of the first to the second half varied considerably (Fig. 7). The ACTH prepa-
ration used (Corticotrophin SPOFA) produced reaction with an average ratio
of 1:1.34 (average from all tests in Table IIl), i. e. between the values for
MSH and Voegtlin’s powder. There was, howewer, a clearly evident quanti-
tative relationship between the dose and the reaction. It should be noted
that the preparation in question possesses marked vasopressin activity.

We can give no opinion on the cause of the differences between the
course of the reaction to MSH and Voegtlin’s powder ; we can only draw
attention to the communication of Sutman and Eviator (1956), demonstrating
the existence of two MSH, which can be separated chromatographically.
One of these was isolated from the adenohypophysis and its formation is
blocked by corticoids, the other was isolated from the neurohypophysis and
the intermediate lobe and its formation is not dependent on corticoids.
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SUMMARY

1. Female frogs (R. temporaria) were hypophysectomized under urethane anaesthesia
and next day the skin of their back and thighs was used in the titration of MSH (M SH-activity)
by a photometric method in vitro. Absolute increase of the extinction of the skin after adding
MSH to the incubation medium was then registered at 625 m/r. on a Coleman Junior spectro-
photometer. Experiments were performed in October and November.

2. A correlation was found between the original localization of the skin and its inital
extinction, but this was due to the thickness of the skin rather than to its pigmentation. There
was no statistically significant correlation between initial extinction and the reaction to the
given dose of MSH, and hence no correlation between the original localization of the skin and
its sensitivity.

3. The method is sensitive for as little as 0.0125 “vairon” units MSH/mI., using the
preparation Intermédine Choay (i. e. 0.0046 /tg/ml.), of for 0.0125 milliunits ACTH/mI., using
the preparation Corticotrophin SPOFA (i. e. 0.0125 ~g/ml).

4. The method reliably demonstrates MSH activity in fresh serum from pregnant
women, diluted with Ringers solution in the proportion of 18 ml, Ringer solution : 2 ml serum.
Using this method, a concentration of 0.1—0.25, “vairon” units/ml. serum was found during
the tenth month of pregnancy or during labour.

5. Using a standard neurohypophyseal preparation (Voegtlin’s powder), no relationship
was found between the dose of extract and the reaction. The character of the reaction to a
Voegtlin’s powder extract (a rapid onset of the reaction) differed from the character of the
reaction to MSH, to serum from pregnant women and partially to ACTH.
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THE USE OF ELASTASE IN THE TREATMENT
OF CHRONIC SUPPURATIVE PULMONARY DISEASES

By
K. Kovacs and D. Bagdy

DEPARTMENT OF TUBERCULOSIS,4th DISTRICT HOSPITAL, AND BIOCHEMICAL DEPARTMENT, PHARMACO-
INDUSTRIAL RESEARCH INSTITUTE, BUDAPEST

(Received March 28, 1958)

In the treatment of chronic suppurative pulmonary conditions it is
common practice to subject the aspirated bronchial contents to bacteriological
and sensitivity tests and then to prescribe antibiotic therapy on grounds of
the sensitivity thus determined. In lhis way some of the chronic pulmonary
diseases (abscess, chronic pneumonia, bronchiectasis, etc.) can be cured or
rendered symptom-free [1, 2]. However, the response to antibiotic therapy
is not invariably favourable, because the necrosed pulmonary tissue,
even if it has become sterile, may maintain aseptic suppuration in the
bronchi.

In order to liquify the pus and to promote the ejection of necrosed
tissue, several authors administer intrabronchially pyolytic enzymes after
bronchoscopic suction. The first experiments along these lines were made
with streptokinase-streptodornase, administered intrabronchially through the
bronchoscope for the treatment of atelectasis and chronic pneumonia by
Kofman et. al. [3], Muenster et al. [4], and for the treatment of bronchi-
ectasis by Kovacs and Dévényi [5]. Bethge and Herzer [6] prescribed
inhalation of streptokinase-streptodornase in cases of pulmonary abscess,
and aspirated the liquified discharge by bronchoscopy. Since the use of
streptokinase-streptodornase gave rise to toxic side effects and high fever,
preference has been given to trypsin. Peck and Levin [7], as well as Steig-
man and Scott [8], treated atelectasis in poliomyelitic infants by the intra-
bronchial administration of trypsin. Craven [9] has recommended the use
of trypsin spray. Trypsin aerosol has been advocated by Gerrits and
Muntingite [10] in asthma, by Robel [11] in asthma, bronchiectasis and
chronic pulmonary tuberculosis. Bergsmann and Karthuber [12] obtained
good results by intrabronchial tiypsin treatment in cases of atelectasis and
extensive tuberculosis.

We, too, achieved favourable results with trypsin in the treatment
of suppurative conditions of the lung and pleura [13]. Two kinds of preparation
were used, the crystalline, dialysed and lyophilized trypsin of Novo Industri
A/S, KObenhavn, and the amorphous product of Merck, Inc. The latter

| Act« Medic« X11/3—4.
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product contains about 80 per cent of lactose to ensure better solubility. Of
this amorphous trypsin we gave about the same effective dose as of the
crystalline one, i. e. 50 mg of the crystalline, or 250 mg of the amorphous
preparation were administered at bronchoscopy into the orifice of the appro-
priate segmental bronchus. As a result, the pus was liquified and could be
aspirated, inflammation became circumscribed and in most cases recovery
ensued, so that there was no need for lung resection. Even if the patient had
to be operated upon, favourable conditions were ensured for surgery. In cases
of empyema the administration of trypsin through the puncturing cannula
produced excellent therapeutic results.

Crystalline trypsin having at first not been available, the experiments
were started with amorphous trypsin. Later, we used the crystalline prepara-
tion. The two preparations were found to differ in action. The response to
amorphous trypsin was protracted and expectoration was more ample. 48
hours after administration the enzyme had to be aspirated from the bronchus,
because the mucosa became hyperaemic ; some minor haemorrhages also
occurred.

A comparison of the two preparations suggested that amorphous trypsin
may contain some agent which is riot present in the crystalline one. This
assumption has led to the use of elastase, the enzyme discovered by Balo
and Banga [14].

As it is knotvn, elastase prepared from the pancreas splits elastin, the
special protein of elastic fibres. In recent years the chemical and biological
properties of the new enzyme have been studied extensively both in this
country and abroad. Haunn et al. [15] investigated into the favourable prepara-
tion of the enzyme. Partridge et al. [16] studied in detail the biochemistry
of the enzyme and its substrate. Lansing [17] reported that by feeding
elastase to rabbits he succeeded in preventing the development of cholesterol
atherosclerosis and of the fatty degeneration of the liver. Bals and Banga [18]
were the first to point out the correlation between the elastase content of
the human pancreas and the development of arteriosclerosis. Whereas in
normal young men and advdts the elastase content of the pancreas varies,
within a well-defined range, in individuals with arteriosclerosis it is very low.
on the average 5 to 6 per cent of the physiological level.

One of the main problems in elastase research was to develop a method
facilitating the economical production of large quantities of the enzyme in
chemically pure and possibly homogeneous form. Banga, in 1952 [18], succeed-
ed in obtaining a crystalline enzyme preparation, but this did not meet
the above requirements. Owing to the fact that there was a demand for
elastase in various fields of therapy, the research laboratories of several
pharmaceutical works have been investigating the isolation of elastase. In
Hungary Bagdy and Banga [20] developed a simple adsorption method by
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which a highly-active (30 to 100 elastase units/mg)* enzyme preparation
was obtained from dry pancreas powder. As far as its specific elastolytic
activity is concerned, this preparation is at least equivalent to the one made
by Light & Co., Great Britain. The lyophilized, slightly yellowish dried
elastase contains very little salt and its moisture content is below 0,5 per cent.

According to the present view, elastase is a special proteolytic enzvme,
with elastin, the protein of elastic fibres, as its specific substrate. Elastase
is capable of dissolving not only elastin, but also a series of other proteins. For
example, it digests haemoglobin denaturated hv urea, serum albumin, casein
and also certain synthetic substrates. Trypsin also splits these substrates,
hut is unable to lyse elastin. In comparative studies with haemoglobin as the
substrate, Partridge arid Davis [21] found that elastase was about twice
as active as crystalline trypsin. This finding, which has been confirmed from
other sides, is not only of theoretical significance, but calls attention also
to the circumstance that elastr.se may successfully replace trypsin in therapy.
Like trypsin, elastase can best split denaturated protein (necrosed tissue),
its activity on live tissue being inhibited by the elastase inhibitor (Bats and
Banga, [22]).

There being no data available as to the clinical use of elastrse, we car-
ried out animal experiments to determine the eventual toxicity. Through
the bronchoscope, 10, 20, 50, 100, 200, then 500 mg of elastase (33 elastase
units/mg) in 5 ml of M/15 Na2HPO04- 2 H2 were administered into the right
main bronenus of rabbits, under chlorethyl anaesthesia. No untoward effect
was noted, the rabbits remained active, fed well and neither X-rays, nor
repeated bronchoscopy revealed any pathological change. It has been con-
cluded that when applied locally in the bronchial system, elastase is not
noxious to live, normal tissue and may be used without risk also in man.
We have in fact used the enzyme in 13 human subjects.

Procedure

After clinical and X-ray examination, bronchoscopy was performed.
The discharge in the bronchus of the lobe or segment corresponding to the
site of the lesion was aspirated, examined bacteriologically and the sensitivity
to antibiotics of the isolated agent was established. The antibiotic found
effective in vitro was then prescribed. After 1 to 2 weeks of antibiotic treat-
ment, X-ray examination and bronchoscopy were repeated to find out whether
the bronchus had become sterile and whether the shadows showed any sign of
becoming less intense or smaller in size.

* One elastase unit 1E.U. the quantity of enzyme which is capable of dissolving
1 in; of elastin in 30 minutes, under the given experimental conditions.

l‘k
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In the absence of substantia] improvement and also when bronchial
suppuration (even if sterile) persisted, 100 mg of elastase (33 elastase units/mgl
were injected into the affected lobe or bronchus. The elastase was prepared
and assayed atthe Pharmacoindustrial Research Institute. The tryptic activity
of the elastase preparation used was 16 Anson units pro g. Treatment was
repeated twice a week. The number of treatments varied between 3 and 10.

Patients

a) Elastase was administered in 8 cases of pulmonary abscess, in
bronchoscopy had revealed purulent bronchorrhoea. The abscesses were
invariably surrounded by infiltrated tissue, their shape was characteristic
and they contained fluid.

Of the patients, 6 had an abscess in one lobe and 2 had abscesses in
two lobes.

Two ofthe 6 patients with abscesses localized to one lobe had also Koch-
positive pulmonary tuberculosis.

Pulmonary abscesses are known to have a tendency to spontaneous
healing. In the pre-antibiotic, or pre-chemotherapeutical literature the inci-
dence of spontaneous healing had been estimated to 2 to 40 per cent. According
to Spector [23], postural drainage resulted in a cure in 58 per cent of solitary
abscesses ; patients with multiple abscesses, however, died without exception.
Similar data hate beenreported by Scott-Pwcrnw and Mortoch [24]. Accord-
ing to Stoichitza [25], medical treatment is effective in all the casesthat have
a tendency to spontaneous healing. Since the advent of antibiotics the over-
whelming majority of the patients with pulmonary abscess were cured by
adequate therapy and oidv a small percentage had to be operated upon. —
In our cases we resorted to endobronchial elastase treatment only after
antibiotic therapy had rendered the bronchial system sterile, but pus for-
mation had failed to stop even after repeated bronchoscopie suction. Thus,
we employed elastase treatment before or instead of surgery, in cases of
chronic sterile abscess.

Technique of elastase treatment

Bronchoscopy is performed and suction is applied to the orifice of the
lobar or segmental bronchus corresponding to the site of lesion. After the
suction, 100 mg of elastase (33 E. U./mg) dissolved in 5 ml of 1/15 M disodium
hydrophosphate is injected into the orifice.

The latter solution is prepared by dissolving 11,876 g of Na2HP 04+ 2H a0
in 1000 ml distilled water and is then sterilized. The pH is 8,3.

which



No.

Initials, age Localization
V. S. 52 yrs. Right superior lobe
K. Gy., 38 yrs. Right superior lobe
Apex of left inferior
K. J., 32 yrs. lobe
Left superior lobe
V. J, 35 yrs. and apex of in-
ferior lobe
Cs. K., 50 yrs. Apex of leftinferior
lobe
Tuberculous ab-
Gy. J., 58 yrs. scessof apexriglit
inferior lobe
Abscess of apex of
right inferior
lobe -j- fibrous
S.J., 52 yrs. tuberculosis of
both superior
lobes
1 Multiple abscesses
1). J., 54 yrs. in both lobes of

left lung

Bacteriology
of bronchial dis-
charge,

at first bronchoscopy

Sterile

Sterile

Haemolytic
streptococcus

B. protcus

Sterile

P neumococcus,

M. tuberculosis

Ps. pyocyanea -f-
M. tuberculosis

Ps. pyocyanea

anaerobic strep-
tococcus -f- Can-

dida albicans

Table |

Interval between i

onset Of lymp-

toniM and onset
of elaetaRe
treatment

2 months

6 weeks

6 months

14 months

2 months

3 months

TB since
4 years.
Symptoms
of abscess
6 weeks

18 months

o

Duration of anti-
biotic and chemo-
therapeutic treat-
ment before elaeta-
ec administration

weeks (penicil-
lin, terramycin,
sulphathiazolc)

weeks (penicil-
lin, sulpha-
thiazole)

months (penicil-
lin, streptomycin,
terramyecin,
chlorampheni-
col)

14 months (penicil-

[N

lin, streptomy-
cin, terramycin,
aureomyecin,
chloramphenicol,
sulphathiazole,
with inter-
ruptions)

weeks (penicil-
lin, strepto-
mycin)

weeks (penicil-
lin, strepto-
mycin, 1IN11)

years IN I

5 weeks strepto-
mycin

weeks terra-
mycin

18 months

(penicillin,
streptomycin,
terramycin,
chloramphenicol,
with inter-
ruptions)

Number and dura-
tion of elaetasc
treatments

5 weeks
10 treatmens

1 week
2 treatments

4 weeks
7 treatments

6 weeks
10 treatments

2 weeks
3 treatments

weeks
treatments

o Ul

weeks
treatments

(6]

3 months
18 treatments

Therapeutic result

Complete clinical and
radiological recovery

Complete clinical and
radiological recovery

Complete clinical and
radiological recovery

Clinically recovered,
purulent bronchorrhoea
ceased. Tomography
reveals bundles, scars
in place of the cavities

Symptom-free, no puru-
lent bronchorrhoe. X-
ray : thin-walled cavity
reduced to half the orig-
inal size

No complaints, bronchor-
rhoea ceased. Tomo-
graphy shows cavity to
have shrunk

Scars, bundles in the place

of the abscess. No pus
in sputum. TB un-
changed

Foetid, purulent bronchor-
rhoea ceased completely.
No complaints. Gained
11 Kg. X-rays, no
change in size of cavities,
but they contain no
fluid
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The diluted bronchial discharge is subsequently expectorated by the
patient and bronchoscopy is required only when sputum is very copious or
in the rare instance when fever appears. The first treatment should be carried
out through the bronchoscope, whereas subsequent treatments may be made
with a soft rubber catheter, under X-ray control.

Results of treatment

Complete clinical and radiological recovery, normal bronchial pattern,
3 cases. Cavity disappeared and X-ray revealed in its place fascicidate spots
of condensation. The bronchus is free front discharge. Healing (by fibrosis),
2 cases. Tomography revealed the presence of a shrunk cavity ; the patient
has no complaints, bronchoscopy shows normal conditions, 2 cases. The
cavity did not change in size, contains no fluid, its environment is atelectatic,
bronchoscopy shows no purulent bronchorrhoea, the patient put on 11 kg
in weight, 1 case.

For the detailed data, Table | should be consulted.

b) One of our patients with suppurative putrid bronchorrhoea due to
bronchiectasis became free of toxic symptoms in response to elastase treat-
ment. Now the bronchi contain but little odourless pus ; X-rays show the
areas of atelectasis to have cleared up ; the bronchogram is unaltered. (Sig-
nificant symptomatic improvement.)

¢) Two cases of pneumonitis involving one lobe recovered completely
in response to 3 intrabronchial elastase treatments.

d) In one of our patients there were extensive tuberculosis cavities
in both superior lobes. There was copious purulent-putrid bronchorrhoea ;
about 200 ml of pus was discharged daily. Intrabronchial elastase -f- strepto-
mycin introduction alternatingly into the right and left superior lobe bronchi
stopped the toxic symptoms and the suppuration ceased. There was naturally
no radiological improvement.

d) In one case of cavernous tuberculosis involving the left inferior
lobe and the apex, the administration of 1 g of streptomycin and 100 mg
of elastase (33 E. U./mg) twice a week into the dorsal I. bronchus resulted

in the disappearance of the cavity in 3 weeks time. As, however, the patient
was treated in addition with streptomycin and INH by mouth, it cannot
definitely be declared that the remarkably fast rate of healing was due to
elastase treatment. Nonetheless, good results might be expected in this field,
and further studies should be carried out to lend support to this view.

All in all, a positive therapeutic effect has been ascertained in every
single one of our 13 patients.

In the following we present a few case histories.
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(i) V. S. (604/1957), a locksmith 52 years of age, weighing 60 kg, 173 cm in height,
had been ill for months and had been treated with penicillin and sulphathiazole. At admis-
sion he was in a toxic state, with dyspnoea and cyanosis. ESR, 100 mm in 1 hour. Blood
count : leucocytosis, toxic granulation, shift to the left. X-ray : In the right superior lobe
there was a density of the size of a man’s fist (Fig. 1). No Koch bacilli were demonstrated
in the sputum. Bronchoscopy : purulent bronchorrhoea from the bronchus of the oedematous
right superior lobe. The mucosa of the right bronchial system was purple in colour.

The bronchial aspirate was sterile. (Before admission the patient had received ample
doses of antibiotics.) Elastase, 100 mg (33 E. U./mg), was injected twice weekly into the right
lobe bronchus. As a result, cavities had appeared in the dense area which then decreased
in size and finally disappeared. After the first bronchoscopy, the volume of sputum increased
to 500 ml, then decreased gradually. After 10 treatments the patient was symptomless, put
on 5 kg, had no complaints. ESR : 5 mm in 1 hour. X-ray: practically normal (Fig. 2).
Even tomography failed to reveal cavities. The patient recovered completely in 5 weeks.

Fig. 1

(ii) Y. J. (366/1958), a shepherd, 35 years of age, 177 cm in height, 70 kg in weight,
had been treated for pulmonary abscess for 14 months. Hehad had no fever. ESR : 84 mm in
1 hour. Sputum : Koch negative. X-ray : in the centre of the left lung there was a child’s
palm-sized shadow with fluid levels, localized to the apex of the inferior lobe and to the
posterior segment of the superior lobe ( Fig. 3) . He had halitosis, the daily volume of sputum
was about 180 ml. Bronchoscopy showed the left bronchial system to be filled with dense,
foetid pus. With the cough the pus came from the orifice of the dorsal I. bronchus. B. proteus,
sensitive to chloramphenicol, was isolated from the bronchial discharge. On chloramphenicol
treatment the pus became sterile, but its formation did not cease. Ten elastase treatments
brought about substantial radiological and clinical improvement, no cavity was formed, only
fascicles marked the site of the former process. At the last bronchoscopic examination there
was no more suppuration and the bronchial system was free from inflammation. The patient
put on 6 kg weight, had hardly any sputum. ESR : 30 mm in 1 hour.

(iii) Cs. K. (3808/1957), a boiler-smith aged 50, 176 cm tall, 66 kg in weight, had little
sputum, which was Koch negative. ESR : 47 mm in 1 hour. In the blood count there was
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Fig. 3
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Fig. i

Fig. 5
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a slight shift to the left. X-ray revealed in the superior 4/5 of the left lung a massive shadow
(Fig. 5). Bronchoscopy: the left bronchial system was filled by foetid, sterile pus. After
suction, with the cough pus came from the dorsal I. bronchus. On the administration of
100 mg (33 E. U./mg) of elastase intrabronchially, the daily volume of sputum increased to
300 ml and apple-sized cavity appeared in the left dorsal 1. segment (Fig. 6), the environ-
ment of which became less dense. Elastase treatment was repeated on two more occasions.
Subsequently, X-rays showed the cavity to have been reduced to half its original size and
to contain no fluid (Fig. 7). The patient gained 10 kg in weight, had no complaints, ESR
was 5 mm in 1 hour.

SUMMARY

In 13 patients, the intrabronchial administration of elastase, the proteolytic enzyme
discovered by Balé and Banga, ensured favourable results in the treatment of suppurative
lung disease and made surgery avoidable. Elastase was found to be a perfect substitute
for trypsin.

In the applied doses the toxicity of elastase was negligible, the enzyme caused no
fever, neither side effects. Extensive therapeutic trials with the new enzyme preparation are
urged.
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QUANTITATIVE DETERMINATION
OF SERUM PEPTONASE : ITS DIAGNOSTIC VALUE

By
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(Received May 18, 1958)

Dastre in 1893 was the first to demonstrate the proteolytic activity
of human serum. Since then, evidence has been accumulating to show that
both main groups of protease are present in blood : the proteinases (plasmin
[41], pepsin [27], cathepsin [25], trypsin [12]) and the peptidases (the enzyme
breaking down peptone [17, 31], polypeptidase [1, 3], di- and tripeptidases
[16, 26]). From among the proteinases the pathophysiological and diagnostic
significance of plasmin [4] and of pepsinogen [5, 29, 39, 45] has been chiefly
elucidated whereas in the peptidase group almost exclusively the di- and
tripeptidases have been investigated [8, 13, 14, 15, 21, 28, 37, 38, 40]. Studies
on the ability of the serum to break down peptone have been scarce. This
is indicated also by the fact that time diagnostic tests have been developed
for the quantitative determination of almost every one of the serum proteases,
whereas for the detection of peptonase in serum it was only recently that a
qualitative test has come into use (Schierge).

The impulse to carry out the investigations to be described below was
supplied not only by the above methodical deficiency or by the insufficient
attention devoted to serum peptonase, but first of all by the fact in our com-
parative enzyme studies in patients with chronic hepatitis [9] we strongly
felt the need for a quantitative test for serum peptonase. The quantitative
data yielded by our examinations, as well as our paper chromatographic
studies of the details of enzyme effect, might be of assistance in
interpreting the diagnostic value of the serum level of this enzyme and
also in assessing the pathophysiological significance of the enzymes demon-
strable in blood.

The terminology used in the literature on serum peptidases is not
uniform. Earlier, terms such as “peptolytic effect” [2], “erepsin” [30],
“peptidase” had been used, irrespective of the substrate being a dri-, tri- or
polypeptide, or peptone. After the identification of di- and tripeptidases
we do not any more use these terms if peptone is employed as the substrate.
At first, Schierge denoted the enzyme breaking down peptone by the name
protease [36], but has recommended the term peptase recently [36/a]. In
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his studies on cellular proteases, Ito called the enzyme breaking down pep-
tone erepsin [23], but more recently has referred to it as peptonase [24].

Peptonase appears to be the best term to denote the enzyme breaking
down peptone, but the term polypeptidase cannot be rejected, either, because
it has not been decided whether one specific enzyme (peptonase, peptase)
or a combination of several polypeptidases is responsible for the breakdown
of peptone.

It is justified to speak about the “level” or “activity” of serum pep-
tonase, because it is unknown what is the role of changes in the absolute
quantity of the enzyme, in the ratio of inhibitors to activators, or in the
normal or pathological breakdown of peptone.

In the first studies on the ability of human serum to break down pep-
tone, Gruber used peptone Hoffmann—La Roche as the substrate. Saxl
recommended the use of Witte peptone, employed regularly by Schierge.
However, even the latter author has made but a few quantitative determina-
tions (by Sorensen titration) in his studies on the properties of the enzyme
breaking down peptone [32, 33, 34]. He has recommended and is using a
qualitative test for diagnostic purposes [35], based on the colour reaction
given by tryptophane liberated on incubating peptone and serum with
bromine water. The intensity of the resulting colour, denoted by crosses, is
used for appraising the peptonase activity of serum.

Methods

For the quantitative determination of serum peptonase we have investigated the
possibilities offered by the biuret and ninhydrin reactions. In addition, paper chromato-
graphic studies have been made in order to elucidate the details of peptone breakdown.

I. Biuret reaction. Principle : the enzyme reduces the number of biuret bonds in the
substrate and thus from the decrease in intensity of the biuret colour the quantity of
peptonase may be estimated.

One ml of serum and 1 ml of 5 per cent Witte peptone are incubated at 37° C for 24 hours,
followed by deproteinization with acetic acid-saline according to Schierge. To 4 ml of the
filtrate 4 ml of biuret reagent [45] are added. The resulting colour reaction is associated with
some opalescence and 3 to 4 hours later a grayish-white precipitate is formed. This can be
readily separated by centrifugation, after which the result is read in a Pulfrich photometer
(S 53 filter, 20 mm layer thickness) against a reagent blank (4 ml acetic acid + NaCl solu-
tion + 4 ml biuret reagent). Peptone blank test : One ml of serum is incubated at 37° €
for 24 hours and 1 ml of incubated peptone is added immediately before deproteinization.

The results are summarized in Table 1. Breakdown is expressed in
per cents ; the biuret colour of the peptone blank test is taken to be 100 per
cent and the colour of the incubated peptone is related to that.

Although the peptonase activity expressed in per cents is considerable,
this method is not suitable for routine work, because a) even when the activity
is relatively high, the difference in extinction corresponding to the enzymatic
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Table |

Determination of the peptonase content of serum by the biuret test

Peptone Incubated

No. Name Diagnosis lank peptone it ngtti?/r}?)?e
EttinctiOn 0
1 T.S. Normal. e 0,47 0,34 0,13 27,7
2 7s 1 p s 0,48 0,35 0,13 27,1
3 B. 1 1 e 0,47 0,33 0,14 29,8
4  z. k. Vegetative NEUr0SiS...ccveviveenns 0,48 0,36 0,12 25,0
5 B. A. Chronic gastritis ... 0,48 0,39 0,09 18,7
6 V. Gy. Chronic nephritis...... 0,47 0,35 0,12 25,5
7 M. L Diahetes mellitus 0,48 0,39 0,09 18,7
8 G. G. Acute hepatitiS...overrnineenn 0,48 0,30 0,18 37,5
9 V. L. . N 0,48 0,28 0,20 41,7
10 M. 1 " s e 0,48 0,34 0,14 29,2
1 V. G 0,48 0,30 0,18 37,5
12 M L. 0,50 0,29 0,21 42,0
13 sz 1 99 D 0,49 0,32 0,17 34,7
14 K L. » s e 0,47 0,36 0,11 23,4
15 Sz, L. . AN 0,49 0,39 0,10 20,4
16 V. E. . N 0,49 0,28 0,21 42,9
17 G. G. " N 0,48 0,36 0,12 25,0
8 M 0,48 0,33 0,15 31,3
19 M. L . " 0,49 0,39 0,10 20,4
20 V. E. ., N 0,47 0,32 0,15 31,9
21 Sz. | " s e 0,50 0,34 0,16 32,0
2 1A . s e 0,47 0,27 0,20 42,5
23 G. M » » 0,48 0,35 0,13 24,0

action is small ; b) the difference in extinction is particularly small between
normal and pathological sera; c) deproteinization often makes the solution
opalescent and difficult to filtrate; d) parallel testing requires at least 4 ml
ofeach serum.

Il. Ninhydrin test. With due regard to the conditions required in an
enzyme test, we have investigated which method of deproteinization and
which of the different ninhydrin techniques for amino-N determination
were the most suitable for the quantitative determination of liberated amino-N.
The following procedure has proved to be the most reliable.

Principle : serum and 5 per cent W itte peptone are incubated in sterile
tubes at 37° C for 24 hours. Deproteinization by alcohol is followed by the deter-
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mination of amino-N according to Trot11 and Cannan in the alcoholic filtrate,
starting with 0,2 ml of serum. Peptonase activity is computed for 100 ml
of serum. One unit of activity is shown by the serum 100 ml of which liberates
1 mg of amino-N in 24 hours. This is called one peptonase unit (PU).

Reagents.

1. Witte peptone. Keep in dry place, sterile.

2. Absolute alcohol.

3. 60 per cent alcohol.

4. Ninhydrin solution : 500 mg ninhydrine (analytical purity) dis-
solved in 10 ml absolute alcohol.

5. Phenolalcohol : To 80 g distilled ammonia-free phenol 20 ml of
absolute alcohol is added.

6. Pyridine potassium cyanide : Two ml of a 0,01 M KCN solution is
made up to 100 ml with ammonia-free pyridine.

7. Amino-N stock solution. 100 pg amino-N/ml. May be made from
any of the following amino acids. Leucine or isoleucine (46,78 mg), phenyl-
alanine (58,93 mg), valine (43,22 mg), glycine (26,78 mg) ; dissolve any of
these in 20 ml of bidistilled water and adjust the volume to 50 ml with
absolute alcohol.

Reagents 4, 5, and 6 keep for 4 weeks. Reagents 5 and 6 are readily
contaminated by ammonia and it is advisable to free them from ammonia
by the use of permutit.

Incubation. 0,2 ml of serum and 0,2 ml of 5 per cent peptone solution
are added to sterilized Wassermann tubes. To avoid foaming, the mixture
is shaken gently, one drop of toluol is added, the tubes are air-tight with
rubber-stoppers and placed in an incubator of 37° C for 24 hours. Peptone blank
test : 0,2 ml of serum with one drop of toluol in it is incubated in a sealed
tube at 37° C for 24 hours, when, immediately before deproteinization, 0,2
ml of similarly treated peptone is added.

Deproteinization. About 0,5 ml of a total of 1,6 ml of absolute alcohol
is added dropwise under shaking. The rest is added rapidly to the mixture.
The tubes are then stoppered and shaken a few times. The precipitate appears
as scon as the first portion of alcohol is added and can be centrifuged after
10 minutes of standing.

Colour reaction. Into each of a series of dry test tubes, 0,1 ml of the
protein-free alcoholic solution is added above precipitate. After adding 0,5 ml
pyridine-KCN and 0,5 ml phenol alcohol to each tube and shaking, the tubes
are placed into a hot water bath. One to 2 minutes are allowed for the tubes
to take up the temperature of the bath, then exactly 0,1 ml (6 drops) of
ninhydrin is added. Boiling is continued for further 5 minutes. After cooling
with running water, the volumes are adjusted to 10 ml with 60 per cent
alcohol. The resulting dark violet colour remains constant for 24 hours or
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more. The extinction is read in a Pulfrich photometer (5 mm layer thickness,
S 57 filtre), against a reagent blank (0,1 ml 60 per cent alcohol -f- 0,5 ml
reagent 5 -f- 0,5 ml reagent 6), making the colour test simultaneously with
the above procedure.

Calculation. The extinction of the peptone blank is subtracted from the
extinction of the incubated tubes and the quantity of ainino-N corresponding
to the difference is read from the extinction curve. Owing to the dilutions,
0,1 ml of the alcoholic solution is equivalent to 0,01 ml of serum. Computed
for 100 ml of serum,

m y 10.000

PL = 03 - y 10 = mg amino-]\/100 ml serum

y = amino-N corresponding to the difference in extinction.
Plotting of the extinction curve. Of the amino-N stock (standard) solution
0,01, 0,02, 0,05, 0.10, 0,15 and 0,20 ml, respectively, is added to test tubes

6 657 75 B B.5 9 pH

Fig. 7. Effect of pH on the peptonase activity of serum. 1: normal sera. 2, 3, 4, 5, 6 : sera
with high peptonase activity. 7 : hepatic bile (obtained at operation for obstructing jaundice)

and the volumes are adjusted to 0,2 ml with 60 per cent alcohol. The colour
reaction is carried out as described above. The Lambert—Beer law being
valid, it suffices to plot the curve once. Repeated plotting is required only
when a fresh preparation of ninhydrin comes into use.

The effects of pH on the activity of the enzyme were investigated first
by schierge (1953) who found the optimum pH between 7 and 7,5 for serum-
peptone mixtures incubated for two weeks. We investigated the influence
of the pH on the peptonase activity during 24 hours of incubation. The pH
of the peptone solution was adjusted with n/10 NaOH, under the control
of a pH meter. The results are presented in Fig. 1.
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The 5 per cent W itte peptone prepared as described below has a pH
varying between 7,2 and 7,3 and for this reason its pH need not be adjusted.
Exactly 2 g of Witte peptone is suspended in 40 ml of bisdistilled water.
The granules are homogenized by means of a glass rod. After gentle heating
and subsequent boiling for 5 minutes, the solution is cooled with running
water, filtered and centrifuged. The clear filtrate is made up to 40 ml with
bisdistilled water. It can be stored under refrigeration for 2 to 3 days when
sealed in a sterile vessel in the presence of toluol.

The data in Table |Il, obtained in some of our cases, are presented
in order to demonstrate that (i) the results of parallel tests on the same serum
are closely comparable ; (ii) the difference in extinction between the colour
of the peptone blank and of the incubated peptone can be well measured
even in a 5 mm layer. This applies to sera with both normal and pathological
peptonase activity ; (iii) in serial tests it suffices to use a peptone blank
made of a single serum, since different sera give the same extinction. This
greatly simplifies the procedure.

Chronological course of peptone breakdown

Using sera of low and high peptonase activity, the quantity of amino-N
liberated was repeatedly determined in 24-liour (Fig. 2) and 5-day (Fig. 3)
experiments.

The data in Figs. 2, 3 and 4 prove that (i) peptone is broken down at
a constant rate for several «lays ; (ii) at the same substrate concentration

PU

Fig. 2. The course of enzyme action in 24 hours. 1: normal, 2 and 3 : highly active sera.
4 : peptone blank test
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there is a linear correlation between the quantity of enzyme and the quantity
of amino-N liberated ; (iii) the quantity of amino-N released in 24 hours
is suitable for expressing the peptonase activity (peptonase content) of serum.

PU 9

Fig. 3. The course of enzyme action in 5 (lavs. 1 : normal, 2 : highly active sera, v : blank test

Fig. 4. Correlation between tbe amount of serum or enzyme and peptonase activity. 1 and
2 : normal, 3 and 4 : highly active sera

No activator was made use of. Agents inhibiting or activating serum
peptonase have not yet been isolated. (According to Schiehge [1923, 1924],

2 Acta Medica X 11/3- 1.
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Table 11

Determination of peptonase content of serum by the ninhydrin test

Peptone Incubated

. . blank peptone Diff. PU
No. Name Diagnosis mg ammo-N/100 m

serum
Extinction

I D. .1 Normal... 0,38 0,58 0,20 27

0,38 0,58 0,20 27

2 K. J. L e 0,37 0,57 0,20 27

0,38 0,57 0,19 26

3 S L e 0,38 0,61 0,23 31

4 z.s. e 0,38 0,56 0,18 24

5 K. z. Pneumonia ... 0,37 0,80 0,43 60

0,38 0,82 0,44 61

0,37 0,81 0,44 61

0,38 0,81 0,43 60

6 B. L. Acute hepatitiS....ccoe.... 0,39 0,83 0,44 61

7M. 2 N e 0,38 0,84 0,46 63

8 P.E. " s 0,38 0,80 0,42 59

9 T. K. 0,37 0,97 0,60 81

10 H. J. . G 0,38 0,66 0,28 38
N 0,39 0,99 0,60 84
12 KoL 0,39 1,23 0,84 120
13 Sz. R. . b e 0,38 1,13 0,75 106
14 Cs. J. Compression amidice . . . 0,38 0,82 0,44 61

the albumin fraction of serum contains an inhibiting substance, while I1to has
shown that liver peptonase can be activated with MnT )

Three parallel series of sera were set up. In the first the serum teas
incubated alone, in the second in the presence of MnCla (2 « 10“3 M) and
in the third with Komplexon IIl (5 ¢ 10 4 M), for 2 hours at 37° C. Sub-
sequently was the 5 per cent peptone added to each series, and the peptonase
content determined.

II'l. Paper chromatography. Some of the fractions resulting from the
breakdown of peptone can be separated well by one-dimensional chromato-
graphy (Csoban). Macherey— Nagel 214 paper is used, and as a solvent,
butanol-water-acetic acid (5:4: 1). On paper strips 4 cm wide and 40 cm
long, 0,06 ml of the serum-peptone mixture, or 0,3 ml of the deproteinized
alcoholic filtrate is placed on a 3 cm long line. After the first run the
paper is allowed to dry at room temperature for 2 hours, then it is placed
back into the same solvent. It is essential that in the second run the front
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of the solvent should pass beyond that of the first run. In our experiments
this distance was 26,5 and 28,5 cm, respectively. Drying is followed by devel-
opment according to Bode in a mixture of 90 parts of 0,5 per cent acetonic
ninhydrin solution, 5 parts of distilled water and 5 parts of glacial acetic
acid. The paper strip is pulled through this mixture, then it is suspended
for 15 minutes in an exsiccator of 90° C.

The zones of varying thickness, appearing on the paper, were numbered
in succession. The ly values calculated for the centre of the single zones were

Ext. 0,5cm
Fig. 5. Preincubation of serum with MnCl, or Komplexen Ill has no influence on the rate
and measure of peptone breakdown. 1 and 2: normal, 3 : highly active sera.--—--- serum
alone, ... serum -)- MnCI2, ----- serum -f- Komplexon 111,

the following, from zone 1 downward : 0,60, 0,50, 0,42, 0,37, 0,32, 0,27, 0,22
0,19, 0,17, 0,16, 0,14, 0,11, 0,08, 0,07, 0,06, 0,05 and zone 17 under 0,03.

At different points of time of the enzymatic effect, the following pat-
terns appeared (see Fig. 7).

It seems from Fig. 7 as if the colour intensity of the single zones were
increasing gradually during the 24 hours of incubation. In fact, the more
intensive colour of some zones is clearly visible if sera of great peptonase
activity are chromatographed. Moreover, not only quantitative, hut qualitative
differences are also noticeable in the different sera. This is indicated by Fig.
8, showing the peptonase effect of the serum from a patient with hepatitis,
at different intervals during incubation. At the marked site there is an intense
spot which is absent in the paper chromatogram of the normal serum shown

in Fig. 7.

2*
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In the zones of the one-dimensional chromatogram, peptides and amino
acids are overlapping : these may be further differentiated by the two-
dimensional method using as a solvent first butanol : acetic acid, and then [22]
amylalcohol : pyridine : water (35 :30 : 30).

In this way the time of appearance of certain degradation products

Fig. 6. One-dimensional paper chromatogram of peptone breakdown. 1: peptone blank
test, 1: result of 24 hours of incubation

can also be established. Some appear during the first 12 hours of incubation
(those designated by the letters a, b, ¢, d, e, f). These continue to increase
in intensity throughout the whole incubation period, whereas others appear
only after 12 to 24 hours’ incubation (e. g. those designated h and i). The
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Fig. 7. Paper chromatograms at different points of time (0, 4, 8, 12, 16, 20, 24, and 48 hours)
during incubation

Fig. 8. Peptone breakdown in serum, in a case of hepatitis, after 0, 8, 16, 20, 24, and 48
hours of incubation
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pattern is different in the area with low values, but separation here requires

the use of other solvents.
The above refer exclusively to the method of paper chromatography

for studying the enzymatic effect. The further analysis of the single fractions

Fig. 9 and 10, Two-dimensional paper chromatograms after different lengths of incubation
Fig. 9: 0 hour, Fig. 10: 10 hours

anti their quantitative determination will be dealt with in another report.
Thus far, the following evidence has been obtained.



QUANTITATIVE DETERMINATION OF SERUM PEPTONASE 0

(i) The paper chromatographic patterns of the peptone blank and of
the incubated peptone are readily reproducible. The fractions designated
by numerals appear in every case.

(ii) The single fractions are composed of peptides and amino acids. The
intensity of their colour is correlated with the peptonase content of the serum.

Fig. 11. Two-dimensional paper chromatography after 24 hours of incubation

(iii) The spot designated by the numeral 1 (Fig. 6) in the one-dimen-
sional chromatogram contains leucine and isoleucine. These can be isolated
readily and determined quantitatively (by the copper nitrate method of
Bode) and their quantity is directly proportional to the peptonase content
of the serum.

(iv) The leucine zone is followed in the order of colour intensity by
the zones corresponding to tryptophane, valine, methionine, glutamic acid,
threonine, glycine, aspartic and acid arginine, as determined by comparison
with amino acid mixtures.

(v) It is only the 17th zone the colour of which fades during incubation.
This zone includes the area to which the test substance has been applied.

Peptonase content of sera from normal subjects ami from patients

Blood was taken from fasting subjects and the determination was
carried out within 48 hours, although the sera kept under aseptic circum-
stances in the refrigerator retained their peptonase activity for at least 5 days.
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Nearly 400 sera have been tested (50 from normal subjects and 343
from patients). The results are presented in Fig. 12.

The serum peptonase level has been found to vary from 20 to 35 PU,
independently of age (20 to 70 years) and sex.

The serum peptonase level of the same subject showed no major
variations.

Acute hepatitis emerged from among the groups of diseases studied by
being associated with high serum peptonase levels. Early in the acute phase,
during the initial 8 to 14 days, markedly high activity has been demonstrated
in 10 per cent of the cases. No persistent correlation between the serum
bilirubin and peptonase levels was demonstrable either in this, or in the
later phases of the disease.

The serum peptonase level may vary during acute hepatitis, indepen-
dently of the behaviour of serum bilirubin. It may either return gradually
to normal, or may remain high throughout the course of the disease. A few
such variations are presented in Fig. 15.

Posthepatitic cases. The findings shown in Fig. 16 were yielded by 50
patients who had suffered from hepatitis 1 to 3 years earlier. Of 80 such
patients called in for examination, 50 answered the call. Ten had complaints
indicative of chronic hepatitis, for which they had been seeking medical
advice several times. Each of the sera obtained from these patients was
tested for total protein, electrophoretic pattern, response to the gold sol,
thymol and enzyme tests shown in Fig. 16. The results are presented in their
relations to the ratio of protein fractions, alpha2gamma and albumin/globulin
(A/G) quotients. According to biopsy and electrophoretic studies (Ceschka,
Kissel and Wewalka), the alpha2gamma quotient shows a characteristic
behaviour in chronic hepatitis ; a quotient lower than 0,20 indicates cirrhosis
and one ranging from 0,20 to 0,40, chronic inflammation.

The serum peptonase level was elevated in 33 per cent of the post-
hepatitic cases (Fig. 12), and in nearly 50 per cent of the cases included
in Fig. 16. At the same time, the levels of some enzymes showed either very
little change (alkaline posphatase, phenylbenzoatesterase) or no change
at all (cholinesterase, phosphohexoisomerase). The peptonase level was
elevated mainly in that group in which the alpha2Zgamma quotient
indicated the presence of chronic inflammation, though there was no
correlation between the peptonase level and the absolute quantity of the
alpha,, fraction.

The eventual correlation between the serum peptonase level and the
“activity” of chronic hepatitis, as iveli as the significance of the changes in
the peptonase level in acute hepatitis (Fig. 15) with respect to severity,
recovery and prognosis, will be dealt with in another report [9] where the
clinical and histological analysis of the cases will also be discussed.
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The origin of the di- and tripeptidases demonstrable in the serum under
both normal and pathological conditions is still unknown. Particular sig-
nificance has been attributed to hepatocellular lesion (F1eisher 13, 14, 15),
and to the disintegration of the corpuscular elements of the blood, first of

PU

Fig. 13. Variation of the serum peptonase level in a normal subject from 8 a. m. until 3 p. m

PU
10C

90
80
70
60 0 o
50
PO

30

0 12 4 6 B 10 12 14 16 rna%
serum blHrubin

Fig. 14. Serum bilirubin level and peptonase content in acute hepatitis

all of the lymphocytes (Culeen) and erythrocytes (Smith). To our best know-
ledge, experimental studies on the origin of peptonase have not been carried
out. We found the peptonase content of erythrocytes 80 to 100 times higher
than that of the serum [10]. In connection with these open questions, it is
deemed necessary to cite some clinical data. In the group of diseases other
than hepatic we studied the eventual correlation between the changes in
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Fig. 16. Data for 30 posthepatitis patients. The numerals in the columns indicate the number

of cases in which enzyme activity was pathological, in which the flocculation tests were

positive, and in which characteristic spontaneous complaints were present within the groups
set up according to the quotient alphagamma
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Tumourous patients

Number of Peptonase level
Diagnosis cases Note
high normal

Gastric cancer ... 4 — 4 no metastasis
Gastric cancer ... 3 2 1 metastasis in liver
Cancer of the pancreas ... 2 1 1 metastasis in liver
Cancer of the lung 4 — 4 no metastasis
Cerebral tumour 1 — 1 no metastasis
Cancer of the bladder ... 1 — 1 metastasis -f- X-ray therapy
Ovarian cancCer......... 2 — 2 metastases + X-ray ther.
Cancer of the uterus ... 3 1 o metastases + X-ray ther.
Lymphosarcoma.......cceeen 3 1 2 X-ray therapy
Lymphogranulomatosis............ 3 — 3 X-ray therapy
Cancer of the larynx ... 1 — 1 X-ray therapy
Ewing sarcoma.......o.. 1 — 1 metastases
Kaposi sarcoid......nn 1 1
Ovarian CancCer ... 1 low — metastases

PU

100-

90-

80-

70-

60-

50-

20-v .

10 =

0 10 20 30 bO 50 60 70 80 90 WOmMmM/hWe

Fig. 17. Relation of serum peptonase content to erythrocyte sedimentation rate
in different diseases

the serum peptonase level, on the one hand, and the ESK, erythrocyte and
leucocyte count, differential count and, in chronic disease, the body temper-
ature, on the other hand.

No correlation was demonstrable between the serum peptonase and
any of the above-mentioned data.
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Discussion

Evidence concerning the peptonase content of human serum is scarce.
No other quantitative data are available than those reported by Gruber
for 7 cases and by Saxi for 14 cases. Schierge used the qualitative
test in all of his studies but those concerned with the properties of
the enzyme, in which a few quantitative determinations were also made
[32, 33, 34].

The lack of data is due to several factors, (i) In earlier test for estimating
the peptic or ereptic effects of serum and, in general in those determining
the peptidase-like enzymes of serum, the synthetic di- and tripeptides were
accepted as suitable substrates and the peptones were left unconsidered.
W ith the improvement of synthetic methods, in clinical medicine attention
was devoted exclusively to the diagnostic significance of serum di- and
tripeptidases [8, 13, 14, 15, 16, 22, 26, 28, 30, 37, 38, 40]. (ii) Technical facilities
and favourable conditions for enzyme kinetical studies have made the use
of synthetic peptide as the substrate even more attractive, (iii) Peptone was
neglected owing to the hope that by the use of synthetic peptides such specific
peptidases would be demonstrable in the serum the presence or increase
of which might be characteristic cd the involvement of certain organs.
\ccording to Mértéin and Winsciiuh, the peptidase activity of erythrocytes
changes differently in different diseases, as determined by the use of such
substrates as D- and L-leucoglycine, D- and L-alanylglycine, D- and
L-glycilalanine. The investigations in progress at the Mayo Clinic since
1948 [13, 14, 15] showed that the increase of dipeptidase activated by Mn
(leucylglycinase) was a characteristic sign in hepatitis. Herren, Merten
and Schmitz ligated the renal artery and the ureter in animals and found
an increase in the activity of a specific tripeptidase particularly active on
D-alanylglycylglycine and very slightly active on leucoglycylglycine.

The objections to the use of peptones are usually supported by the
following arguments. 1. Peptones are unreliable as substrates. 2. Their break-
down is the result of complex enzymatic actions. The resulting peptides of
lower amino acid content may serve as new substrates for the different pep-
tidases present in the normal or pathological sera. 3. Peptones are unsuitable
for use in the search for specific peptidases.

On the basis of our own investigations, the following may be stated.

1. W itte peptone as the substrate offers significant advantages in
quantitative peptonase determination.

a) The reaction of its 5 per cent solution is always between pll 7,2
and 7,3.

b) Its colour reaction with the biuret reagent (Table I) or with nin-
hydrin (Table Il) gives always the same extinction value.
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c) Its paper chromatogram is reproducible and shows always the same
fractions (Fig. 6).

2. According to our data for the chronological (Fig. 2 and 3) and
quantitative relations (Fig. 4) of the breakdown of peptone, there is a linear
correlation between the quantity of enzyme and peptonase activity, as ex-
pressed in peptonase units (PU).

3. Beside the serum di- and tripeptidases it is justified to study the
theoretical and practical significance of peptonase.

a) Peptonase is not identical with the di- and tripeptidases.

b) If peptonase is a complex of different peptidases, paper chromato-
graphy and other modern techniques allow to analyse the details of peptone
breakdown and also to investigate qualitative differences in the enzymatic
activity of different sera (Fig. 8).

c¢) The fact must not be ignored that W itte peptone is prepared by
peptic hydrolysis of fibrin, so that it represents a substrate closely related
to the in vivo metabolites of fibrin.

(iv) Even if it is not certain that peptonase is one enzyme or a complex
of several enzymes, it is unquestionable that in normal subjects its
-erum level is stable which in certain diseases it may undergo characteristic
changes.

As to the diagnostic value of the serum peptonase level, Schierge has
shown by extensive qualitative studies that the increase in the peptonase
activity is correlated first of all with the affection of liver parenchyma. His
data have been confirmed by Weisbach, who compared the results of the
test with those of other liver function tests. He found that the qualitative
test is positive in the same percentage as the Takata-Ara and thymol tests
in acute hepatitis, and as the thymol and the Weltmann tests in chronic
hepatitis, whereas in liver cirrhosis its diagnostic value is inferior to that
of the cadmium and Takata tests.

Thus far, our quantitative tests have permitted the folloving statements
to be made.

1. Our data yielded by systematic quantitative studies, are the first
to express the serum peptonase content in units. The quantitative values
for serum peptonase among the proteolytic enzymes of serum are not known
in an order similar to that for the digestive tract (pepsin,cathepsin, trypsin,
peptonase, di- and tripeptidases).

2. In the sera of normal subjects, the peptonase level varies within
narrow ranges (20 to 33 PU), thus representing a standard value. Daily
individual variations are small (Fig. 13).

3. In the early phase of acute hepatitis the serum peptonase level is
elevated in 100 per cent of the cases (45 to 160 PU). During the acute phase
the changes in the peptonase level do not depend on those of the serum
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bilirubin. Serum peptonase may return to normal or slay high, irrespective
of the behaviour of serum bilirubin (Fig. 14 and 15).

4. In posthepatitic states, even when subjective complaints are slight,
the peptonase level was elevated in a considerable percentage of cases,
independently of the positivity of the flocculation tests, which were positive
much less frequently, and from the intensity of other enzymatic activities
(Fig. 16). In these cases the elevation of the serum peptonase level coincided
first of all with the electrophoretic pattern indicating the presence of chronic
inflammation, but was independent of the quantity of the fraction alpha2

5. Very high serum peptonase levels occur in acute febrile disease.

6. The peptonase level is elevated in but a small percentage of patients
with tumour, with or without metastasis. X-ray therapy has no influence
on the peptonase level.

7. The serum peptonase level is independent of the grade of anaemia,
leucocyte count, differential blood count, erythrocyte sedimentation rate
and, in chronic diseases, of body temperature.

In order precisely to outline the diagnostic value of the serum peptonase
level, we ought to know apart from these empirical data also the following
points : is peptonase a homogeneous enzyme ; from where does it come
into the blood stream ; what mechanism controls its normal serum level ;
and what pathological events may cause its elevation or decrease? At present
we are unable to answer these questions. The results of research on the origin
and function of other proteolytic enzymes in the serum cannot be applied
without reservations to serum peptonase. Not only enzymological differences
but also the different behaviour of the serum level of different proteolytic
enzymes in various diseases compel us to make this distinction. For example,
Sciuerge [35] found no parallelism between the serum tryptase level and
the ability to break down peptone. Or, in liver disease, fibrinolysis may show
an opposite behaviour than the peptonase level : in almost 100 per cent
of the cases of cirrhosis fibrinolysis is increased, whereas in acute hepatitis
it is only slightly different from normal (Schultz and Knobloch). In contrast
with this, we found the peptonase level to be elevated in 100 per cent of the
cases of acute hepatitis, whereas in cirrhosis, normal or even decreased.
Merten and Winschun found increased tripeptidase concentrations in
erythrocytes in various pathological conditions, including liver disease. On
the other hand, the peptonase content of erythrocytes is significantly reduced
in acute hepatitis [10], even when the serum level is elevated. These fewr
examples show' clearly that from the results of experiments proving the
origin of other kinds of proteinases one cannot yet conclude to the origin
of peptonase.

Further investigations should decide the cause of these differences,
which may be ascribed to differences in the origin of the enzymes, to an
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increase in their absolute quantity or to the influence of known and unknown
activators and inhibitors in different diseases.

According to Schierge [35], serum peptonase is not a homogeneous
enzyme, but, like intestinal erepsin, a complex of several polypeptides. He
further suggested that, mainly as a result of hepatocellular lesion, considerable
quantities of peptonase enter the serum. This view is supported by the finding
that the optimum pH of the peptonase activity of minced liver tissue is
nearly identical with that of the peptonase activity of serum.

In addition to this view of Schierge, other points of view should also
be taken into consideration, first of all the data yielded by the few experiments
in which peptone had been used as the substrate.

According to Abderhalden and Pincussohn, the parenteral adminis-
tration of proteins or their metabolites results in a great increase of serum
peptonase activity. This phenomenon is demonstrable as early as 2 days
after protein administration and is still demonstrable 3 to 4 weeks later.
Gruber found a parallelism between the litres of haemolysin, preciptin and
agglutinin produced against erythrocytes, foreign proteins and bacteria on
the one hand, and the increase in peptonase level resulting in response to
these immunizations, on the other. Ito reported the activity of hepatic
proteolytic enzymes including peptonase to change in response to the injection
of adrenaline, insulin, or to adrenectomy, even in the absence of a primary
hepatic lesion.

It must, therefore, be assumed that numerous factors are involved
in the changes of the serum peptonase level and that peptonase level and
activity may be influenced not only by primary liver disease, but also by
the neuroendocrine regulation and immunobiological events. We found the
concentration of peptonase in serum to be independent of body temperature,
erythrocyte and leucocyte counts, erythrocyte sedimentation rate, meta-
stasis formation and X-ray therapy of neoplastic disease, and thus we support
the view that the increase of the serum peptonase level may be an accom-
panying symptom of various pathophysiological events and is not necessarily
correlated with “tissue destruction”. It is possible, however, that the various
pathophysiological events influence the serum peptonase level first of all
through an action on the liver. Thus, an elevation of the serum peptonase
level in some disease might be a sensitive sign of a lesion of the liver parenchyma.
This problem should be decided in experimental studies.
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SUMMARY

Few data were available concerning peptonase, one of the proteolytic enzymes of
serum, and no quantitative ones. A method has been elaborated for the quantitative deter-
mination of the enzyme. Witte peptone was used as the substrate. According to the results
obtained for the pH relations of peptone breakdown, for the correlations between the quantity
of enzyme and peptonase activity, for the chronological course of enzyme action, as well
as for the paper chromatographic pattern, Witte peptone is a suitable substrate and the
peptonase content can be expressed by the amount of amino-N released during 24 hours
of incubation. The test is made in 0,2 ml of serum. The peptonase content is expressed in
peptonase units (PU). One PU is equivalent to 1 mg amino-N liberated by 100 ml serum.

In normal scrum, 20 to 33 PU are demonstrable. High values were found in acute
hepatitis and in acute febrile disease. In the early phase of acute hepatitis the serum peptonase
level was elevated in all the cases examined, to 45 to 160 PU. In the course of the acute
phase the serum peptonase level either returned to normal or remained high for a longer
period of time, independently of the bilirubin content of serum.

In posthepatitic conditions, even when complaints were apparently insignificant,
the serum peptonase level was often high. The elevated level showed no correlation either
with the results of flocculation tests or with the activity of other enzymes.

The serum peptonase level was elevated only in a small percentage of patients with
neoplastic disease.

In non-hepatic conditions, the serum peptonase level was independent of the grade
of anaemia, leucocyte count, differential count, erythrocyte sedimentation rate and, in
chronic diseases, from body temperature.
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The fact that surgical operations are followed by a diminished output
of urine of high specific gravity had been recognized about half a century
ago [1, 2], but its explanation dates from the last few years only. As a
consequence of major surgical trauma, water is retained [3] and the
kidney is unable to excrete dilute urine [5, 6] ; during this period urine
flow is determined by solute output [4, 5, 6]. This phenomenon still persists
if excessive water administration results in dilution of the body fluids [4,
5, 6, 7] which finally may lead to water intoxication [7, 8]. In view of the
fact that all these phenomena closely resemble the effect exerted by the
antidiuretic hormone (ADH) and that all the findings can fully be reproduced
by the administration of a posterior pituitary preparation [3, 4, 6], it has
been assumed that they may be due to an enhanced ADH activity [3, 4, 5].
This latter is probably induced by “a non-osmotic stimulation of the posterior
pituitary” [4]. Crine [9] and Eisen [10] were the first to demonstrate an
increased amount of antidiuretic substance in the urine voided after surgery.
According to Mirsky [11], surgical operation induces a marked augmen-
tation in the antidiuretic activity of the plasma of patients.

Considering the leading part played by the ADH mechanism in these
events, the question arose whether the lytic cocktail or its main potent com-
ponent, chlorpromazine, — which exerts an inhibitory effect on endocrine
reactions [12, 13, 14, 15, 16] — might be able to influence the activation
of the ADH system initiated by surgical stress. Recent observations, showing
that in patients premedicated with these drugs the postoperative urine output
exceeded the usual volume [17, 18], had prompted us to examine how sur-
gical stress affected the serum antidiuretic activity (SADA) in a group of
patients premedicated with the lytic cocktail. Partly for the sake of com-
parison and partly to provide further data concerning the role of ADH in
surgical antidiuresis, another group of patients was premedicated with
morphine.

3*
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Material and methods

The examinations were carried out in 27 surgical patients of both sexes, suffering from
various diseases. Patients subjected to major surgery were selected. Endocrine cases as well
as patients with clinical signs of dehydration were excluded.

The operations were performed partly under general (ether) and partly under local
anaesthesia (using a 0,5 per cent procaine solution without epinephrine). In two cases a short
acting barbiturate* was applied in drip infusion ; in another, local anaesthesia was combined
with spinal anaesthesia.

Blood samples were taken from the cubital vein of fasting patients :

I. 2 days prior to operation ;

Il. on the morning of surgery, 1 hour before the operation was started. Premedication
was applied immediately after blood sampling ;

I1l. one hour after premedication. This sampling was carried out in the ward and
surgery commenced within 10 minutes ;

1V. one hour after the operation had been started ;

V. on the morning following surgery ;

V1. onthe morning of the fifth postoperative day. The blood samples were immediately
centrifuged and injected within 10 minutes to water loaded rats for assay.

In the three days preceding surgery no infusion, no blood transfusion or drug therapy
was applied to the patients and except for the premedication the same holds good for the
day of operation until blood sample IV had been taken. No further blood samples were
taken from patients in which these criteria could not be observed. After blood sampling 1V,
however, fluid and drug therapy was applied according to the individual requirements of
the patients.

The patients had been admitted at least a week before the operation and by the time
of blood sampling | they were accustomed to their environment and to venipunctures. They
were only informed about the time of the operation after blood sample | had been taken.
The degree of psychic tension was defined and semi-quantitatively denoted with crosses
on the day of operation immediately before blood sampling II.

According to the type of premedication, the patients were divided into two groups
at random. One hour before blood sampling Ill, 13 patients were given an intramuscular
injection of 20 mg morphine hydrochloride and 0,5 mg atropin sulphate. To the other group
of 14 patients lytic cocktail, a mixture of 25 mg chlorpromazine,1 20 mg Synopen2 and 50
mg pethidine3, was administered intramuscularly three times, via.:

1. immediately after blood sampling Il, i. e. 60 minutes before blood sampling III;

2. 30 minutes prior to blood sampling 11l ; and

3. immediately after blood sampling IIl.

(Thus the full dose was 75 mg chlorpromazine, 60 mg Synopen and 150 mg Dolar-
gan.) At the time of blood sampling Il the psychic depressant action of the premedication
was recorded, according to a semi-quantitative scale. The blood pressures of the patients
premedicated with lytic cocktail were measured prior to premedication and just before blood
sampling Il and the decreases presented as the percentage of the initial systolic blood
pressures. Blood sampling and recording of the degree of psychic tension and psychic
depressant action of the premedication was done by one person, blood pressure measuring
by another and the assay of SADA by a third person — the latter was not informed which
blood sample was which. Assay of SADA. For this purpose a modification of Burn’s test [19]
was employed. White rats of both sexes averaging 200 g in weight were used. All animals
were deprived of food for 16— 18 hours before the assay, but water was given ad libitum.
Two hours before the assay each animal was placed into a separate metabolism cage and
hydrated orally with 5 per cent body weight of tap water. Two hours later urine output
was measured and the animals which did not excrete at least 50 per cent of the water load
were discarded.

The assay was then started. The animals received the same water load and simul-
taneously an intraperitoneal injection of the serum (0,5 ml per cent 100 g body weight).
Each serum was injected into three rats. In each instance three saline controls were used.

* Intranarcon, Chinoin, Budapest. (2-thio-5-cyclohexenyl-5-allyl-barbiturate).
1 Largactil, Specia, Paris.

2 Synopen, Geigy, Basel. A potent antiliistaminic agent.

3 Dolargan, Chinoin, Budapest.
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The total urinary excretion of each rat was first measured 30 minutes after the second
water load and the measurement was repeated every 15 minutes for three hours. The area
under thecurve representing the cumulative urinary excretion of arat was calculated by
the formula

Al -jj- «(15 Z0+ Z&+ ZO0+ eee+ Zl5+ 05 Z1M) 1

where H is the quantity of the second water load in ml and Z30, Z45, Z60, etc. the quantity of
urine excreted in 30, 45, 60, etc. minutes (given to an accuracy of 0,1 ml).
The assay value of each serum was calculated according to the formula

Ej-j- K2+ EN
C, e c2+ cj

where E4, E2, E3 are the areas under the cumulative urinary excretion curves of the rats
treated with serum (calculated according to formula 1) and C4, C,2 C3 those of the controls.
For details of calculations and assay method, see Appendix.
The mathematical analyses were performed by means of Student’s t-test.

Results

The results are summarized in Table | and II.

Two days before the operation (at the time of blood sampling I) all
but three patients were apparently unworried. These exceptions are mentioned
in the Tables. The antidiuretic activity of the sera taken at this time exceeded
somewhat the normal value ; namely, the average SADA of 22 normal persons
[20] — determined in the same way and under similar conditions of blood
sampling — was 2,76, with a standard deviation of i 1,07 (range, 0,90—4,58).

On the morning of surgery when the blood samples Il were taken, the
majority of the patients was in a state of increased psychic tension and related
SADA values were considerably increased as compared to the values obtained
two days before. Summarizing the two groups, the mean of SADA | was
4,03, and that of Il, 5,47, the averages ofthe differences being highly significant
(P < 0,001). These results were dealt with in a previous paper in detail [21].

Generally, the lytic cocktail did not influence these values (average of

the differences between I' and Il = d — —0,12; 0,70 < P < 0,80). Morphine-
atropine, on the other hand, unexpectedly reduced the SADA values, but
the difference was not significant (d = —1,10, 0,05 P <C 0,10). However,

a glance at Fig. 1 shows that all but one of the SADA values exceeding the
normal range decreased considerably ; the patients involved revealed appreci-
able psychic tension at the time of blood sampling Il. Whereas the two values
within the normal range increased, these two patients did not show any signs
of anxiety. Hence, if only the SADA values exceeding the normal range are
taken into account in the calculations, the obtained difference is highly
significant (d — —1,66 ; 0,001 <CP <C 0,01). A similar rearrangement of the
values obtained in the cocktail-treated group did not change the results.



Nr.

© ©® N o g A v DN

I o
[

N
@

after operation had started (1V); 24 hours following the operation (V);

Name Sex  Age
P. 13 ? 47
A A @ 69
B. Zs. 3 56
M. F. 3 54
K. w. ? 45
1. D 3 49
Lol 3 67
J. D. 3 55
E. R. ? 71
P. K. 3 47
1. P. K. 3 56
J. T. ? 59
P. K** 92 24

Table 1

Serum antidiuretic activity in patients premedicaled with morphine and atropine
Two (lays prior to operation (I) ; on the morning of the operation, before premedication (11); one hour after premedication (I11);

Diagnosis

Gastric cancer
Cholelithiasis
Gastric ulcer
Duodenal ulcer
Hypertrophy of the breast
Pericardial cyst
Gastric cancer
Gastric cancer
Cholelithiasis
Duodenal ulcer
Gastric cancer
Cholelithiasis

Empyema of the gall
bladder

Operation

Partial gastrectomy
Choledochoduodenostomy
Partial gastrectomy
Partial gastrectomy
Mammaplasty
Extirpation

Partial gastrectomy
Exploration
Cholecystectomy
Partial gastrectomy
Gastro-enterostomy

Cholecystectomy
Choledochotoiny

Cholecystectomy

* At the time of blood sampling very excited and crying.
** \ery sensitive patient, reacting with extraordinary excitement to every manipulation throughout the whole period.

Anaesthesia

ether
ether
ether
ether
ether
ether
local
local
local
local
local

local

Intra-
narcon

mean

5,08
3,42
5,24
6,89
2,75
2,60
191
1,05
7,68*
5,95
5,00
3,50

8,46

4,59

3,19
4,06
5,26
7,52
5,64
0,98
6,78
3,06
9,24
8,51
6,08
6,51

6,38

5,64

SADA
m. v
— 554
— 6,96
371 2,95
595 7,62
560 6,85
1,65 4,55
3,93 7,35
521 6,53
7,75 7,51
532 8,45
371 4,48
3,74 4,60
7,28 8,24
489 6,34

and 5 days after the operation (VI).

VL.

3,82
3,64
0,30
4,67
2,29
6,65
2,54
3,13
3,75
3,06
4,59

9,47

3,99

one hour

Psychic
depres-

premedi-
cation

+
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Table 11

Serum antidiuretic activity in patients premedicated with lytic cocktail
(Blood sampling as in Table 1)
Decreases in blood pressure, recorded at the time of the second blood sampling, are expressed as the percentage of the initial systolic blood

pressure
Fall of .
SADA blood Esychlc_
Nr. Name Sex (y@‘gﬁs) Diagnosis Operation Anaesthesia praefsfe‘fe ae ére}snglro(Br]
i reme- medication
1. hi. V. V. VI (?ication
| . M. 3 50 Duodenal ulcer Partial gastrectomy ether 1,60 3,22 4,76 4,26 2,70 1,45 50% + +
2. A. D. ? 54  Hypernephroma Nephrectomy ether 564* 541 845 7,31 6,30 8,10 81% +
3. 1. B. 3 53  Gangrene of the foot Amputation ether 2,40 4,03 520 505 1,12 2,89 75%
4. l. M. 2 34 Cholelithiasis Cholecystectomy ether 3,84 6,42 6,72 7,36 6,57 2,92 96% + +
5. M. Gy. 3 19  Subclavian arterio- Extirpation ether 3,79 6,60 530 545 440 564 85% + +
venous fistula
6 M. K. $ 71 Cholelithiasis Cholecystectomy ether 0,90 6,02 3,35 455 2,19 355 96% + + + +
7 1. T. 3 63  Gastric ulcer Vagotomy + Gastro- local 4,02 3,75 2,43 504 339 6,14 69% + + + +
enterostomy
8. LA Q 63 Cholelithiasis Cholecystectomy local 211 517 563 801 759 877 95% + + + +
9 L. K 9 54  Gastric cancer Total gastrectomy local 7,02 6,23 7,07 7,93 319 786 86% + + + +
10. AP 9 54  Cholelithiasis Cholecystectomy local 364 2,71 198 3,70 2,19 271 62% + +
11. I. H 9 64  Gastric cancer Partial gastrectomy local 6,50 542 390 7,19 6,65 421 91% + o+ o+
12. L. G 9 65  Gastric ulcer Partial gastrectomy local 258 4,78 4,52 574 542 7,99* 64% o+ o+ +
13. K. B 3 57 Sigmoid cancer Resection of the local-
sigmoid colon spinal 3,40 7,70 7,92 861 2,90 —  70% =
14. P. K. 3 54  Gastric cancer Gastro-enterostomy Intra-
narcon 1,15 6,50 4,39 6,58 231 594 60% + +

mean 3,48 5,28 5,16 6,20 4,07 5,25

* Retrograde pyelography the day before. At the time of blood sampling the patient complained of intense pain.
** At the time of blood sampling extremely excited.

NOILVOIA3IN IAILVYHId03dd 40 103443
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Premedication with morphine had hut a slight tranquillizing effect as
compared to that ofthe lytic cocktail. The latter exerted a pronounced psychic
depressant action the degree of which, however, varied from patient to patient.
As a result of premedication with lytic cocktail a few patients fell asleep,
did not wake up throughout the operation carried out in local anaesthesia

Fig. 1. Effect of premedication on serum antidiuretic activity. The effect of premedication

with morphine-atropine is plotted on the left (A), that of the lytic cocktail, on the right (B).

Two SADA values are presented for each patient ; one blood sample (1) was taken on the

morning of the operation before premedication, and the other (111) 1 hour later. The horizontal

dotted line denotes the upper normal limit. The dots represent high SADA values of excited

patients, whereas the circles show the lower values of relatively quiet patients. The corre-
sponding values are connected

(No. 7 and 9) and could not later remember anything that had happened.
Two others, on the other hand, though they seemed to he asleep during the
operation, reported the next day that they remembered everything, but had
been unable to speak or move. The degree of blood pressure decrease varied
individually over a wide range. One patient (No. 1) exhibited such a great
drop that it did not seem advisable to administer the third dose, whereas
in others blood pressure hardly showed any change. No relation could be
found between the reduction of blood pressure and the psychic depressant
action of the drugs.

As a result of surgical stress, SADA rose considerably in both groups
(morphine-treated group : d = -j-1,43, 0,001 < P <( 0,01 ; cocktail-treated
group : d — 1,05, 0,001 < P < 0,01). In both groups the SADA of all but
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one patient exceeded the normal range during the operation, irrespective of
the type of anaesthesia applied ; SADA increased during surgery even in the
two patients who, owing to the depressant action of premedication with
lytic cocktail, slept throughout the operation (No. 7 and 9).

Up to the time of blood sampling IV the trauma to which the
patients were subjected was nearly identical. Subsequently, however, they
could not be treated identically, since the extent and duration of the inter-
vention varied from patient to patient, thus appropriate fluid and drug
therapy had to be applied. SADA determined 24 hours following surgery
was still elevated, but the individual values scattered over a wide range.
Five days after the operation the SADA was normal in the greater part of
the patients, although in some it was still considerably increased. Owing
to the differences in individual treatment, these values (V and VI) were
not subjected to mathematical analysis.

Discussion

The results show that, probably owing to psychic tension, SADA of
surgical patients increases even during the preoperative phase. This elevated
SADA is not affected by the lytic cocktail, but declines after premedication
with morphine-atropine. Surgery per se elicits a marked increase of SADA
which, hoivever, cannot be inhibited by means of either of the two types
of premedication.

It is still an open question which substance or substances are respon-
sible for the antidiuretic action of human sera. These substances, however,
are very similar in nature to the antidiuretic hormone [22]. Exposure to injury
results in a rapid rise of the antidiuretic substance in the blood [22], whilst
a simultaneous loss of hypophyseal and hypothalamic neurosecretory ma-
terial [23] and of the ADH content of the neurohypophysis [24] has been
described. Very probably rapid changes in SADA closely parallel changes in
the ADH content of serum [25]. Thus ihe results obtained may be inter-
preted as changes of the ADH activity.

The pronounced rise of SADA on the morning of surgery is attributed
to preoperative psychic tension. This problem has been dealt with in detail
in a previous paper [21].

Ilhe fact that surgical stress, as well as ether anaesthesia itself, causes
antidiuresis of the same pattern as does ADH is well known [1, 3, 4]. Gins-
BtjiRG and Hettrer [26], as well as Eversole and Giere [27] found in the
rat increased titres of circulating antidiuretic hormone following ether adminis-
tration and a loss of the neurosecretory material in the neurohypophysis was
also demonstrated [23]. Mirsky [11] found that surgical operation induced
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a marked augmentation in the antidiuretic activity of the plasma. Our
results support these data.

The action exerted by morphine on the ADH mechanism has been
thoroughly reexamined recently. DeBodo [28], Duke [29], Winter [30] and
Giarman [31] concluded that the antidiuretic action of morphine is mediated
by the neurohypophyseal antidiuretic hormone. However, Kraushaer [32]
noted morphine antidiuresis to occur also in patients suffering from diabetes
insipidus. Bachman observed the same in dogs with their pituitary stalk
transected. Finally, Crawford solved the problem by means of a more
specific method ofassay [34], and established that morphine (eveninpharmaco-
logical doses) does not induce ADH release, but is able to potentiate the
effect of the ADH simultaneously present in the circulation [35]. Papper [36]
demonstrated in humans that, though therapeutical doses of morphine reduce
urine flow by altering renal haemodynamics, the osmolality of urine excreted
does not change, hence ADH is not involved in morphine antidiuresis. Accord-
ing to our observations, morphine-atropine administration moderates
hyperadiuretinaemia due to psychic tension, although this premedication
apparently does not exert a strong depressant action. This finding has been
supported by our observation [37] that foliowing morphine-atropine pre-
medication urinary osmolal concentrations decrease in patients who earlier
had excreted concentrated urine. It is therefore assumed that morphine
diminishes the irritability of the hypothalamic centres controlling ADH
secretion. (A similar action of morphine on the ACTH [38] and gonado-
trophic [39] system has been reported.) Naturally, it cannot be ruled out
that atropine had a role in bringing about the above changes, as in certain
conditions atropine may inhibit ADH release [40].

The high SADA values due to psychic tension were not influenced by
the lytic cocktail, although the psychic depressant action of the drug com-
bination was far more pronounced than that of morphine. Even in patients
responding to the cocktail with most marked psychic depression, no con-
siderable change in SADA occurred. A few observations seem, however, to
contradict our results. Meyer [41] found following administration of chlor-
promazine to dogs a dilution of urine and an increase of urine flow. According
to Parrish [22], chlorpromazine administration to patients results in an
augmented urine output ; at the same time tubular reabsorption of water
and urinary excretion of antidiuretic substance diminished. He, accord-
ingly, suggested that chlorpromazine inhibits ADH secretion. It must,
however, be recalled that his patients were not under the influence of psychic
stress, as was the case with our patients. The fact that in our experiments
the lytic cocktail had failed to reduce hyperadiuretinaemia induced by
psychic stress may be interpreted as an inadequacy of its depressant action
to affect the hypothalamic centres regulating ADH secretion.
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ADH release induced by surgical stress cannot either be inhibited by
the lytic cocktail; this holds good also for the patients who, owing to the
depressant action of the drug combination, were sleeping throughout the
surgical procedure. Similar observations were made in rats [43] in which
chlorpromazine did not inhibit endogenous ADH release produced by nicotine ;
on the contrary, the drug even exerted a potentiating effect on the activity
of both the endogenous and the exogenous ADH. Also, Scultéty [44]
arrived in demonstrating that the lytic cocktail did not inhibit the develop-
ment of morphological changes associated with hyperfunction of the hypo-
thalamic ADH centres following tourniquet shock. According to other obser-
vations [37], premedication with lytic cocktail did not prevent the formation
of concentrated urine in patients exposed to surgical stress.

Most of the authors dealing with the diuretic action of the lytic cocktail
or chlorpromazine observed increased urine output following administration
of these drugs [17, 45, 46, 47], but did not refer to the changes in osmolality
of the urine excreted. An increase in urine output may, however, occur indepen-
dently of the ADH mechanism, as a consequence of an augmented solute
output [6]. Several authors reported that the lytic cocktail or chlorpromazine
enhanced the excretion of Na and CI [41, 48], of the ions representing the
majority of urinary solutes. In a previous paper [18] it has been shown that
the lytic cocktail unquestionably inhibited the enhanced tubular NacCl
reabsorption and consequent oliguria elicited by surgical stress in untreated
dogs ; similarly, these drugs moderated the development of alterations in
renal haemodynamics due to surgery. It may be assumed that the diuretic
action of the lytic cocktail or of chlorpromazine is exerted through these
mechanisms and the apparent augmentation of postoperative urine output
in surgical patients might be explained by these facts.

SUMMARY

The antidiuretic activity of the serum (SADA) from 27 surgical patients was deter-
mined by Burn’s test. One group of the patients received 20 mg morphine and 0,5 mg atropine
as a premedication ; the other group was premedicated with a “lytic cocktail” containing
75 mg chlorpromazine, 60 mg Synopen and 150 mg pethidine.

On the morning of the operation, SADA of the patients was significantly increased
as compared to the value obtained two days previously. This increase has been attributed
to the preoperative psychic tension.

The augmented SADA decreased on morphine administration, whilst the lytic cocktail
caused no essential change, although the psychic depressant action of the latter was far more
pronounced than that of morphine.

Surgical stress resulted in a marked rise of SADA. This rise, however, was not affected
by either type of premedication.

Appendix
The antidiuretic activity of different samples — evaluated by means of Burn’s test
or similar methods — are usually characterized in two different ways :

(i) by the time in which the experimental animal excretes 50 per cent of the ingested
water ; or
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(ii) by the percentage of water excreted in a certain period.

However, for determining the SADA of various sera — the antidiuretic activities
of which extend over a wide range — neither of the two above-mentioned means are suitable.
This is strikingly illustrated by Fig. 2. In certain cases namely, SADA is so high that during
the 180 minutes of assay the rats do not excrete 50 per cent of the water ingested. (The rate

Fig. 2. Cumulative urinary excretion of hydrated rats injected with a) physiological saline ;
b) small, c) moderate, d) large doses of Piton. The hatched area represents the difference
between the areas under curve a) and b)

Fig. 3. The area under the polygon denoting cumulative urinary excretion is divided up into
triangles and quadrangles

of dilution of the samples cannot be relied on, as the extent of SADA is not known in advance).
If, on the other hand, the second method is employed, no suitable point can be found
on the x axis (time) where the corresponding y values (cumulative urinary excretion) of the
sera with various activities could be distinctly differentiated. Fig. 2 implies a better way for
the interpretation of the actual SADA by taking the area lying between the curves for the
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control rat and for the rat treated with serum. Thus, SADA is represented by the difference
between the areas under the two curves.

The area under the curve, more accurately under the polygon can be calculated if
it is previously divided up into triangles and quadrangles. According to Fig. 3 the area under
the polygon is

Xn xt0)'(¥Yn Yo
ceet (XN — *w)-Y10 + ( )( ) («)

But x2— x4= x3— x2 = 15 K (CONSTANT) i (b)

Substituting (b) into (a) and reducing the equation, we have
A=K (15 vyi+ Y2+ Y3+ - + Yo+ 05 yu)

y is expressed here in the percentage of water ingested, whilst urinary excretion was measured
in absolute figures. Let H be the quantity in ml of water ingested at the second hydration,
and Z30, Z45, Z60, etc. the amount in ml of urine excreted up to the 30th, 45th, 60th, etc.
minute. Thus,

100 +Z,0 100 + 245
y* = n Toyr= " - etc-

After substitution and reduction we obtain

A = *(15 Z30+ Z15+ Z60+ e+ ZI165+ 0,5 Z180)

Since 100- k is the same constant in every case, there is no loss of generality in assuming
that 100- k = 1. Thus we get the formula

A =-jj-m(15 Z30+ Z4&H+ Z60+ ...+ Zl>+ 0,5 Z180) ccoovvierieiiieinee 1

Calculation of the assay value. As mentioned above, the assay value represents the difference
between the curve denoting the cumulative urinary excretion of the controls and that of the

rats treated with serum. Let the areas of the controls be C4, C2, C3 and their mean C, and
those of the rats treated with serum E4, E2, E3 and their mean E ; then the assay value

would he C— E. It must, however, be taken into account that the diuretic response of the
rats varies from day to day [49,50]. Hence the results gained on various days should be
related to an “ideal control” to render possible a comparison of the different assay values.
Since the areas of the controls (calculated according to formula 1) fluctuate about 10,0,
the “ideal control” area was considered arbitrarily to be 10,0. Thus, to get the “ideal control”
value the daily control values had to be multiplied by a factor F.

CeF = 10,0 hence F = -N=-
c

(The value of C and F is changing daily.) The area of the animals treated with serum should
also be multiplied by F. Thus, the assay value for SADA is
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After reduction, the formula

E) -f Ej -f By
Ci+ 2+ Q)

is obtained.

The validity of the assay method was tested, using known solutions of a posterior
pituitary extract (“Piton”, Organon, Oss, Holland).* To 25 groups (each consisting of 3 to
6 rats) Piton was administered at doses of 1,0 to 2000 milliunits per 100 g body weight. The
response showed a log-dose relationship which is defined by the equation,

Y = 0,862 + 1,899.log x

where x is the dose in milliunits of Piton per 100 g body weight, and y is the assay value
calculated according to formula 2.

The index of precision (A) has been calculated using groups consisting of 3 to 6 rats.
In the case of groups of three rats A= 0,362, hut if the extreme doses (2000 mU per 100 g
body wt.) are neglected, A= 0,306. If larger groups are used the method becomes more
precise. On using

groups of 4 rats A= 0,287

groups of 5 rats A= 0,254

groups of 6 rats A= 0,228

To present the SADA values as above seems more appropriate than to use inter-
national units as, on the one hand, not only ADH is responsible for the antidiuretic activity
of the blood and, on the other, the values expressed in international units do not follow the
normal distribution, thus not being suitable for statistical analysis.
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UBER DIE CHIRURGISCHEN BEHANDLUNGS-
MOGLICHKEITEN DER AORTENINSUFFIZIENZ

(EXPERIMENTELLE STUDIE)

Von
L. Szé6116ssy, B. Torok und H. Hubner

INSTITUT FUR CHIRURGISCHE ANATOMIE UND OPERATIONSLEHRE DER MEDIZINISCHEN UNIVERSITAT,
PECS

(Eingegangen am 10. Juni 1958)

Als Folge der insuffizienten Aortenklappe fihrt die in die linke Kammer
zuriickstromende Blutmenge, die in ernsten Fdllen die Halfte des Herzschlag-
volumens ausmachen kann (Bailey und Likoff, Newman und Mitarbeiter),
zur Erweiterung der linken Kammer und zur Hypertrophie ihrer Muskulatur.
Wegen der Ruckstromung eines Teiles der ausgestofenen Blutmenge ver-
mag das Herz die erforderliche Blutquantitdt nur durch Frequenz- und Blut-
druckerhéhung an die Peripherie zu beférdern. Mit fortschreitender Erkran-
kung hat die Herzmuskulatur eine immer umfangreichere Mehrarbeit zu
bewdltigen. Infolge der Regurgitation ist der diastolische Druck in der Aorta
sehr niedrig, nach jeder Herzkontraktion kommt es im GefédRsystem zu grofRen
Druckschwankungen, die sich naturgem&R auch auf das KranzgefadfRsystem
ausdehnen. Die Blutstrémung im KranzgefdfRsystem geht abschnittweise vor
sich, die Blutversorgung der ohnehin stark in Anspruch genommenen Herz-
muskulatur verschlechtert sich. Je groRer die Regurgitation, um so groRer
ist die Mehrarbeit des Herzens und um so schlechter seine Blutversorgung.
In der Mehrzahl der Falle fuhrt dieser Circulus vitiosus innerhalb einiger
Jahre zu vélliger Erschéopfung der Herzmuskulatur.

Die Aufgabe der inneren Medizin besteht in der Prophylaxe bzw.
Behandlung der zur Insuffizienz filhrenden Grundkrankheit ; bei der schon
zur Entwicklung gekommenen Aorteninsuffizienz aber kann sich die inter-
nistische Therapie lediglich auf die Schonung der Reservekraft des Herzens
und auf die Stimulation der im Erschépfungszustand befindlichen Herz-
muskulatur beschrédnken.

Die zunehmende Erschépfung der Herzmuskulatur beruht auf der
fehlerhaften, unvollkommenen Klappenfunktion, so dal ihre radikale Behand-
lung ebenso wie die jeder anderen auf anatomischer Verdnderung beruhenden
Herzerkrankung nur chirurgisch erfolgen kann.

Als néchstliegende Methode der chirurgischen Korrektion wird die
Transplantation eines intakte, funktionsfdhige Klappen enthaltenden Aorten-
(oder A. pulmonalis-) Abschnitts empfohlen (Bencini und Bellinazzo, 1949 ;
Lam, Aram und Munnel, 1952). Das transplantierte Klappensystem funk-
tionert anfangs einwandfrei, im Laufe der Zeit erleidet es aber das Schicksal

4 Acta Medica X11/3—4.
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aller Transplantate : die Zellelemente gehen zugrunde, an ihre Stelle tritt
Narbengewebe, das ganze Klappensystem schrumpft zusammen und wird
allmahlich insuffizient.

Dasselbe Schicksal erleiden alle Methoden, bei denen man mit Hilfe
geschickter technischer Verfahren aus transplantierten Geweben (Venen-
wand, Arterienwand, Perikard) Klappen zu bilden sucht (Litwak, Gadboys,
Scott und Ferrara, 1952; Servelle, Soulié, Simmonet und Bouchard,
1954).

Seit Einfuhrung der Kunststoffe lag daher der Gedanke nahe, das
Klappensystem nicht aus transplantiertem Gewebe, sondern aus einem der
Schrumpfungsgefahr nicht ausgesetzten Kunststoff herzustellen. Bahn-
brechende Arbeit leistete auf diesem Gebiet Hufnagel (1951), der die
Regurgitation mit einem in die Aorta eingesetzten Kugelventil aus Kunst-
stoff behob. Er hat sein Verfahren in hunderten von Tierversuchen erprobt,
und die Brauchbarkeit der Methode hat sich seither in zahlreichen klinischen
Féallen erwiesen.

Benjamin, Turbak, Hannon, Shumway und Lewis (1957) sowie Roe,
Najarian und Moore (1957) stellten aus Kunststoff eine Nachbildung der
normalen Aortenklappe her und implantierten sie in die Aorta.

Bailey und Likoff (1955) setzten (Uber die geschéddigte Klappe ein
an die Aortenwand fixiertes Kunststoffimplantat, das wé&hrend der Diastole
die von den unvollkommen schlieBenden Klappen freigelassene Offnung
gleichsam »tamponiert«. Der Vollstindigkeit halber sei erwé&hnt, dall diese
Autoren auch eine andere, von den bisher beschriebenen Verfahren abweichende
Methode erprobten, indem sie den VerschluR der geschrumpften Klappen
durch Einengung des Aortenostiums herbeizufihren suchten.

Die aus homogenem Kunststoff hergestellten Klappen weisen den
Nachteil auf, daB sie niemals zum organischen Bestandteil des Wirtsorganismus
werden kdnnen. Diese Transplantate werden vom umgebenden Bindegewebe
lediglich abgekapselt, woraus sich verschiedene Komplikationen ergeben :
Aneurysma falsum-Bildung zwischen der Kunststofftransplantatwand und
dem umgebenden Bindegewebsbett (Lord und Stone, 1955 ; Wolcott und
Ettison, 1957), Thrombose der aus Kunststoff hergestellten Klappentaschen
oder ihr Anhaften an die Wand (Benjamin und Mitarbeiter, 1957).

Diese Nachteile der Kunststoffplatten beeintrdchtigen kaum ihren
Gebrauchswert, da es ja wenige chirurgische Verfahren gibt, die nicht mit
irgendeinem Risiko verbunden sind. Indessen missen uns diese Nachteile
dennoch veranlassen, nach Verfahren zu suchen, die imstande sind, die Wirk-
samkeit der oben erwé&hnten und gegenwdrtig angewandten Methoden mit
geringerem Risiko zu gewdhrleisten.

Eiseman und Malette hatten 1953, Burdette 1954 ihre Methode
mitgeteilt, mit der sie in groBeren Venen eine die Einwegigkeit des Kreis-
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laufs sichernde Klappe in der Weise bildeten, dall sie die Venenwand an einem
gewissen Abschnitt zirkuldr intussuszipierten. Sie bildeten eine Klappe, die
aus der GefaBwand selber bestand, ohne daR die Kontinuitdt der Klappen-
gewebe unterbrochen wurde. Bei dieser Klappe handelt es sich also nicht
um ein Transplantat, eine Schrumpfung oder Destruktion des Gewebes ist
demnach weniger zu beflirchten als bei den aus Gewebstransplantaten beste-
henden Klappen.

Die EiSEMANSsclie Methode wurde von Silen, Mawdsley, Miller und
McCorkle 1956 experimentell auch an der Aorta erprobt. Mit Né&hten
bildeten sie in der Aortenwand einen zum Lumen eigenstilpten kleinen Saum,
der das Lumen der Aorta einengte. In zweiter Sitzung wurde das normale
Klappensystem der Aorta transventrikuldr durchtrennt. Die Kreislaufver-
héltnisse der Uberlebenden Tiere untersuchten sie angiographisch und oszillo-
metrisch. Bei der retrograden Aortographie beobachteten sie minimale Regur-
gitation durch die gebildete Randklappe. Oszillometrisch stellten sie zentral
von der Randklappe groBe, peripher von dieser nahezu normale Amplituden
fest. lhre Methode hatte also offenbar die Kreislaufsfolgen der Aorten-
insuffizienz behoben. Es tauchte indessen der Gedanke auf, ob die Einengung
der Aorta durch eine einfache Ligatur nicht zum gleichen Ergebnis fihren
wirde.

Wiltder und Mitarbeiter haben angiographische Untersuchungen an
Hunden mit Aorteninsuffizienz vorgenommen und zugleich den Blutdruck
in den Herzhdhlen und in der Aorta registriert. Peripher von den insuffizienten
Aortenklappen engten sie die Aorta mit einer Ligatur ein. In dem peripher
von der Stenose befindlichen Aortenabschnitt fanden sie trotz der Insuffizienz
annahernd normalen Druck, wahrend die Druckkurve des linken Ventrikels
durchaus nicht normal verlief, ja im Vergleich zu den Druckkurven der nur
insuffizienten Tiere etwas grofRere Schwankungen zeigte, wobei auch der
durchschnittliche Kammerdruck erhdht war. Die Einengungsverfahren ver-
mogen also die Kreislaufsfolgen der Aorteninsuffizienz an der Peripherie zu
beheben, kénnen aber den Zustand der gesché&digten Herzmuskulatur eventuell
noch verschlechtern.

Bei unseren Versuchen waren wir bestrebt, ein Klappenbildungsver-
fahren auszuarbeiten, bei dem die Klappe aus der Gefialwand besteht und
ihre gewebige Kontinuitdt bewahrt, aber keine wesentliche Stenose ver-
ursacht.

Wir untersuchten die Funktionsfahigkeit von zwei Klappentypen.
Der erste besteht aus einem dreieckigen, aus der Aortenwand gebildeten
Lappen (Abb. 1), dessen Spitze zur Peripherie blickt, wdhrend die Basis
im Zusammenhang mit dem zentralen GefdRabschnitt bleibt. An der Lappen-
basis suchten wir mit in die GefdBwand applizierten U-N&hten zu erreichen,
daB der Lappen etwas zum Lumen neige und auf diese Weise, indem er sich

4%
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auf Wirkung des regurgitierenden Blutes an die gegenlberliegende Gefal3-
wand legt, den Weg der retrograden Strémung verschlieBe. Den in der Aorten-
wand entstandenen rhombusférmigen Defekt ersetzten wir mit einem GeféR-
wandstickchen von entsprechender Form und GroRe.

Der zweite Klappentypus (Abb. 2) wurde folgendermaBen hergestellt.
Vom peripheren Stumpf der quer durchtrennten Aorta schnitten wir in
Richtung der L&ngsachse des GeféRes im Winkel von 180° zueinander zwei

Abb. 1

1—1,5 cm lange Dreiecke mit schmaler Basis heraus, wodurch wir zwei sich
zum Ende verjungende Lappen gewannen. Am selben peripheren GeféR-
stumpf bildeten wir — 15—2 cm vom Ende — mit zirkuldr gefiuhrten U-
N adhten vorher einen Rand und invaginierten die beiden »Klappenlappen«
in den peripheren Gef&dRstumpf. Zwischen dem zentralen GefdRBstumpf und
dem Rand des peripheren GefédRstumpfes wurde sodann eine GefdRnaht
angelegt.

Die Stromungseigentimlichkeiten der beiden Klappen hatten wir vor-
her in Modellversuchen untersucht. Die thorakale Aorta wurde getdteten
Tieren entnommen. Wir bestimmten den Strémungswiderstand des entfernten
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GefaBabschnitts, und indem wir die zu untersuchenden Klappen an dem-
selben GefaRabschnitt herstellten, untersuchten wir erneut ihren Widerstand.
Die Differenz zwischen den beiden Werten orientiert Gber den eigenen Stro-
mungswiderstand der Klappe, d. b. iber den Einengungsgrad. Ebenso bestimm -
ten wir in Modellversuchen die YerschluRfdhigkeit der Klappen gegeniber
der retrograden Strémung bzw. die Regurgitationsmenge.

Bei der Feststellung des durch die Klappe verursachten Strdémungs-

widerstandes stutzten wir uns auf das PoiSEUiILLEsche Gesetz, wonach der

Abb. 2

W iderstand eines Rohrensystems zur Differenz des an den beiden Endpunkten
gemessenen Drucks im geraden und zur durchstrémenden Flissigkeitsmenge
im umgekehrten Verhéltnis steht. Den Widerstand errechneten wir nach
der von Frank (1928) aufgestellten Formel :

I -
R (PL-POISR2Z o s

V cm3sec

Pj und P2entsprechen dem am Anfangs- und Endpunkt des Systems gemes-
senen Druck, V cm3sec dem auf 1 Sekunde entfallenden Anteil des Minuten-
volumens (der je Minute durchstromenden Flissigkeitsmenge).
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Die zur Errechnung des Widerstandes bendtigten Angaben wurden in
dem auf Abb. 3 schematisch dargestellten System gemessen. Die FIlissig-
keitsstromung wurde so reguliert, daB der Druck am Anfangspunkt des
untersuchten GefédRabschnitts 120 mm Hg sei, und der Flussigkeitsdruck
mit einem angeschlossenen Manometer kontrolliert. Wir bestimmten die bei
120 mm Hg Druck in 1 Minute durchstromende Flissigkeitsmenge und
stellten an dem am Endpunkt des untersuchten GefdRabschnitts angeschlos-
senen Manometer den Flissigkeitsdruck fest. Aus diesen Resultaten 148t sich
der Widerstand des GefdRabschnitts errechnen.

Mit dem auf Abb. 3 dargestellten System bestimmten wir auch die
SchlieRfahigkeit der Klappen, indem wir den Druck ermittelten, bei dem

163cm H20-
120mm Hg

Abb. 3

die Klappen dem Flussigkeitsdruck ohne wesentliche Regurgitation und ohne
Umschlagen widerstehen.

Das Ausmall der Regurgitation priuften wir in einem die Herztatigkeit
nachahmenden System mit periodischer Flissigkeitsstromung, das auf Abb. 4
schematisch wiedergegeben ist. In einem der bdiden grofen Gefdle wurde
stdndig ein Druck von 200, im anderen ein solcher von 80 mm Hg aufrechter-
halten. Durch rhythmischen alternativen Verschluf bzw. Offnung der Punkte
1 und 2 des Rdéhrensystems mit der Frequenz von 70/min erreichten wir, daR
die Klappen abwechselnd mit 120 bzw. 80 mm Hg Druck beschwert wurden.
Wird der 2. Hahn hei offenem 1. Hahn verschlossen (Systole), so stromt
Flissigkeit mit 120 mm Hg Druck durch den die Klappe enthaltenden Gefal-
abschnitt. Bei VerschluB des 1. Hahnes und gleichzeitiger Offnung des 2.
Hahnes (Diastole) gelangt die gegebenenfalls regurgitierende Flussigkeits-
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menge durch das Reserverohr In einen MeRzylinder. Auf diese Weise kann
man die Menge der auf eine Diastole entfallenden Regurgitation feststellen.

Bei der Untersuchung des ersten Klappentypus (aus der Aortenwand
gebildeter dreieckiger Lappen) stellte sich heraus, da die Klappe bei Gegen-
stromung nur dann zu schlieBen vermag, wenn ein groBer Flissigkeitsdruck
(120—140 mm Hg) jah auf sie einwirkt. Infolge seiner Elastizitdt legt sich
der Lappen an seinen urspriinglichen Platz, so dafl er bei normalem diastoli-
schem Druck unvollkommen schlieRft. Hier sei bemerkt, dal wir mit diesem
Klappentypus auch einige akute Tierversuche vorgenommen haben, bei denen
ebenfalls festgestellt wurde, daR die Klappe bei dem im GefdlRsystem herr-
schenden Gegendruck nicht imstande ist, die Regurgitation zu verhindern.

Die Untersuchung des anderen Klappentypus im Modellversuch ergab,
dal der Widerstand des die Klappe enthaltenden GefédRabschnitts um
450—550 dyn sec cm-5 groRer ist als der Widerstand im gleichen Abschnitt
ohne Klappe, d. h. der eigene W iderstand der Klappe in der einen durch-
schnittlichen Durchmesser von 1,3 cm aufweisenden Hundeaorta 450—550
dyn sec cm-5 ausmacht. Die durch die Klappe herbeigefihrte Widerstands-
erh6hung ist gering, was auch aus dem Umstand hervorgeht, daB die durch
den klappentragenden GefdRabschnitt bei 120 mm Hg Druck strémende Flissig-
keitsmenge lediglich um 6—8% weniger betrdgt als die durch denselben
GefaBabschnitt vor der Klappenbildung flieBende Flissigkeitsquantitét.
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Die in Modellversuchen erprobten Klappen widerstanden einem Gegen-
druck von 120 mm Hg ohne Regurgitation und Umschlagen. In dem auf
Abb. 4 dargestellten System konnte keine Regurgitation gemessen werden.

An menschlichen kurz nach dem Tode entnommenen Aortenabschnitten
haben wir gleichfalls Modellversuche durchgefiihrt. Die Wand der menschlichen
Aorta ist anr-&hrend so dick wie die der Hundeaorta, da ja beide ungefdhr
dem gleichen Druck Widerstand leisten miissen. In beiden Féllen wird dem-
nach der Durchmesser von den invaginierten Klappenlappen in gleichem
AusmaR eingeengt. Wird ein Rohr von 1 cm Durchmesser zirkuldr um 1 mm
eingeengt, so reduziert sich sein Querschnitt auf das 0,6fache des urspring-
lichen Querschnitts. Bei derselben Querschnittreduktion (d. h. um 1 mm)
eines Rohres von 2 cm Durchmesser ergibt sich nur noch eine 0,9fache Einen-
gung. Die durchstromende Flissigkeitsmenge steht bei gleichem Druck im gera-
den Verhéltnis zum Rohrdurchschnitt. Da der Widerstand des Rdhrensystems
im umgekehrten Verhdltnis zur durchstromenden Flussigkeitsmenge steht,
war bei der ein erheblich groBeres Kaliber aufweisenden menschlichen Aorta
im Falle der Klappenbildung ein noch geringerer Widerstand zu erwarten.

Die Modellversuche ergaben, daB der eigene Widerstand der an der
menschlichen Aorta gebildeten Klappe lediglich 20—40 dyn sec cm-5 betrégt.
Einem konstanten Flussigkeitsgegendruck von 120 mm Hg vermochten die
Klappen ohne Regurgitation und Umschlagen zu widerstehen. Im System
mit periodischer Flussigkeitsstromung (Abb. 4) stellten wir je Diastole 3—5
ml Regurgitation fest. Hier sei erwé&hnt, dal bei den an der menschlichen
Aorta gebildeten Klappen die Lappen eine Ldnge von 3—3,5 cm aufwiesen.

Es hat sich demnach herausgestellt, dall die aus der Aortenwand
gebildete, in den peripheren GefdRstumpf invaginierte zweilappige Klappe
keine wesentliche W iderstandserhohung (Stenose) verursacht und der retro-
graden Blutstromung gut widersteht. Im weiteren suchten wir die Funktions-
fahigkeit der Klappe in Tierversuchen zu ermitteln. Um den Effekt der Klap-
pen beurteilen zu kénnen, mufte jedoch vorher das normale Klappensystem
der Tiere insuffizient gestaltet werden.

Die Insuffizienz der Aortenklappen wurde nach Thorakotomie Uber
das linke Ventrikel herbeigefiihrt. Am gefdRfreien Gebiet der Herzspitze
legten wir in der Herzmuskulatur eine Tabaksbeutelnaht an und fihrten
durch die in der Mitte der Naht angebrachte kleine Inzisions6ffnung ein
langstieliges, in einer Schlinge endendes Instrument in die linke Kammer
ein. Unter Anziehen der Tabaksbeutelnaht wurde das Ende des Instruments
unter Kontrolle des an der Aorta ruhenden Fingers in diese hineingeschoben.
Nach entsprechender Einstellung der Schlinge zogen wir das Instrument
zurick. Beim Passieren des Aortenostiums blieb die Schlinge in der gewinsch-
ten Klappentasche stecken. Durch vorsichtiges ruckartiges Anziehen des
Instruments wurde die Klappe durchléchert und dann durch Drehen des
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Stiels ganz abgerissen. Der an der Aorta liegende Finger tastete sogleich
Huschen an der Aorta descendens, und wegen der Regurgitation dilatierte
auch das linke Ventrikel sofort betrdchtlich. Durch vorsichtiges Zurlck-
ziehen wurde die Schlinge des Instruments aus der Wunde der Kammer-
muskulatur herausgenommen und die Kammer6ffnung mit Verknotung der
Tabaksbeutelnaht verschlossen.

Vom sicheren Zustandekommen der Insuffizienz Uberzeugten wir uns
oszillometrisch und in einigen Féllen angiographisch. Schon am Anfang der

mmH2U

Operation hatten wir einen kleinen Abschnitt der Aorta descendens freigelegt
und um das Gef&R einen sterilisierbaren dinnwandigen Gunimiballon fixiert
Die Luftleitung des Ballons wurde mit dem Oszillometer verbunden. Die an
der Aorta festgestellten oszillometrischen Amplituden stiegen nach Entfernung
der Klappe sogleich auf das durchschnittlich Vierfache der vor der Valvulo-
tomie gemessenen Werte (Abb. 5).

Die angiographischen Kontrolluntersuchungen erfolgten mit Hilfe eines
durch die linke A. subclavia in die Aorta ascendens eingefiihrten Katheters.
Wenn die Klappen intakt sind, gelangt das Kontrastmittel nicht in das linke
Ventrikel, wahrend es bei Insuffizienz auch die linke Kammerhdhe anfillt
(Abb. 6 a, b, ¢).

Die Mehrzahl der insuffizient gemachten Tiere tolerierte nicht die
infolge der Regurgitation plétzlich zur Entwicklung gekommene Herzdila-
tation und ging einige Stunden nach der Operation zugrunde. Bei der Sektion
wurde in allen Féllen lediglich die hochgradige Dilatation der linken Herz-
hélfte beobachtet. Unsere Wahrnehmungen entsprechen der von Silen u.
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Mitarb. nach Valvulotomie festgestellten M ortalitdt. Im Hinblick darauf
fihrten wir im weiteren die Valvulotomie zu gleicher Zeit mit dem Klappen-
bildungseingriff oder — in zweiter Sitzung — 10—14 Tage nach der Klappen-

bildung aus.
Die Operation der Klappenbildung wurde nach im 5. Interkostalraum

vorgenommener Thorakotomie ausgefiuhrt. Einen 15—20 cm langen Abschnitt

Abb. 6ja. Bei normalen Aortenklappen gelangt Abb. 6/b. Nach Valvulotomie durch die linke

das Kontrastmittel aus der Aorta nicht in A. subclavia in die Aorta eingefuhrtes Kon-
das linke Ventrikel (postmortale trastmittel gelangt durch die insuffiziente
Bariumsulfatfullung) Klappe in das linke Ventrikel

der Aorta descendens legten wir, vom Ursprung der linksseitigen A. sub-
clavia ausgehend, durch Unterbindung und Durchtrennung der Seitenzweige
frei und 3 cm distal vom Ursprung der A. subclavia zirkuldre U-Nd&hte in
der GefaBwand an. Nach VerschluBR des freigelegten GefdRabschnitts mit
GefédBklemmen durchtrennten wir die Aorta unter dem Ursprung der A.
subclavia und bildeten am peripheren GefdBstumpf durch Verknotung der
U-Nd&hte einen Saum (Abb. 2). Die Adventitia vom Ende des peripheren
GefalRstumpfes sorgféltig entfernend, schnitten wir aus ihr in Richtung der
Langsachse des GefdlRes zwei dreieckige Streifen heraus und invaginierten
die entstandenen Klappenldppchen in den peripheren Stumpf. Das Ende
beider GefdRstumpfe wurde auf eine mit Saum versehene Glasrdhre gezogen



UBEK DIE CHIRURGISCHEN BEHANDLUNGSMOGLICHKEITEN DER AORTENINSUFFIZIENZ 225

und auf dieser mit Képerbandern festgebunden. Nach Entfernung der GeféaR-
klemmen kam der Kreislauf durch das in die Lumina gebundene Glasrohr
in Gang (Johnson u. Mitarb.). Zwischen dem zentralen und peripheren
GefaRstumpfe legten wir nach Ansetzen von Richtungsndhten eine
Gefdlnaht an. Vor AbschluR der GefdBnaht wurden die Gefdlenden wieder
abgeklemmt, das Glasréhrchen durch die noch anwesende Offnung der

Abb. 6lc. Das Herzpréparat des Versuchstieres von Abb. 6/b nach dem Verenden. Die rechte
hintere Klappentasche ist ganz abgerissen. (Die linke vordere Klappentasche wurde beim
Aufschneiden des Herzens durchtrennt)

Gefédlnaht entfernt, sodann die GefdBnaht mit einigen Stichen beendet, die
Klemmen abgenommen und so der Kreislauf wiederhergestellt. Dieses Ver-
fahren ermdglichte, daR die Aorta nicht allzu lange abgeklemmt zu bleiben
brauchte. Ischdmische Medulldrschddigungen kamen bei den (berlebenden
Tieren nicht vor.

Infolge der Invagination der Klappenldppchen in den peripheren GeféR-
stumpf entsteht bei der Klappenbildung ein etwa 2 cm langer GeféRdefekt,
doch vermochten wir die GefdRnaht durch Anndherung der GeféBenden in
allen Féllen ohne Schwierigkeit auszufihren.

Bei einem Tier, bei dem Klappenbildung und Valvulotoinie in einer
Sitzung vorgenommen wurden, fuhrten wir durch die A. femoralis einen bis
zum Niveau des Zwerchfellmuskels reichenden Katheter in die Aorta ein
und spritzten mit starkem Druck eine groRe Kontrastmittelmenge unter
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die Klappe, wobei eine Rontgenaufnahme gemacht wurde (Abb. 7). Das
Kontrastmittel gelangte nicht liber das Niveau der Klappe, obwohl wir in dem
zentral von ihr gelegenen Aortenabschnitt als Resultat der valvulotomischen
Regurgitation eine bedeutende oszillometrische Amplitude beobachteten. An
dem unter dem Platz der Klappenbildung befindlichen Aortenabschnitt stell-

Abb. 7

ten wir gleichzeitig etwas unter dem Normalwert liegende oszillatorische
Abweichungen fest.

Wie Abb. 7 zeigt, sind die »Taschen« der kinstlich gebildeten Klappe
mit Kontrastmittel geflllt. Der in der Mitte des GeféRes sichtbare langliche
Schattenausfall zeigt die Lokalisation der verschlossenen Klappenlédppchen
an. (Die auf dem Rilde wahrnehmbare Injektionsnadel zeigt auf den zentralen
GefaRstumpf.)

Bei samtlichen Uberlebenden Tieren war zum Zeichen dafiir, dalR der
periphere Kreislauf durch den Klappenwiderstand nicht geschddigt wird,
ein kraftiger femoraler Puls tastbar.

Einige Tage nach der Klappenbildung verendeten die Tiere, die l&ngste
Uberlebensdauer betrug 13 Tage. Bei der Sektion fanden wir in allen Féllen,
dalR an der GefdBwand sowohl des zentralen wie des peripheren Stumpfes
dinne Fibrinfdden ausgeschieden und die Klappenldppchen in diesen Fibrin-
niederschlag gleichsam eingebettet waren. Da sich die Klappenldppchen auf
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diese Weise einander nicht zu ndhern vermdgen, verlegen sie in der Diastole
dem regurgitierenden Blut nicht den Weg. Die Tiere waren demnach ebenso
infolge Insuffizienz der kinstlichen Klappe zugrunde gegangen wie jene
Versuchstiere, bei denen einfach nur die Insuffizienz des Aortenklappen-
systems herbeigefihrt worden war.

Die Klappenldppchen erschienen hei der Sektion intakt. Selbst in den
Klappenldppchen des 13 Tage uberlebenden Tieres vermochten wir keine
histologischen Anzeichen einer Nekrose zu entdecken.

Antikoagulanten wurden in unseren Féllen nicht angewandt. Weitere
Versuche sind im Gange, um festzustellen, ob eine energische Antikoagulant-
behandlung nicht imstande ware, die Ausféllung des erwdhnten Fibrin-
niederschlages und das Anhaften der Klappenldppchen zu verhindern.

Wie aus den Versuchen zur chirurgischen Korrektion der Aorten-
insuffizienz hervorgeht, gewé&hrleisten die bisherigen Verfahren wegen des
Zugrundegehens der Gewebe der aus transplantierten Geweben hergestellten
Klappen und der Schrumpfung ihrer Substanz keine dauerhaften Resultate.
Nach unseren bisherigen Versuchen scheint es, dal die auf Ausmerzung
der Transplantationsmédngel gerichteten Bestrebungen, die eigenen Unter-
suchungen eingerechnet, bei denen man aus der Gefdlwand selbst in situ
eine Klappe zu bilden versuchte, ebenfalls nicht als geeignete Methoden zu
betrachten sind, und zwar teils wegen der zustande kommenden Einengung,
teils — wie in unseren Féllen — wegen des Anhaftens der Klappenldppchen.

Als sicher erfolgreiches Verfahren hat sich unter den bisherigen Ver-
suchen zur chirurgischen Korrektion der Aorteninsuffizienz allein die Implan-
tation des aus Kunststoff hergestellten Kugelventils erwiesen. Im Hinblick
auf den erwdhnten Fehler bedirfen jedoch die Kunststoffimplantate unserer
Meinung nach einer Modifikation. Die Zellelemente der Umgebung vermdgen
in die homogenen Kunststoffimplantate nicht einzuwandern, so dall sich
zwischen Implantat und Umgebung keine organische Verbindung entwickelt.
Diese Prothesen werden vom benachbarten Bindegewebe eingekapselt, doch
bleibt zwischen den umgebenden Geweben und der Prothesenwand immer
eine virtuelle Spalte bestehen. Auch die GefdBenden kdnnen sich mit der
Prothese im biologischen Sinne nicht einigen. Diese Umstdnde ermdglichen
die Aneurysma falsum-Bildung zwischen Prothese und Umgebung. Es ware
daher winschenswert, wenn man die Klappenprothesen aus einer pordsen
Substanz hersteilen kodnnte, in welche die Zellelemente des benachbarten
Bindegewebes einzudringen imstande sind. Dadurch wiirde sich die Prothese
— dhnlich wie die zum Ersatz der GefdRdefekte erfolgreich angewandten
gewobenen GefdRprothesen — gleichsam zu einem organischen Bestandteil
des Wirtsorganismus gestalten, und vielleicht k&men dann die auf der Zell-
undurchldssigkeit der homogenen Kunststoffprothesen beruhenden Kompli-
kationen nicht mehr vor.
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ZUSAMMENFASSUNG

Nach einer Ubersicht der auf die chirurgische Korrektion der Aorteninsuffizienz
gerichteten Versuche wird eine eigene Klappenbildungsmethode besprochen. Die aus der
GefaBwand in situ gebildete Aortenklappe hat sich in Modellversuchen als geeignet erwiesen.
Tierversuche mit dieser Klappe sind im Gange.
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SUBSTRATSPEZIFITAT UND URSPRUNG
DER SERUMESTE RASEN

Von

A. Fischer, L. Perényi und S. Rohiny
111. MEDIZINISCHE KLINIK DER MEDIZINISCHEN UNIVERSITAT, BUDAPEST

(Eingegangen am 1. August 1958)

In einer friheren Mitteilung [1] berichteten wir Uber mit 4 verschie-
denen Substraten vorgenommene vergleichende Untersuchungen von Ester-
asen im Blutserum von Hepatitiskranken. Auf Grund von 700 Bestimmun-
gen der Fermentaktivitdt wurde geschlossen, dal obwohl sich die Durch-
schnittsaktivitdt der Serumesterasen gleichmdRg &ndert, in den einzelnen
Féallen kein Parallelismus im Verlauf der Erkrankung besteht; in vielen
Fallen wurde eine deutliche Dissoziation der einzelnen Fermentaktivitdten
beobachtet. In weiteren Versuchen wurde festgestellt, dal das Serum bei
Gelbsucht keinen esterasehemmenden Stoff enthalt, so dall die Abnahme
der Aktivitdt auf mangelhafte Fermentbildung zurickgefihrt werden muRB.

In einer kurzlich erschienenen Arbeit von Czyzik [2] wird die Ansicht
vertreten, daR die verschiedenen Esterasen »hdchstwahrscheinlich dasselbe
wenig spezifische Ferment seien, welches verschiedene mikromolekulare Ester-
verbindungen spaltet«. Diese Ansicht beruht aufdem auch von uns beobachteten
Parallelismus der Durchschnittswerte bei verschiedenen L bererkrankungen ;
obwohl unsere Beobachtungen durch die Annahme der Einheitlichkeit der
Esterasen nur schwer zu erkldren waren, hielten wir es fur angezeigt, das
Verhalten der Esterasen gegeniber verschiedenen Inhibitoren und AKtiva-
toren zu prifen, um auf diese Weise Anhaltspunkte fir ihre Spezifitdt zu
gewinnen. In weiteren Untersuchungen haben wir die Bestimmung der
Fermentaktivitdten in Leberhomogenisaten gesunder und mit CCl14 behandel-
ter Ratten durchgefiuhrt, um die Zusammenhé&dnge der Fermentaktivitdt in
Serum und Lebergewebe zu untersuchen. Ferner fihrten wir Untersuchungen
Uber das Vorkommen der Esterasen in der Galle aus und suchten die etwaigen
Zusammenhénge zwischen Glutathion und Fermentaktivitdt zu klaren.

Methodik

Die Bestimmung der alkalischen Phosphatase erfolgte nach King und Armstrong [3],
die der Cholinesterase von Huerga und Popper [4] ; unsere Normalwerte betrugen 180— 330
/imol/ml. Die Bestimmung der Procainesterase erfolgte nach Hazarda [5]; bei letzterer
Methode wird bei Abbau von 100 /<g Procain 56 ttg p. Aminobenzoesdure gebildet ; das
Mall der Fermentaktivitat wird durch die gefundenen /rg p. Aminobenzoesdure ausgedruckt.
Die Bestimmung der Phenylbenzoatesterase erfolgte nach Dan und Vajda [6] : das bei der
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Tabelle |

Wirkung von Inhibitoren auf Serumesterasen

Heramuuyp j %
Name der Verbindung Dosis Inktét;ﬁleirons- Cholin- Procain- Phenyl- Alkalische
esterase esterase benzoat-  ppgsphatase
esterase
Atropin 0,05 mg zu
2 ml Serum 0 0 0 0
Prostigmin 0,005 mg zu 48 7 100
2 ml Serum 45 85 85 0
Coffein. Natr. benz. 0,4 mg zu
2 ml Serum 0 0 0 0
Chinin 0,1 mg zu 0 0 0 0
2 ml Serum 10 0 21 0
p Cl-mercuribenzoat 0,1 mg zu
1ml Serum 30 Min. 0 0 0 0
BeS04 10 mg zu 11 44 0 100
1ml Serum 90 Min. 23 37 10 100
BeSO, SO mg zu 23 44 25 100
1 ml Serum 90 Min. 39 42 50 100
BeS04 100 mg zu 56 50 25 100
1 ml Serum 90 Min. 47 60 70 100
Monojodessigs. K 0,3 ml einer 35 17 0 0
m/20 LOsg. g5 i, 16 16 0 0
zu 0,7 ml
Serum
INaF 2 mg 0 75 46
zu 1 ml 15 Min. 0 68 11 0
Serum 0 60 22 5
Komplexon 11 1 mg 0 0 0 13
zu 1 ml 15 Min. 3 0 0 0
Serum 7 7 0 27
DFP 0,1 mg zu
1 ml Serum 100 100 100 0
DFP 1mgzu

1 ml Serum 100 100 100 0
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Spaltung freiwerdende Phenol wird mit Permanganat oxydiert und der UberschuR des
Permanganats jodometrisch zuricktitriert. Es wurde eine Serumverdinnung von 1 :30 ver-
wendet ; die nach 1 St. Inkubation nachweisbare Menge von Phenol in /tmol/ml. ergibt die
Fermentaktivitat; wir erhielten Normalwerte zwischen 14—33 /tmol/ml.

Die Ratten wurden mittels Nackenschlag getdtet. 2 g frisches, auf Filtrierpapier
getrocknetes Lebergewebe wurde sofort in 5 ml phys. NaCl-Lisung unter Eiskihlung im
Apparat von Potter 3—4 min. homogenisiert. BloR zur Bestimmung der Cholinesterase
haben wir Lebergewebe unverdinnt homogenisiert. Die Bestimmung des Glutathions erfolgte
in denselben Homogenisaten mit der Methode von Grunert und Phittips [7].

Ergebnisse der Versuche
1. Beeinflussung der Fermentaktivitat in vitro

Die Ergebnisse der Versuche mit 10 verschiedenen Inhibitoren zeigt
Tabelle I. Die angegebene Hemmung bezieht sich auf die Fermentaktivi-
tdten, welche in denselben Seren ohne Inhibitoren gemessen worden sind.
Der Mittelwert von je 3 Bestimmungen wird angegeben.

Wie aus Tab. | ersichtlich, besteht bei den meisten untersuchten Inhibi-
toren ein deutlicher Gegensatz zwischen der Alkaliphosphatase einerseits,
den anderen Esterasen andererseits ; wadhrend BeS04 die Phosphatase ganz
und Komplexen Il zum Teil hindert, werden die Ubrigen Esterasen durch
BeS04nur schwach und durch Komplexon Il so gut wie gar nicht gehindert ;
andererseits hemmen Prostigmin und DFP stark die Esterasen, wdhrend
die Phosphatase nicht gehemmt wird. Besonders interessant sind die Ergeb-
nisse mit monojodessigsaurem K und N aF; die erste Verbindung hemmt mé&Rig
stark die Cholinesterase und die Procainesterase, wdhrend die Phenylbenzoat-
estarase unbeeinfluBt bleibt ; NaF hemmt stark die Procain- und die Phenyl-
benzoatesterase, |14kt dagegen die Cholinesterase unbeeinfluf3t.

Da sowohl das p-Cl-mercuribenzoat wie die Monojodessigsdure die
aktiven SH-Gruppen der Fermente binden, ist anzunehmen, daB die Alkali-
phosphatase und Phenylbenzoatesterase nicht zu den Thiolfermenten gehdren
und auch bei der Cholin- und Novokainesterase durfte die SH-Gruppe keine
entscheidende Rolle bei der Fermentaktivitdt spielen. NaF wirkt hauptsédch-
lich durch Bindung der Mg oder Ca-lonen, welche die Fermentwirkung akti-
vieren ; die Cholinesterase bedarf anscheinend keiner solchen AKktivierung,
wéhrend die Ubrigen Fermente durch NaF mehr oderweniger gehemmt werden.

Zusammenfassend ergaben unsere Versuche mit verschiedenen Inhibi-
toren, daB die 4 untersuchten Esterasen wohl kaum identische Fermente
sein dirften.

Zur Ergdnzung dieser Untersuchungen haben wir versucht, die 4 Fer-
mente durch Zusatz von Glutathion in vitro zu aktivieren. Je 3 X 1 ml Serum
haben wir mitje 1 mg Glutathion 90 Min. bei 37° stehen lassen, nachher wurde
die Fermentaktivitdt in Vergleich mit Kontrollen ohne Zusatz von Glutathion
bestimmt. Es ergaben sich keine Unterschiede zwischen den Kontrollen und
den Seren mit Glutathionzusatz.

5 Acta Mrdica XII/3-—4.
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2. Fermentaktivitat in der Leber

Da die Aktivitdtsdnderungen der Serumesterasen meist mit Leberer-
krankungen in Verbindung stehen, haben wir zunéchst parallele AKktivitéts-
bestimmungen der Fermente in Leberhomogenaten und im Serum von nor-
malen Ratten durchgefiihrt. Die Ergebnisse gibt Tab. Il mwieder.

Tabelle 11

Fermentaktivitdt und Glutathiongehall normaler Rattenleber

Glutathion Cholinesterase  Procainesterase  Phenylbenzoat- Alkali-

No. mg % Jimol/g I'glg 3/Srtr?(r)6|‘/5gc phosphatase E.
| e 210 - 176 285 90
9 172 — 119 335 17
B 172 — 181 305 49
Qoo 80 — 95 290 104
218 — 170 275 49
B e 153 — 189 287 45
T e 149 — 70 315 84
B 140 — 136 325 116
167 — 154 320 115
100 — 203 295 46
1.56 137* 152 304 75

Normale Serumakti-

VItAt e, 71 12,5 52 23

* Durchschnittswerte von unverdinnt homogenisierten Lebern.

Wie aus Tab. Il ersichtlich, enthalt die Leber wesentlich mehr Ester-
asen als das Rattenserum : die Verteilung ist allerdings sehr verschieden,
das Verhdltnis der Aktivitdt der Leber und der Serumfermente betrdagt

bei der Cholinesterase 2:1
Alkaliphosphatase 1
Phenylbenzoatesterase 6:1
Procainesterase 12 .1

Was die Aktivitat der Serumfermente betrifft, so finden sich wesentliche
Unterschiede zwischen den Rattenseren und den von uns friher [1] bestimm -
ten Menschenseren (Tabelle 111).

W ir haben sodann mehrere Gruppen von Ratten mit CCl4 vergiftet ;
Gruppe A erhielt 0,5 rnl/100 g s. c. und wurde 48 St. spdter getdtet ; die
histologische Untersuchung ergab nur bei der Ratte No. 5 ausgedehnte
Leberzellnekrosen, sonst nur acinozentrale Degeneration und periportale
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Tabelle 1IN

Durchschnittswerte der Serumaktivitdt von Mensch und Ratte

Cholinesterase  Procaiuesterase  Phenylbenzoat- Alkali-
fimol/ml Ogiml esterase //mol/nil  phosphatase L.
Norm. Menschenserum .............. 180— 300 50 14— 33 5— 10
Norm. Rattenserum ... 71 12,5 52 23
Tabelle IV
Fermentaktivitdt und Glutathiongehalt von Rattenlebern nach CCIt- Vergiftung
Glutathion Cholinesterase ~ Procainesterage  Phenylbenzoat- Alkali-
No. mS % /rniol/g Zg'g esterase //mol/lg  phosphatase E.
Gruppe A
| e 210 94 385 38
2 s 163 — 152 351 49
3 163 — 59 378 119
oo 172 — 70 378 45
D s 135 — 81 379 170
Gruppe WU
T e 176 105 310 154
2 140 87 315 154
B 130 66 310 270
Ao 195 — 63 300 118
Gruppe C
L 214 38 287 174
2 s 135 — 66 275 156
B s 163 — 42 275 143
Gruppe D
Lo 235
2 s — — — 207 —
3 249 J—
4 263
D s - — — 242 -
Durchschnittu .. 166 32,5* 77 302 160
Serum nach CCl14
Vergiftg ... — 35 13,5 30 42

* Durchschnitt von unverdinnt homogenisierten Lebern, 24 St. nach intraperit. Injek-

tion von 1 ml/100 g CCIlj

5*
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Infiltration. Gruppe B erhielt 1 ml/100 g CC14 s. ¢. und wurde nach 24 St.
getotet ; stdrkere acinozentrale Nekrosen zeigten die Leber der Ratten No. 1
und 4. Gruppe C erhielt 7 Wochen lang insgesamt 20 X 0,1 ml CC14 s. c.,
ferner 4 und 1 Tag vor der Tétung 0,2 ml CCl4 peroral. 3 Ratten sind im Laufe
der Vergiftung eingegangen, die Leber der Uberlebenden zeigten histolo-
gisch das Bild der Atrophia rubra mit gleichzeitig beginnender Fibrose. Gruppe
D von 5 Ratten wurde mit 0,5 ml/100 g CC14 intraperitoneal vergiftet und
nach 24 St. getdtet ; die Lebern dieser Tiere zeigten bereits makroskopisch
schwerste Verdnderungen, sie wurden zur Bestimmung der AKtivitdt der
Phenylbenzoatesterase benitzt. Eine letzte Gruppe von 5 Ratten wurde mit
1 ml/100 g CCldintraperitoneal vergiftet, die schwer verdnderten Lebern wur-
den 24 St. spdter unverdinnt homogenisiert und zur Bestimmung der Cholin-
esterase benitzt. Die Ergebnisse gibt Tab. IV wieder.

Wie aus Tab. IV hervorgeht, sind die Durchschnittswerte der AKkti-
vitdten der Cholin- und Procainesterase in den Lebern stark gesunken, die
der Alkaliphosphatase haben dagegen stark zugenommen ; die Aktivitadt der
Phenylbenzoatesterase zeigte nur bei den letzten zwei Gruppen mit stark
verdnderten Lebern eine Senkung. Die Fermentaktivitdt im Serum war bei
der Cholin- und Phenylbenzoatesterase verringert, bei der Alkaliphosphatase
erhoht, bei der Procainesterase unverandert.

3. Fermentaktivitat in der Galle, die Rolle des Glutathions

In der Galle ist bis jetzt nur die Alkaliphosphatase nachgewiesen wor-
den (Fischer u. Szécsei [8]) ; da wir Giber die anderen Esterasen keine Anga-
ben in der Literatur gefunden haben, haben wir Fermentbestimmungen in
der Blasengalle lebergesunder Menschen durchgefihrt. Das Untersuchungs-
material wurde durch Duodenalsondierung gewonnen, der Blasenreflex wurde
mit Hypophysin ausgeldst. Die Ergebnisse gibt Tab. V wieder.

Tabelle V

Esterasegehalt im Serum und in der Galle

1 2 3. 4 5. 6
Fall No.
Galle Serum Galle Serum Galle Galle Galle Galle
Cholinesterase..ocoeeeerennee. 0 150 0 245 0 0 0 0
Procainesterase 0 — 0 — 0 0 0 0
Phenylbenzoatesterase ... 69 16 71 19 58 38 67 48

w ie aus Tabelle \ ersichtlich, konnte in der Galle weder Cholin-
esterase, noch Procainesterase nachgewiesen werden, dagegen war in allen
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6 untersuchten Gallen die Aktivitdt der Phenylbenzoatesterase wesentlich
hoher, als in den entsprechenden Seren. Dieses Ferment, welches von DAN
und Vajda [6], Gomori [9] sowie von Goldner und Mitarb. [10] im Blut
nachgewiesen worden ist, wird daher ebenso wie die Alkaliphosphatase
auch mit der Galle ausgeschieden.

Es blieb noch die Frage zu untersuchen, ob die Anderungen der Fer-
mentaktivitat in der Leber mit Anderungen des Glutathiongehaltes parallel
verlaufen. Binet und Weller [11] haben bekanntlich gefunden, daf der
Glutathiongehalt der Leber nach Chloroformvergiftung beim Hund auf die
Halfte, beim Kaninchen auch um etwa 50% sinkt und es war naheliegend, die
toxische Wirkung der Halogenderivate des Methans auf Schadigung der
Leberfermente zurtickzufiihren, welche dadurch zustandekommt, dalR das zur
Reduktion der SH-Gruppen der Fermente erforderliche Glutathion nicht in
genligender Menge zur Verfiugung steht. Unsere eigenen Untersuchungen
(vgl. Tab. Il und 1V) ergaben, dalR der Glutathiongehalt der Leber selbst
bei schwerster CCIl4-Vergiftung nicht abnimmt, so daR die beobachtete
Abnahme der Fermentaktivitdt nicht auf Glutathionmangel zuriickgefiihrt
werden kann.

Besprechung der Versuchsergebnisse

1. Der Umstand, daB sich die Aktivitdt der Alkaliphosphatase einer-
seits, die der Ubrigen Esterasen anderseits bei Leberschdden in entgegen-
gesetzter Richtung &ndert, spricht an sich schon dafiir, dal es sich um zwei
Gruppen von wesensverschiedenen Enzymen handelt. Dal die alkalischen
Phosphatasen substratspezifisch sind, beweist das Vorhandensein einer
eigenen Glukose-6-Phosphatase (Swanson [12]); bezliglich der anderen Ester-
asen wird vielfach angenommen, dall es sich um ein wenig spezifisches Fer-
ment handelt, welches verschiedene mikromolekuldre Esterverbindunsen
spaltet.

Gegen die Richtigkeit der letzteren Ansicht sprechen die folgenden
experimentellen Beobachtungen :

a) Unsere fruher [1] durchgefiihrten Paralleluntersuchungen im Serum
von Hepatitiskranken ergaben in vielen Féllen eine deutliche Dissoziation
der Fermentaktivitdten im Laufe der Erkrankung.

b) In der Galle konnte auller Alkaliphosphatase nur Phenylbenzoat-
esterase nachgewiesen werden ; Cholin- und Procainesterase werden nicht
mit der Galle ausgeschieden.

¢) In Beziehung auf verschiedene Inhibitoren ergibt sich ein deutlicher
Gegensatz zwischen der Alkaliphosphatase einerseits, den anderen Esterasen
anderseits. Monojodessigsaures K und NaF wirken verschieden auf die Cholin-
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esterase und die Phenylbenzoatesterase. NaF hemmt die Fermente, die durch
Mg- oder Ca-lonen aktiviert werden ; die Cholinesterase bedarf anscheinend
keiner solchen Aktivierung.

d) Das Verhdltnis der Aktivitdt der Fermente in der Leber und im
Serum der Ratte zeigt Schwankungen von 2 : 1 bis 12 : 1, was ebenfalls gegen
die Einheitlichkeit der Fermente spricht.

Aus alledem folgt, dafl die untersuchten Esterasen wahrscheinlich sub-
stratspezifisch sind ; ihre Tendenz, unter gewissen pathologischen Bedin-
gungen gleichmé&Rig abzunehmen, ist daher kein Beweis der Identitdt der
Fermente, sondern ein Zeichen dafiir, daB fir die Abnahme der AKktivitaten
eine gemeinsame Ursache vorliegen muBR. Nach Abschlufl unserer Untersuchun-
gen erschien die Arbeit von Augustinsson [17], in welcher Uber die elektro-
phoretische Isolierung von Serumesterasen berichtet wird ; es gelang, aus
menschlichem Serum 2, aus Rattenserum 3 verschiedene, substratspezifische
Esterasen getrennt nachzuweisen.

2. Was den Ursprung der Serumesterasen betrifft, so unterliegt es
keinem Zweifel, dall die Alkaliphosphatase von der Leber gebildet und aus-
geschieden wird (Koch-Weser [13]). Was die Cholinesterase betrifft, haben
Brauer und Root [14] nachgewiesen, daR nach CCl4-Vergiftung die Serum-
aktivitat sowohl bei der Ratte wie beim Hund abnimmt; Koch-Weser [15]
fand nach CCl4-Vergiftung Abnahme der Cholinesterase sowohl in der Leber
wie auch im Serum, wéahrend gleichzeitig die Aktivitat der Alkaliphosphatase
erhoht wrar.

In unseren eigenen Untersuchungen haben wir gefunden, daR die
Aktivitat samtlicher Esterasen in der Leber hdher ist als im Serum ; nach
schwerer CCl4Vergiftung kam es zur Erhdhung der AKktivitdt der Alkali-
phosphatase sowohl in der Leber, wie auch im Serum, wé&hrend die AKktivitat
der Ubrigen Esterasen in der Leber meist parallel mit der Schwere der Ver-
&nderungen abnimmt. Auch im Serum kam es zur Abnahme der AKktivitét
der Cholinesterase und der Phenylbenzoatesterase, wdahrend die AKktivitat
der Procainesterase — vielleicht infolge der kurzen Uberlebenszeit — unver-
&ndert blieb ; nach unseren friheren Erfahrungen [1] ist das Sinken der
Aktivitdt der Procainesterase im Serum ein diagnostisch und prognostisch
wertvolles Zeichen bei der akuten Hepatitis. Das gleichzeitige Sinken der
Esteraseaktivitdten in der Leber und im Serum ist wohl kaum anders zu
erklaren, als durch verringerte Fermentsynthese in der Leber, wahrend die
erhdhte AKktivitdt der alkalischen Phosphatase teils auf die Behinderung
der Gallenausscheidung, teils auf regeneratorische Prozesse in der Leber
(Sulkin [16]) zuruckzufihren ist.
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ZUSAMMENFASSUNG

1. Bestimmung der Fermentaktivitdt der Cholinesterase, Procainesterase, Phenyl-
benzoatesterase und alkalische Phosphatase im Serum in Gegenwart von 10 verschiedenen
Inhibitoren ergab abweichende Hemmungen bei den gepruften Fermenten, was gegen ihre
Identitat spricht.

2. Das Verhéltnis der Aktivitat der Leber- und der Serumfermente von Ratten zeigte
bei den untersuchten Esterasen Abweichungen von 2 :1 bis 12:1, doch war die Aktivitat
in den Leberhomogenaten stets hdher als itn Serum.

3. Nach CCl4-Vergiftung erhdht sich die Aktivitat der Alkaliphosphatase sowohl in
«ler Leber wie im Serum, wahrend die Aktivitdt «ler Ubrigen Esterasen in verschiedenem
Ausmal abnimmt.

4. Der Glutathiongehalt der Leber bleibt selbst bei schwerer CCl4-Vergiftung unver-
andert, daher kann die Aktivitatsabnahme der Esterasen nicht auf Glutathionmangel zurick-
gefuhrt werden.

5. In der Galle ist neben alkalischer Phosphatase nur Phenylbenzoatesterase nach-
weisbar, die Ubrigen Esterasen werden nicht mit der Galle ausgeschieden.

6. Es wird der Schlull gezogen, daB die Serumesterasen wahrscheinlich substrat-
spezifisch sind und aus der Leber stammen.
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UBER DIE ZUSAMMENHANGE DER ANFALLE IM
SCHLAF UND WACHZUSTAND MIT DER ANATOMISCH-
FUNKTIONELLEN ORGANISATION DES
EPILEPTOGENEN HERDES

Von

F. Kajtor, T. Nagy und Gy. Velé&k
KLINIK FUR NEUROLOGIE UND PSYCHIATRIE DER MEDIZINISCHEN UNIVERSITAT, DEBRECEN

(Eingegangen am 12. August 1958)

Bei der system atischen Befragung der Epileptiker stellt sich heraus,
dall Anfélle im Schlaf (in der Nacht) nicht selten vorkommen. Es gibt Kranke,
bei denen die epileptischen Anfélle nur nachts auftreten, wahrend Sie bei
anderen nur tagsuber, im Wachzustand, Vorkommen. H&ufiger aber
ist zu beobachten, daB Nacht- und Tagesanfdalle abwechseln, wobei die
Anfélle oft anfangs nur im Schlaf oder nur im Wachzustand in Erscheinung
treten.

Uber die Faktoren, die in diesem abweichenden Verhalten der Anféille
eine Bolle spielen kdénnen, finden sich in der Literatur nur wenige Angaben.
Einige Autoren weisen auf die mdgliche krampfauslésende Wirkung der
Synchronisation bzw. langsamen Rhythmen der elektrischen Tatigkeit im
Schlaf [37, 18] oder der Hypoglykdmie [34] hin. Fuster, Castells und
Etcheverry [16] versuchten indessen eine Gruppe der néchtlichen Anfélle
mit neuralen, zerebralen Formationen in Beziehung zu bringen. Von 81
Kranken, die Uber nédchtliche, mit Bewufitlosigkeit und Amnesie einher-
gehende anfallartige Angstzustdnde Kklagten, registrierten sie im natirlichen
oder kunstlichen Schlaf das Elektroenzephalogramm. In 94,5% der Falle
fanden sie pathologische elektrische Erscheinungen im Grenzgebiet des
Parietal-, Temporal- und Okzipitallappens. Sie nahmen daher an, daR diese
Art von Unwohlsein immer aus der epileptischen Aktivation des parieto-
okzipitalen Rindengebietes stammt.

Auf die strukturellen Beziehungen des ndchtlichen Auftretens der
epileptischen Anfédlle wurde unsere Aufmerksamkeit anldflich der Aktivierung
der Krampfpotentiale mit Evipan, insbesondere aber bei der Untersuchung
der Krampftatigkeit des menschlichen Hippocampus im Evipanschlaf gelenkt
[28, 29, 30, 31]. Auf Grund dieser Befunde begannen wir den Zeitpunkt
des Auftretens der Anfélle zu registrieren und Zusammenhdnge zwischen
ihrem Auftreten im Schlaf und den anatomisch-funktionellen Eigentim -
lichkeiten der als epileptogener Herd zu betrachtenden Gehirnsubstanz
zu suclien.
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Material und Methoden

Vorliegender Bericht stitzt sich auf die Untersuchung von 200 epileptischen Kranken,
die ebenso wie ihre Angehdrigen in bezug auf ihre néachtlichen Anfélle ausfuhrlich befragt
wurden. Besonderen Wert legten wir auf die Feststellung, oh die ersten Anfélle im Schlaf
aufgetreten waren. Samtliche Kranke wurden neurologisch, serologisch, pneumoenzephalo-
graphisch und elektroenzephalographisch eingehend untersucht. In 45 Fallen erfolgte auch
eine neurochirurgisehe Behandlung (J. Hullay, P. Térok, L. Farago), hauptsachlich durch
Entfernung des Sehliifenlappens und seiner mediobasalen Teile, auflerdem durch Resektion
von meningealen Verwachsungen, kortiko-subkortikalen Narben und Atrophien sowie in

Abb. la. Von einem mit Evipannarkose aktivierten EEG hergestelltes Komplexdiagramm. —
Die punktierte Linie zeigt die Entwicklung des Schlafniveaus ; die gestrichelte Linie gibt
die Anzahl der mit der Rachenelektrode, die fortlaufende Linie die mit der Kopfhautelektrode
an der temporalen Spitze der gleichen Seite aufgenommenen Krampfpotentiale je Minute
wieder. E = Beginn der Evipaneinspritzung, Tempo : 25 mg/15 sec. W — Wachzustand ;
R Rausch; OS - oberflachlicher Schlaf; TS = Tiefschlaf; NTS = narkotischer Tief-

schlaf.
F'all von Ammonshornsklerose ; die ersten Anféalle traten nachts im Schlaf auf, spater
kam es aber auch am Tage, im Wachzustand, zu Stérungen. — Die Anzahl der Raclien-

(mediobasalen) Krampfpotentiale ist etwas groBer als die der temporalen Spitzen ; medio-
basal entfallt der Hohepunkt der Aktivation auf die Initialphase des Schlafes, Uber der
temporalen Rinde jedoch auf die Dauer des Tiefschlafes.

Abb. Ijb. Ein Teil desselben EEG, der das Ubergewicht der pharyngealen Kram pftatikeit tiber
der der temporalen Spitze in der 3. Minute der Narkose zeigt.— Ph = Elektrode (E) in der
Pharynx ; Tpo E am temporalen Pol; Tm mittlere tempolare E

Form der Resektion raumeinengender Prozesse (8 F&lle) und GefaRentwicklungsanomalien
(2 Féalle), die wir zwecks Beseitigung des epileptogenen Herdes Vornahmen.
Elektroenzephalographische (EEG) Aufnahmen, deren Methode wir friher mitgeteilt
haben [27], wurden sowohl im Wachzustand wie in Evipan-Natrium-Sehlaf hergestellt. In
einigen Fallen wurde wegen erfolgloser Narkose auch die Cardiazol- und Photocardiazol-
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belastung durchgefihrt. In der Mehrzahl der Falle wurden zwei oder mehr EEG aufgearbeitet
und bei 30 Kranken auch unmittelbare Elektrogramme von der Gehirnrinde (ECG) auf-
genommen ; in 7 Fallen wurden Kortikogramme auch vom Hippocampus registriert [28,
29, 30].

]Die EEG und ECG von 70 Kranken, einschlieBlich derjenigen, deren epileptischer
Herd auch morphologisch nachgewiesen werden konnte, wurden sehr grindlich aufgearbeitet.
Hierbei zahlten wir mit Ausnahme der von weitem geleiteten samtliche an den wichtigsten
Kopfhaut-(kortikalen) und basalen (hippocampalen) Elektroden wahrnehmbaren Krampf-
potentiale. Die Resultate wurden parallel mit den Verédnderungen der Schlaftiefe in jeder
Minute der EEG-Aufnahme in Diagrammen dargestellt.

Abb. 2 a. Komplexdiagramm von einem Kranken mit geschlossener Septumzyste, bei

dem die Anféalle nur nachts im Schlaf auftraten. — Bezeichnungen wie auf Abb. 1/a;

Tempo der Evipancinspritzung 25 mg/10 sec. — Nur aus der Rachenelektrode lassen sich

Krampfpotentiale aufnehmen, die vom Schlummer und oberflachlichen Schlaf aktiviert, vom
tiefen Schlaf zurickgedréangt Werden

Die herausgeschnittene Gehirnsubstanz untersuchten wir histologisch. Vom Schlafen-
lappen wurden Frontalschnitte hergestellt. Die Auswertung geschah auf Grund der mit
llamatoxylin-Eosin, nach Nissl und nach der MALLORYschen Gliafarbung hergestcliten
Préparate (Haberland, 22].

Ergebnisse

Auf Grund der Krankengeschichten teilten wir die Kranken in 5 Grup-
pen ein. (Die Bezeichnung »néchtlicher Anfall« wurde auf jedes Unwohlsein
angewandt, wenn es im Schlaf auftrat.)

1. Ausschlieflich n&chtliche Anfélle waren bei 28 Kranken aufgetreten.

2. Anfangs waren die Anfédlle nur im Schlaf, spdter aber auch im
W achzustand, tagsiber, bei 60 Kranken erschienen.

3. Die né&chtlichen Anfélle waren hé&ufiger als die am Tage vorkom-
menden in 26 Féllen, in denen jedoch nicht geklart werden konnte, ob die
ersten Anfélle im Schlaf oder im Wachzustand aufgetreten waren.

4. Auschliellich tagsiber, im Wachzustand, wurden die Anfélle von
43 Kranken beobachtet.

5. Die Erkrankung hatte mit Tagesanfdllen begonnen, doch waren
spédter neben diesen auch néchtliche Anfélle in 43 Féllen zu beobachten.

Manche Kranke hétten in zwei Kategorien aufgenommen werden mis-
sen, wurden aber in die Gruppe eingereiht, zu der sie auf Grund der ersten
Anfélle gehdrten.
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Zusammenh&nge zwischen der anatomischen Lokalisation des Herdes
und der H&ufigkeit der néachtlichen Anfalle

Umschriebene makro- oder mikroskopische Gehirnschaddigung vermoch-
ten wir durch chirurgischen Eingriff oder histologische Untersuchung bei 37
Kranken und mit Hilfe der Pneumoenzephalographie in weiteren 12 Fdllen
nachzuweisen. Von diesen verglichen wir in 10 Fallen zwei in Abstdnden von
2 Monaten bis 3 Jahren aufeinander folgende, mit Evipanaktivierung her-

Abb. 2/b. Vier Monate spater zur Kontrolle aufgenommenes EEG vom selben Kranken ;
die Aktivierung der Krampfpotentiale stimmt im wesentlichen mit dem vorigen Bild tberein

Abb. 2jc. Die Kurve stammt aus der 5. Minute des dem Diagramm der Abb. 2/b

entsprechenden EEG. — Bezeichnungen wie auf Abb. 1/b. — Aus der lebhaften elektrischen

Rachenaktivitdt ragen hohe, negative Entladungen hervor, wéhrend von der temporalen
Spitze keinerlei Krampftatigkeit abgeleitet werden kann

gestellte EEG in komplexen Diagrammen und stellten fest, daR sich das
Verhéltnis der von basalen Regionen mit Nasen-Rachenelektroden aufgenom-
menen Krampfentladungen im Vergleich zu den von der Kopfhaut auf-
genommenen auf den spdteren Aufnahmen nicht wesentlich verdnderte.

a) Eine anatomische Verdnderung am Hippocampus konnte in 9 Fdllen
nachgewiesen werden ; in 6 dieser Fdlle erwies sich der Temporallappen
— die typische Sklerose des Amnionshorns ausgenommen — als véllig intakt.

Bei einem Kranken erstreckte sich der durch Geburtstrauma verursachte
schwere sklerotische ProzeR auf die ganze gr6Rere vordere Hé&lfte des Schléafen-
lappens, und in 2 anderen Fé&llen war die gliomatése Infiltration und Destruk-
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tion des Hippocampus und vorderen Temporallappens festzustellen. Den
Kranken mit ausgedehnter Sklerose ausgenommen, haben alle anderen nécht-
liche Anfélle schon in der Initialphase der Krankheit beobachtet, und 6 Kranke
behaupteten, die ersten Anfdlle wéren ausschlieflich im Schlaf erschienen.

Die EEG-Aufnahmen zeigten basale und temporale Zacken und steile
Wellen, zumeist mit dem Ubergewicht der basalen (Rachen-) Ableitung.

Abb. 3/a. Durch tangentiale KopfschuRBverletzung verursachte zystische Narbe in der

auBeren-niittleren Temporallappenrinde. Die Anfalle traten anfangs nur tagsiber, spater

haufig auch nachts auf. — Die Evipauaktivation erreicht ihren Hohepunkt im tiefen

Schlaf, in dem die Entladungen {ber der temporalen Rinde viel haufiger erscheinen
als die mediobasalen

Abb. 3/b. Dasselbe EEG wie auf Abb. 3/a. — In der 12. Minute des Schlafes traten
Uber der temporalen Spitze mehr Zacken und steile Wellen auf als im Rachen.
O - monopolare Ableitung

Die Anzahl der Entladungen uber dem Temporallappen kam in einem Fall
der der basalen nahe ; das Ubergewicht der hinteren Temporalregion war
bei der lob&ren Sklerose und bei einer Temporallappengeschwulst zu beobach-
ten. Die basalen Zacken und steilen Wellen wurden vom leichten Schlummer
und oberflachlichen Schlaf aktiviert, aber vom tiefen Schlaf unterdrickt.
b) Die Gruppe unserer Epileptiker mit nicht kommunizierender Zyste

des Septum pellucidum zeigte in ihrer Gesamtheit weder fir Tages- noch fir
Nachtanfdlle spezielle Neigung. In allen 7 Fé&llen wies das EEG eine gewisse
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Anhnlichkeit mit dem EEG der Kranken mit Hippocampusherd auf. So ergaben
die komplexen Diagramme, daB die Krampftatigkeit von der basalen und
vorderen Temporalregion aufgenommen werden kann und daR die Aktivitdt der
Rachenelektrode immer grofer ist als diejenige der temporalen. Weiterhin
entfiel der Hohepunkt der basalen Aktivation auf den Schlummer und ober-
flachlichen Schlaf und nur in einem Fall auf den tiefen Schlaf. Wegen der

Abb. 4ja. Nach Entfernung eines rechtsseitigen prézentralen Meningeoms ausschlieBlich

am Tage auftretende linksseitige fokale motorische Anfélle. — In der Narkose Krampf-

potentiale hauptséchlich in der hinteren Frontalregion (fortlaufende Linie), ohne basale
Krampftatigkeit

Abb. 4/b. In der 7. Minute der in Abb. 4/a dargestellten EEG-Untersuchung negative steile
Wellen und Zacken in der rechten hinteren Frontalelektrode (Fp), wé&hrend sich aus der
Rachenelektrode keine Entladungen ableiten lassen

Anhnlichkeit des klinischen und elektrographischen Bildes nahmen wir unseren
einzigen Fall von Agenesis corporis callosi in diese Gruppe auf.

c) Die Lasionen im &uBeren Temporallappen trennten wir von den-
jenigen, welche andere Gebiete der Konvexitdt betrafen, und zAvar wegen
der Héaufigkeit der basalen Krampftétigkeit. Bei 9 der 14 Kranken traten
die anfénglichen oder s&mtliche Anfélle tagsiber im Wachzustand auf. Ihr
EEG enthielt zwar zahlreiche basale Entladungen, aber basales Ubergewicht
Avarnur bei 4 Kranken festzustellen. Die Vorherrschaft der temporalen Krampf-
potentiale Avar bei 9 Kranken offensichtlich, und zugleich kamen beinahe
im selben Verhdltnis Entladungen an den Rachen- und Sclildafen-Kopfhaut-
elektroden vor.
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d) Frontale, zentrale, parietale und frontotemporale kortikale epilepto-
gene Anomalien fanden wir bei 14 Personen, fir welche die verhdltnismaRige
Seltenheit der né&chtlichen Anfélle und — mit Ausnahme eines Falles —
die Armlichkeit der basalen Krampfpotentiale kennzeichnend war. Erwédhnens-
wert ist noch, dalR bei den beiden Kranken, hei denen wir eine die frontale
Spitze bedeckende traumatische Narbe entfernt hatten, Anfélle nur nachts
vorkamen.

e) Ein Patient, bei dem ein suprasellares Meningeom den Boden der
I1l. Kammer in voller Ausdehnung komprimierte, litt ausschlieBlich an Tages-
anfdllen. Sein EEG zeigte zahlreiche beidseitige vordere frontale und tem-
porale Zacken im Evipanschlaf, und die Rachenelektrode nahm verhdltnis-
maRig sparliche Krampfpotentiale auf.

Das Verhdltnis der intensivsten bioelektrischen KrampJ'tatigkeit sum Nacht-
oder Tageslbergewicht des Auftretens der Anfélle im gesamten Material

Bei 70 (61%) der in die 1., 2. und 3. Gruppe aufgenommenen 114 Kran-
ken stammten die Krampfentladungen hauptsdchlich aus der Rachen- (in
gewissen Féllen aus der hippocampalen) Elektrode, wéhrend sie in 44 Féllen
(39%) uber einem anderen Bereich der Konvexitit im Ubergewicht waren.
AulRerordentlich hoch war die Anzahl der basalen Entladungen hei einigen
Kranken, deren Anfélle hauptsdchlich am frithen Morgen, vor dem Erwachen,
auftraten. Die Anzahl der Entladungen zeigte im evipanbedingten Schlummer
und oberflachlichen Schlaf auffallende Vermehrung und sank im tiefem
Schlaf jah ah.

Die zur 4. und 5. Gruppe gehdérenden 86 Kranken verhielten sich ent-
schieden entgegengesetzt. Von diesen produzierten die schwerste Krampf-
tatigkeit in der basalen Region lediglich 22 (25,5%), wé&hrend sich bei 48
Kranken (56%) die intensivste Evipanaktivierung auf irgendein Gebiet der
Hemisphdrenwdlbung lokalisierte. Aufler diesen zeigten 16 Personen (ber
beiden Hemisphéren 3 cps Zacken- und Wellengruppen oder Petit mal-
Varianten. Es dirfte von besonderem Interesse sein, dall wir den bilateralen
3 cps Zacken- und Wellenformen sowie den Petit mal-Varianten bisher nur
bei Epileptikern begegneten, deren Anfélle ausschlieflich am Tage oder
zumindest anfangs tagsiber aufgetreten waren.

W eiterhin bestand bei nahezu % der Kranken der 4. Gruppe die Krampf-
tatigkeit aus bilateralen negativen steilen Wellen oder Zacken. Oft entluden
sich die beiden Hemisphéren ungleich, aber auch unabhdngige Krampf-
potentiale waren zu beobachten : bei gewissen Kranken war die Krampf-
tdtigkeit hauptséchlich lGber der frontalen, bei anderen eher Uber der basalen
und bei wieder anderen besonders uUber der vorderen temporalen Region



246 F. KAJTOR, T. NAGY und Gy. VELOK

aktiviert. Die bilateralen elektrischen Erscheinungen &hnlichen Charakters
kamen in der 1.—3. Gruppe in wesentlich geringerem Verhdltnis vor.

Die elektrographischen Herde der temporo-parieto-okzipitalen Region
zeigten grofRe Neigung zur Auslésung von Anféallen im Schlaf. Diese Beobach-
tung stimmt mit der Auffassung von Fuster und Mitarbeitern [16] Uberein,
die diesem Bereich bei den epileptischen n&chtlichen Anféllen spezielle Bedeu-
tung zuschreiben. Demgegeniber umfalRten die 1—3. Gruppen nur weniger
als die Halfte der vorderen und mittleren Temporallappenherde.

Die epileptischen Stérungen derjenigen Kranken, bei denen wir die
intensivste Krampftdtigkeit Uber dem frontalen Pol oder dem wvorderen
fronto-temporalen Gebiet nachzuweisen vermochten, wurden Uberwiegend
von néchtlichem Ubelsein eingeleitet. Im Gegensatz dazu traten die Stérun-
gen bei den meisten Kranken mit hinterem frontalem, zentralem oder
parietalem Herd in der Initialphase oder im ganzen Verlauf ihrer Erkrankung
nur im Wachzustand in Erscheinung (einen okzipitalen Fokus vermochten
wir noch nicht zu beobachten).

Einige unserer Beobachtungen deuten darauf hin, daf die spéter,
sekundé&r erscheinenden néchtlichen oder Tagesanfédlle als Folgen der Ent-
stehung eines sekund&ren bzw. neuen Herdes betrachtet werden miussen.
Wiir stellten fest, daB der primare Hippocampusherd in der Rinde des vor-
deren Temporallappens leicht einen sekund&ren funktionellen Herd bildet,
der dann die Tagesanfélle verursacht. Der temporale Rindenherd aber kann
einen sekund&ren Hippocampusherd gestalten und dieser die néchtlichen
Stérungen hervorrufen [28, 29]. Aber eine enge Beziehung zwischen dem
Auftreten der Anfélle im Schlaf und dem Erscheinen eines neuen temporalen
Herdes konnten wir auch im Falle eines frontalen primé&ren Herdes beobach-
ten (Abb. 5).

Besprechung

Wie aus den beschriebenen Beobachtungen geschlossen werden darf,
kann es von der Lokalisation des anatomischen bzw. elektrischen Herdes
abhé&ngen, ob der Schlaf oder das Wachsein den glnstigsten physiologischen
Zustand darstellen wird, um die konvulsiven Tendenzen bis zu klinischen
Anféllen zu steigern. Indessen ist es mdglich, daB manche Autoren einige
unserer Befunde nicht als zuverldssig genug betrachten werden, um daraus
SchluBRfolgerungen zu ziehen.

Die epileptogene Natur der Ammonshornsklerose ist beispielsweise
um stritten [22], obwohl sie durch zahlreiche Tatsachen gestiutzt wird. So
liegt sowohl bei Tieren [26, 4, 32] wie bei Menschen [33] die Schwelle des
Hippocampus zur Auslésung der lokalen und weiterdringenden elektrischen
Anféalle verhdltnisméaRig niedriger als die der Isocortex. Weiterhin beweisen
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gewisse histopathologische, klinische und experimentelle Beobachtungen, daf
die Sklerose des Ammonshorns als primérer epileptogener Herd zu wirken
imstande ist, ohne daBR die Teilnahme anderer Strukturen als des Hippo-
campus notig ware [12, 9, 21, 7, 22]. In einer Studie Uber 6 Kranke wiesen
wir gewisse gemeinsame Erscheinungen nach, auf Grund welcher wir in
unseren Féllen die primédre epileptogene Rolle der Ammonshornsklerose
voraussetzten [31]. Eine &hnliche Ansicht &ufRerten in dieser Frage auch die
Forschungsinstitute fur Epilepsie in Montreal und Marseille [17].

Die Bedeutung der nicht kommunizierenden Septumzyste und der
Corpus callosum-Agenesie als epileptogene Abnormitdt geht in erster Linie

Abb. 5/a. Seit einem halben Jahr bestehen — nur im Wachzustand — kleine, mit Bewuft-

seinsverlust verbundene Stdrungen mit Adversion nach rechts. — Im Sedationszustand zahl-

reiche steile Wellen uUber dem linken Frontallappen ; im mittleren-hinteren temporalen

Elektrodenpaar sind jedoch nur selten hingeleitete Entladungen zu beobachten. Fa = vor-
dere frontale ; Fp = hintere frontale ; Tp = hintere temporale

daraus hervor, dall die meisten Zysten Epilepsie verursachen [23, 6], ja die
Attacken nach Offnung der Zyste zuweilen sogar ausbleiben koénnen [13,
23a]. Als eine epileptogene Mittellinienstruktur des vorderen Temporal-
lappens wurde die Septumzyste bereits von Ajmone-Marsan und auch von
Stoll erwédhnt [3]. AuRerdem haben die Krankengeschichten und pneumo-
enzephalographischen Befunde in unseren 8 Fdllen eine andere epileptogene
Gehirnanomalie als die Zyste bzw. die Agenesie nicht ergeben.

Ferner missen wir darauf hinweisen, daB es ausschlieBlich auf Grund
der elektrographischen Befunde nicht leicht ist, die Neuronenpopulation zu
bestimmen die primdar fir die Anfélle verantwortlich ist. Dies geht z. B.
daraus hervor daB die Septumzysten &hnliche basotemporale Krampfpoten-
tiale bilden wie die priméren Herde des Ammonshorns. Die Lokalisierung
des Primé&rherdes kann auch dann problematisch sein, wenn es gelingt, einen
epileptischen Fokus Uber irgendeiner Region der Konvexitdt zu umreiflen.
Dieser Fokus kann n&mlich lediglich die Projektion der Entladungen des
in einem subkortikalen Kern befindlichen echten Herdes sein. Derartige
Verhdltnisse hat man in Tierversuchen beobachtet, z. B. fokale Entladungen

6 Acta Medica XMN/3—4.
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Uber der Rinde der zentralen Region aufgenommen als man den kinstlichen
Herd in irgendeinem Kern der strio-pallidaren Kerngruppe oder im Thalamus
anlegte [10. 11].

Die sorgfédltige Analyse verhilft aber auch ohne Anwendung der intra-
zerebralen Multielektrode zur Klarstellung des Ursprunges der Krampf-
potentiale. Mit dieser Methode vermochten wir festzustellen, dafl die medio-
basalen (Rachen-) Entladungen in ihrer Aktivierbarkeit und in ihrem Ver-

Abb. 5/b. Im Laufe von 4 Jahren ergab die mehrmals wiederholte elektrographische Unter-

suchung immer frontale Krampfpotentiale, aber das hier gezeigte letzte EEG zeigt die Ver-

schiebung des elektrischen Herdes in den mittleren-hinteren Temporallappen. Seit einem

Jahr meldeten sich auch in der Nacht und am frihen Morgen Anféalle, die in den Wochen

vor der letzten EEG-Aufnahme bereits haufiger waren als die Tagesanfélle. Es Hegt nahe,

diese klinisch und im EEG beobachteten auffallenden Veranderungen in kausalen Zusammen-
hang zu bringen

lauf kein einheitliches Bild zeigen. Bei zahlreichen Kranken entwickelt sich
der Hohepunkt der Schlafaktivation im Schlummer und im oberflachlichen
Schlaf, bei anderen jedoch im tiefen oder in manchen Fé&llen im sehr tiefen
Schlaf. Die auf diesen verschiedenen Schlafniveaus aktivierten Krampf-
potentiale weichen zumeist in ihrem Gehalt und in ihrer Form voneinander
ab. Zu Beginn der Einschldferung erscheinen in den Rachenelektroden im
allgemeinen verhé&ltnismaRig niedrige, schnelle negative Zacken. Die vom
tiefen Schlaf aktivierten Entladungen entsprechen gréftenteils langsamen
Zacken (steilen Wellen) mit hoéherer Spannung die bei gewissen Kranken
auch positiv sein kdnnen. Diese langsamen Zacken kdnnen zu gleicher Zeit
auch uber der vorderen temporalen oder selbst Gber der frontalen Region
auftauchen und neigen mehr zum bilateralen Erscheinen als die schnellen
Zacken. Bei manchen Kranken vermag man im selben EEG die Entladungen
beiden Typs je nach der Verdnderung des Schlafniveaus deutlich zu erkennen.
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In bezug auf den Ursprung der von der Rachenelektrode stammenden
schnellen Zacken haben wir eine begriindete Theorie. Diese Potentiale konn-
ten wir namlich im Schlummer und oberflachlichen Schlaf in Fallen, wo der
Hippocampus einen pathologisch-anatomischen Herd aufwies, reichlich wahr-
nehmen. Auch in den simultan von der Oberfliche des Hippocampus und
der temporalen Neocortex aufgenommenen Kortikogrammen konnten wir
beobachten, daR diese durch die Vertiefung des Schlafes immer zurick-
gedrédngt wurden [29, 30]. So erachten wir es per analogiam als erwiesen,
dall die vom Schlummer und oberflachlichen Schlaf aktivierten schnellen
Rachenentladungen hauptsdchlich aus dem Hippocampus und der mit
diesem eng zusammenhé&ngenden inferomedialen temporalen Rinde stam-
men [1, 2]. Der primére Herd mufl naturgemd&R nicht immer im Hippocampus
sein. Wie unsere Kranken mit Septumzyste beweisen und auf Grund von
Tierversuchen [9] als wahrscheinlich betrachtet werden darf, kénnen diese
Krampfpotentiale aus den Kernen der Mittellinie, vor allem aus den primdren
Herden der septalen, mamilldren und intralamindren thalamischen Zellgrup-
pen, stammen.

Tabelle 1
Lage der anatomischen ipileptogenen .&sion
* 1 A ..
Ug 4] g i1 7«4 s )
Auftreten  der Anzehl . A al gie T -is
Anfalle der & tyJdos 1o ST 93" Big nE =g
Falle * ~S I, A ose
3 oSyey By BIE er .
£ asSHI “2 ¢ s Jill
~ < u c G
Nur im Schlaf 4 2 2 _
Anféanglich im Schlaf, spater im Wachzustand 10 6 — 4 1 —
Zumeist im Schlaf 6 2 2 2 — — —
Nur im Wachzustand 12 2 1 7 2 —
Anfanglich im Wachzustand, spéater im Schlaf 17 1* 2 j 8 5 1 1
19 9 8 14 1 14 3 1

Der Ursprung der von tiefem Schlaf aktivierten basalen Entladungen
konnte nicht erklart werden. Bei diesen diirfte es sich um Potentiale handeln,
die wahrscheinlich aus irgendeinem der subkortikalen dienzephalischen Kerne
weiterdringen oder propagiert werden. Darauf kénnen Avir lediglich aus den
4 Fé&llen schlieBen, in denen sich hypothalamo-liypophyseale Stérungen
(auffallende, progressive Fettleibigkeit, Hypertension, Menstruationsanoma-
lien, fluktuierendes 6dem, Somnolenz usw.) zur Epilepsie gesellten. Bei
diesen Kranken waren die Anfédlle anfangs mehrere Jahre lang nur am Tage
(im Wachzustand) aufgetreten ; in dem EEG hatte der tiefe Schlaf bilaterale
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Tabelle 11
Hauptlokalisation der Krampfpotentiale
& <) @
Auftreten der Ar&zahl ", E <3 % PR} §§ c%’;.ﬂ.f‘
Artalla e 4b3 35 S8 5 W8 B2
Nur im Schlaf 28 18 2 3 — 5 —
Anféanglich im Schlaf, spater im Wachzustand 60 34 10 4 9 3 —
Meistens im Schlaf 26 18 2 3 2 1 —
Nur im Wachzustand 43 13 5 — 1 12 12
Anfanglich im Wachzustand, spater im Schlaf 43 9 13 2 4 11 4

200 92 32 12

[
(2]
w
N
=
(2]

Abb. 6. Die Lokalisation der epileptogenen Lé&sionen der Konvexitdt von 27 Kranken, auf
einer Hemisphare zusammengefallt. — Die zusammenhéngenden Kreise bezeichnen die Falle,
in denen die Anfélle ausschlieBlich oder anfangs im Wachzustand aufgetreten waren (4. und
5. Gruppe), wéhrend die unterbrochenen Kreise denjenigen entsprechen, die spezielle Neigung
fur Anfélle im Schlaf zeigten (1.— 3. Gruppe). Der eine Fall von diffuser meningealer Infil-
tration an der AuBenflache des vorderen Temporallappens (5. Gruppe) ist nicht angefuhrt.
Die beiden gestrichelten Kreise an der Spitze des Temporallappens bezeichnen ausgedehnte
Spitzen- und mediobasale Atrophie

basale, vordere temporale und frontale steile Wellen aktiviert. Dieses Zusam -
mentreffen der Symptome 4Rt die Annahme zu, daR die gemeinsame Ursache
der vegetativen Stérungen und der epileptischen Anfdlle eine Hypothalamus-
schédigung war, die wir allerdings pneumoenzephalographisch nicht entschie-
den zu bestitigen vermochten.

Auf Grund unserer histologischen Befunde kénnen wir behaupten, dal
die epileptogenen Schéadigungen des Hippocampus eine spezielle Disposition
zur Auslésung von Anfdllen im Schlaf zeigen. Eine &hnliche Neigung 4Rt
sich auch in der Ha&lfte der Féalle feststellen, die morphologische Anomalien
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der septalen Region aufweisen, sowie im Zusammenhang mit den Herden
der frontalen Spitze und der temporo-parieto-okzipitalen Zone. Demgegen-
Uber bewirkt die groBe Mehrzahl der Léasionen der Konvexitdt — zumindest
am Anfang des epileptischen Prozesses — Tagesanfdlle. Diese eigentimlichen
Zusammenhédnge ergaben sich auch bei der Analyse der viel zahlreicheren
elektrographischen Befunde.

Die spezielle Fadhigkeit der temporalen inferomedialen Substanz, né&cht-
liche Anfélle hervorzurufen, war auch bei einigen unserer Kranken zu be-
obachten, bei denen eine partielle Polresektion vorgenommen wurde. Bei
diesen aktivierte die Einschldferung mediobasale und vordere temporale
Krampfpotentiale, und préoperativ traten sowohl ndchtliche wie Tagesan-
falle auf. Durch die Resektion des vorderen Temporallappens unter Erhaltung
des Hippocampus und der anderen inferomedialen Gebilde wurden jedoch
nur die Tagesanfdlle fiur ldngere Zeit behoben, wé&hrend die né&chtlichen
weiter auftraten. Diese konnten nach dem postoperativen EEG nur von der
nicht entfernten mediobasalen Substanz verursacht worden sein.

Aus unseren Untersuchungsergebnissen folgern wir schlieflich daR die
glinstigste Assoziation der prakonvulsiven Bedingungen fir gewisse Neuron-
populationen vom Schlaf gewdhrleistet wird, fir andere Populationen hin-
gegen von den Geschehnissen des bewuBten Wachzustandes. Die prazipi-
tierende Rolle des Schlafes kommt vor allem in den epileptogenen Zellgruppen
der Allocortex (Hippocampus) und der mit ihr unmittelbar zusammenhén-
genden Kerne zur Geltung. Der konvulsive EinfluB des Wachseins erstreckt
sich hauptsdchlich auf die Isocortex und die mit ihr eng verbundenen Kern-
systeme mit Ausnahme der frontalen Spitzen- und temporo-okzipito-parie-
talen Zone. Zwischen den Systemen der lIsocortex und des Hippocampus
besteht also ein gewisser Antagonismus, ein dhnlicher, wie man ihn im
Zusammenhang mit dem Aufmerken [19] beschrieben hat.

Die Ursache dieses Unterschiedes muB man unserer Ansicht nach vor
allem in der anatomisch-funktionellen Organisation der epileptogenen Struktur
suchen. Vielleicht kommen wir einer Lésung der Frage ndher, wenn wir uns
mit den Beziehungen beschéaftigen, die zwischen unseren Beobachtungen
und einigen neueren Ergebnissen der Neurophysiologie zu erkennen sind.

Laut Tierversuchen stehen gewisse kortikale Regionen in unmittelbarer
funktioneller und anatomischer Beziehung zur Formatio reticularis des
Gehirnstammes [14, 15, 35, 36]. Die elektrische Reizung dieser »kortiko-
retikuldren Regionen« l6st bei Tieren elektrische und Verhaltenseigentimlich-
keiten des beobachtenden Wachseins (»arousal«) aus. Diese kortikalen
Gebiete umfassen die sensorisch-motorische Area, das frontale okulomoto-
rische Feld, die hintere parietale-paraokzipitale Rinde, die obere temporale
Windung und temporale Spitze sowie die orbitofrontale und zinguldre
Oberflache.
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Betrachten wir Abb. 6, so sehen wir, dall die »kortiko-retikularen«
Oberflachen im groBen ganzen mit jenen Gebieten der Konvexitdt Uberein-
stimmen, in denen die Uberwiegende Mehrzahl der Herde Anfédlle anfangs
oder stets im Wachzustand (am Tage) hervori-ief. Man kann daher annehmen,
daB die Zellgruppen, die auf die Aufrechterhaltung des wachen Zustandes
Uber die Formatio reticularis unmittelbaren Einflul austiben, spezielle Neigung
zur Ausldsung von Tagesanféllen zeigen. Auch der enge Zusammenhang der
mit bilateraler 3 cps wave-and-spike-Aktivitdt oder der ihrer Varianten ein-
hergehenden Anfalle mit dem Wachzustand 148t sich damit erkldren. Das
Auftreten derartiger Petit mal-Attacken erfordert ndmlich irgendwie die
Beteiligung des aspezifischen afferenten Gehirnstammsystems [25].

Der Hippocampus h&ngt dagegen mit der Formatio reticularis auf ganz
andere Weise zusammen als die erwé&hnten »kortiko-retikuldren« Areas.
Die Teilnahme des Hippocampus an den zum Wachzustand oder Schlaf
fihrenden neuralen Prozessen ist noch ungekl&rt, und ebensowenig vermochte
man seine unmittelbare Verbindung zu den retikuldren Systemen des Gehirn-
stammes bisher zu ermitteln [1, 2, 20]. Die n&chtlichen Anfélle unserer Kranken
mit Ammonshornsklerose traten ohne Erwachen auf, xvahrend die Anfélle
von néchtlichem Unwohlsein, soweit diese Uberhaupt auftraten, bei den
Kranken mit Herd in der zentralen Region von Erwecken eingeleitet wurden.
Es erscheint daher nicht ausgeschlossen, dafl die auffallende Bereitschaft
des hippokampalen Systems zur Ausldsung von Anféllen im Schlaf auf
einem eigenartigen Verhd&ltnis zur Formatio reticularis und zum Wachsein
beruht.

NaturgemdR hé&ngt es nicht lediglich von der Struktur und Funktion
ab, ob der epileptische Anfall tagsiber oder nachts auftritt. Andere Faktoren,
z. B. extraneuronale und humorale Wirkungen, welche auf die Elektrogenese
xles Gehirns wesentlichen EinfluR ausiben koénnen, die Entwicklung der
Synchronisations- und Desynchronisationserscheinungen [5, 24, 34], Kon-
ditionierung usw., kénnen fallweise in der Vorbereitung der n&chtlichen Aus-
lI6sung der Anfdlle eine entscheidende Rolle spielen.

Die hier mitgeteilten Beobachtungen bringen uns nicht nur der Klar-
stellung des Mechanismus der epileptischen Anfédlle einen Schritt néher,
sondern kénnen auch in der medikamentésen Behandlung der Epilepsie
praktische Bedeutung gewinnen. In den letzten Jahren hat die Auffassung,
daBR die Epileptiker xinter Bericksichtigung der Klinik und Lokalisation
der Herde sowie der EEG-Befunde medikamentds individuell behandelt
werden miussen, immer mehr Anhédnger gefunden. Mit dieser auf Spezifitat
gerichteten Tendenz steht unsere Feststellung im Einklang, daf fir die
Anfdlle im Schlaf zumeist andere Neurongruppen verantwortlich sind als fir
die Tagesattacken.
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ZUSA MM ENFASSUNG

An 200 ausgewahlten Epileptikern wurden elektroklinische Untersuchungen durch-
gefihrt, um festzustellen, oh zwischen dem Auftreten der Anfalle im Schlaf und der anato-
misch-funktionellen Organisation der epileptogenen Struktur ein Zusammenhang nach-
gewiesen werden kann.

Die Lokalisation der als epileptogene Schadigung betrachteten pathologisch-anato-
mischen Gehirnanomalien wies einen entschiedenen EinfluR auf die Haufigkeit der nécht-
lichen Anfélle auf. Die Hippocampusherde zeigten die grofte Neigung zur Auslésung der
im Schlaf erscheinenden Anfélle, danach folgen die in der septalen Region und in der fron-
talen Spitze liegenden Herde. Die Herde der hinteren frontalen, sensorisch-motorischen,
parietalen und I—II. temporalen Windungen verursachten dagegen zum Uberwiegenden
Teil Anféalle anfangs oder ausschlieBlich im Wachzustand.

Die elektrographische Lokalisation der vorherrschenden fokalen Krampfpotentiale
beweist, dal die mediobasalen, temporo-parieto-okzipitalen und vorderen frontalen Herde
in Uberwiegender Mehrheit im Schlaf auftretende Anfélle aufrechterhalten, wéhrend fur
andere Gebiete der Konvexitat Anfélle im Wachzustand kennzeichnend sind. Die bilaterale
3 eps wave-and-spike-Aktivitat oder ihre Varianten produzierenden Epileptiker zeigen eben-
falls spezielle Disposition fir Tagesanfélle.

Zur Deutung der beschriebenen strukturellen Beziehungen der im Schlaf auftretenden
Anfélle wird eine Hypothese aufgestellt.
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PARALLELE BESTIMMUNG DES ARTERIELLEN UND
PORTALEN KREISLAUFS DER LEBER MITTELS DER
BROMSULFALEINMETHODE UND MIT DEM
ROTAMETER

Von

A. Fischer. L. Takacs und G. Molnar
111. MEDIZINISCHE KLINIK DER MEDIZINISCHEN UNIVERSITAT, BUDAPEST

(Eingegangen am 4. September 1958)

W dhrend die Bromsulfaleinmethode zur Bestimmung der gesamten, die
Leber passierenden Blutmenge allgemein Eingang gefunden und als zuverlaR-
lich anerkannt ist [1], beruhen die wenigen Untersuchungen, welche die rela-
tiven Anteile des portalen und arteriellen Kreislaufs nebeneinander bestimmt
haben, auf Anwendung der Reinschen Thermostromuhr. Mit Hilfe dieses
Verfahrens fanden Grab und Mitarb. [2], daR der arterielle Anteil der Leber-
durchblutung in der Ruhe 12—22% betrdgt. Schwiegk [3] fand unter den-
selben Bedingungen einen arteriellen Anteil von 20—25%, der sich jedoch
nach mechanischer Drosselung der Pfortader um 50—100% erhdhte. Orale
Darreichung von Pepton, Olivendl und Glukose hatte einen alleinigen Anstieg
des portalen, i. v. Injektion von Decholin, Glukose und Insulin einen alleinigen
Anstieg des arteriellen Anteils zur Folge, wdhrend Darreichung von Natrium-
laktat einen Anstieg in beiden Kreislaufgebieten bewirkte. Es scheint daher,
dall die Regulation der beiden Kreislaufgebiete unabh&ngig voneinander
erfolgen kann. Soskin und Mitarb. [4] fanden mit demselben Verfahren
Variationen des arteriellen Anteils zwischen 10—90%.

Die VerlaBlichkeit der Werte, welche mit Hilfe der Thermostromuhr
gewonnen wurden, sind von vielen Nachuntersuchern in Zweifel gezogen
worden [5, 6, 7, 8]. Dagegen besteht weitgehende Ubereinstimmung dariber,
dall die arterielle Durchblutung mit Hilfe des Rotameters mit einer Fehler-
quelle von etwa 10% bestimmt werden kann [9]. Wir haben demnach die
Bromsulfaleinmethode mit der rotametrischen Bestimmung der arteriellen
Durchblutung kombiniert, und die KreislaufsgréRen unter Ruhebedingungen
sowie nach verschiedenen pharmakologischen und anderen Einwirkungen
bestimmt. Die Versuche haben wir an 63 Hunden durchgefihrt.

Methodik

Die Bestimmung der gesamten Leberdurchblutung erfolgte nach der von Bradiey [10]
beschriebenen Methode. Ein Katheter wurde bei den mit Chloralose narkotisierten Hunden
in eine Jugularvene eingefihrt, sodann unter Réntgenkontrolle in eine Lebervene gefihrt.
Wir uberzeugten uns von der richtigen l.age des Katheters mit Hilfe einer Probebestimmung
von Bromsulfalein im Katheter- und arteriellen Blut ; die Extraktion muBte inehr als 25%
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betragen. AnschlieBend an die Katheterisierung wurden bei einem Teil der Versuche einige
Vorperioden von 5—10 Min. bestimmt, nachher erfolgte die Erdffnung der Bauchhdhle und
Praparation der Leherarterie. Sodann erhielten die Hunde 8 mg/kg Heparin i. v. Die A.
hepatica communis wurde mit dem vorher in die A. femoralis eingebundenen Rotameter
verbunden, nachdem die distal von den 1leherzweigen weiterfuhrende A. pancreatico-duode-
nalis abgebunden wurde. Nach erfolgter Einbindung wurde der Versuch in Perioden von
5— 10 Minuten fortgesetzt. Der Rotameter wurde nach jedem Versuch kalibriert ; die Bestim-
mung der gesamten Leberdurchblutung erfolgte auf Grund der ermittelten Hamatokritwerte
nach der Ublichen Formel. Die Bestimmung des Bromsulfaleins wurde mittels dem Beckman
B. Spektrophotometer durchgefuhrt.

Versuchsergebnisse

1. Normalwerte und Anderung der Leberdurchblutung nach Laparatomie

Die erste Frage, die geklart werden mufRte, war die Wirkung der Lapara-
tomie und der Einbindung des Rotameters auf die gesamte Leberdurch-
blutung. Es war von vornherein zu erwarten, dall dieser, etwa 20 Minuten
dauernde, Eingriff fir den Kreislauf nicht gleichgiltig sei; tatsdchlich kam
es in 9 von den in Tah. I zusammengestellten 10 Versuchen zu einem mehr
oder weniger starken Blutdrucksturz, der im Durchschnitt 52 mm Hg betrug,
aber in einzelnen Féllen von 25 bis 80 mm schwankte. Nur in 2 Féllen sank
der Blutdruck tiefer als 100 mm Hg, doch konnte auch bei hoheren absoluten
Blutdruckwerten ein leichter Schockzustand nicht ausgeschlossen werden. Es
ist demnach nicht Uberraschend, daB der Durchschnittswert der gesamten
Leberdurchblutung in den Vorperioden 40,5 ml/Min./kg, nach Einbinden des
Rotameters jedoch bloBR 25,6 ml/Min./kg betrug. Merkwirdigerweise war
auch im Versuch 46, dem einzigen, bei welchem der Eingriff keine Senkung
des Blutdrucks zur Folge hatte, die Leberdurchblutung nach der Lapara-
tomie um 41% gesunken, also um ca. ebensoviel, wie im Durchschnitt aller
Versuche (38%). Es hat den Anschein, daR das Ausmall der Abnahme der
gesamten Leberdurchblutung sowohl von den absoluten Blutdruckwerten,
wie auch von der GrofRe des Blutdrucksturzes wdahrend der Laparatomie
abhéngt ; aufjeden Fall muB damit gerechnet werden, dall die Einbindung
<les Rotameters bereits eine, im Einzelfall unberechenbare Abnahme der
gesamten Leberdurchblutung zur Folge haben kann, und so die erhaltenen
W erte nicht immer als physiologisch betrachtet werden kdnnen.

Der Durchschnittswert der absoluten arteriellen Durchblutung betrug
5,4 ml/Min./kg, mit Schwankungen zwischen 2,5 und 9,3 ml/Min/kg. Der
prozentuelle Anteil der arteriellen Durchblutung schwankte zwischen 10 und
58%, er betrug im Durchschnitt 26%. Es besteht jedoch ein bemerkenswerter
Unterschied zwischen den Perioden, bei welchen die Leberdurchblutung 30
ml/Min./kg erreicht, bzw. Uberschreitet, und den Perioden, wo diese weniger
als 30 ml/Min./kg betrdgt. Der prozentuelle Anteil der arteriellen Durchblutung
in den ersten 10 Perioden betrdgt in Durchschnitt 14,4%, wé&hrend er bei
der zweiten Gruppe (18 Perioden) 33% ausmacht. Die graphische Registrierung
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ISbrmaiwerte des Leberkreislaufs vor und nach Laparotomie

EHRE
ml/Miti.

720
900

680
450
395
640

873
980

600
510
490

560
560
610

360
215
205

580
660
750

600
690
820
670

430
660
810

340
255
130

EHRE
ni 1 Min.
kg

36,0

45,0

34,0
22,5
20,0
32,0

43,5
49,0

30,0
25,5
24,5

45,0
45,0
49,0

29,0
17,0
16,5

29,0
33,0
37,5

30,0
34,5
41,0
33,5

30,0
45,5
55,0

24,0
17,5
9,0

Tabelle 1

A. hep.
ml/Min

120
90
80
72

109
74.
50

82
82
72

100
100
85
85

96
7
65

A. hep.
ml/Min.

kg

4.5
4,0
3,6

55
3,7
2,5

6,6
6,6
58

5,0
50
4,2
4,2

6,6
53
4,5

Art. Anteil
%

18
20
20
1

18
18
10

22,5
38,0
35,0

17
15
10
13

28
30
50

Blutdruck

135
130

90
90
85
60

150
160

170
150
150

170
170
170

90
105
105

170
170
170

125
130
125
120

195
195
195

135
130
125

Vorperiode
T

Rotameter

Vorperiode

Rotameter

Vorperiode

Rotameter

99

Vorperiode
99

99

Rotameter
9,

99

Vorperiode

Rotameter



258 A. FISCHER, E. TAKACS und G. MOLNAR

Tabelle 1

(Fortsetzung)

EHBF A. hep. i
Hund No. v mi/Min. A ep. mi/Min. A”'(Q)me" Blutdruck
kg kS
52 570 37,0 — — — 165 Vorperiode
15 kg 510 34,0 _ — — 165 0
245 16,0 117 7,8 47 85 Rotameter
285 19,0 117 7,8 40 95
54 760 44 — — — 155 Vorperiode
17 kg 570 34 — — — 155 0
390 23 100 5,9 25 130 Rotameter
285 17 100 5,9 35 125
55 365 23 — — — 200 Vorperiode
16 kg 265 17 — — — 200 00
265 17 60 3,7 22 150 Rotameter
490 30,5 66 41 14 140 ”
56 700 48 — — — 200 Vorperiode
14,5 kg 760 52 — — — 200 .
590 40 _ — _ 200 00
175 12 90 6,2 52 120 Rotameter
154 1 90 6,2 58 115 "
200 14 90 6,2 45 115 »
57 500 36 — — — 150 Vorperiode
14 kg 920 65 — _ — 160 99
720 51 130 9,3 18 115 Rotameter
840 60 83 5,9 10 115 »

Durchschnitt der 24 Vorperioden: 40,5

Durchschnitt der 28 Nachperioden : 25,6

EHBF : Gesamte Leberdurchblutung.
der Ergebnisse (Abb. 1) zeigt einen deutlichen Zusammenhang zwischen
der GrolRe des arteriellen Anteils und der der gesamten Leberdurchblutung.
In der Annahme, dall die erste Gruppe den physiologischen Verhdltnissen
nahekomint, kann daher geschlossen werden, daf der arterielle Anteil nicht
mehr als 10—18% der gesamten Durchblutung der Leber betrdgt, und nur
bei apliysiologisch niedrigen gesamten Durchblutungswerten sich auf Uber
20%, ja selbst bis 50% oder mehr erhdht. Das bedeutet, dal nach der Lapara-
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térnie die portale Blutzufuhr zur Leber meist abnimmt, wahrend die arterielle
Zufuhr erhéht wird oder unverdndert bleibt. Eine strenge Korrelation zwischen
dem Ausmal des Blutdrucksturzes einerseits, des prozentuellen Anteils
(Abb. 2) bzw. der absoluten Hohe der arteriellen Durchblutung (Abb. 3)
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Abb. 1. Prozentuales Verhaltnis des arteriellen Anteils bei verschieden Werten der gesamten
Leberdurchblutung (EHBF)
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Abb. 2. Prozentuelles Verhaltnis des arteriellen Anteils bei verschieden hohem Blutdrucksturz

anderseits lie sich zwar nicht nachweisen, doch geht aus den Abbildungen
hervor, daB bei stdrkerem Blutdrucksturz eine Tendenz zur Erhéhung der
absoluten und prozentuellen arteriellen Durchblutung besteht. Offenbar sind
auch in dieser Hinsicht die absoluten Blutdruckwerte nicht belanglos ; eine
gewisse Tendenz zur Erhéhung der absoluten Werte der arteriellen Durch-
blutung bei niedrigen absoluten Blutdruckwerten geht aus Abb. 4 hervor.
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2. Anderungen des Leberkreislaufs auf gefaBwirksame Stoffe

Wir untersuchten zunéchst die Wirkung einiger gefalBwirksamer Sub-
stanzen auf die einzelnen Abschnitte des Leberkreislaufs ; nach einigen
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Abb. 3. Absolute Werte der art. Durchblutung im Verhéltnis zur Héhe des Blutdrucksturzes

(04

<

&

% 0o *

HR00 8§

80 90 0O HO 120 130 140 150 160 170
BLUTDRUCK Hg mm

Abb. 4. Absolute Werte der arteriellen Durchblutung im Verhaltnis zu dem absoluten Blut-
druckwert



Hund No.

46

42

41

39

19

20 kg

13 kg

19,5 kg

18 kg

17 kg
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EH BF
ml/Min.
600
510
490

550
530
6HO
450
550

500
530

400
250

530
630
610

400
460
400
460

220
172

340
460
320
260

360
360
370
340

320
310

Tabelle 11

Anderungen des Leberkreislaufs auf vasoaktive Stoffe

A. hep.
ml/Min.
109
74
50

163
27--42
100
134— 186
80— 100

162
126

126
80

120
120
100

180

65
65

92
60
120
70

130
140
100
120

150
40

Art.

A. hep. Resistenz

Anteil  101dy n sec cm
%

18
15
10

30

7
15
35
16

32
23

25
32

23
19
16

45

29
37

27
13
37
35

36
39
27
35

47
13

124
160
239

122

88
107

49
64

70

104

90

92
68

112
66
73
68

63
80
63

107

Blutdruck

170
150
150

150— 250
130—60
110
100— 250
140— 65

100
90

110
55

110
130
130

120- 200
70

140— 200
100

75
55

130
50
110
60

110
110
100

95

90— 200
60— 15

Behandlung

100 /ig Adrenalin/Min.

100 /tg Noradren./Min.

60 /ig Noradrenal. Min.

60 /ig Adrenal. Min.

60 /ig Noradr./Min.

60 zig Adrenal. Min.

60 sig Noradr./Min.

60 sig Noradr./Min.
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Tabelle 11
(Fortsetzung 1)

EHBF A. hep. ATt. A hep. Resistenz

Hund No. I miMin. mimin. j Anteil i103gyniseciom 6 Blutdruck Behandlung
1 %
18 450 70 16 — 110 —
22 kg ; 460 42 9 190 100 _
415 40 10 200 100 —
215 40 19 200 100 _
245 70 29 171 90— 150 80 sig Adrenal./Min.
385 52 14 115 75 _
12 220 73 33 131 120 —
19 kg 220 46 21 217 125 _
195 60 30 — 115 —
265 9 ? 9 95— 140 30 sig Adrenal./Min.
155 46 30 — 75 —
145 50 30 112 70 —
147 73 50 153 60— 140 60 sig Adrenal./Min.
138 50 35 — 70 _
13 600 160 26 — 150 —
24 kg 740 100 14 100 125 _
300 120 40 126 110— 190 30 s/ig Noradr./Min.
240 120 50 60 85— 70 —
620 205 33 70 105— 180 70 /ig Adrenal./Min.
14 — 37 — 110 _
14 kg _ 27 - 120 _
44 200 110 _
310 56 12 200 110— 140 80 /«g Adrenal./Min.
255 50 12 103 65 —
425 72 11 176 60— 160 50 /ig Noradrenal./Min.
56 — 80— 8o —
40 500 90 18 — no _
16 kg 490 110 22 83 115 _
440 80— 36 8 133 60— 100 60 /ig Acetylcholin Min.
48 600 100 17 — 125 _
20 kg 690 100 15 — 130 _

670 85 13 112 120 _
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Tabelle 11

(Fortsetzung 2)

Art. i
Hund No.  hieb AR Anteil ?@hg%gsg,'?rﬁ?zs Blutdruck Behandlung
%
48 670 65 10 129 105 60 /ig Acetylcholin/Min.
20 kg 830 85 10 — 85 100 /ig Acetylcholin/Min.
47 360 82 22 — 90 —
12,5 kg 215 82 38 — 105 —
205 72 55 116 105 —
295 22— 44 74 174 50— 60 60 /fg Acetylcholin/Min.
260 54 21 — 70 —
300 62 21 — 80 —

EHBF : Gesamte Leberdurchblutung.

Vorperioden wurden die Mittel in Form kontinuierlicher Infusion wé&hrend
der angegebenen Periode intravends verabreicht. Die Ergebnisse mit Adre-
nalin, Noradrenalin und Acetylcbolin gibt Tab. Il wieder.

Wie aus Tab. Il ersichtlich, ist in allen Perioden, in welchen Adrenalin
oder Noradrenalin verabreicht wurde, der Blutdruck mehr oder weniger stark
angestiegen.

In den Perioden, in welchen Adrenalin verabreicht worden ist, kam
es in 5 Féllen zur Erhéhung der gesamten Leberdurchblutung, in 1 Fall blieb
letztere unverédndert, in 1 Fall war sie gesunken. In allen 7 untersuchten
Féallen kam es zu einer deutlichen Erhdéhung der arteriellen Durchblutung
(Abb. 5) ; der prozentuelle Anteil der arteriellen Durchblutung zeigte keine
eindeutigen Verdnderungen. Die berechnete Resistenz der Leberarterie hat
sich wahrend der Adrenalinwirkung nur unwesentlich und nicht gleichsinnig
verédndert. Die Erhdhung der Leberdurchblutung durfte daher nicht so sehr
auf eine Erweiterung der Leberarterie, als auf die Erhdhung des Blutdrucks
zurickzufihren sein.

In den Perioden, in welchen Noradrenalin verabreicht wurde, war nur
in 1 Fall die gesamte Leberdurchblutung erhdht ; in 4 Fé&llen war diese
herabgesetzt, in 1 Fall unveréndert. Die arterielle Durchblutung war dagegen
in allen 6 F&llen erhdht (bei No. 42 war die arterielle Durchblutung vor
Noradrenalin 100 mI/Min., vgl. Tab. IV), daher war der prozentuelle Anteil
der arteriellen Durchblutung nach Noradrenalineinwirkung in der Begel
hoher. Die berechnete Resistenz der Leberarterie war in allen Féllen mehr
oder weniger stark erhdht, daher ist die Erhdhung der arteriellen Durch-
blutung allein auf die Erhéhung des Blutdrucks zurtckzufiihren.

7 Acta Mctlica XI1/3-—4.
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Acetylcholin bewirkte in jedem Fall ein Sinken des arteriellen Blut-
drucks. Die gesamte Leberdurchblutung zeigte keine eindeutigen Verédnderun-
gen, dagegen ist die arterielle Durchblutung in den 3 Fdllen der Tab. Il deutlich
gesunken. Bei einem weiteren Hund (No. 62) von 17 kg haben wir allein die
arterielle Durchblutung untersucht ; nach i. v. Infusion von 40 g/Min. Acetyl-
cholin sank der Durchblutungswert von 77 ml/Min. auf 24 ml/Min. Gleich-
zeitig sank auch der Blutdruck von 150 auf 110 mm Hg, wdhrend die Resistenz

WOjugADRIi\IAU N/min]. HOO/ng NORADRENAUN/Tin
800 t
600 EHBF
400 ml/min
200

0

Abb. 5. Anderungen des Leberkreislaufs bei einem 20 kg schweren Hund auf Adrenalin
und Noradrenalin

der Leberarterie von 180 auf 350 anstieg. Wir fanden in 3 Féllen einen deut-
lichen, in 1 Fall einen geringeren Resistenzanstieg. Es kann daher angenom-
men werden, dal die Abnahme der arteriellen Durchblutung z. T. auf GeféalR3-
konstriktion beruht, obwohl die Abnahme des Blutdruckes im selben Sinne
wirken konnte (Abb. 6).

Dibenamin (vergleiche Tab. Ill) hat den Blutdruck nur in 2 von insge-
samt 6 untersuchten F&llen gesenkt. (In den Versuchen 52 und 54 betrvig
die Dibenaminperiode 20 Min., in den Ubrigen Versuchen 10 Min., gefolgt
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von einer Kontrollperiode von 10 Min.) Die gesamte Leberdurchblutung zeigte
in 2 Féllen eine leichte Erhdhung, in 3 Féllen war sie deutlich gesunken ;
die arterielle Durchblutung erlitt in allen untersuchten Perioden eine kurz-
dauernde, aber meist hochgradige Senkung. Die berechnete Resistenz der
Leberarterie zeigte beim tiefsten Stand des Rotameters in allen F&llen einen
kleineren oder groReren Anstieg ; es kann daher die Abnahme der arteriellen

60una/m ir ACETYLCHOLIN

490 EHBI
300 \m//mir
200
100

0

Abb. 6. Anderung des Leberkreislaufs bei einem 13 kg schweren Hund auf Acetylcholin

Durchblutung auf kurzdauernde Vasokonstriktion der Leberarterie zuriick-
gefihrt werden, zumal der Blutdruck in 4 von insgesamt 6 Féllen unverdndert
geblieben war.

3. Anderungen des Leberkreislaufs auf i. v. verabreichte Stoffwechsel-
produkte

In Anbetracht des Umstandes, dal Abbau bzw. Ausscheidung vieler
physiologischer Substanzen allein oder Uberwiegend durch die Leber erfolgt,

7*
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Tabelle 111

Anderungen des Leberkreislaufs auf 8 mg/kg Dibenamin i. v.

Art. i
Hund No.  mimain. Qin&ei?{. AT;“ ’?oshﬁﬁnﬁii}i‘rﬁ”é Blutdruck Behandlung
(1]

52 245 117 47 — 85 _

15 kg 285 117 40 6i 95 —
305 33 n 265 110 Dibenamin

53 - 140 — — 120 —

20 kg — 140 — 68 120 _
— 100—72 — 130 120 Dibenamin

_ 120 — — 120 _

54 390 100 25 — 130 —

17 kg 285 100 35 96 125 —
245 100— 53 33 100 120—70 Dibenamin

44 490 66 14 165 140 —
16 kg 520 54 ik 188 130 Dibenamin

490 72 15 — 115 —

56 174 90 52 — 120 —

14,5 kg 154 90 58 — 115 —

200 90 45 100 115 —
150 90— 42 28 167 115—90 Dibenamin

128 100 78 — 110 —

57 720 130 18 — 115 —

14 kg 840 83 10 107 115 —
380 31 8 300 115 Dibenamin

360 56 16 — 125 —

EHBF : Gesamte Leberdurchblutung.

war es naheliegend, zu untersuchen, ob Belastung mit solchen Stoffen zu
Anderungen des Leberkreislaufs fiihre.

Wir haben wegen der unsicheren Resorptionsbedingungen in kurz-
fristigen Versuchen auf orale Belastungen verzichtet und bloR intravendse
Belastungen mit Glukose, Glykokoll, Natriumlaktat und Decholin durch-
gefuhrt (Tab. 1V).

Wie aus Tab. IV ersichtlich, haben Glukose, Glykokoll und Natrium-
laktat weder die gesamte Leberdurchblutung, noch deren arteriellen Anteil
nennenswert gedndert. Nach Decholininjektion hat sich die gesamte Leber-
durchblutung in 2 Fé&llen erhdht und war in 2 Féllen niedriger geworden ;
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Tabelle IV

267

Anderungen des Leberkreislaufs auf intravendse Belastung mit Stoffwechselprodukten

EHBF A. hep. Art. Anteil
Hund No. ml/Min. i %
14,5 kg — 93 —
— 90 _
345 180 52
15 kg 340 180 52
265 180 68
350 135 38
— 110 —
11 kg — 100 _
_ 95 _
500 162 32
13 kg 530 126 23
450 126 28
540 100 18
225 90 40
*14,5 kg 210 105 50
200 105 55
255 105 41
360 105 29
320 105 33
255 110 43
680 120 18
20 kg 395 80 20
285 70— 40 25— 14
15 kg — 70 —
_ 64 _
— 29— 43 —
_ 57 —
EHBF : Gesamte Leberdurchblutung.

Blutdruck

140
130
130

110
130
140
130

120
110
100

100
90
90
60

120
120
110
95
100
90
90

90
85
70

100

90

90
80—40

80

Behandlung

5 g Na laktat -f 5 g Glykokoll

3 g Nalaktat + 3 g Glykokoll

Glykokoll

Glukose
Decholin

Decholin
Glukose

Decholin

Decholin

Decholin

die arterielle Durchblutung zeigte in 3 Féllen eine deutliche Senkung und
blieb in 2 Perioden unverandert. In keinem Fall konnten wir daher die mittels
Thermostromuhr gewonnenen Ergebnisse mit unserer Methodik bestdtigen.
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Besprechung

Aus unseren Untersuchungen geht zundchst hervor, daR es prinzipiell
sehr schwierig ist, den »physiologischen« Anteil der A. hepatica an der Leber-
durchblutung zu bestimmen, da die erforderliche Laparatomie und Prdpa-
rierung der GefdlRe das Verhdltnis der beiden Kreislauffaktoren wesentlich
verdndert. Vor der Laparatomie fanden wir mit der Bromsulfaleinmethode
eine durchschnittliche Leberdurchblutung von 40,5 ml/Min./kg, was mit den
Angaben der Literatur gut Ubereinstimmt ; dieser Wert sank nach Einbinden
des Rotameters auf durchschnittlich 25,6 mI/Min./kg, also auf Werte, welche
fruher mit Hilfe der Thermostromuhr gefunden worden sind [2, 11, 12], deren
Anwendung ja ebenfalls Laparatomie und Prédparation der Gefdle voraus-
setzt. Es mul jedoch betont werden, dall es sich um Durchschnittswerte
handelt ;in 10 von insgesamt 28 Perioden erhielten wir nach der Laparatomie
W erte Uber 30 mI/Min./kg, welche den gesamten Durchblutungswerten vor der
Laparatomie nahekommen. Wir haben bei der Beschreibung der Versuche
bereits erwdhnt, dal die Abnahme der gesamten Durchblutung nach der
Laparatomie sowohl von der GrofRe des Blutdrucksturzes, wie von den nach
der Laparatomie erreichten absoluten Blutdruckwerten abhdngen dirfte.

Der prozentuelle Anteil des arteriellen Faktors betrug in den Perioden
mit ann&hernd normaler gesamter Leberdurchblutung 10—18%, im Durch-
schnitt 14,4% ; obwohl auch dieser Wert natirlich nach Laparatomie gewon-
nen wurde, kann er als anndhernd physiologisch betrachtet werden. Dieser
W ert ist wesentlich niedriger, als der von Barcroft und Shore [13] auf
blutigem Wege nach Abklemmung der Pfortader erhaltene Wert von 39%
und auch niedriger, als der von Schwiegk [3] mit Hilfe der Thermostromuhr
gefundene Wert von 20—25%. In der Literatur finden sich vielfach schwan-
kende und hohe Werte fir den arteriellen Anteil an der Leberdurchblutung,
so bei Wakim [14] von 12—44% und im Lehrbuch von Evans [15] von
»wenigstens 25%« ; in den meisten Lehrbichern und Monographien wird
die eingangs erwé&hnte Arbeit von Soskin und Mitarb. [4] mit Schwankungen
des arteriellen Anteils von 10—90% angefuhrt. Nun unterliegt es keinem
Zweifel, daB recht oft tatsdchlich hohere Werte des arteriellen Anteils gefun-
den werden ; so betrug unser Durchschnittswert 33% in den Perioden mit
erniedrigter gesamter Durchblutung. Diese hohen Werte werden, wie bereits
erwédhnt, durch Senkung der gesamten Durchblutung verursacht, wobei der
arterielle Anteil unverdndert bleibt oder zwar etwas erhdht wird, der Anstieg
der prozentuellen Beteiligung ist aber wahrscheinlich in erster Reihe auf
Abnahme des portalen Anteils des Leberkreislaufs zurickzufuhren. Wir
haben gezeigt, dall bei niedrigen Blutdruckwerten die absoluten Werte der
arteriellen Durchblutung eine Tendenz zum Ansteigen zeigen (Abb. 4) und
eine &hnliche Tendenz besteht bei groBeren Blutdrucksturzen (Abb. 3). Fir
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eine »kompensatorische« Erhdhung der arteriellen Durchblutung im Falle
sinkender Gesamtdurchblutung haben wir jedoch keine Beweise ; die graphi-
sche Registrierung des Gesamtwertes einerseits, der absoluten Werte der
arteriellen Durchblutung anderseits zeigte keine gesetzm&Rigen Zusammen-
hédnge.

Was die Wirkung der vasoaktiven Stoffe betrifft, so sind unsere Ergeb-
nisse mit Adrenalin und Noradrenalin auf die gesamte Durchblutung in
gutem Einklang mit den Resultaten von Sherlock [16]. Die arterielle Durch-
blutung wird, wie wir gesehen haben, sowohl durch Adrenalin, wie durch
Noradrenalin erh6ht, was jedoch nicht auf GefdRerweiterung beruht, da die
Resistenz der Leberarterie nach Adrenalin keine eindeutige Anderung zeigte
und sich nach Noradrenalin deutlich erhdhte. Die i. v. Darreichung von
Acetylcholin hat zur Abnahme der arteriellen Durchblutung und gleichzeitiger
Resistenzerhdhung gefiuhrt ; die Abnahme der Durchblutung kann sowohl
durch die gleichzeitige Senkung des Blutdrucks, wie durch die Kontraktion
der Leberarterie verursacht worden sein. Auch nach i. v. Verabreichung von
Dibenamin ist es zu kurzdauernder Abnahme der arteriellen Durchblutung
gekommen, wdhrend die Resistenz der Leberarterie gleichzeitig anstieg.

Intravendse Belastung mit Glukose, Glykokoll und Natriumlaktat
haben weder die gesamte Leberdurchblutung noch den arteriellen Anteil
nennenswert gedndert. Nach Injektion von Decholin war die arterielle Durch-
blutung — im Gegensatz zu friheren Literaturangaben [3] — in der Mehr-
zahl der Félle verringert, was wohl auf die gleichzeitige Blutdrucksenkung
zuruckgefihrt werden dirfte.

Uber das Verhalten der beiden Kreislauffaktoren der Leber bei arte-
rieller Hypoxie wird spdter berichtet.

ZUSAMMENFASSUNG

Zwecks getrennter Bestimmung der arteriellen und der Gesamtdurchblutung der
Leber wurden an 63 Hunden kembinierte Untersuchungen mit Hilfe des Bromsulfalein-
verfahrers und mittels Rotameter durchgefuhrt. Die Untersuchungen ergaben folgende
Resultate.

1. Wir fanden, daRl die Gesamtdurchblutung der Leber nach Laparatomie und Ein-
bindung des Rotameters in die Leberarterie von durchschnittlich 40,5 mI/Min./kg auf durch-
schnittlich 25,6 mI/Min./kg, also um 38% gesunken ist ; eler fir die Messung unerlaBliche
Eingriff hat daher in der Mehrzahl der Falle eine Abnahme eler Gesamtdurchblutung
zur Folge.

29 Der absolute Wert der arteriellen Durchblutung der Leber betrug durchschnittlich
5,4 ml/Min./kg ; der prozentuelle Anteil war im Durchschnitt 26%. Es ergab sich jedoch
ein deutlicher Zusammenhang zwischen der arteriellen Beteiligung und der Hohe der gesamten
Durchblutung; bei anndhrend physiologischen Werten von 30ml/Min./kg oder daruber war
der arterielle Anteil im Durchschnitt 14,4%, bei niedrigerer Gesamtdurchblutung 33%.
Der Anstieg ist wahrscheinlich in erster Reihe auf Abnahme des portalen Anteils, in manchen
Fallen auch auf fbsclute Erhéhung des arteriellen Faktors zuriickzufiihren, jedoch haben
wir keine Beweise fur eine gesetzmaRige Erhohung der arteriellen Durchblutung bei fallender
Gcsamtdurchblutung.
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3. Die arterielle Durchblutung der Leber wird sowohl durch Adrenalin, wie durch
Noradrenalin erhoht, was jedoch nicht auf GefafRerweiterung, sondern auf die gleichzeitige
Rlutdruckerhéhung zuruckgefihrt werden muf3. Acetylcholin bewirkt Abnahme der arte-
riellen Durchblutung der Leber durch GefaRkontraktion ; ebenso wirkt, wenn auch kurz-
dauernd, die i. v. Injektion von Dibenamin.

4. Intravendse Belastungen mit Glukose, Glykokoll und Natriumlaktat haben weder
die gesamte Leberdurchblutung, noch deren arteriellen Anteil nennenswert geédndert ; nach
i. v. Injektion von Decholin war die arterielle Durchblutung in der Mehrzahl der Féalle ver-
ringert, wohl als Folge der gleichzeitigen Blutdrucksenkung.

Fl.rdie rtvolle technische Hilfe bei unseren Versuchen sind wir Frau V\éCb.
und Herrn A. :u Dank verpflichtet.
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UBER DIE ENDOANGIITIS (THROMBOANGIITIS)
OBLITERANS AUF GRUND VON 300 FALLEN

Von

K. Bugar-Mészaros, G. Okos und V. Sas
I. INNERE ABTEILUNG DES ISTVAN-KRANKENHAUSES, BUDAPEST

(Eingegangen am 8. Septembjr 1958)

Obwohl man als ersten Beschreiber der Endoangiitis obliterans im
allgemeinen Winiwarter (1879), den Schiler Birtiroths, betrachtet, sind
Angaben (Uber die Erkrankung schon in der friheren Literatur anzutreffen.
In seiner 1841 erschienenen Monographie beschrieb Hecker 16 jlngere
(20—40jéhrige) Kranke, deren Gangrdn von Arteriitis verursacht worden
war. Skegg (1851) berichtete Uber die Gangrédn eines 35jdhrigen, Jaesche
Uber die eines 30j&dhrigen Mannes unter dem Titel »Spontane Nekrose der
Extremitdten«. W iniwarter gebihrt das grofe Verdienst, im Anschluf
an einen pathologisch-anatomisch und histologisch sorgfédltig aufgearbeiteten
Fall als erster erkannt zu haben, dall das Wesen der Krankheit in der prima-
ren entziindlichen Verdnderung und sekunddren Thrombose der GefdlRwand
besteht und daB ferner am Krankheitsproze® neben den Arterien auch die
Venen teilnehmen. Bis zu den 1908 und 1910 erschienenen Mitteilungen
Buergers wurden weitere Falle noch von zahlreichen Autoren beschrieben.
Die Benennung »Thromboangiitis obliterans« stammt von Buerger, der die
Aufmerksamkeit auf die die Erkrankung der Arterien oft begleitende
Thrombophlebitis migrans lenkte. Unter den spédteren Monographien ver-
dienen vor allem die von Brown, Allen, Mahorner (1928), H asselbacii
(1939) und Liravero (1948) Erwéhnung. Der letztere Autor behandelt die
Gehirnlokalisation der Erkrankung. Neben den Erkrankungen der Extre-
mitdten- und HirngefdBe wurden auch noch die mehrerer anderer Organe
beschrieben, so daB die Krankheit nach heutiger Auffassung nicht mehr
als periphere, sondern als allgemeine GefaBerkrankung betrachtet werden muf3.

Die Atiologie und Pathogenese der Krankheit ist trotz der in der Lite-
ratur dargestellten sehr zahlreichen Fé&lle noch immer ziemlich unklar, und
auch die Angaben Uber den Krankheitsverlauf bedirfen der Ergdnzung.

Es schien uns daher lohnend, das verhdltnismdBig groBe Kranken-
material unserer Abteilung aufzuarbeiten und unsere Erfahrungen mit-
zuteilen.

Von den seit November 1950 an unserer Abteilung behandelten 300
Kranken waren 297 Méanner und 3 Frauen, welches Verhdltnis ungefdhr mit
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den Literaturangaben im Einklang steht. Yon Buergers 500 Kranken waren
nur 2, von Sitberts 1200 Patienten ebenfalls nur 2, von den 948 Kranken
der Mayo-Klinik (laut Horton) 2, unter den 550 Fdllen von Herrer und
Atten nur 1, von Kogas 120 Kranken 1, von Oppets 122 Fallen 2, von
Kukins 70 Kranken 2, von Hassetbachs 217 Kranken nur 1 weiblichen
Geschlechtes.

Das Alter unserer Kranken war zu Beginn der Erkrankung zwischen
16 und 46, das durchschnittliche Lebensalter 37 Jahre, was ebenfalls mit den
Literaturangaben Ubereinstimmt.

Was den Beruf der Kranken anlangt, so leisteten 112 (37%) schwere
korperliche, 114 (38%) leichte kdrperliche Arbeit, wéhrend 71 (25%) Geistes-
arbeiter waren. Die geistigen Arbeiter waren unter unseren Kranken in
héherem Prozentsatz vertreten als unter der erwachsenen méannlichen Bevdl-
kerung des Landes. In der Gruppe der schwere Korperarbeit Leistenden
waren lediglich 18, d. h. 6% aller Kranken, Landarbeiter. Das durfte aber
groRtenteils darauf zurickzufihren sein, da in der Provinz verhdltnismé&Rig
weniger Félle erkannt werden und nur ein Teil der Kranken unserer Spezial-
abteilung zugefihrt wird. Dieser Umstand trdgt indessen in hohem MaRe
zum hoheren Prozentsatz der geistigen Arbeiter bei, so dal man auf Grund
unserer Angaben keineswegs feststellen darf, die Morbiditat der geistigen
Arbeiter sei groRBer als die der Handarbeiter. Brown, Atten Und Mahorner
haben zwischen der Morbiditdt der verschiedenen Berufe gleichfalls keinen
Unterschied feststellen kénnen. Dasselbe ergibt sich auch aus den Angaben
VONn R atschow.

Aus den anamnestischen Angaben sei folgendes erwdahnt :

In der Familienanamnese von 15 Kranken kamen periphere Gefal3-
krankheiten, in der von 61 andere GefdBerkrankungen (z. B. Koronarthrom -
bose, Apoplexie usw.) vor, unzweifelhafte allergische Erkrankungen in der
Familie von 7 Kranken.

In der Anamnese der Kranken waren Infektionskrankheiten im Kindes-
alter in 120, im Erwachsenenalter in 98 Fallen festzustellen. Diese Zahlen
Uberschreiten wahrscheinlich nicht die H&ufigkeit des Auftretens in der
Gesamtbevdlkerung. Typische allergische Krankheiten ergab die Anamnese
von 9 Kranken (3%). Die jungen, an peripherer Arterienverengerung leiden-
den Kranken, bei denen Syphilis festgestellt wurde, schlossen wir aus dieser
Gruppe aus, um die Vermengung mit Fé&llen von Arteriitis syphilitica zu
vermeiden. Das Zustandekommen dieser Krankheit durch einen spezifischen
Krankheitserreger konnte bekanntlich nicht nachgewiesen werden. Auch
Buergers Uberimpfungsversuche hielten der Kritik nicht stand.

Die Mehrzahl unserer Kranken wurde auf Infektionsherde untersucht,
und zwar 228 in bezug auf stomatologische, 234 auf laryngologische und 213
auf tirologische Herde. Insgesamt erfolgten 675 Herduntersuchungen, von
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denen 234 positiv ausfielen. Von den positiven Befunden waren 106 stomato-
logische, 123 laryngologische und 5 urologische Herde. Negativen Ausgang
nahmen 122 stomatologische, 111 laryngologische und 208 urologische Unter-
suchungen. Aus der geringen Zahl der urologischen Herde darf geschlossen
werden, dall diese pathogenetisch sehr wahrscheinlich keine Rolle spielen.
Die Anzahl der laryngologischen Herde Ubertrifft die der negativen Befunde,
wéhrend die Zahl der stomatologischen Herde der der negativen Befunde
nahekommt. Bei den 188 Kranken, die nach allen drei Richtungen untersucht
wurden, war das Ergebnis nur in 6 Fé&llen vdllig negativ. Obwohl also die
ausschliefliche Rolle der Herde in der Pathogenese der Krankheit nicht
festgestellt werden kann, dirften diese in einzelnen Fé&llen doch sicher eine
Rolle spielen, ndmlich in jenen, in denen nach Entfernung der Herde Besse-
rung eintritt, sowie in denjenigen, in denen es unmittelbar nach der Entfer-
nung zu kurzer Exazerbation (Herdreaktion) kommt. In diesen Fé&llen dirfte
ein allergischer Pathomechanismus mitwirken (Boshamer, Schorcher,
Sunder-Plassmann, Albertini).

Viel h&ufiger als die Infektionsherde kam in der Anamnese der Kranken
das Rauchen vor. Lediglich 14 der 300 Kranken waren Nichtraucher. Von
den 286 Rauchern konsumierten nur 40 tadglich bis zu 10 Zigaretten, 50 jedoch
mehr als 30. 196 Kranke rauchten t&glich 11—30 Zigaretten.

Zur Bewertung dieser Angaben hielten wir es fur richtig, eine ohne
Auswahl zusammengestellte Kontrollgruppe von 300 mé&nnlichen Kranken-
hauspatienten unserem Krankenmaterial gegeniuberzustellen. Von dieser
Gruppe waren 70 Nichtraucher, wé&hrend 72 taglich 1—10, 127 tdglich 11—30
und 31 mehr als 30 Zigaretten rauchten. Die Kontrollgruppe wies demnach
5mal so viele Nichtraucher auf, und die Anzahl der starken Raucher war
erheblich niedriger als in der Gruppe der an Endoangiitis obliterans Leiden-
den. Diese Angaben sprechen dafir, dafl in der Pathogenese der Endoangiitis
obliterans dem Rauchen eine Rolle zugeschrieben werden muf}, was im
Ubrigen auch in der Literatur betont wird. In vielen F&llen wurde auch
beobachtet, dal der Verzicht auf das Rauchen zur Besserung des Zustandes,
die Wiederaufnahme aber zur stirmischen WVerschlechterung fihrte. Das
haben wir auch am eigenen Krankenmaterial wahrgenommen. Einige Autoren
fuhren das Zustandekommen der Tabakschadigung ebenfalls auf einen aller-
gischen Pathomechanismus zurlick. Harkavy nahm an 140 Kranken mit
Thromboangiitis mit 5 verschiedenen Tabakextrakten intrakutane Haut-
proben vor und fand bei 78% positive Reaktion, in der aus 400 Rauchern
bestehenden Kontrollgruppe jedoch nur bei 9% und in der Gruppe der an
Arteriosclerosis obliterans Leidenden bei 45%. In 44% seiner Félle mit
positiver Hautprobe vermochte er durch passive Ubertragung auch Tabak-
reagine im Serum nachzuweisen. Da andere (Trasoff, Blumstein und
Marks, Allen, Barker und Hines) die Ergebnisse Harkavys nicht zu
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bestdtigen vermochten, kann man die &tiologische Rolle der Tabakallergie
noch nicht als vollkommen erwiesen betrachten. Sofern man die &tiopatho-
genetische Rolle des Rauchens akzeptiert, durfte es sich keinesfalls nur um
einen pharmakologischen bzw. toxikologischen, sondern hauptsdchlich um
einen allergischen Pathomechanismus handeln, da ja die Uberwiegende Mehr-
zahl der starken Raucher von der Krankheit nicht befallen wird. DaB Tabak-
rauch im GeféBsystem wirklich eine allergische Reaktion ausldsen kann,
beweist der Fall jenes Kranken von Morawitz, bei dem das Rauchen »nahezu
mit mathematischer Sicherheit« Odem verursachte und der auch 6dematés
wurde, wenn jemand Tabakrauch aufihn blies. Als einzige Ursache der Endo-
angiitis obliterans ist jedoch das Rauchen auch im Falle der Mitwirkung eines
allergischen Pathomechanismus nicht zu betrachten, da die Krankheit auch
bei Menschen vorkommt, die niemals geraucht haben.

Aus der Beobachtung unseres Krankenmaterials und den Literatur-
angaben schlieBen wir, als Antigene kdnnen sowohl Tabakrauch als auch
Infektionsherde eine Rolle spielen. Hierfiir spricht auch, daR unter unseren
Kranken nur 3 vorkamen, die weder rauchten noch einen nachweisbaren
Herd aufwiesen. In diesen Fé&llen kann sich naturlich die Frage ergeben,
ob nicht unzugédngliche Herde vorhanden waren.

Die Krankheitsdauer betrug bis zum Zeitpunkt der Untersuchung bei
101 Kranken bis zu 12 Monate, in 100 Fallen 1—5 Jahre, in 99 Féallen mehr
als 5 Jahre.

Im Zeitpunkt der Untersuchung fanden wir Arterienverengerung bei
142 der 300 Kranken nur an einer Extremitat, bei 158 an zwei oder mehr
Extremitdten. In 9 der letzteren Félle beobachteten wir die Manifestation
der Krankheit auch an den oberen GliedmaBen. Um zu klaren, welchen
EinfluBR die Krankheitsdauer auf die Manifestation der Arterienverengerung
an mehreren Extremitdten hat, stellten wir folgende Angaben zusammen :

Tabelle 1

A uf ivieviele Extremitdten erstreckte sich und seit wieviel Jahren bestand die Krankheit?

Kraukheitsdauer in Jahren : 0—1 2—5 6—10 11—15 16—20 21—25 gfsehzrs Insgesamt

Eine untere Extremitat....... 56 54 17 12 3 _ _ 142
Zwei untere Extremitaten ... 42 40 39 23 3 2 — 149
Zwei untere -f- eine obere

Extremitat ..o — — — — — — | 1
Zwei untere -j- zwei obere

Extremitaten ... 2 2 — — — — — 4
Nur 1 obere Extremitéat............ 1 1 — — — — — 2

Nur 2 obere Extremitaten .... — 2 — — — 2
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Nach den Angaben von Tabelle I ist der ProzelR bei einer Krankheits-
dauer bis zu 5Jahren hdufiger auf eine untere Extremitdt beschréankt, wéhrend
bei ldngerer Krankheitsdauer als 6 Jahre die Ausdehnung auf beide untere
Extremitdten hdufiger vorkommt. Die Teilnahme der grofRen Arterien der
oberen Extremitaten beobachteten wir nur in 9 Fallen, und in 4 dieser 9
Fé&lle fanden wir Arterienverengerung nur an den oberen GliedmaBen (1,3%).

Zur Klarstellung der Frage, in welchem Verhdltnis die Hohe der Arterien-
verengerung zur Krankheitsdauer steht, stellten wir Tabelle Il Zusammen :

Tabelle 11

Die Hohe der Arterienverengerung im Verhéltnis zur Krankheitsdauer

Anzahl der seit Haohere
Krankheitsbeginn FuB Unterschenkel | okalisation Unterarm Oberarm Insgesamt
verstrichenen Jahre

0 1 v 10 24 66 I - 101
1 5 s 6 19 71 2 I 99
5 10 .. 2 10 44 — — 56
10 15 — 5 29 1 — 35
15 20 — — 6 — _ 6
20 25 e — — 2 — — 2
tber 25 ... — — 1 — — 1
Wie aus Tabelle Il hervorgeht, zeigt der ProzeR parallel zur Krank-

heitsdauer eine Tendenz zum Hdherdringen.
Von unseren 300 Kranken litten 114 an Gangrén bzw. Ulcus gangrae-
nosum. Die Verteilung dieser Félle nach der Krankheitsdauer zeigt Tabelle Il1.

Tabelle 111

Zwischen dem Krankheitsbheginn und dem Auftreten der Gangrén verstrichene Zeitspanne

Krankheitsdauer in Jahren: 0—1 2—5 6—10 11—15 16—20 21—25 a'?QEhzrs Insgesamt
An einer Extremitat 38 35 20 10 - — | 104
An zwei Extremitaten........... 3 — 3 — 3 — — 9
An mehr als zwei Extremitaten — — 1 — — — — 1
Wie es Tabelle 11l zu entnehmen ist, hat sich die Gangrdn bei 41 der

300 Kranken innerhalb 1 Jahres, bei 76 binnen 5 Jahren und bei 100, d. h.
einem Drittel aller Kranken, binnen 10 Jahren entwickelt. Ein Vergleich
der Tabellen | und 11l ergibt, dal bei einigen Kranken Gangrén auch nach
21 —25jahriger Anwesenheit des Prozesses nicht auftrat. Hier sei ein 57j&hriger
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Patient erwdhnt, bei dem die Gangrén im 38. Jahre der Krankheit in Erschei-
nung trat, wobei auch bereits der sich auf den GrundprozelR auflagernden
Arteriosklerose eine Rolle beigemessen werden mufl. Beachtenswert erscheint
auch das Resultat, daB sich nur bei 10 der 114 Kranken mit Gangrdn der
ProzeR auf zwei oder mehr Extremitdten erstreckte.

Tabelle 1Y enthdlt die Angaben der Amputierten, unter besonderer
Beriucksichtigung der zwischen dem wahrscheinlichen Krankheitsbeginn und
dem Amputationszeitpunkt verstrichenen Zeit.

Tabelle 1V

Zeitspanne zwischen dem Krankheitsbeginn und dem Zeitpunkt der Amputation

Krankheitsdauer in Jahren : 0—1 2—5 6—10 11—15 16—20 21—25 a'\l’ée'“sz Insgesamt
Eine Extremitat ............ 12 10 3 | i — — 27
Zwei Extremitaten ... — — — | i — — 2
Mehrere Extremitaten ... — — 1 — — — — 1
INsgesamt .o 12 10 4 2 2 — — 30

Tabelle 1V enthélt auch die Kranken, die wir schon nach der wegen
Gangrdn vorgenommenen Amputation deshalb aufgenommen haben, weil
sich die Krankheit auf eine andere Extremitdt ausgedehnt hat. Aus dem
Vergleich der Tabellen Il und 111 148t sich feststellen, dafl die groBe Ampu-
tation nur bei 12 der innerhalb eines Jahres entwickelten 41 Gangréanfélle,
nur bei 22 der binnen 5Jahren zur Entwicklung gekommenen 76 gangrdndsen
Fé&lle und lediglich bei 26 der innerhalb von 10 Jahren entwickelten 100
Gangranfélle notig geworden war, d. h. die Amputation wurde nur bei 30
(26,3%) der 114 Gangrénkranken durchgefuhrt. Die Anzahl der konservativ
mit Erfolg behandelten Kranken ist demnach sehr betrédchtlich. Aber selbst
dieser gunstig erscheinende Prozentsatz spiegelt nicht die Ergebnisse der
fachgemdBen konservativen Therapie getreu wider, da in den Tabellen der
Gangradndsen und der Amputierten, wie oben schon erwdhnt wurde, auch
jene Fdlle enthalten sind, die wir bereits im amputierten Zustand aufgenom-
men haben. Die nach Abzug dieser Fdlle gewonnenen Angaben veranschau-
licht Tabelle V.

Tabelle V
Krankheitsdauer in Jahren : 0—1 1—5 5-10 10—15 15—20 20—25 a’YSIEthS Insgesamt
Anzahl der Gangrénfalle .... 32 29 20 9 3 - | 94
Amputierte ... 3 4 - 1 2 - — 10

Erfolgreich konservativ Be-

handelte 29 25 20 8 1 — i 84
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Nach Tabelle Y war die Amputation nur bei 10,5% der Kranken mit
Gangrdn notwendig geworden ; bei 89,5% war die konservative internistische
Therapie von Erfolg begleitet. Es mufl indessen bemerkt werden, daf in
den Amputationstabellen nur die sog. groRen Amputationen (Unterschenkel,
Oberschenkel, Unterarm, Oberarm) angefihrt und die Amputationen bzw.
die spontane Abstofung von Fingern, Zehen bzw. Phalangen nicht enthalten
sind. Diese machten weitere 9,5% aus (9 Félle). In 80% der Gangrénfélle
kam es demnach weder zum Verlust von Fingern, Zehen oder Phalangen.

Unter unseren gangrdndsen Kranken halten wir den 59jdhrigen Patien-
ten fir erwdhnenswert, dessen Erkrankung im Alter von 31 Jahren mit
einer Kreislaufstérung der rechten Hallux begann, die allmé&hlich auch auf
das rechte Bein Ubergriff und infolge Gangrénisierung binnen 2 Jahren zur
Amputation der rechten unteren Extremitdt Gber dem Knie fihrte. 10 Jahre
spédter war auch die Amputation der linken unteren Extremitdt lber dem
Knie infolge Gangrédn notwendig geworden. Nach weiteren 5 Jahren entstand
Gangrdn am Zeigefinger der rechten Hand, der deshalb amputiert wurde.
Wiederum 5 Jahre spdéter trat Gangrdn an der linken Hand auf, die nach
einiger Zeit die Amputation Uber dem Ellbogen notwendig machte, obwohl
man diese Extremitdt mit linksseitiger thorakaler Sympathektomie zu retten
versucht hatte. Im 26. Jahr der Erkrankung, als Pat. 57 Jahre alt war, nahm
man die thorakale Sympathektomie auch rechtsseitig vor, aber auch hiernach
war der Kreislauf der rechten oberen Extremitdt noch immer schwer gestort,
was auch in dem oszillometrischen Index von 0,1 Pachon-Einheiten zum
Ausdruck kam. Uns wurde der Kranke erst im 29. Jahre seiner Erkrankung
zugewiesen.

Bei der Untersuchung des arteriellen Kreislaufs der Extremitdten
fuhrten wir in allen Fdllen auch oszillometrische Messungen durch, und in 44
Féallen haben wir auch die Untersuchung der statischen Tonusverdnderung
der Arterien nach dem Verfahren von Btjgar-Mészaros und Okos VOr-
genommen. Unter normalen Verhdltnissen fanden wir bei Anwendung dieses
Verfahrens, daB der oszillometrische Index sinkt, wenn die Extremitat aus
waagerechter in senkrechte Lage verbracht wird. Diese Verdnderung nannten
wir positive statische Tonusreaktion. Bleibt der Index unveréndert, so sprechen
wir von fehlender, d. h. negativer, wenn er ansteigt, von paradoxer statischer
Tonusreaktion. Sowohl die negative, wie die paradoxe Reaktion ist patho-
logisch.

Bei 17 der diesbeziiglich untersuchten 44 Kranken fanden wir positive,
bei 22 negative und bei 5 paradoxe statische Tonusreaktion an einer dci
Extremitdten. In der Mehrzahl der Félle (27 : 17) war demnach die statische
Tonusreaktion einer Extremitdt pathologisch.

Um die Teilnahme der Arteriolen festzustellen, untersuchten wir bei
40 Kranken die reaktive Erwdrmung eines Fingers nach der Methode von
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B Ugar-Mészaros und Okos. In 32 Fallen waren die Werte normal, in 8
krankhaft verldngert. Daraus kann geschlossen werden, daB sich in einem
Teil der Félle auch die Arteriolen auf organischer oder funktioneller Grund-
lage in verengertem Zustande befinden. Diese Wahrnehmung erscheint auch
deshalb interessant, weil wir die Untersuchung an den Fingern bei Kranken
vorgenommen haben, bei denen an den grofRen Arterien der oberen Extre-
m itdt mit dem Oszillometer keine Verengerung nachzuweisen war. Die Betei-
ligung der Arteriolen kann man jedoch selbst in den positiven Féallen nicht
als generell betrachten, da die Einengung der Arteriolen sonst auch zu Blul-
druckerhdhung héatte fihren missen. Von den erwdhnten 8 Kranken war aber
keiner hypertonisch. Nur 41 aller 300 Kranken (13,6%) zeigten erhdhten
Blutdruck. Dieser Befund weicht von dem von Reinis und Mitarbeitern
mitgeteilten 7%igen ab.

GefdlRverdnderungen im Augenhintergrund, ndmlich Kaliberschwan-
kungen, engere Arterien und gefllltere Venen, wiesen 69 der in dieser Hin-
sicht untersuchten 223 Kranken auf. Von diesen waren nur 19 hypertonisch,
bei 50 war der Blutdruck normal. In letzteren Féllen bestand also wahrschein-
lich ein Zusammenhang zwischen der Augenhintergrundsverdanderung und
der Endoangiitis, wie esauch in der Literatur angegeben wird. In 3 Féllen fanden
wir auch Chorioretinitis mit pigmentierten Herden, wie sie von Marchesani
und einem von uns beschrieben wurden.

Kapillarmikroskopische Untersuchungen haben wir bei 42 Kranken am
Nagellimbus der Finger und Zehen, am Hand- und FuBricken, an der
Lippenschleimhaut und an der bulb&ren Bindehaut vorgenommen. Morpholo-
gisch zeigten die Kapillaren von 28 Kranken keine Abweichungen, am Finger-
nagellimbus dominierte die Haarnadelform, wé&hrend wir ein dysplastisches
(vasoneurotisches) kapillarmikroskopisches Bild nur in 14 Fé&llen sahen, und
zwar in 1 Fall hochgradige, in 6 mittelm&Rige und in 7 Fdallen nur leichte
Dysplasie. Ausgeprégt spastisch-atonische Erscheinungen waren bei 38 der
42 Kranken zu beobachten. Vor allem am arteriellen Schenkel der Kapillaren
war Spasmus anzutreffen. Am Schaltstick und am vendsen Schenkel waren
deren Erweiterung und Atonie h&ufig wahrzunehmen. In 2 Féllen fanden wir
auch aneurysmaartig erweiterte Kapillaren, und zwar bei einem Kranken
am FufRricken, bei einem an der bulbaren Bindehaut.

Die Blutstromungsgeschwindigkeit untersuchten wir bei 33 Kranken
in den Kapillaren des Fingernagellimbus, wobei wir mit dem Okularmikro-
meter-Kapillarmikroskop beobachteten und mit der Stoppuhr feststellten, in
welcher Zeit das Blut eine Kapillare von normaler Ldnge (400 /i) durchstromt.
Bei 32 der 33 Kranken ergab die auf diese Weise gemessene Durchstrémungs-
zeit einen hoheren Wert als den normalen von 1,6 Sekunden. In 7 Féallen
erreichte bzw. Uberschritt die Durchstrémungsdauer sogar 5 Sekunden. In
9 Féllen tvar bei langsamer Strémung auch die Diskontinuierlichkeit der Blut-
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sédule zu beobachten. Am Hallux der Kranken sahen wir im allgemeinen sehr
langsame Stromung, in mehreren Fé&llen auch ldngere Stasen. Im Endergebnis
fanden wir also in der Uberwiegenden Mehrzahl der Félle auch an den Kapil-
laren Anomalien, die sich hauptsdchlich in spastisch-atonischen Erscheinun-
gen und in verlangsamter Stromung &auBerten.

Die Kapillarresistenz untersuchten wir in 28 Fallen nach Rumpel—
Leede. In 7 Fdallen war das Resultat negativ, in 21 positiv. Auch dieser
Befund deutet auf eine Teilnahme der Kapillaren am KrankheitsprozeR.
Hier wollen wir die Untersuchungen von Hittenbrand, Heite und Schmandt
erwéhnen, die bei 20 Kranken die Kapillarresistenz an 16 Punkten der Haut-
oberflaiche mit dem Saugverfahren untersuchten und pathologische Abweichun-
gen auch auf Gebieten feststellten, an denen klinisch noch keine krankhafte
Verédnderung anzutreffen war. Auf Grund ihrer Ergebnisse erachten sie die
Stellungnahme von Borciiardt und Jager, dall es sich bei der Endoangiitis
um eine allgemeine Systemerkrankung des GefédRendothels handle, als
bestatigt.

Eine ausgesprochene Gehirnlokalisation der Krankheit kam bei 5 Kran-
ken vor. In 3 dieser Falle war im Zustandekommen der Gehirnsymptome
auch der aufgelagerten Arteriosklerose bzw. der Hypertonie eine Rolle zuzu-
schreiben. Bei 2 Kranken mit normaler Tension vermochten wir jedoch die
Gehirnsymptome ausschlieflich auf die Endoangiitis obliterans zurlckzu-
fuhren. Einer dieser Patienten war ein 37jédhriger Maschinenarbeiter mit
2jdhriger Anamnese, bei dessen Gehirnsymptomen VergefRlichkeit und
Schwindelgefuhl im Vordergrund standen. Bei dem anderen, einem 43j&hrigen
Kesselschmied, waren nach halbseitiger lumbaler Sympathektomie rechts-
seitige Hemiparese und Aphasie aufgetreten, die auf Gehirnthrombose zurick-
gefuhrt werden konnten. Gehirnlokalisation kam demnach bei 1,7% unserer
Kranken vor, ganz dhnlich der Angabe von Reinis und Mitarbeitern, die
sie bei 1% von 826 ambulanten Kranken beobachteten.

Eine eingehendere kardiale Untersuchung wurde hei 283 der 300 Kran-
ken vorgenommen. Von diesen hatten nur 31 kardiale Beschwerden, die sich
hauptsdchlich in Stichen und Schmerzen in der Herzgegend &uferten. Die
Herzbeschwerden waren in 13 Féllen innerhalb 1 Jahres nach dem Erscheinen
der ersten Krankheitssymptome, in 10 Féallen nach 2—5 Jahren, in 4 Féllen
nach 6—10 Jahren, in 1 Fall nach 10—15 Jahren und in 2 Fallen nach 15—20
Jahren aufgetreten. Koronarthrombose kam in der Anamnese von 2 Kranken
vor, in 1 Fall 2 Jahre, im anderen 8 Jahre nach der peripheren Manifestation
der Krankheit. Bei einem dritten Kranken beobachteten wir selber 1—2 Jahre
nach Krankheitsbeginn Koronarthrombose mit letalem Ausgang. Klappen-
fehler fanden wir in 5 Féllen ; dieser lieR sich aber nicht mit der Endoangiitis
in Zusamenhang bringen. Die Rd&ntgenuntersuchung =zeigte in 48 Féllen
einen nach links etwas gr6Beren Herzschatten. Niedrigerer Tonus war in 8,
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ein abgeflachter linker Kammerbogen in 16, eine weitere Aorta in 9 Fallen
zu beobachten.

Die elektrokardiographische Untersuchung ergab in 160 Fé&llen eine
elektrische Hauptachse in Mittelstellung, wé&hrend diese in 65 Fallen nach
rechts, in 58 nach links deviiert war. Reizbildungsstérungen sahen wir in
4 Féllen in Form ventrikuldrer Extrasystolen, Reizleitungsstérungen in 5
Fillen, von denen 2 in einer atrioventrikuldren Uberleitungszeit von 0,20
sec und 3 als Verbreiterung des QRS-Komplexes in Erscheinung traten. Auf
aktive Karditis hinweisende Symptome waren bei keinem dieser Kranken
anwesend. Bei einem 29jihrigen Kranken mit verlangerter Uberleitungszeit
fanden wir auch ausgesprochen gewdlbte ST2 3. Einen vom Normalen ab-
weichenden Verlauf der ST-Strecke beobachteten wir in 172 Fallen, d. h.
bei mehr als der Halfte aller Kranken, in Form von Depression, Elevation
oder ausgeprdgter Wolbung. Die T-Wellen zeigten in 51 Fdllen als patholo-
gisch zu bezeichnende Abweichungen. Low voltage kam in 12 Féllen vor.

Aus unseren Untersuchungsergebnissen darf geschlossen werden, daf
die am Herzen der an Endoangiitis obliterans leidenden Kranken beobach-
teten Verdnderungen grofRtenteils vaskuldrer Herkunft sind und — wenn
auch bei den &lteren Kranken mit arteriosklerotischen Auflagerungen gerech-
net werden mul — in erster Linie auf die endoangiitische Verdnderung der
KranzgefdBe zuriuckgefiihrt werden missen. Die festgestellten Verédnderungen
bedingten in vielen Fdllen zur Zeit der Untersuchung noch keine subjektiven
Beschwerden, zumindest nicht solche, welche die Kranken bei der Auf-
nahme der Anamnese spontan angaben.

Unsere Beobachtungen stehen im Einklang mit den Angaben von
Rossier und Giampalmo, die bei 53 bzw. 55% ihrer Kranken Ekg-Veréande-
rungen fanden, weiterhin mit den Beobachtungen von Szigal und Lasch-
tschewker, die bei 65% ihrer Kranken auf eine Erkrankung der Kranz-
gefdlRe deutende Symptome festgestellt hatten. Letztere Autoren erwdhnen
beachtenswerterweise bei 27 ihrer 155 Patienten ein auf Herzmuskelinfarkt
hinweisendes Ekg bzw. Kurven infarktoiden Typs. Die groRe Zahl ihrer Kran-
ken mit derartigen Verdnderungen l4Rt sich offenbar damit erkldren, daf
50 ihrer 155 Kranken mehr als 50 Jahre alt waren und auch an Arteriosklerose
litten. Mo11 und Schwarzbach fanden bei % ihrer 50 Fdlle ein fir Koronar-
l&sion charakteristisches Ekg.

Die Beteiligung der KranzgefdBe am KrankheitsprozeR hatte im ubrigen
bereits Perra (1925) beschrieben. Anschliefend teilten Cavadias, Hanser,
Jager, Teilum, Barron und Linenthal Félle mit. Averbuck und Silbert
berichteten von 18 Kranken, die infolge Endoangiitis der KranzgefdlRe ver-
storben waren. Hausner und Aillen sammelten 56 Fé&lle von Thrombo-
angiitis obliterans, in denen klinisch oder pathologisch-anatomisch Koronar-
thrombose festzustellen war, wahrend die zweifellos entziindliche Verande-
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rung der KranzgeféBe lediglich in 7 Féllen pathologisch-anatomisch bestatigt
mwerden konnte. De Vega, Magri und Buriani beschrieben Falle von Infarkt,
in denen der Exitus durch die Perforation eines Dunndarmgeschwirs verur-
sacht worden war. Die Teilnahme der KranzgefédRe am Krankheitsprozel
vermochte Jager in 7 von 11 sezierten Fallen, Jurtitz in 11 seiner 14 sezierten
Falle nachzuweisen.

Die Teilnahme des Venensystems in Form von Thrombophlebitis mig-
rans war in 32 unserer 300 Falle, d. h. bei etwa 11% des Materials festzustellen.
Die einschldgigen Literaturangaben zeigen ziemlich starke Abweichungen.
Von Scupham und Takats wurde die Beteiligung des Venensystems bei
sdmtlichen Kranken, von Barron und Linenthal jedoch nur bei 30%, von
Buerger bei 20—30%, von Hasselbach bei 16%, von Telford und Stop-
ford bei mehr als 10% des gesamten behandelten Krankenmaterials beobach-
tet. Demgegeniber vermochte sie Koyano nur bei einem von 120 Kranken
festzustellen. In unserem Material erschien die Thrombophlebitis migrans
immer an den oberflachlichen Venen der Extremitdten, meistens an den
unteren, seltener auch an den oberen.

Was die Laboratoriumsbefunde betrifft, so fanden wir die Blutsenkungs-
geschwindigkeit nur in 35 F&llen erhdht. In 10 dieser Félle konnten wir diesen
Befund mit der aktiven Phase des Grundprozesses in Zusammenhang brin-
gen, wahrend die Erhdhung in 25 Féllen wahrscheinlich durch Ulcus,
Gangrdn oder andere Verdnderungen verursacht war.

Die Albumin- und Globulinfraktion im Blutserum untersuchten wir in
196 Féllen ; in 74 war der A/G-Quotient hdher als 1,5; in 85 zwischen 1,5
und 1,0 ; in 37 Féllen niedriger als 1.

In der Gruppe der 74 Patienten mit hdherem A/G-Quotienten als 1,5
war der Gesamteiweilwert in 68 Fdllen, d. h. in der Uberwiegenden Mehrzahl,
normal und nur in 4 Féllen erhéht bzw. in 2 niedriger. In der Gruppe der 122
Kranken mit niedrigerem A/G-Quotienten als 1,5 war der Gesamteiweillwert
in 29 Fallen erhdht, in 91 normal und in 2 subnormal. Als normal betrachteten
wir die Werte zwischen 6,0 und 8,0%.

In der Mehrzahl der Fdlle war demnach eine Verschiebung des A/G-
Quotienten festzustellen. Von den Albumin- und Globulinfraktionen vermoch-
ten wir leider nur das Gammaglobulin nach der VERHAGENschen Methode
zu bestimmen. Von den untersuchten 107 Kranken zeigten 48 normale (21%
nicht ubersteigende) Werte, wéhrend das Resultat in 35 Féllen zwischen 21
und 24%, in 24 Fallen hoéher als 24% war.

Die Untersuchung des Cholesterinspiegels im Blutserum erfolgte in
192 Féllen. Werte unter 160 mg% erhielten wir nur in 16, zwischen 161 und
200 mg% in 61 Fé&llen. Auffallenderweise war der Wert bei 115 Kranken,
d. h. bei der Mehrzahl, héher als 200 mg%, bei 83 hdher als 240 mg% . Dieser
Befund steht jedoch im Einklang mit den Angaben von Pagliardi und

g*
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Marossero, die bei ihren Kranken ebenfalls hohere als normale Cholesterin-
werte festgestellt hatten.

Den Prothrombinspiegel im Blut untersuchten wir nach der Quick-
schen Methode in 50 Fdallen ; in 45 war der Wert normal (90—110%), in 2
Féallen hdher (120%), in 3 niedriger (78, 83 und 84%). Diese Ergebnisse stim -
men ungefdhr mit den Angaben von Fontaine und Mitarbeitern Uberein,
die den Prothrombinspiegel bei ihren 16 Kranken in allen F&llen normal
gefunden hatten. Fir Endoangiitis obliterans ist demnach eine Verdnderung
des Prothrombinspiegels nicht charakteristisch.

ZUSAMMENFASSUNG

Von den Untersuchungsbefunden und Beobachtungen bei 300 Fé&llen von Endo-
angiitis obliterans sei folgendes hervorgehoben :

1. Nur 3 der 300 Kranken waren Frauen.

2. Fur die pradisponierende Rolle irgendeiner Beschéftigung ergaben sich keine tber-
zeugenden Anhaltspunkte.

3. Es fanden sich nur 3 Kranke, die weder rauchten noch einen Herd aufwiesen,
woraus unter Berlcksichtigung der anderen erwahnten Umstédnde und der Literaturangaben
wahrscheinlich auf die pathogenetische Rolle des Rauchens bzw. der Infektionsherde geschlos-
sen werden kann. Fur einen allergischen Pathomechanismus zeugen viele Angaben, wenn
auch entscheidende Beweise fehlen.

4. Die Arterienverengerung erstreckte sich nur in 9 Fallen, d. h. in 3% aller Falle,
auf eine obere Extremitéat.

5. Wenn die Erkrankung bis zu 5 Jahren anwesend ist, bleibt sie h&ufiger auf eine
untere Extremitat beschrankt, bei langerem als 5jdhrigem Bestehen kommt sie haufiger
an beiden unteren Extremitdten vor.

6. Gangran bzw. Exulzeration kénnen schon im 1. Jahr, aber auch Jahrzehnte spéter,
z. B. im 38. Jahr auftreten.

7. Nur bei 10 der mit Gangrédn aufgenommenen 94 Kranken, d. h. in 10,5% aller
Falle, war grofle Amputation ndétig, in 9 Fallen (9,5%) lediglich eine Zehenamputation bzw.
heilte die Gangran mit spontaner AbstoBung der Zehe. In der Uberwiegenden Mehrzahl der
Falle konnte also die Gangran erfolgreich konservativ behandelt werdin.

8. Bei der Untersuchung der statischen Tonusveranderung der Arterien zeigten 27
von 44 Kranken pathologische Reaktion.

9. Bei der Untersuchung der Arteriolen durch reaktive Erwarmung wurden in 20%
der Falle an den Fingern krankhafte Abweichungen festgestellt. Die Arteriolen nehmen dem-
nach — zumindest an dieser Stelle — nicht sehr haufig am ProzeR teil.

10. In der uberwiegenden Mehrzahl der Falle wurden mit dem Kapillarmikroskop
Anomalien an den Kapillaren ermittelt, und zwar hauptséchlich spastisch-atonische Erschei-
nungen und verlangsamte Stromung.

11. Die Kapillarresistenz war in % der Féalle niedriger.

12. Eine Gehirnlokalisation wurde in 5 Fallen (1,7%) beobachtet.

13. Auf eine Erkrankung der KranzgefdBe hinweisende Symptome wurden bei 172
von 283 Kranken wahrgenommen. Koronarthrombose kam in 3 Féllen vor.

14. Eine Beteiligung des Venensystems wurde in 32 Fé&llen (11%) festgestellt.

15. Von den Ergebnissen der Laboratoriumsuntersuchungen sei die haufige Senkung
des Albumin/Globulin-Quotienten und Erhdhung des Gammaglobulinwertes erwahnt, ferner
die Erhdhung des Cholesterinspiegels im Blutserum bei einem groRen Teil der Kranken und
schlieRlich die Normalitat des Prothrombinspiegels in der Giberwiegenden Mehrzahl der Falle.

LITERATUR

1. v. Arbertini, A.: Schweiz. Arch. Neurol. 57, 2 (1946).
2. Atten, E. B,, Barker, N. W., Hines, E. A. jr.: Peripheral Vascular Diseases. 2. Ausg.
Saunders. Philadelphia, 1955.



N ook w

UBER DIE ENDOANGIITIS OBLITERANS 283

Averbuck, S., Sitdeért, S.: Arch. int. Med. 54, 436 (1934).

Barron, Linenthal : Arch. Surg. 19, 735, 1929.

Borchard : Dtsch. Z. Chir. 44, 131 (1897).

Boshamer, K. : Chirurg. 12, 661 (1940).

Brown, G. E., Allen, E. V., Mahorner, H. R.: Thromboangiitis obliterans. 1928,
Saunders, Philadelphia.

. Buerger, L. : Amer. J. Med. Sei. 136, 567 (1908).
. Buerger, L.: Mitt. Grenzgeb. Med. Chir. 21, 353 (1910).
. Buerger, L. : The circulatory disturbances of the extremities. Saunders, Philadelphia

1924.

. Bugar-Mészaros, K., Okos, G. : Magy. Belorv. Arch. 5, 49 (1952): Acta Med. Hung.

4, 35 (1953).

. Bugar-Mészaros, K., Okos, G.: Orv. Hetil. 93, 1447 (1952); Acta Med. Hun"-. 5.

47 (1954).
Cawadias, A. : Brit. Med. J. 3605, 234 (1930).
Fontaine, R., Mandel, P., Buck, P., Aprill, G.: Gaz. Hop. Paris, 121, 439 (1948).

. Giampalmo, V. : Arch. Pat. Chir. Genoa, 4, 399 (1949).
. Hanser, R.: Beitr. Klin. Chir. 159, 390 (1934).

Harkavy, J.,, Kattss, P.: Progress in Allergy. Bd. Il1l, Karger. Basel, 1952.

. Hasselbach, H. : Die Endangiitis obliterans. Thieme, Leipzig, 1939.
. Hausner, E., A11en, E. V.: Proc. Mayo Clin. 15, 7 (1940).
. Hecker : Uber die brandige Zerstérung durch Behinderung der Zirkulation des Blutes.

1841 (zit. von K. Denecke) Zbl. Chir. 65, 2304 (1938).

. Herrel, W.,, Allen, E. W. : Amer. Heart. J. 12, 105 (1936)

Hillenbrand, H. J., Heite, H. J., Schmandt, W. : Arztl. Wschr. 10, 246 (1955).

.. Horton, B. T.: J. Amer. Med. Ass. 111, 2184 (1938).
. Jaeschke, G. : Arch. klin. Chir. 6, 694 (1865).

Jager, E. 1 Virchows Arch. 284, 526 (1932); 288, 833 (1933).

. Julitz, R.: Ztsch. ges. Inn. Med. 8, 343 (1953).
. Koca, G.: Dtsch. Ztschr. Chir. 121, 371 (1913).
. Koyano, K. : Acta Scholae med. Kyoto, 4, 489 (1922).

Kukin, N. m Ref. Zentralorg. Chir. 86, 557 (1938).
Lravero, F. : Thromboendangiitis obliterans des Gehirns. Schwabe, Basel. 1948.

. Magri, B.,, Buriani, F. : Bull. Schweiz, Akad. Wiss. Suppl. 1, 64 (1950).

Marchesani, O. : Arch. Augenheilk. 109, 124 (1935).

. Mészaros (Bugar-Mészaros), K. : Dtsch. Arch. klin. Med. 180, 526 (1937).
. Moll1, A., Schwarzbach, W. : Dtsch. Arch. klin. Med. 203, 162 (1956).

. Morawitz, P. : Fortschr. Ther. 2, 13 (1926).

. Oppel, W. A. : zit. mcli Hasselbach.

. Pagliardi, E., Marossero, F.: Minerva Med. 1, 461 (1948).

. Pertla: Surg. 41, 21 (1925).

. Reinis, Z., Pokorny, L., Mestan, J. F.: Cas. Lék. Ces. 90, 709 (1951)

. Rossier (1947): zit. nach Giampalmo.

Schorcher, E. : Minch. Med. Wschr. 89, 166 (1942).

. Scupham, G. W., de Takats, G.: Arch. int. Med. 58, 531 (1936).

. Sitbert, S. 1 Ann. Surg. 101, 324 (1935).

. Skegg, R.: Schmidts Jahrb. 70, 73 (1851).

. Sunder-Plassmann, P.: Durchblutungsschdden und ihre Behandlung. Enke, Stuti-

gart. 1943.

. Szigal, A. M., Laschtschewker, M. V. : Ter. Arch. (Moskau) 24, 28 (1952)
. Teitum, G.: Ref. Kongrzbl. inn. Med. 111, 94 (1942).

. Telford, E. D., Stopford, I. S. F.: Brit. Med. J. 1140 (1927).

. Trasoff, A., Blumstein, G., Marks, M. : J. Allergy 7, 250 (1936).

. de Vega y Fernandez, R. C.: Angiologia, Barcelona, 1. 278 (1949).

. V. Winiwarter, F.: Arch. klin. Chir. 23, 202 (1879)






THE ROLE OF THE CENTRAL NERVOUS SYSTEM
IN THE ARRHYTHMIAS CAUSED BY STROPHANTHIN-
EPHEDRINE

By
F. Solti, I. Marton and F. Takacs
1st DEPARTMENT OF MEDICINE, MEDICAL UNIVERSITY, BUDAPEST
(Received October 15, 1958)

One of us [1] has observed in crossed dog experiments that the injection
of Strophanthin into the isolated head circulation often resulted in arrhythmia
(chiefly ventricular extrasystoles). Other data also indicate that the nervous
system often has a role to play in the development of arrhythmia. It is known
that transection of the vagal or sympathetic fibres running to the heart,
lessens the tendency to cardiac arrhythmia. At cerebral operations, Chapman
et al. [2] found that the stimulation of various parts of the brain, but mainly
that ofthe n. amygdalae, frequently gave rise to arrhythmia. Vagal stimulation
considerably enhances the arrhythmia-inducing action of various drugs
(aconitine, acetylcholine, calcium, etc.) [3]. According to Haynal and
Matsch [4], a disturbance in the function of the hypothalamo-pituitary
system plays a significant role in the genesis of supraventricular tachycardia.
Weinberg and Haley [5, 6] injected Strophanthin into the third ventricle
of the brain and found that arrhythmia was a common response. It may
therefore be surmised that the drugs causing arrhythmia act in part through
the central nervous system.

The crossed dog experiment involving isolated perfusion of the recipient
animal’s head, is a method eminently suitable for studying this problem.
The ECG curves ofthe donor and the recipient may be examined simultaneously.

Seevers and Meek [7] induced lasting arrhythmia in dogs by the com-
bined administration of Strophanthin and ephedrine in acute experiments,
without lesioning the heart or stimulating the vagus, etc., thus, by a purely
pharmacological action.

In the present study we have analysed the mechanism ofthe development
of cardiac arrhythmias in response to strophanthin-ephedrine.

Methods

Isolated head (brain) perfusion was carried out in crossed dog experiments. In the re-
cipient animal we ligated bilaterally the vertebral arteries, the two vertebral veins, as well
as the spinal vein. Then the vascular branches running in the skin of the neck and in the
superficial cervical muscles (some of which anastomose with the blood vessels of the head)
were ligated bilaterally with thin wire. The common carotids, as well as the two external
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jugular veins were prepared bilaterally in both dogs. After ligating these, the circulatorily
isolated head of the recipient dog was perfused from the common carotid of the donor dog.
The venous blood from the head was conducted back into the internal jugular vein of the donor.

Clotting was prevented by the use of heparin. Thus, the method was essentially that
described by Kovacnh [8, 9]. The control experiments revealed that dyes (Evans’ blue),
NaSCN or radioactive iodine injected into the head circulation did not appear in the circulation
of the torso of the recipient animal.

Dogs of both sexes were used. The recipients weighed from 7 to 12 kg, the donors
from 15 to 40 kg. Operation was performed under chloralose anaesthesia.

During the experiments we recorded continuously the cranial blood flow by mean
of a rotameter ; the arterial blood pressure (from the cannulated femoral arteries of both
dogs) ; the venous pressure of the recipient dog (by means of a polyethylene tube in the in-
ferior vena cava, using a Moritz-Tabora apparatus). The heart rate was recorded in both dogs
by electrocardiography, using an Elmquist Triplex apparatus with needle electrodes.

Our method has the advantage that the strophanthin-ephedrine injected into the head
circulation of the recipient reaches the circulation in the torso of the donor animal so that the
actions of the drugs in the isolated cranial circulation and in the systemic circulation can be
studied simultaneously.

Procedure

At the beginning of the experiment, ECG tracings were taken from both anaes-
thesized dogs. The next ECG was made during perfusion of the brain (crossed circulation).
Perfusion itself caused no change in the ECG or arrhythmia in either dog. Subsequently,
0,5 mg Strophanthin and 20 mg per kg body weight of ephedrine were injected slowly
(in 2 minutes) into the head circulation of the recipient (i. e. into the rubber tube in-
serted into the carotid). The ECG was recorded from both dogs 2, 5, 8, 10, 15, 20, 30, and 50
minutes following administration of the drugs, recording at the same point of time also the
other values mentioned above.

We present below the results obtained in successful experiments on seven dogs. In
further six recipients we transected the trunk of the vagus and the accompanying sympathetic
fibres bilaterally, in the middle of the neck, in order to eliminate the majority of the vagus
fibres and some of the sympathetic fibres running to the heart.

Results

The donor dog responded to the injection of strophanthin-ephedrine
by tachycardia and extrasystoles, mainly ventricular. In all seven cases there
was extrasystolia, in one case the ventricular extrasystoles appeared en salve.
Paroxysmal tachycardia, auricular fibrillation did not occur.

In the recipients, marked arrhythmia was noted in every case. In three
animals arrhythmia perpetua, in three others massed ventricular extrasystoles
and in one dog auricular and ventricular extrasystoles were observed.

In addition to the arrhythmia, both the donors and the recipients
exhibited the characteristic ECG changes caused by Strophanthin (shortening
of QT, prolongation of PQ, flattening or inversion of T, depression of ST).
These strophanthin-induced changes in the ECG, as they occurred in crossed
dog experiments, have already been described [1].

The heart rate was invariably increased in response to strophanthin-
ephedrine, less markedly in the recipient than in the donor animal.

The changes in ECG and heart rate are summarized in Table 1.
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Table 1

ECG changes caused by strophanthin-ephedrine

No. Donor dog

l. Depression of STX ST2, inversion
of Tj. Frequency : 106— 142.
Ventricular extrasystoles.

2. Depression of ST2, ST3. Inversion
of T in leads I—III.
Frequency : 124— 148.
1 ventricular extrasystole.

3. Slight elevation of ST2, ST3.
Frequency : 100— 136.
Ventricular extrasystoles.

4, Depression of ST2, ST3, inversion
of T2, T3. Frequency : 90— 140.
Ventricular extrasystoles
(sometimes en salve)

5. Depression of STj, ST2, inversion
of Tr Shortening of QT.
Frequency : 124— 148.

Auricular extrasystoles.

6. Depression of ST2, inversion of T3
Frequency: 110— 130.

Occasional ventricular extrasystoles.

7. Depression of ST in leads I—III.
Inversion of Tj, T2 Shortening of
QT. Frequency : 110—130.
Ventricular extrasystoles.

Recipient dog

Depression of STj, ST2 Inversion
of Tt, T2. Frequency : 98— 100.
Auricular and ventricular extrasystoles.

Depression of ST in leads I—1II.
Inversion of T. Frequency : 136— 152.
Bigeminy and massed ventricular
extrasystoles.

Depression of ST and inversion of
T in leads I—IIl. Frequency : 100— 116.
Auricular extrasystoles, fibrillation.

Depression of STj, ST2 inversion

of TIf T2, T3. Widening of QRS.
Fibrillation, ventricular extrasystoles.
Frequency : 116— 120.

Depression of ST2 ST3, inversion
of Tj, T2, T3. Shortening of QT.
Frequency : 136— 140.
Fibrillation.

Depression of STj, ST2, inversion
of Tj, shortening of QT.
Frequency : 102— 114.
Ventricular extrasystoles, transient
paroxysmal tachycardia.

Depression of STj, ST2 Inversion
of Tj, T2, Frequency : 102— 110.
Massed ventricular extrasystoles.
Occasional auricular extrasystoles.

The ECG tracings in a few characteristic experiments are presented in
Fig. 1 to 3.

In general, the blood pressure slightly increased during the experiment,
being elevated in the donors and practically unchanged in the recipients.
There was hardly any change in the rotameter value, which showed a tendency
to increase slightly with the increase in the donor’s blood pressure. Thus,
cerebral vascular resistance remained essentially unchanged during the
experiment. The venous pressure of the recipients did not change significantly.
The changes in the circulation are summarized in Table II.

In three further experiments we transected the vagal trunk and the
concomitant sympathetic fibres bilaterally in the recipient dog, in order to
obtain further information as to the mode of development of the changes-
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Fig. 1. Experiment No. 5.

ECG of donor

ECG of recipient

ECG before experiment, during perfusion of the brain.

ECG 10 minutes after the injection of strophanthin-ephedrine.

In the ECG of the recipient dog, depression of ST in leads Il—I11 and ventricular extra-
systoles in the form of bigeminy are visible.
The donor dog shows depression of ST in leads II—IIl and tachycardia.

ECG 30 minutes after the injection of strophanthin-ephedrine.
No change in the ECG of recipient.
ECG of donor : tachycardia increased.
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Fig. 2. Experiment No. 7.

ECG of donor

ECG of recipient

ECG before experiment, during perfusion of the brain.

ECG 10 minutes after the injection of strophanthin-ephedrine.
Recipient : ST depression in leads I—IIl. Tachycardia.
Donor : Tachycardia.

ECG 30 minutes after strophanthin-ephedrine

Recipient : fibrillation

Donor : One ventricular extrasystole.
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Fig. 3. Experiment No. 2.

ECG of donor

ECG of recipient

ECG before experiment, during perfubion of the brain.
ECG 10 minutes after strophanthin-ephedrine.
Recipient : fibrillation.

Donor: Depression of ST2, ST3, tachycardia.

30 minutes after strophanthin-ephedrine.

Recipient : depression of ST. Fibrillation persists.
Donor : two ventricular extrasystoles.
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Table 11
Circulatory changes caused by slrophanlhin-ephedrine

No. P Rm Td Tr vp Pd Pr
l. B 9,0 80 90 20 106 98
5' 9,5 85 95 24 140 100
10 10,0 90 90 26 142 90
20" 9,5 85 85 18 no 90
2. B 10,0 100 85 40 66 68
5' 10,0 95 90 44 110 rno
10* 11,0 105 90 48 142 98
20° 9,5 95 75 38 140 70
3. B 12,5 90 110 32 106 100
5 12,0 90 115 30 126 no
10 14,0 120 120 38 132 98
20" 13,0 100 105 36 130 116
4. B 13,0 90 80 48 90 116
5' 16,0 165 85 56 110 120
10 17,0 110 75 50 140 120
20° 16,5 105 80 40 140 no
5. B 8,0 80 100 30 124 136
5 12,0 90 110 38 138 140
10* 11,0 95 105 28 148 132
20" 10,0 85 100 32 140 126
6. B ]E 100 65 48 110 102
5 12,5 120 75 52 120 no
10 12,5 120 70 44 116 114
20° 14,0 125 65 42 130 98
7. B 11,0 100 90 50 100 120
5' 12,0 120 100 44 130 130
10* 12,5 115 95 48 136 160
20" 12,0 115 100 50 110 108
Abbreviations :
No. No. of experimental animals Td: blood pressure of donor
H,,: rotameter value Vp = venous pressure of recipient
Tr: blood pressure of recipient Pr: pulse rate of recipient.
Pd: pulse rate of donor
P: period
B : before experiment
S": 5 min. after the administration of strophantin-ephedrine
10': 10 min. after the administration of strophantin-ephedrine

20': 20 min. after the administration of strophantin-ephedrine



292 F. SOLTI, I. MARTON and F. TAKACS

noted. This operation was performed after the development of arrhythmia,
which did not impose or disappear in response to bilateral vago- and sym-
pathicotomy.

In the next three experiments the recipient animal was subjected to
bilateral cervical vago- and sympathicotomy before the administration of
strophanthin-ephedrine. In two cases no arrhythmia developed and in the
third case the ECG of the recipient animal showed occasional ventricular
extrasystoles only.

Finally, in three experiments Strophanthin and ephedrine were injected
exclusively into the circulation of the torso of the recipients. No arrhythmia
was noted in any of these dogs.

The ECG changes are illustrated in Fig. 4.

Discussion

Our findings suggested that the arrhythmia caused by strophanthin-
ephedrine develops mainly through a nervous mechanism, mediated by the
central nervous system.

The experiments of Kovach et al. and our own prove that the dyes
injected into the isolated head circulation do not reach the torso of the recipient.
We have shown in other investigations that phlorhizine, NaSCIV, and radio-
active | do not reach the trunk of the recipient, either.

Thus, the arrhythmia observed in the recipient dogs could arise exclu-
sively through the central nervous system. The mode of administration of the
drugs by itself could not be the cause of the arrhythmia, because an identical
amount of physiological saline injected into the head circulation gave rise
neither to arrhythmia nor to changes in the ECG. Likewise, Novurit (a mercu-
rial diuretic), Dibenamine, reserpine, which were injected into the cerebral
circulation in other experiments, had no effect on the ECG of the recipient dog.

It must be emphasized that the arrhythmia developed earlier and
was more marked in the recipient dog than in the donor animal.lt is conceiv-
able, therefore, that Strophanthin and ephedrine influence the irritability
of the heart principally through a cerebral site of action. As a certain con-
centration of the drugs is reached sooner in the recipient’s brain, it is only
logical that arrhythmia should be more marked in the recipient.

Changes in the circulation do not explain the development of these
arrhythmias. There were hardly any changes in arterial and venous pressure,
cerebral blood flow and heart rate.

Likewise, transection of the cervical vagus and the concomitant sym-
pathetic fibres (bilateral cervical vagotomy and sympathicotomy) had no
influence on the arrhythmias, but if performed prior to their development,
this operation prevented the appearance of arrhythmia. It seems that the
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Fig. 4

ECG of donor

ECG of recipient

ECG before experiment, during perfusion of the brain, after transection of cervical
vagus trunk and accompanying sympathetic fibres.

10 minutes after strophanthin-ephedrine.

Recipient : No significant change.

Donor : Arrhythmia.

30 minutes after strophanthin-ephedrine

Recipient : No sign of arrhythmia.

Donor : Arrhythmia increased.
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central nervous system influences cardiac irritability partly through these
pathways. In 3 of 7 experiments auricular fibrillation also developed in the
recipient dogs, indicating that our method may be suitable for analysing the
mechanism of auricular fibrillation. This fibrillation developed namely in
the intact heart and the drugs had no direct influence on cardiac activity.
Paroxysmal auricular fibrillation is known to occur in young subject not
having any demonstrable heart lesion. It appears that functional changes in
the central, first of all in the autonomic, nervous system play a role in its
induction.

SUMMARY

(i) In crossed dog experiments with perfusion of the recipient animal’s head the cir-
culatory response to the injection of Strophanthin and cphedrine into the isolated cerebral
circulation has been studied. The recipient dog developed lasting arrhythmia, while in the
doses employed these drugs induced no arrhythmia when injected into the circulation of the
torso of the recipient dog.

(ii) The arrhythmia following injection of the drugs into the isolated head circulation
was more marked in the recipient dog than in the donor after injection into the systemic
circulation.

(iii) Previous bilateral cervical vagotomy and sympathicotomy inhibited the develop-
ment of arrhythmia in the recipient dog.

(iv) During the experiment, arterial and venous pressure, cerebral vascular resistance
and heart rate remained practically unchanged.

(v) The mode of development of the arrhythmia induced by strophanthin-ephedrine
has been discussed in the light of the experimental evidence obtained.
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It is known thatin response to the acute effect of Strophanthin, the renal
excretion of water, sodium and potassium increases significantly [1]. Likewise,
the secretion of sweat also increases : the excretion of potassium, and to
a lesser extent that of water and sodium are enhanced [2]. As to the effect
of Strophanthin on the function of salivary glands, however, we have been
unable to find data in the literature at our disposal.

The purpose of the present study was to investigate the influence of
Strophanthin on salivation. Such a study seemed to be the more interesting,
because the parotid saliva is known to contain about five times more potassium
than sodium [2, 3]. Another interesting aspect of these investigations was
whether the eventual action of Strophanthin on the secretion of saliva bore

any resemblance to its action on renal function and sweating.

Methods

Saliva secretion was studied by examining the activity of the parotid. This largest
salivary gland produces about % of the total saliva output and has a long wide duct, the duct
of Stennon. After inserting a probe, this duct was cannulated, inserting a polyethylene tube
to a depth of about 4 or 5 cm. This was sometimes difficult to carry out, because of the bend
at the anterior margin of the masseter muscle. The test subjects were exclusively adult males,
because the Stennon’s duct of females and children is too thin. The saliva thus obtained was
collected in 15-minute periods in test tubes. In some cases salivation was enhanced by painting
the tongue with vinegar. There were two collection periods in each experiment. First, the
secretion of saliva was determined without treatment, then, on the next day, it was determined
again 1 hour after the intravenous injection of 0,25 mg of Strophoside. The experiments were
carried out in the morning, on fasting patients. After the exact determination of the volume
of saliva, sodium and potassium excretion was determined by flame photometry.

Results

The results of the experiments are to be found in Table I, those for the
statistical analysis in Table II.

It can be seen that Strophanthin caused a significant increase in the
secretion of saliva and a considerable rise in the excretion of potassium . In

most cases the excretion of sodium also increased slightly. The increase in

9 Acta Medica X11/3—4.
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Table |
Effect of Strophanthin on the secretion of saliva by the parotid gland

Sodium Potassium Saliva output

No. Initials Period excretion excretion by the parotid
mg/h mg/h ml/h
i F. A. A 1,14 9,0 10,20
B 1,68 13,4 16,40
2. A. J. A 4,38 9,36 14,00
B 5,34 22,30 12,00
3. S. Gy. A 2,04 5,04 7,20
B 2,22 18,00 11,40
4. M. K. A 2,16 8,17 6,78
B 0,60 22,44 6,90
5. Sz. Y. A 1,15 7,14 7,62
B 2,88 11,70 13,62
6. Sz. Y. A 0,72 8,10 7,62
B 2,88 6,36 7,99
7. J. S. A 2,10 14,30 12,30
B 2,64 28,10 20,00
8. K. M. A 5,94 9,90 11,12
B 1,74 11,70 11,22
9. Z E. A 0,44 9,00 9,18
B 1,02 10,00 10,00
10. Z. E. A 0,26 5,76 5,76
B 0,32 11,58 10,02
11. S. J. A 7,20 16,80 24,80
B 4,98 21,48 27,60
12. M. F. A 0,78 1,87 1,92
B 0,32 2,04 1,92
13. M. F. A 2,16 4,80 5,22
B 1,20 2,40 2,40

A : before Strophanthin

B : after Strophanthin
saliva secretion and potassium excretion was definitely significant according
to the statistical analysis. The increase in the excretion of sodium did not
prove significant.
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Table 11

Effect of Strophanthin on parotid saliva secretion

Sodium Potassium .
excretion excretion Saliva output
n 13 13 13
X — 0,20 5,56 2,13
S 1,71 6,03 3,30
t 0,43 3,32 2,33
p% 60 1 1
Significant No Highly Yes

Discussion

Our method has the disadvantage that it determines the saliva secretion
by the parotid only. However, the techniques for studying total salivation
have serious sources of error. Stein et al. [3] collected saliva by making the
subjects to spit, a most unreliable method. Schreier and Levin [4] collected
saliva from different salivary glands by means of small suction bells. This
method is rather cumbersome and is difficult to reproduce. The method we
employed has the advantages that the experiment can be repeated without
difficulty and collection of saliva is precise.

It appears that the function of the parotid and of the other salivary
glands is influenced by mastication and deglutition more markedly than by
the intake of food (Scheunert et al. [5], Anders [6]). This may be another
source of error with the methods involving spitting and the use of suction bells.

It has been observed [7, 8] in salivary gland perfusion experiments
that the composition of the saliva practically does not change in response
to significant alterations in the sodium and potassium concentration of the
perfusion fluid. The significant increase found by us in the salivary potassium
concentration, therefore, does not appear to be ascribable to the slight increase
in the blood potassium level following the administration of Strophanthin.

Accordingly, our experiments suggest that parotid secretion changes
in response to Strophanthin. The secretion of water, and especially the excretion
of potassium , increase and to a lesser degree also the excretion of sodium was
increased in most cases. The action of Strophanthin on salivation is similar
to that on the kidney and sweat glands [1]. In the latter case the excretion
of water and potassium are namely increased singnificantly, with the difference
that in urine and sweat the increase in the concentration of sodium is more

marked.

g*
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SUMMARY

Strophanthin was found to cause a significant increase in the excretion of potassium
and water in the secretion of saliva by the parotid gland. In most cases the excretion of sodium
was also slightly increased, but this increase was not significant.

A method has been described for studying parotid secretion in man.
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The actions of Strophanthin and digitalis on renal function and on the
salt and water household have extensively been studied. However, we have
not found evidence in the literature concerning the action of these drugs on
the secretion of sweat, though the problem is interesting for many a reason.
Sweating has an important role to play in the water and electrolyte household.
The total fluid output resulting from sweat gland secretion and insensible
perspiration approximately equals the volume of urine (depending on the
temperature and humidity of the environment). Working at high temperatures
may cause excessive sweating, amounting to 5 or 6 litres in 6 hours (Kal-
mukow and Erenin [1]). In addition, considerable amounts of salts (chiefly
Na and K) are excreted in sweat. According to Schwartz and Thaysen [2],
the concentration of sodium in sweat averages 39.5i 185 mEq/L; of
potassium, around 9.4 i 25 mEqQ/L. Brahd and Basset [3] estimated the
daily potassium output in sweat at 4 to 8 mEq/L. The daily sodium excretion
has been reported by Gochberg et al. [4] to amount to 18 to 20 mEq/L.
Although differences in the composition of the sweat in different areas of
the body, the influence oftemperature and humidity, difficulties in collection,
etc. make precise determination of the water, sodium and potassium excretion
very difficult, it is apparent that the daily excretion of salts is considerable.
The activity of the sweat glands must therefore obviously be taken into
consideration in studies concerned with the water and electrolyte household.

It was deemed interesting to study the effect on sweating of Strophanthin,
a drug known to have a considerable influence on water and electrolyte
excretion. Other data indicate that the excretory function of the kidney
is correlated with, or bears resemblance to, the secretion of sweat. According
to Conn and Arbor [5], the sodium and chloride concentration of sweat
decreases in response to ACTH or DCA, like that of urine. The sodium chloride
concentration of sweat was found to be extremely high in Addison’s disease
and less than normal in Cushing’s disease. Conn et al. [6] found a decrease
in the sodium concentration of sweat in response to steroids of DCA-like
action. Reynolds [7] did not find any change in the sodium concentration
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of sweat on treatment with mercurial diuretics (Mercuhydrin), whereas our
own investigations [8] showed that Novurit (another mercurial diuretic)
significantly enhanced sweat secretion in patients with chronic congestive
heart failure. In these cases Novurit caused a marked increase in the sodium
content of sweat and a slight one in its potassium content. In patients with
no circulatory disorder the excretion of water and sodium increased insignif-
icantly. These data and the fact that Strophanthin exerts a considerable
influence on renal function, suggested that comparative studies of the changes
in sweat secretion and renal function evoked under the acute effect of Stro-
phanthin might yield interesting evidence.

Methods

In order to obtain correct results, two factors were obviously decisive, viz. to eliminate
as effectively as possible interference by changes in temperature, humidity of the air, action
by other drugs, etc., and to collect sweat precisely, in volumes suitable for exact chemical
analysis. In view of these requirements the following procedure was adopted.

Sweat was collected from both hands, by means of tight-fitting rubber gloves. A small
piece of filter paper was placed on the palm, under the glove, to absorb sweat. The increase
in the weight of the gloves and filter papers gave the quantity of sweat secreted. To enhance
the secretion of sweat and to ensure constant temperature, the palms were heated with a
Sollux lamp, from a distance of 50 cm. The experiment was carried out in a room with a temper-
ature between 20 and 24°C. For a few days before the experiment the patients were given
a low-salt diet containing about 6 g sodium chloride a day. No food or drink was allowed for
10 to 12 hours before the experiment.

Our method offered the following advantages. The secretion of sweat is most intense
in the palm, from which considerable volumes can be collected, an essential requirement of
exact determination. No drug is needed to increase sweating (Becker et al. [9] administered
mecholyl, which may alter the results). The rubber glove prevents the entry of air and loss
of fluid by evaporation, and thus sweating is little influenced by changes in the environment.
Craig [10], as well as Kaufmann et al. [11], showed that changes in air humidity and temper-
ature had a significant influence on the secretion of sweat.

Preliminary experiments. In these we examined the reproducibility of the test. It was
found that the secretion of sweat showed great variations from subject to subject, but was
more or less constant in the same individual. The amount, the sodium and potassium con-
centration of sweat, as determined under identical conditions, did not vary greatly in any of
the test subjects. Changes comparable to those caused by Strophanthin were never noted
in the preliminary experiments. We could confirm the data by Cohen [12] that the secretion
of sweat by the right palm did not significantly differ from that by the left and for this reason
we determined the output of both hands together.

Procedure. The experiments were carried out in the morning, on fasting patients. In a
thin-walled dish with cover the two rubber gloves and the two chemically pure filter papers
were measured accurately on analytical scales. The patient washed his hands and dried them
gently with a clean towel. The pieces of filter paper were applied to the palm and gloves were
put on. After heating the palms with a Sollux lamp from a distance of 50 cm for exactly 30
minutes, the gloves were pulled off, dried with filter paper and weighed again in the same dish.
To remove residual sweat and salts, the hands were rinsed with distilled water, which was
collected in 50 ml flasks. The weighed gloves and filter papers were soaked in the same distilled
water, then the flask was filled up to 50 ml with distilled water. After thorough shaking,
the sodium and potassium concentration of this fluid was estimated by flame photometry.
Immediately after the first collection period 0,25 mg Strophoside (Sandoz) was injected intra-
venously and after one hour of bed rest the experiment was repeated under the same condi-
tions. These experiments involved 14 patients with chronic circulatory insufficiency and 8
subjects with no circulatory disturbance. Before and during the experiment no drug other
than Strophanthin was given.
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Effect of Strophanthin cn sweat secretion

Table 1

Initials, age, diagnosis

O. F. 62
Myodeg. cordis

Z. S. 62
Cardiosclerosis

D. J. 36
Mitral insuff. &

V. L. 33
Mitral insuff. &

B. L. 46
Mitral insuff. &

11. A. 28
Mitral insuff. &

V. J. 40
Coronary sclerosis

U. Gy. 58
Hypertension

G. J. 44
Insuff. aortae

Sz. 1 36
Myodeg. cordis

N. B. 32
Sten. 6st. ven. sin.

J. L. 34
Sten. 6st. ven. sin.

B. N. 22
Mitral insuff. &
Cs. I. 48
Mitral insuff.

years A
u
years A
B
years A
sten. B
years A
sten. B
years A
sten. B
years A
sten. B
years A
B
years A
B
years A
B
years A
B
years A
B
years A
B
years A
sten. B
years A
B

Abbreviations:

A = before the administration of Strophanthin
B = after the administration of Strophanthin

ENa =
Ek =

sodium excretion
potassium excretion

Sweat output

mg/h

206,8
1067,2

80,0
460,0

160,0
183,0

151,8
1000,0

248,0
290,0

149,6
480,0

382,6
g0 0o

110,0
288,0

51,0
94,0

145,8
260,0

502,0
1211,0

524,2
1220,0

420,0
680,0

100,0
150,0

in patients with circulatory failure

Sweat

ENa
mg/h

0,70
2,04

0,20
0,50

0,34
0,44

1,35
4,50

0,84
1,50

1,44
2,10

0,50
1,60

0,15
2,10

0,45
1,10

0,70
1,60

0,45
0,86

0,70
1,60

0,50
0,62

0,50
1,60

Sweat

E X
mg/h

0,64
5,00

0,30
0,90

0,25
0,50

0,84
1,74

0,70
1,20

1,50
2,24

0,50
2,74

0,20
1,80

2,80
4,94

0,50
1,10

0,30
1,30

0,4-0
1,30

0,50
0,55

0,49
2,71

301
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Table 1I1.
Effect of Strophanthin on sweat secretion in patients with no circulatory disorder

Sweat, Sw Ot

L. . . Sweat output
No. Initials, age, diagnosis mg/h ENa E 1
mg/h m g/h
l. K. K. 28 years A 207,4 1,20 0,30
Duodenal ulcer B 300,0 1,30 0,40
2. Cs. P. 36 years A 160,8 0,40 0,50
Neurosis B 228,0 0,60 0,60
3. P. J. 40 years A 370,0 1,60 1,90
Bronchitis B 900,0 2,50 5,40
4. u. J. 27 years A 270,0 0,90 1,00
Chronic gastritis B 250,0 1,10 1,35
5. V. L. 36 years A 400.0 1,30 0,84
Cholecystopathy B 1020,0 2,30 1,74
6. I1. N. 50 years A 300,0 1,34 1,04
Osteoarthrosis B 400,0 2,80 2,34
7. K. J. 49 years A 763,1 2,30 2,10
Anaemia B 1410,0 2,50 2,60
8. B. N. 50 years A 500,0 1,80 1,60
Neurosis B 680,0 2,40 2,50

Abbreviations :

A = before Strophanthin

li = after Strophanthin
E[\ja = sodium excretion
E« = potassium excretion

Results

In the group of patients not suffering from circulatory disease, the sec-
retion of sweat and the excretion of sodium and potassium were higher even
at rest than in the patients with heart disease. In the normal subjects the
average rate of sweat secretion was 370 mg/h ; the excretion of sodium,
1.48 mg/h ; of potassium, 1.28 mg/b ; as compared to the 216 mg/h, 0.53
mg/h and 0.60 mg/h values obtained for the patients with heart disease. This
was in agreement with our earlier findings (Fs1di, Solti, Rév, Koltay [8]),
according to which in circulatory failure the resting sweat secretion was lower
than normal. In response to Strophanthin, sweat secretion and within it the
excretion of sodium and potassium increased significantly. The increase
was more marked in the group of cardiac patients, hut was demonstrable
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in the normal controls as well. In the normal group sweat secretion increased
from 370 to 770 mg/h, sodium excretion from 1.48 to 2.10 mg/h, potassium
excretion from 1.28 to 2.30 mg/h. The cardiac patients showed a relatively
greater increase, the corresponding values were from 216 to 570 mg/h, from
0.53 to 1.80 mg/h and from 0.60 to 2.05 mg/h. The results of statistical analysis
are presented below.

Strophanthin increased significantly the rate of sweat secretion in normal
subjects and cardiac patients alike. The increase was more marked in circu-
latory insufficiency, but the difference was not significant.

Response to Strophanthin in cardiac patients and

normal subjects difference (patients — normals)

Sweat ENa EK
i - n2 8+ 14 8+ 14 8+ 14
diff. 53,72 0,38 0,46
s 301,82 0,71 117
t 0,40 121 0,89
Po% ~70 >20 >30
significant no no no

Effect of Strophanthin on the secretion of sweat

No circulatory disorder Circulatory disorder

Sweat ENa BK Sweat ENa BK
1 8 8 7 14 14 14
X 227,09 0,57 0,96 330,81 0,95 142
S 273,98 0,18 111 315,80 081 1,19
t 2,36 3,55 2,46 3,92 443 4,45
p% 2 1 5 1 1 1
significant yes highly yes highly  highly  highly

Discussion

In response to Strophanthin the secretion of sweat, as well as the excretion
of sodium and potassium, increased significantly in every case. In circulatory
insufficiency both increases were relatively greater. The changes were marked
and exceeded (always in the same direction) the spontaneous variations found
under the experimental conditions employed.

There still remains the problem, how far these findings apply to the
total sweat secretion. Mickelsen and Keys [13], Ladell [14], Kleeman et al.
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[15] found no significant differences in the composition of sweat originating
from various parts of the body. According to Watkins [16], there are certain
variations in sweat secretion in the different skin areas, but the same response
is given to the same effect everywhere. Although our results did not supply
exact data as to the total sweat secretion, it can nevertheless be postulated
that in response to Strophanthin the secretion of sweat, as well as the excretion
of sodium and potassium increase significantly. The increased sweating found
after the administration of Strophanthin by Veil and Heilmeyer [17]
corroborates our observations.

The changes in the secretion of sweat in response to Strophanthin hear
resemblance to the acute changes in renal function induced by that drug.
In the latter case, too, the increase in water excretion (increase in the secretion
of sweat) is associated with a significant increase in sodium and potassium
txcreticn and the response develops rapidly.

We wish to add that in 4 subjects (3 cardiac and 1 normal) the above
txperiments were repeated with administering 0.5 mg of digitoxin intra-
venously, instead of Strophanthin. As expected, the results were comparable
to those obtained with Strophanthin.

SUMMARY

(i) In response to Strophanthin a significant increase has been found to occur in sweat
secretion, and in the excretion of sodium and potassium in sweat.

(ii) The increase was more marked in patients with chronic circulatory failure.

(iii) The effect of Strophanthin on sweating has been found to resemble the action of
the drug on renal function.
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Previously it has been shown that in acute experiments Strophanthin
produces marked changes in the secretion of sweat. The amount of sweat
secreted and the excretion of potassium in sweat increase significantly atid
sodium excretion is also enhanced. These changes are more marked in patients
with chronic heart failure, hut occur also in the absence of circulatory disorders.
Thus, the changes in the secretion of sweat in response to Strophanthin
are apparently not ascribable to eventual changes in circulation.

In other studies [1] we found that Dibcnamine, a sympatholytic agent,
prevented the acute changes in renal function, i.e. the increase in the excretion
of sodium and potassium, caused by Strophanthin or digitalis.

It was, therefore, suggested that Dibenamine might influence the stro-

phanthin-induced changes in the secretion of sweat as well.

M ethods and procedure

Sweat was collected by means of rubber gloves from both palms, as described in detail
elsewhere. The volume of sweat, as well as the concentration of sodium and potassium in sweat
were determined, the latter by flame photometry.

The experiments were carried out in the morning, on fasting patients. For a few days
before the experiment the patients had been given a low-salt diet containing about 6 g of
sodium chloride daily.

Dibenamine was administered in slow intravenous drip infusion, at a rate of 5 mg/kg
of body weight in 30 minutes. One hour later sweat was collected by the usual method from
both palms and immediately after that 0,25 mg of Strophanthin (Kombetin) was injected
intravenously. The experiment was repeated after one hour of complete rest, under the same
conditions. Ten patients with no evidence of circulatory disorder were involved in the study.

Results and discussion

The results are presented in Table |. As it is clear from the data, Diben-
amine had a considerable inhibitory action on the changes caused by Stro-
phanthin. W ithout Dibenamine, the excretion of sodium and potassium
increased markedly one hour after the administralion of Strophanthin even
in the patients with a normal circulation, whereas of the ten cases treated
with Dibenamine the excretion of sodium and potassium decreased in 2, xvas

unchanged in 5 and rose slightly in 5. An increase so marked as isusual without
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Table |

Effect of Strophanthin on sweat secretion after previous treatment with Dibenamine

Initials, age, Sweat output Sodium Potassium

No. diagnosis mg/h excretion excretion
mg/h mg/h

l. B. L., 26 years A 320 1,10 0,50
colitis B 345 1,05 1,45

2. C. A., 32 years A 450 1,30 0,60
hyperthyroidism B 500 1,45 0,50

3. T. B., 40 years A 300 0,80 0,70
gastric ulcer B 280 0,70 0,55
4, N. L., 40 years A 250 1,10 0,40
gastric ulcer B 360 1,50 0,60
5. B. J., 32 years A 500 0,80 0,60
hyperthyroidism B 580 0,88 0,50

6. K. L., 44 years A 220 1,50 0,70
neurosis B 300 1,88 0,95
7. J. N., 28 years A 700 1,60 1,10
neurosis B 820 1,48 1,20
8. S. B., 30 years A 800 1,50 1,00
cholelithiasis B 900 1,60 0,95

9. K. T., 28 years A 290 1,20 1,50
neurosis B 280 1,10 1,60
10. B. Gy., 48 years A 350 1,70 1,20
chronic gastritis B 300 1,60 1,30

A = before Strophanthin ; B = after Strophanthin.

Dibenamine did not occur in any of the patients treated with sympathi-
colytic agent.

The increase in the volume of sweat was also less marked after adm inister-
ing Dibenamine ; an increase was noted only in 5 of the 10 patients, and even
in these the increase was smaller than without Dibenamine.

The effect of Strophanthin on the secretion of sweat was diminished
by Dibenamine, although the amount of sweat showed a statistically just
significant increase. There was, however, no demonstrable increase in the

excretion of potassium or sodium.
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Effect of Strophanthin on the secretion of sweat

after treatment with Dibenamine

Sweat

307

ENa EK
n 10 10 10
X 48,5 0,064 0,030
s 59,5 0,197 0,138
t 2,58 1,03 0,69
pY% 5 >30 50
Is it significant? Yes No No

Summing up, the changes in sweat secretion caused by Strophanthin
in patients both with and without heart disease are significantly reduced
following treatment with Dibenamine.

Effect of Strophanthin on the secretion
of sweat, without and with Dibenamine treatment

Sweat ENa Ex*
ni; s 10; 8 10; 8 10; 8
diff. 929 — 0,51 — 0,93
t 2,58 3,03 2,64
p% 5 ~ 1 5
Is it significant? Yes Lighly Yes

W e wish to point out two important features in the response of sweating

to Strophanthin. First, the rapid development of the changes (under the

experimental conditions employed, marked changes were noted within 1 hour

after adm inistration ofthe drug). Second, although the increase in the excretion

of water and chiefly of potassium and sodium was more marked in patients

with chronic heart failure, changes occurred also in subjects with no circulatory

disorder. These findings, ceteris paribus, indicate that Strophanthin acts on

the secretion of sweat not alone by influencing the circulation. We found

that in the ECG the acute changes caused by Strophanthin arose through

the mediation of the central nervous system , and in part through that of the

sym pathetic nervous system. The changes in renal function which follow

the administration of Strophanthin are mediated mainly by the sympathetic

nervous system [1]. The results of our Dibenamine experiments indicate

that such a nervous effect may be involved also in the response of the sweat

glands.
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The Central nervous system has, of course, a far-reaching influence on
the secretion of sweat. Nervous excitation is known markedly to increase
the perspiration, especially on the palms and soles. This arises mainly through
the mediation of the parasympathetic nervous system and can be blocked
by the administration of atropine. Sonnenschein et al. [2] and Greville
Y oung [3] found a significant increase of sweating and salivation in response
to the stimulation of the extrapyramidal nervous system. Bechterew [4]
reported that stimulation of the precruciated gyrus resulted in an increase of
perspiration on the contralateral side. The nerve fibres supplying the sweat
glands are mainly cholinergic (Dale and Feldberg [5]). However, adrenaline
and nor-adrenaline, these mediators of the sympathetic nervous system and
sym pathetic nerve endings, also have a marked influence on sweating. The
increased outflow of adrenaline or nor-adrenaline is known to be accompanied
by increased perspiration (for example, the attacks occurring in patients
with phaeochromocytoma). Evans etaZ.[G] observed that in horses perspiration
was increased parallel with the increase in the serum adrenaline level. Haimo-
vici [7] reported that the intravenous administration of Dibenamine blocked
the increase of sweat secretion due to the local application of adrenaline.
Digitalis is known to have a significant influence on the tone of the autonomic
nervous system, increasing the vagal and decreasing the sympathetic tone,
and it is also known that Strophanthin lessens the effect of adrenaline. Accord-
ing to Selvini et al. [8], digitalis prevents the development of cardiac hyper-
trophy induced by adrenaline or ephedrine. Simon [9] found that digitalis
and adrenaline antagonized each other’s actions on the frog heart. On the
other hand, digitalis may at sites probably stimulate the sympathetic nerves.
For example, Wolff [10] ascribed the effect of Strophanthin on the blood
sugar level to sympathetic stimulation and inhibited that effectby the admin-
istration of dihydroergotamine. Sarre and Herzig [11], studying the
positive inotropic action of digitalis, attributed in this some role to an increase
in the sympathetic tone.

At any rate, our present experiments with Dibenamine suggest that
Strophanthin acts on the swreat glands, at least in part, through the autonomic
(chiefly the sympathetic) nervous system. There is another interesting simi-
larity between renal function and sweat secretion, in that Strophanthin
enhances the excretion of water, sodium and potassium, and Dibenamine
markedly inhibits the development of these changes in both cases [1].

Our experiments, naturally, do not allow numerical conclusions as to
eventual changes in total sweat secretion. Strophanthin most probably signif-
icantly increases the excretion of water, sodium and potassium all over the
body surface, especially in patients with chronic heart failure, and the sweat
glands might contribute to the loss of cardiac oedem a in the course of digitalis

treatment.
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Finally, it must be pointed out that the action of Strophanthin on the
sweat glands may not merely consist in increase of sweat production. Berenson
and Burch [12] have shown that some of the sodium and potassium excreted
with sweat was reabsorbed from the skin. It may be surmised that Strophanthin
inhibits this reabsorbtion process.

SUMMARY

(i) The action of Strophanthin on sweat secretion has been examined following pre-
treatment with Dibenainine.

(ii) Dibenamine almost completely blocked the action of Strophanthin. The increase
in the excretion of sodium and potassium did not take place and the increase in the volume
of sweat was also reduced.

(iii) Strophanthin may act on the secretion of sweat, at least in part, through the
autonomic nervous system.
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In the effect of the digitalis glycosides a central nervous site of action
is apparently also involved. For this reason it was deemed important to
investigate whether digitalis would produce changes in the circulation and
metabolism of the brain. This problem has not been studied in any detail
and very little is known about the above effect of digitalis. Meurer and
Osterwald [1] determined in dogs the blood flow in the internal carotid
artery and found no change in response to the intravenous injection of 0,5 mg
of Strophanthin. According to Doull etal. [2], in Vitro the digitalis glycosides
enhance the 02 uptake of the brain, but have no effect on liver and kidney
tissue. Likewise, Wollenberger [3] found that digitalis glycosides increased
the 02uptake of brain tissue in Vitro. 1t is remarkable that brain tissue binds
very little digitalis. Chronic digitalis treatment may produce histological
changes in the brain (Dearing €t al., [4]; Rotiilin and Bircher, [5]).

Knowing that in the heart, skeletal and smooth muscles digitalis acts
primarily on the potassium metabolism, we investigated, besides the changes
in the cerebral blood flow, those that may occur in the potassium metabolism
of the brain in response to Strophanthin.

Methods

Isolated perfusion of the head was carried out in crossed dog experiments, by the
technique described in detail in a previous report (6]. After starting the perfusion we waited
until the perfusion pressure (the mean arterial pressure of the donor animal) and the rate of
flow had become constant. The mean of 3 readings made at 5 minute intervals was accepted
as the initial value. Then 0,5 mg of Strophanthin (Kombetin) was injected very slowly (in
5 minutes) into the cranial circulation of the recipient animal. Rotameter readings, arterial
pressure of the recipient, venous pressure of both donor and recipient, as well as ECG tracings
were recorded continuously for one hour. Of these, only the data pertaining to cerebral blood
flow will be presented beiow.

Before the experiment, samples of blood were withdrawn from the carotid artery (the
arterial branch of the isolated head circulation) and from the internal jugular vein (the venous
branch of the isolated head circulation), to determine the potassium concentration and the
cerebral arterio-venous potassium difference. These tests were repeated 30 minutes and 2
hours after the administration of Strophanthin. The 30 minute interval was chosen because
preliminary experiments had shown that it was at that time that the changes were the most
marked, and also that after 2 hours the effect was about to cease.

10 Act» Medic» X11/3—t.
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Ten dogs were used in these investigations. In six of them the cerebral arterio-venous
oxygen difference was also determined ; having found no appreciable changes, we shall not
present these results. Control studies (Evans blue, radioactive iodine) showed that during
the experiment the head circulation of the recipient was completely separated from the trunk
circulation.

The blood samples were centrifuged and the sera were tested for K by flame photo-
metry. We did not establish the numerical value of the cerebral (cranial) vascular resistance,
having been interested only in the changes of resistance caused by Strophanthin and accepted
the ratio : perfusion pressure mm Hg per blood flow in ml/min, as the measure of resistance.
To control the results, the experiments were repeated in 4 dogs, using this time a smaller
dose (0,25 mg) of Strophanthin. These results, being practically identical with those obtained
with the larger dose, will not be presented.

Results

The changes in cerebral blood flow and cranial (cerebral) vascular
resistance caused by Strophanthin are summarized in Table I. cerebral blood
flow changed very little after the injection of Strophanthin into the isolated
circulation of the head. In most cases, however, there was a slight,yet persist-
ent, change, ViZ. cerebral (cranial) vascular resistance decreased. Cerebral
blood flow increased, although the perfusion pressure was unchanged.

The changes in potassium metabolism are shown in Table I'l. in response
to Strophanthin the concentration of potassium increased significantly in
venous blood, but was virtually unchanged in arterial blood. This finding
suggests that in response to Strophanthin the brain cells release potassium.

The changes in 02 metabolism induced by Strophanthin were not

unequivocal and for this reason were not evaluated.

Critical analysis. Discussion

The process n\bal the experimental conditions employed have allowed
to determine is the change induced by Strophanthin in the isolated circulation
of the head. The circulation of the brain, however, preponderates over that
of the rest of the head to such an extent, that the latter seems to have very
little, if any, influence on the changes in the isolated head circulation. According
to data in the literature, cerebral blood NMony may be estimated at 10 to 16 per
cent of the cardiac output, and the value for the total head circulation is
only slightly higher [7, 8, 9]. Cerebral vascular resistance apparently decreases
sometvhat in response to Strophanthin. The shift is not considerable, since
several precise and complex mechanisms are keeping the cerebral blood flow
at a possibly constant level. Of all cells, those of the brain require the most Oa,
of Tvhich the mechanism controlling cerebral blood flow provide for a con-
tinuous supply, independently of the changes in the systemic circulation.

This explains tvhy, as compared to other organs, the circulation of the head
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Table 1

Effect of Strophanthin on cranial (cerebral) blood flow

Ep. 2 5 10 20 0 60

Mean values
for pressure and

blood flow .
minute s
T: 100 105 100 105 110 110 90
Rm : 13 13,5 13,5 14 14 14 13
T: 95 90 80 85 85 85 80
RmM 12 13 11,5 125 12 12 12
T: 80 80 85 80 90 95 75
Rm : 13 14 14,5 14,5 14 14,5 13,5
T: 100 100 90 100 100 90 95
Rm : 15 16 15 14,5 16 15,5 15
T: 80 80 75 80 85 80 75
Rm : 10 10,5 1n 10,5 10 1 1
T: 110 105 100 95 105 100 95
Rm : u 11,5 12 12,5 05 11 1
T: 90 95 95 100 105 100 95
Rm : 11,5 12 11,5 13 11,5 n 12,5
T: 90 80 85 100 95 90 95
Rm : 11,5 12 11,5 13 115 1 12,5
T: 75 80 85 80 75 80 70
Rm : 13 16 16,5 15 15 15,5 16
T: 120 125 120 120 115 115 100
Rm : 11,5 12,5 13 12,5 12 12,5 11,5

Abbreviations:

T : mean arterial pressure.

Rm : rotameter reading.

Ep : mean of three readings before experiment.

The minutes mean the time elapsed after the administration of Strophanthin.

slightly diminished in chronic heart failure [10, 11, etc.], and why

(such

as

theobromine, adrenaline, caffeine, alcohol, hexamethonium

bromide, papaverine, etc.) have so little influence on it [12, 13, 14, 15]. Page

[16] has made the remarkable observation that the effect of drugs on the

cerebral vessels often differs from their action on the vessels of other organs.

10*
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Table 11

Effect of Strophanthin on the potassium metabolism of the bruin

Potassium Potassium
concentration concentration

No. Period in arterial in venous
blood, blood.
mEq/L mEq/L
1. A 3,75 4,10
B 3,70 5,10
2. A 2,95 3,00
B 2,70 3,80
3. A 2,90 3,10
B 3,15 4,10
4, A 2,90 3,10
5 3,15 4,10
5. A 4,05 4,00
B 4,20 5,10
6. A 4,20 4,30
B 4,00 5,00
7. A 3,90 3,80
B 4,20 5,00
8. A 3,80 4,00
B 3,70 4,85
9. A 4,30 4,30
B 4,00 5,30
10. A 4,10 3,90
B 4,10 4,80

Abbreviations :
Period A : before Strophanthin.
Period B : 30 minutes after the injection of Strophanthin.

Arterial blood : blood withdrawn from the common carotid
artery of the recipient dog.

Venous blood : blood withdrawn from the jugnlar vein ol
the recipient dog.

For instance, histamine causes cerebral vasoconstriction, nor-adrenaline
vasodilatation, etc. This makes it clear that the small changes in cerebral

circulation caused by Strophanthin may have considerable consequences.
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According to Greef [17], skeletal muscles release potassium in response
to Strophanthin. Regan et al. [18] found that -within 30 minutes after the
injection of Strophanthin the concentration of K was significantly increased
in the coronary sinus, indicating that much K was released from the heart.
This seems to apply to the brain as well. The concentration of potassium
in the cerebral venous outflow increases significantly in response to Strophan-
thin, apparently as a result of a release of potassium by the brain. This is
another evidence showing that digitalis acts on the metabolism of potassium,
on the one hand, and may be correlated with the effect of digitalis on the
brain, on the other. It is known that the loss of K results in changes in the
bioelectrical phenomena of cells. If much K is repeatedly lost by the cells
(as in chronic digitalis treatment), histological changes may develop. The
toxic nervous symptoms (vomiting, visual disturbances, delirium), occurring
in the course of chronic digitalis therapy might in part be explained by the
above process.

On the other hand, for the acute circulatory changes of cortical origin
induced by Strophanthin, changes in the K metabolism of the brain may
perhaps be responsible. (As it has been seen, the changes develop rapidly.)

SUMMARY

(i) The effect of Strophanthin on blood flow and potassium metabolism in the brain
has been studied in the isolated cranial (cerebral) circulation.

(ii) In response to Strophanthin, cerebral vascular resistance was slightly decreased
and cerebral blood flow slightly increased.

(iii) The brain cells were found to release potassium in response to Strophanthin.
As a result, the concentration of K in the cerebral venous outflow was significantly increased.

(iv) The significance of the above changes has been discussed.
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Symmetrical necrosis of the renal cortex is rare in infancy. To date,
25 cases have been published. Lelong et al. [14] succeeded in recognizing
the condition during life in two cases. Although these two children died,
as also those observed earlier, their diagnosis resulted in that this morbid
pattern ceased to be a pathoanatomic curiosity and became a clinical
problem.

The clinician has now two tasks : (i) to summarize the symptoms and
diagnostic procedures on the basis of which it becomes possible to recognize
the condition ; and (ii) to seek for therapeutic possibilities.

Problems of diagnosis

The fact why cases of symmetrical necrosis of the renal cortex could
not be recognized was that nobody had its pattern in his memory. The first
case occurring in infancy was found by Campbert and Henderson [5] at
necropsy, in 1950. In adults the condition mostly occurred with gestation
toxicosis. The other eliciting factors mentioned by Campbetl and Henderson
(trauma : Furtwangler [9], 1927 ; dioxane poisoning: Barber, 1934 ;
myocardial infarction : zairka [22], 1933 ; cancer of the ureter: Dunn and
Montgomery [6], 1941 ; periarteritis nodosa : Malttory, 1947; etc.) do
not occur in infancy either.

COMORI [12] has pointed out the following signs as characteristic of the
condition in adults : headache, abdominal and low back pain, gradual increase
of blood pressure, leucocytosis, oliguria and anuria. Of these symptoms,
headache and abdominal pain can, theoretically, be recognized also in infants,
but abdominal and low back pain can hardly be distinguished. The gradual
increase of blood pressure is a valuable symptom, but blood pressure is rarely
taken in infants and young children. As regards blood pressure, only the data
given by Lerong are known ; in his case the upper limit was at 140/80 mm Hg.
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The most conspicuous symptoms are oliguria and anuria. Geméri [12] empha-
sizes that even adults may fail to notice their oliguria; even in the history of
children suffering from acute nephritis this symptom israrely being mentioned
by the parents. The amount of urine is rarely measured in infants, partly
on account of technical difficulties, and errors in judging it are frequent.
Anuria may he disregarded because the parents believe that the urine voided
became mixed to the faeces. Once oliguria or anuria has become obvious,
provisions are made to replace the lost fluids and salts, and these procedures
may result in the restitution of urine excretion. If this does not ensue, the
use of the condition may be sought for by a wrong approach. It is often
assumed that renal function was not restored because (i) the salt and fluid
loss had not properly been replaced ; (ii) renal insufficiency was due to cardiac
failure or (iii) to severe toxicosis. The difficulties of differential diagnosis mav
best be seen from the cases of Zuelzer [23] : in 10 infants who died of sym-
metrical cortical necrosis, oliguria or anuria was invariably observed 1 or 2
days before death, but the cause of anuria was not recognized in either of
them. The misinterpretation of this symptom was due partly to the fact that
renal injury of vascular origin was believed to be extremely rare. Although
Zuelzer [23] proved this opinion to be untenable, his view has not been
generally adopted, nor is it quoted in the textbooks. It was only by the reports
of Campbell and Henderson [5], Lelong et &l. [14], and Gasser et al. [10],
that attention has been called to symmetrical cortical necrosis. Zuelzer [23]
found in his necropsy material between 1940 and 1950 40 cases of severe
renal disease due to circulatory failure ; 34 of them were infants. These data
have induced us to pay increased attention to symmetrical cortical necrosis
and other renal diseases of vascular origin in the differential diagnosis cf
oliguria and anuria.

In establishing the diagnosis, the following facts appear significant:

(i) If in an infant oliguria or anuria does not cease after adequate admin-
istration of fluid and salts, examinations should he done in order to establish
or exclude, renal or postrenal factors. We have observed anuria in a newborn,
due to a congenital urethral valve (Susskind and Biro, 20).

(ii) The so-called “little signs” may be helpful. One of them is leuco-
cytosis. In salt and fluid less due to common intestinal catarrh, especially
after the loss has been corrected, leucocyte counts exceeding 20 000, up to
50 000, are infrequent, whilst similar values may occur in symmetrical cortical
necrosis. Non-protein nitrogen is often elevated in exsiccosis. If, however,
values exceeding 100 mg per 100 ml persist after replacement of the lost fluid,
renal or postrenal factors of oliguria must be sought for.

(iii) The basic disease giving rise to cortical necrosis need not be severe.
In some cases the eliciting disease could not be demonstrated at all (Campbell,

Gasser).
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(iv) Albuminuria and red blood corpuscles in the sediment may be
found in both exsicccsis and symmetrical necrosis of the renal cortex. In a
few cases of the latter condition (Case 6 of Zuelzer, Case 4 of Lelong),
however, albuminuria and erythrocytes were missing. Thus, cortical necrosis
cannot be ruled out on the basis of normal urinary findings.

(v) If, after the replacement of the salt and fluid lost, chlorides are
excreted with the urine, this factis no proofagainst chlorine deficiency, because
chlorides are invariably excreted by the kidney in isosthenuria or adrenal
failure. Therefore, in differential diagnosis attention has to be paid to
the specific gravity of the urine (Fanconi, [7]). The definitive diagnosis
should not be established before the administration of adrenocortical
hormones.

(vi) If the compensation of salt and fluid loss is not followed by diuresis,
oliguria or anuria still may have been caused by other than renal or postrenal
factors, e. g. by inadequate compensation. Therefore, the determination of
nonprotein nitrogen, reserve alkali, sodium level or total alkali, should be
regularly performed. For clinical purposes the procedure of Ferencz and
Boda [8] has proved usefxd.

(vii) Exsiccosis plays a prominent role in eliciting symmetrical cortical
necrosis. Yet, in exceptional ca”es it may be missing (Case 4 of Lelong).

(viii) In doubtful cases, X-ray examination, tomography, perirenal
air insufflation, cystoscopy and biopsy may offer some help in differential
diagnosis.

From these facts the conclusion may be drawn that theoretically it is
possible to recognize the condition in the living, if it is not disregarded.
Its symptomatology has in the last years been enr-ched by new contributions.

The significance of the haemolytic-uraemic syndrome in symptomatology

To date, only few authors have been concerned with the interrelation
of haemolytic symmetrical cortical necrosis. It was discussed by Sheehan
and Moore [19], further by Hunt [13], whose patient suffered from thrombo-
cytopenic purpura. The authors mentioned the simultaneous occurrence of the
two syndromes as an interesting phenomenon, but the relationships were not
discussed. Recently, Gasser et al. [10] have pointed out that the renal failure
observed by them together with haemolytic anaemia in 5 patients, 4 of whom
were infants, may be due also to symmetrical cortical necrosis. None of
these cases was recognized before death. The above report, however, gave us
some assistance in the premortal diagnosis. Our patient is the third infant
in whom the diagnosis of symmetrical necrosis of the renal cortex had been
established during life anti was confirmed at the post mortem examination.
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Report of a case

V. G., a premature infant born in the 8th month of pregnancy, had weighet at birth
2700 g. When 7 weeks old, he had suffered from Leiner’s erythrodermia complicated by otitis.
At the age of 4 months again earache, and also vomiting and diarrhoea had occurred. He was
admitted being suspect of mastoiditis. After 10 days’ observation he was operated on (Dr.
K&rpat). Suppuration was found on both sides. 200.000 I. U. penicillin daily were administered.
The wound displayed little tendency to heal. On the 4th and 5th postoperative days the
patient vomited. Gastric lavage was done and a toxicosis diet was prescribed. Despite these
measures, he lost rapidly weight, and his temperature rose to 39°C. As he could not be nour-
ished by mouth, a drop infusion was administered for 4 days. The faeces were semifluid,
and subfebrility persisted. E. coli 111 infection was assumed and confirmed by bacteriology.

The symptoms of disease in the order of their occurrence were (Table 1) (i) elevated
temperature ; (ii) vomiting ; (iii) diarrhoea ; (iv) marked and gradually increasing leuco-
cytosis ; (v) severe, increasing anaemia ; (vi) increase of body weight despite the diarrhoea ;
(vii) mild enlargement of the liver ; (viii) reduced platelet count; (ix) mild, then severe sub-
dermal haemorrhages ; (x) increasing oedema ; (xi) pathologic constituents in the urine
(albumin, 4 to 30 leucocytes, 4 to 10 haemolyzed and 8 to 60 intact erythrocytes, per visual
field) the amount of which pointed to a progress of the disease ; (xii) meteorism ; (xiii)
oliguria, later anuria ; (xiv) high N. P. N. values ; (xv) pathologic ECG with flat, later nega-
tive Tx, 2 3, and depressed T3; (xvi) vomiting of blood ; (xvii) bloody stools.

In order to find the correct interpretation of the symptoms, they were
divided in groups (Table 1). The first symptoms (fever, vomiting, diarrhoea,)
were attributed to the infection with E. coli type 111. Therefore, chlorampheni-
col in a daily dose of 50 mg/kg body weight was administered beside the
penicillin. The leucocyte count of 20 000 supported the diagnosis, hut its
increasing tendency was unusual and needed explanation. The weight increase
in spite of vomiting and diarrhoea pointed to latent oedema, perhaps as a
result of exaggerated hydration. The cardiac origin was unlikely, considering
that the child had no dyspnoea, the heart sounds were of normal intensity,
the liver was hardly enlarged, the urine findings did not correspond to con-
gestion, and venous pressure was normal. Renal oedema was excluded by the
initially normal urinary finding. The presence of starvation oedema was
contradicted by the normal serum protein level. Finally, increased capillary
permeability due to the infection was made responsible for the oedema.

Anaemia was also believed to be due to the infection. The haemoglobin
content was 35, later 20 per cent, the erythrocyte count dropped from 3 mil-
lion to 1.45 million. In the smears aniso-, micro- and poikilocytosis and many
fragmented erythrocytes were seen. The reticulocyte count was strikinglv
low, 7 per 1000. Later, when the reduction of the platelet count was associated
with subepidermal and subdermal haemorrhages of increasing extent, the
assumption became warranted that the anaemia was only partly due to the
infection, the haemorrhages forming the other, though consecutive, factor.
Ultimately, the following factors were considered as responsible for the anae-
mia. (i) Iron deficiency due to prematurity and infection. The role of this
factor was supported by the poikilocytosis, but this sign is rare after a simple
blood loss and, further, it had been present before the appearance of the haem-

orrhages. (ii) A toxic process giving rise to the destruction of erythrocytes
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and platelets, and to bone marrow exhaustion. The increased haemolytic
activity of the plasma was evidenced by the fact that transfusion of blood did
not elevate the erythrocyte count. The presence of fragmented erythrocytes
was also considered a sign of haemolysis. The exhaustion of the bone marrow
was evident from the low reticulocyte count. We could not withdraw enough
blood for demonstrating autogenous immune bodies.

The increasing oedema again suggested the role of the kidneys. This
assumption was favoured by the marked oliguria, albuminuria, and the appear-

rB.c. Hb MBC Re
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]-i 1

ance of red blood corpuscles and white blood cells in the urine. As for the
accurate designation of the renal alteration, the following conditions were
taken into account, (i) Acute diffuse glomerulonephritis. This disease, however,
ought to have followed the basic disease sooner. Another contradictory fact
was the discrepancy between the severe illness and the slight urinary changes.
Finally, this renal disease is rare in infancy, (ii) Acute tubular (lower nephron)
nephrosis. This condition was contradicted, as seen also from Zuelzer’s
[23] data, by the history and the missing haemosiderinuria. In addition, the
N. P. N. level is never so high in lower nephron nephrosis as it was in the
present case, (iii) Symmetrical necrosis of the renal cortex. This diagnosis
was suggested by the rapid development of the disease and its malignant
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character. Apart from this, the severe anaemia of probably haemolytic origin,
the simultaneous occurrence of haemorrhagic diathesis and acute renal failure
were reminiscent of Gasser’s cases. Further evidences were the increasing
leucocytosis that had no other explanation, the failure of our efforts to compen-
sate the fluid loss, the haematemesis and melaena, both of which are frequently
attending symmetrical cortical necrosis.

In view of the haemorrhagic diathesis, no biopsy was performed, neither
decapsulation.

The leading principle of our therapeutic efforts was the hope that the
prolongation of the patient’s life might give a chance for the regeneration
and functional restitution of the kidneys. Lelong reported of a survival of
18 days. Apart from the antibiotic treatment, procaine blockade, blood
transfusions, partial blood exchange were repeatedly done. Cortisone was
administered for 6 days. The child died on the 7th day after the onset of
oliguria.

Data of necropsy and histology

The skin was pale, and displayed pitting oedema. The abdomen contained
200 ml of clear fluid. The skull was symmetrical, the brain oedematous,
anaemic. In the tympanic cavity red granulation tissue was found.

The heart was normal in size, and showed no pathologic change. Both
lungs contained air, apart from a paravertebral area in both lower lobes
which was dark red, atelectasic and fragile.

The digestive organs were normal in size and without pathological
changes. The surface of the liver was smoth, the organ was of normal consist-
ency, its structure was blurred. The pancreas was finely lobxdated, rather con-
sistent. The intestinal mucosa was smooth and pale.

The kidneys were slightly enlarged ; their weight was 170 g. Their
capsule stripped readily. Their surface was mottled, with yellowish-reddish
patches. On the cut surface, yellow areas representing the extension of the
yellow patches on the surface to the cortex were seen ; they were surrounded
by a red border. A similar red borderline was seen also at the junction of
cortex and medulla. The yellow areas of the cortex were pale, not shiny. The
medulla was evenly violet-red. The pelvic mucosa and that of the ureter was
smooth and pale (Fig. 1).

Microscopic examination. The gastric and intestinal mucosa displayed
no pathological change. In the liver there was general hyperaemia with dilated
central veins, the cytoplasm was finely granulated. The organs were anaemic.
— In the kidneys the yellow areas represented necrosed foci. Within some
of these necrosed areas a few hyalinized tufts and outlines of a few tubules
could be recognized, at other sites necrosis was complete (Fig. 2). The necrosis
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Fig. 1. Gross appearance of kidneys

extended to nearly the whole cortex, apart from a narrow subcapsular stripe,
and a similar one at the cortico-medullary junction, where intact glomeruli
and dilated tubvdi were present. Many necrosed areas were surrounded by
a haemorrhagic halo.

Fig. 2. Junction of necrotic and normal tissue
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Discussion

Symmetrical necrosis of the renal cortex is generally believed to be due
to functional ischaemia. This, however, does not invariably lead to extensive
necrosis. Pertinent observations in adults have been published by Gemori.
Atten is of the view that the necrosis is produced by severe ischaemia due
to shock. In our patient shock could have been elicited by the dehydration,
the diminished volume of circulating blood, and the infection. It is, however,
not unwarranted to presume that exsiccosis and reduction of blood volume
were sequels to the infection. Navasquez produced symmetrical cortical
necrosis in rabbits by treating them with staphylococcus toxin. Similar results
were obtained by the suspension of meningococci (Brack—Schaffer et al.),
intraperitoneal adrenaline injection (Penner— Bernheim), high doses of
vasopressin (Byrom), faradic stimulation of the splanchnic nerve (Trueta
et al. [21]). It may be supposed that in our patient the renal change was elicited
by E. coli toxin. It is difficult to demonstrate this aetiology, infection with
E. coli being common in children, whilst symmetrical cortical necrosis is
very rare. Either the quality, or the quantity of the toxin, or the susceptibility
of the organism, ought to have been quite uncommon.

In Bell’s opinion [2], symmetrical necrosis of the renal cortex is pro-
duced by the lasting spasm of the small arteries and arterioles of the kidney.
This aetiologic theory has not been generally adopted. Some authors advance
the view that vasodilatation, intravascular stasis of the erythrocytes and
their agglutination have a prominent role (ScRIVER and Boertel [18]).
Lelong [14] believes that both mechanisms may resvdt in symmetrical
cortical necrosis.

Some authors found thrombi in the small arteries and arterioles running
at the border of the necrosed area. We found, however, in the comparatively
intact subcapsular and iuxtamedullar tissue neither dilated vessels nor thrombi.
More attention seem to deserve the alterations of the vessel Avails which
may occur also in the intact areas : in our case the walls of small arteries
were markedly thickened, especially the media (Fig. 3.). In some areas the
wall was homogeneously hyalinized, in the small arteries swollen endothelial
cells covered the thickened basal membrane. In the intact areas hyalinized
capillaries were seen beside intact tubules. (It should be noted that no vascular
changes were found in other organs.) Thus, there was no parallelism between
capillary and general damage. The described change of the vessel wall naturally
residts in functional damage, i. e. a change in permeability. The problem
whether or not the alteration of the vessel wall is primary is still unsettled.
Its primary character has been refuted by Gormsen et al. [11] who found
no vessel changes in the biopsy material from which symmetrical cortical
necrosis was diagnosed.
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On examining the genesis of the condition, the starting point may be
the observation that it is apparently evoked by several factors. LeriCHE [15J
claims that a mere functional change of the vasomotor balance may result
in anatomic changes. To adopt this claim, a special sensitivity of the renal
vessels, as emphasized by Lelong [14], should be presumed. On the other
hand, the facts that spasms were observed in~the retinal vessels (Bet1, [2])
and that symmetrical cortical necrosis is often preceded by melaena (Lelong,
[14]), suggest that the change in the kidney forms perhaps only part of a genen-

Fig. 3. Microscopie view of vessel. Thickening of media

al vascular disease. This thought has been advanced also by Campbert and
Henderson [5], as seen from the term “splanchnic vasoconstriction syn-
drome”.The view is perhaps too narrow to regard symmetrical cortical necrosis
as the result of an oversensitivity of only the renal vessels to hydrodynamic
changes, neurovegetative disorders, or toxic products.

The haemorrhages observed before the death of our patient, and those
found post mortem, may well be interpreted as consequential to the changes
of vessels walls. The regeneration of the tubular epithelium mentioned by
several authors has not been observed in the large necrosed areas found in
our case.

Conclusions

The symptomatology of the symmetrical necrosis of the renal cortex
is less complex in infants than in adults. It is difficult to establish that the
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infant lias pains. As mentioned above, oliguria, even anuria, may be obscured.
Blood pressure is, as a rule, not taken. Severe anaemia, haemorrhagic diathesis
and oliguria or anuria, constitute a syndrome pointing to symmetrical cortical
necrosis, even if the haemolytic character of the anaemia is not marked. Tin?
condition should be thought of if thrombocytopenic purpura is associated
with anuria. In order to perceive oliguria or anuria, the number of moist
napkins ought to be recorded. Blood pressure should be taken regularly in
infants.

As regards therapy, cortisone should be given in higher doses than usual,
and prednisone may be tried.

The pathology of symmetrical cortical necrosis is full of unsettled prob-
lems. Our case represents a contribution to the observation that in infants
this condition occurs most frequently in association with an intestinal catarrh.

SUMMARY

A case of symmetrical necrosis of the renal cortex in an infant recognized during life
has been reported. This is the third (in Hungary the first) reported case in which the diagnosis
established during life has been confirmed post mortem.

The prominent symptom of the condition is oliguria or anuria the overlooking of which
is common. The opinion of Gasser [10] is confirmed that the condition should be reckoned
with if the triad of severe anaemia, haemorrhagic diathesis, and renal failure, is present.
The diagnosis is made probable if, after the replacement of fluid loss, oliguria persists ; the
N. P. N. level einains above 100 mg per 100 ml ; the leucocyte countis considerably elevated ;
and no mass is felt at the renal region. The usual therapeutic measures (perirenal procaine
blockade, cortisone, blood transfusions) were useless in the case reported.
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The banal forms of pyelonephritis are well-known and easy to recognize.
Also, there is general agreement in that an “isolated” pyelitis is a most uncom-
mon occurrence and that a “pyelitis” will sooner or later involve the renal
parenchyma. As it is known, acute pyelonephritis is accompanied by fever,
low back pain, cystitic complaints, pyuria and is therefore not difficult to
diagnose. The chronic forms associated with fever, subfebrility, pain, pyuria
and dysuria are similarly well-known. The condition is easiest to recognize
when it develops in conjunction with some urological condition (calculus,
etc.). There are, however, chronic forms in which the above symptoms are
less marked or even absent. Also, the disease may simulate some other
pathological conditions. From the clinical point of view it is therefore justified
to call these forms “latent” pyelonephritis.

In the present report we shall discuss mainly these latent forms.

The problem of “latent” pyelonephritis arose when in post-mortem
and biopsy studies in cases of hypertension (Endes, TakAcsy-Nagy,
RubAnyi, Gomori [5], Gomeri [7]) we found that in apparently uncompli-
cated hypertensive vascular disease, and particularly in its malignant form,
other pathological conditions including chronic pyelonephritis may be in
the background. These forms of pyelonephritis were quite frequent and pre-
sented the usual pathological pattern of malignant or benign hypertension
and in the course of clinical studies it had not been suspected that the disease
in question was actually chronic pyelonephritis. The true diagnosis was
revealed by biopsy or at necropsy. We have reported this observation of
ours for the first time at a congress on hypertension in Gottwaldow, Czecho-
slovakia (Gomaori, [8]). Similar observations have been made by Derow and
Altschuee [4], Fishberg [6], Longcope [10], Pickering [1], Weiss and
Parker [16]. Sarre [14] reported that in 6.1 per cent of his cases of “essential”
hypertension there was post-mortem evidence of chronic pyelonephritis,
though during life this had escaped detection.

The problem of pyelonephritis has undoubtedly not been given sufficient
attention in the field of research during recent decades. To mention a few
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outstanding personalities concerned with the medical aspects of renal function,
Koranyi, Volhard, Fahr, von Muller, Addis focussed great attention
on the problems of nephritis, nephrosis, nephrosclerosis, but failed to recognize
the medical significance of pyelonephritis. Raaschou [12] was the first
again to emphasize the importance ofthis condition, in a monograph published
in Copenhague, in 1948. In that same year, Brod [2] in Prague described a
case in which a maximum deterioration of tubular function was associated
with satisfactory glomerular filtration. The clinical picture had suggested
“nephrosclerosis”, but post-mortem the presence of chronic pyelonephritis
was revealed. At the congress on hypertension in Gottwaldow, Brod gave a
detailed account of his findings, then in 1956 and 1957 he discussed the problem
of pyelonephritis in connection with 132 cases, which had been analysed by
modern methods and in which the diagnosis was confirmed either by biopsy
or at necropsy [2]. In 1954, Reubi [13] in Berne called attention to the impor-
tance of the problem of pyelonephritis.

These recent investigations clearly show the importance of the pyelo-
nephritis problem, the significance of which has been illustrated by Cottier
et al. [3] in the following.

(i) Beside the respiratory tract it is the kidney and the urinary tract
that most often fall victim to bacterial infection.

(i) The presence of chronic pyelonephritis was revealed post-mortem in
5.6 per cent of the 3107 cases of Raaschou. The clinical diagnosis had been
correct in not more than 1/6 of these cases.

(iii) Pyelonephritis is responsible for 36 per cent of the renal affections
leading to uraemia, whereas in only 19 per cent of the cases is glomerulonephri-
tis present.

To these considerations we should add that certain forms of chronic
pyelonephritis may be latent, extremely poor in symptoms or may even
simulate some other disease and therefore lead to an erroneous diagnosis.
According to our experience, latent chronic pyelonephritis usually simulates
benign or malignant hypertensive vascular disease, or may appear in the
form of chronic nephritis.

It is obviously of importance that such “latent” forms should be recogniz-
ed during life, the more so as the management of chronic pyelonephritis
is markedly different from the treatment of e. g. the “primary” hypertension.

Our observations and those published in the literature were the starting
point of some detailed investigations made by us into the problem of chronic
pyelonephritis.

Chronic pyelonephritis is a common disease and if we reckon with it,
we shall recognize it frequently. This is clearly shown by the fact that at our
Department the diagnosis of chronic pyelonephritis has increased fourfold
since 1951, even as expressed in per thousands of the total patient material.
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We are convinced that this increase in incidence was due to the fact that the
condition has been reckoned with during the recent years and attempts have
been made in every case of benign or malignant hypertension, real or suspected
renal disease, to determine whether the patient was suffering from pyelo-
nephritis. There is no reason to believe that the increase in the number of
diagnoses of “chronic pyelonephritis” at our Department had anything to
do with an eventual true increase in the incidence of the condition.

Fis,. 1. Chronic pyelonephritis. Focal interstitial chronic inflammatory infiltration, with
atrophied tubules in the infiltrated areas

From November, 1951, until ihe 30th of June, 1958, we had 99 cases
in which the clinical diagnosis was chronic pyelom phritis and which suited
themselves well for a clinical analysis of the problems involved.

In the following we shall discuss the characteristic features of the con-
dition, on the basis of observations made by us and by other authors.

Chronic pyelonephritis is essentially a chronic bacterial inflammation
of the kidney. Infection may be haematogenous or ascending and inflammation
develops in the interlobular interstitium as well as on the mucosa of the renal
pelvis. Interstitial inflammation may be focal or diffuse. In some cases it
occurs mainly around the pelvis, in others it is found in the cortex, obviously
as a result of the mode of spread of the infection (urogenous or haematogenous).
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Thus, chronic pyelonephritis is ultimately an interstitial inflammation of
the kidney (Fig. 1, Fig. 2) and it has been suggested that the term “inter-
stitial chronic nephritis” would be more appropriate to denote the condition.
Some authors have already accepted this term, but the term pyelonephritis
still prevails in the literature so that for the time being it should be given
preference. Recently, Spuhter and Zotlinger [14, 15] have dealt with the

Fig. 2. Chronic pyelonephritis. Diffuse interstitial chronic inflammatory infiltration with
excessive destruction of the tubules. The glomerules are comparatively intact

problem of interstitial chronic nephritis and reported the occurrence of inter-
stitial nephritis after phenacetine treatment.

However, even if from the pathological point of view bacterial pyelo-
nephritis were not different from Spuhler and Zollinger’sinterstitial nephritis,
in our opinion the two conditions must not be regarded as clinically identical
and bacterial nephritis should be considered a separate entity within the
group of interstitial nephritides.

In accordance with the data in the literature that the disease is more
frequent in females, in our material 39.5 per cent were males and 60.5 per cent
females. Of the 60 females 36 (60 per cent) had and 24 had not (40 per cent)
been pregnant.
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The age distribution was as follows.

Age group 10—20 20—30 30—40 40—50 50—60 60—70 70—80
Number of cases 3 14 18 25 20 17 2

The history may be extremely variable. In the banal forms showing
the classic symptoms of pyelonephritis the patients seek medical advice
usually because of dysuria, fever, or low back pain. These complaints may
be absent in the latent forms. In our cases the body temperature was normal
in 44.4 per cent, a high temperature occurred in 17.2 per cent and subfebrility
in 37.2 per cent. Cystitis or pyelitis was mentioned in the history in 50 per
cent of the cases. Such patients either presented some symptom of hyper-
tensive vascular disease, or complained of weakness, anorexia, headache,
angina, cardiac decompensation. Decompensation occurred in 36.4 per cent.
Not infrequently the patients reported for examination with the symptoms
of renal failure. 19.2 per cent of the cases were admitted with a high NPN
level, without any pertaining data in the history. In many a case an accidental
examination had revealed the presence of hypertension or of pus in the urine.

The symptoms vary over a wide range.

Urine analysis and studies of renal function are naturally of decisive
importance. Of our patients, 90 (90.6 per cent) had albuminuria of a varying
degree, while the rest (9.4 per cent) had no albumin in the urine.

Donne's test was positive in 35 cases (35.3 per cent) and negative in
64 (64.7 per cent). Thus, even in a mixed material the majority of cases shows
a negative Donne test, i. e. in them no clinical pyuria is detectable. On the
basis of the old criteria, these would not have been considered to be cases
of pyelonephritis.

Haematuria, tisually of lesser degree, was detected by the simple exami-
nation of the sediment in 28.2 per cent of the cases and was absent in 71.8
per cent.

In 68 of the 99 cases we examined the sediment also according to Addis
[1]. This test is well-known to corroborate the presence of pyelonephritis
if in the sediment there is an increase in the number of leucocytes, and the
erythrocytes are either not increased in number, or their increase is much
less marked than that of the leucocytes. Under normal conditions the number
of erythrocytes excreted in 24 hours is 130.000, that of the leucocytes 650 000.
In 55 of our cases there was a marked rise in the leucocyte count, without,
or with only a slight, increase in the erythrocyte count. In these cases
the Addis count pointed to the presence of pyelonephritis. In 5 cases,
although there was convincing clinical evidence of pyelonephritis, the Addis
count was normal, and in 8 cases the erythrocyte count was markedly
increased (81, 7.3 and 11.7 per cent of the cases, respectively). However,
of these 8 patients 6 had renal calculi, one had a polycystic kidney and in one
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wc were unable to find the cause of the increased erythrocyte count. Are
these 8 cases not taken into account, it is clear that a dissociated increase
in the number of leucocytes in the sediment occurs in the great majority of
patients and is for this reason of a particular diagnostic value.

Bacteriology of the urine yielded a positive result in 21 of 77 cases (29.5
per cent) ; in 43 cases no pathogenic agent was isolated. In one case Proteus
in 2 Enterococcus ; and in 25, E. coli organisms were isolated.

Hypertension (blood pressure higher than 150 mm Hg systolic and 90 min
Hg diastolic) was present in 68 cases (68.8 per cent) ; in 31 (31.2 per cent),
blood pressure was normal. Of the 68 cases 10 presented the picture of malig-
nant hypertension.

The eye ground changes generally corresponded to the grade of hyper-
tension.

Manifest urologic disease was detected in 21 cases (21.2 per cent), while
in 78 cases (78.8 per cent) no urologic condition of any kind nras found. Hyper-
trophy of the prostate and calculosis nyere the commonest among the urologic
affections ; tuberculosis teas also encountered.

Anaemia occurred in 60 cases (60.5 per cent). The incidence of anaemia
increased with the deterioration of renal function.

The erythrocyte sedimentation rate tvas normal in 21 cases (21.2 per cent)
and accelerated in 78 cases (78.8 per cent).

The relation between specific gravity and glomerular filtration should
be dealt with separately. In previous studies on the relation of specific gravity
of the urine to glomerular filtration rate, as determined by the (endogenous)
creatinine clearance technique, Gomosri and U rai [9] found that about 20 to
30 ml/min is the glomerular filtration rate below nybl cb isosthenuria is common.
In careful studies, Brod [2] slaved that, in comparison Avith glomerulo-
nephritis, in pyelonephritis the concentrating ponyer of the kidneys deteriorates
sooner and in a greater measure than does the glomerular filtration rate.
The interstitial nature of the process seems to involve sooner the tubules
Ikan the glomeruli. In the material under discussion, studies of creatinine
clearance and maximum specific gra>4ty showed that in chronic pyelonephritis
the deterioration of concentrating poneer nras in fact greater than that of the
glomerular filtration rate. A comparison of this etidence with earlier data
published by Goemsri and U rai for glomerulonephritis in the first place
(Fig. 3) revealed that the relative decrease of specific grandty in pyelonephritis
is in fact greater (Fig. 4) than in other renal diseases. In cases of chronic
nephritis a specific gravity of 1010 does not occur above a creatinine clearance
rate of 20 to 30 ml/min, nrbereaB in pyelonephritis a similar specific gra\dty
may be associated with high, or enren normal creatinine clearance rates. A mathe-
matical analysis of the correlation between clearance and specific gravity
nya8 made at the Biometric Department, Mathematical Research Institute,



Fig. 4. Relation of the specific gravity of the urine to
endogenous creatiuinc clearance in chronic pyelonephritis

Fig. 3. Relation of the specific gravity of the urine to
endogenous creatinine clearance in chronic glomerulonephritis
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Hungarian Academy of Sciences (Leader of the Department, Dr. |l. Juvancz),
The regression curves yielded the following results :

chronic glomerulonephritis Yg= 0.18 Xg + 1010
chronic pyelonephritis Yp— 0.11 Xp -f- 1010

This means that in the case of glomerulonephritis, taking 0 /ml clearance
and a specific gravity of 1010, as the starting point, the specific gravity
increases by an average of 1.8 with <ach 10 ml rise in the clearance rate. At the
same time, in pyelonephritis the increase belonging to the 10 ml rises averages-
1.1. As determined by the t test, the difference between the two regression
coefficients (a) was highly significant (P < 1 per cent). The Figures show
also the 95 per cent reliability range belonging to the regression curve, i. e-
the band in which the regression curve can be supposed to run with 95 per
cent probability. In addition to the difference between the regression coeffi-
cients, it is remarkable that the scattering from the regression curves was less
in glomerulonephritis than in pyelonephritis. The F test showed the deviation
to be significant (P ~ 1 per cent). This deviation is clearly demonstrable also-
by the difference between the two correlation coefficients : rgz 0.79 in
glomerulonephritis and r, = 0.56 in pyelonephritis. After transformation
the differences between the two (-;-) is significant, as determined by the t test
(P < 5 per cent).

Diabetes, suggested to promote the development of chronic pyelonephritis
by certain authors, was present in 3 of the cases.

Hepatosplenomegaly, apparently often encountered in Reubi’s material
[3, 13], did not occur in any of our cases.

Next, it seemed interesting to compare our observations with the results
of Brod, the more so as both had been obtained on large material (132 cases
of Brod ; 99 of our own) studied by up-to-date diagnostic methods for assessing
renal function. As far as the decisive issues are concerned, there was good
agreement between Brod’s results and our own. For instance, by the Addis
count we have found an isolated increase in the number of leucocytes in 81 per
cent of the cases, whereas B rod found it in 76 per cent. The incidence of hyper-
tension was 68 per cent in our own material and 60 per centin Brod’s. Pro-
teinuria was present in 90 per cent of our cases and in 100 per cent of Brod’s.
Furthermore, the results agreed also in that the concentrating function of
the kidneys deteriorated faster than the glomerular filtration rate in both
studies. All these facts indicate that the two materials were closely comparable
as far as the diagnostically reliable data characteristic of chronic pyelonephritis
are concerned. On the other hand, fever was more frequent in our cases, W'hereas
bacteriuria significantly more frequent (in 81 per cent) in Brod’s material.
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The latter fact may, however, have been due to the circumstance that in the
early phase of our investigations we had not devoted sufficient attention to
bacteriuria and did not go further than to make just one culture. Repeated
studies would undoubtedly have brought us nearer to reality.

Ultimately we, too5 have to draw the conclusion that, in the diagnosis
of chronic pyelonephritis in general and in that of the “latent forms” in parti-
cular, the study of the urinary sediment according to Addis, the relation
of creatinine clearance to the maximum concentrating capacity, and the pres-
ence of bacteriuria supply the most reliable and decisive evidence. The
occurrence of other well-known symptoms, such as for example fever, increased
erythrocyte sedimentation rate, low back pain, will naturally corroborate
the diagnosis.

The evidence concerning diagnosis may be summarized as follows.

(i) Pyelonephritis presenting in the typical form, especially when it
develops in association with some urological disease, is usually not difficult
to recognize.

(ii) In the so-called “latent” forms the following examinations will
yield decisive evidence.

a) The Addis count. This can be determined most easily and it should
be made in every case of hypertension and suspected renal involvement.
Its result is characteristic of pyelonephritis when the marked increase in the
leucocyte count is associated with a much slighter, or no, increase in the
erythrocyte count.

The Addis count, just like any other laboratory test, is not decisive
by itself, though it means considerable aid when there is a marked discrepancy
between the increases in the leucocyte and erythrocyte counts in favour of
the former. It should, however, he borne in mind that the increase in leucocyte
excretion may be due to uncomplicated cystitis, prostatitis or other diseases
of the urinary tract. To rule out such conditions is of great importance in
diagnosis. A rise in the erythrocyte count, even if marked, does not by itself
exclude the presence of pyelonephritis ; nephrolithiasis, polycystic kidney,
tumour, cystitis may also cause haematuria. Accordingly, if copious haematuria
is present in a case suspect of chronic pyelonephritis, we must not forget
that other conditions may also he the cause of bleeding and that this may
result even from instrumental examination or simple catheterization, if they
are not carried out in a gentle manner.

b) The decrease in tubular concentration, appearing clinically with a
low urinary specific gravity beside a satisfactory glomerular filtration rate
is not always easy to determine, owing to the considerable scattering of values
in pyelonephritis. In addition, especially with focal changes, there may be a
delay in the involvement of the tubules and in the deterioration of tubular
function. In our opinion, the low specific gravity associated with a satisfactory
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creatinine clearance is a useful sign in diagnosis, though its absence does not
rule out the possibility of pyelonephritis.

c) Bacteriuria iS undoubtedly another important sign, though -we may
fail to demonstrate the presence of bacteria even in confirmed cases of pyelo-
nephritis, and bacteria, obviously coming from the blood [2], may appear
from time to time in the urine of subjects with nephritis or even with normal
kidneys. It is essential that culturing should be made with great care and
repeatedly ; the evidence thus obtained is obviously of paramount importance
also in regard to therapy.

As far as the course and therapy of the disease are concerned, these forms
of chronic pyelonephritis are unfortunately malignant conditions, which,
if already in the chronic stage, are incurable and lead to death with the gradual
development of pyelonephritic contracted kidney. The course is similar to that
of chronic nephritis. Theoretically, there is a possibility for causal therapy,
since the modern chemotherapeutics and antibiotics offer the means of steriliz-
ing the urine. Penicillin, streptomycin, terramycin or Chloromycetin are usually
prescribed, depending on the antibiotic sensitivity of the isolated bacterium.
The antibiotics undoubtedly exert a favourable effect on bacteriuria and
fever. We have often observed the disappearance of bacteria from the urine,
but unfortunately sooner or later a recurrence will residt and even if there
is no recurrent bacteriuria, the pyelonephritic process, if once chronic, inevi-
tably leads to renal insufficiency. A considerable and lasting improvement
of renal function occurred in none of our cases and we have not achieved a final
cure in any of the cases of chronic pyelonephritis. Thoracolumbar sympathec-
tomy had been performed in a few cases, but it had no effect on the renal
disease. The results are somewhat more favourable in the rare cases of unilateral
chronic pyelonephritis. In some of these removal of the affected kidney may
lead to a normalization of blood pressure and to what may be considered a
practically complete cure of the renal process. We had both favourable and
unfavourable results in this field. After unilateral nephrectomy, in some
patients the disease continued advancing, whereas others can he considered
to have been cured even from a distance of several years. If we Avant to solve
the problem of chronic pyelonephritis, and the frequent incidence and severity
of the disease make it imperative that this problem be solved, we must
obviously strive to prevent the process from becoming chronic and to start
adequate therapy immediately after establishing the diagnosis. For this
reason, the widest medical circles should be conscious of the problems involved
in chronic pyelonephritis.
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SUMMARY

From a study of 99 cases the following conclusions have been drawn. The incidence

of chronic pyelonephritis is very high, not only in association with urologic conditions, but
also without them. It may often simulate the clinical picture of chronic nephritis or malignant
hypertension. Urinary sediment analysis according to Addis seems to present the most reliable
aid in establishing the diagnosis. Hypertension occurs in 23 of the cases. Tubular function
deteriorates much faster than glomerular filtration : the specific gravity of the urine is usually
low, even when the creatinine clearance is comparatively satisfactory. Chronic pyelonephritis
is an important pathological condition, not only Decause it is wide-spread, but also because
it may be mistaken for chronic nephritis or malignant hypertension.






DIE WIRKUNG DES HYDERGINS AUF DIE DURCH
LICHT HERVORGERUFENE EOSINOPENIE DES BLUTES

(Vorlaufige Mitteilung:)
Von

M. Radnoét, E. Wallner und M. Honig
I. AUGENKLINIK DER MEDIZINISCHEN UNIVERSITAT, BUDAPEST

(Eingegangen am 1. September 1958)

In der Literatur gibt es mehrere Angaben dariber, daB bei der Ver-
abreichung von ACTH bzw. Adrenalin die Verminderung der Eosinophilen
im Blut auf verschiedene Wirkungsmechanismen zurickzufihren ist. Bei der
Adrenalinwirkung findet sich neben der Verminderung der Eosinophilen keine
Steigerung der Blutcorticoiden, wé&hrend bei ACTH-Gaben die Corticoiden
siech dem Grad der Eosinopenie entsprechend vermehren. Auf Grund der
Literaturangaben und eigener Beobachtungen bei hypophysektomierten und
adrenalektomierten Kranken sind Esselier, Morandi u. Jeanneret zu der
Feststellung gelangt, dal? die auf Adrenalinwirkung entstandende Eosinopenie
mit dem Vorhandensein von Glucocorticoiden verbunden ist. Die Wirkung
der Glucocorticoiden auf die Eosinopenie wird durch Adrenalin gesteigert,
diese Steigerung der Wirkung ist jedoch von dem Hypophyse-Nebennieren-
System unabhdngig, Uber die Art der Steigerung nehmen die Verfasser keine
Stellung.

Hinsiehtlich der auf ACTH bzw. Adrenalin entstandenen Eosinopenie
haben Zuri1o und Barderti folgende Unterschiede gefunden.

Es wurde 12 gesunden Individuen 7—10 Tage hindurch 1,0—1,5 mg
Serpasil verabreicht. Die Serpasil-Gaben haben die ACTH bedingte Eosino-
penie nicht beeinflult. Im allgemeinen war die EosinophilenVerminderung
vor der Serpasilkur 42,9% und nach dieser 51,4%. Die durch Adrenalin-
wirkung entstandene Eosininophilenverminderung wurde dagegen durch
Serpasil gehemmt. Die Eosinophilenzahl war vor dieser 41,2% und nachher
3,9% . Nach Ansicht der Verfasser sprechen die obigen Unterschiede dafir,
daB das Serpasil seine Wirkung auf das Zwischenhirn und die Hypophyse
entfaltet. Laut den meisten Autoren entsteht auch die adrenalinbedingte
Eosinopenie auf der gleichen Weise, wé&hrend die &hnliche Wirkung des
ACTHs von dem Dienceplialon-Hypophysen-System unabhé&ngig ist.

Ebenso wie durch ACTH bzw. Adrenalin, wird auch durch Lichtein-
wirkung Eosinopenie hervorgerufen (Badnot, Walilner uUnd Torsk). Es war
fur uns von Interesse zu untersuchen, ob der Wirkungsmechanismus dieser
»lurch Licht hervorgerufenen Eosinophilenverminderung dem »les ACTH
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«der aber dem des Adrenalins dhnelt und ferner, wie sich die Lichteosinopenie
nach einer Serpasil- und Hyderginkur verhélt. Wir haben in unserem Kranken-
gut bei einigen Fé&llen beobachtet, dall die Eosinopenie, die sich vorher auf
Licht eindeutig einsetzte, nach einer Rausedylkur (eine Woche hindurch
téaglich 1,0 mg) nicht eintrat. Wir folgern daraus, dall die Lichteinwirkung
durch Serpasil dhnlich beeinfluBt wird, wie die Adrenalinwirkung. Unsere
diesbeztuglichen Beobachtungen wollen wir noch erweitern.

In einer anderen Serienuntersuchung haben wir den EinfluR des Hyder-
gins studiert. Es lieB sich feststellen, dalR das Hydergin die eosinopenische
Wirkung des Lichtes hemmt. Entweder blieb die Verminderung der Eosino-
philenzahl véllig aus (Félle : 2, 3, 4, 9, 10), oder war sie wesentlich geringer
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wie vor den Hydergingaben (Féalle: 1, 5, 7, 8). In unseren 10 Féallen fiel
urspringlich die Eosinophilenzahl auf Lichteinwirkung binnen 2 Stunden
auf 66%, binnen 4 Stunden auf 73% des Ausgangswertes. Bei denselben
Féallen war die Eosinophilie nach Hydergingaben nach 2 Stunden 89% und
nach 4 Stunden 93%. Es wurde einmal 1 Amp. Hydergin i. m. gegeben.

Unser bisheriges Krankengut bestand aus 5 é&lteren Patienten mit
Hypertonie (Pat.: 1—5) und 5 jungeren mit normalen Blutdruck (Pat. :
6—10). Die hemmende Wirkung des Hydergins auf die Lichteosinopenie
lieB sich besonders deutlich bei den hypertonischen Kranken erkennen. Wir
fanden bei diesen eine Eosinopenie auf Lichteinwirkung nach 2 Stunden von
53% und nach 4 Stunden von 74% gegenliber den Werten auf Hydergin-
gaben folgende Lichteinwirkung von 92% bzw. 94%. In dieser Krankengruppe
fiel besonders der nach 2 Stunden Einwirkungszeit gefundene Wertunterschied
auf. Letzterer IRt sich durch unseren Fall 2 schén demonstrieren (Abb. 1).
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Bei Fall 4 ersieht man aus dem nach 4 Stunden festgestellten Wert,
dall die Eosinopenie-hemmende Wirkung des Hydergins bis zu diesem Zeit-
punkt schon abgeklungen war. In der Gruppe der jungeren Patienten mit
normalem Blutdruck war die Eosinophilkurve bei Fall 10 dem obenerw&hnten
gleich (Abb. 2). In den Ubrigen Féllen (Pat. : 7, 8, 9) fanden wir einen
Unterschied in der Eosinophilenzalil bei Hyderginwirkung Uberwiegend nach
4 Stunden Beobachtungszeit, wahrend die 2-Stunden-Werte mit und ohne
Hydergin ziemlich parallel verliefen (Abb. 3). Die unterschiedlichen Befunde
bei den zwei Gruppen ergeben sich wahrscheinlich nicht nur daraus, daf? die
hemmende Wirkung des Hydergins bei Normotonikern schwécher ist. Viel-
mehr sei die Ursache darin zu suchen, daR bei letzteren die eosinopenische
Lichtwirkung auch ohne Hydergin viel spéter einzusetzen pflegt, wie bei
den Hypertonikern.

Auch das Alter scheint bei der verminderten Eosinopenie-hemmenden
Wirkung des Hydergins eine Rolle zu spielen. Es ergab sich ndhmlich bei
unserem Fall 6, einem 14 Jahre alten Patienten, eine inverse Eosinophil-
kurve, d. li. nach der Hyderginkur trat, wider Erwarten, eine noch deutlichere
Verminderung der Eosinophilenzalil ein. Bei demselben Jungen konnte jedoch
die hemmende Wirkung des Hydergins durch héhere Dosen (2 Amp.) erzielt
werden.

Laut unserer bisherigen Ergebnisse kdnnen wir feststellen, daR die
eosinopenische Wirkung des Lichtes sowohl durch Rausedyl wie auch durch
Hydergin verringert bzw. unterbunden wird. In dieser Wirkung kénnen sieh
bezlglich des Alters und der Blutdruckverhéltnisse Unterschiede ergeben.
Aus dem EinfluR der obigen Medikamente folgt, dal? die eosinopenische Wir-
kung des Lichtes durch das Zwischenhirn-Hypophysen-System vorgeht
und damit der eosinopenischen Wirkung des Adrenalins gleich ist.
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Dk. n.

Babics— Dr. F. Rényi-YAmos :

Das LymphgefaRBsystem der Niere

und seine Bedeutung in der Nierenpathologie und Chirurgie.

Akadémiai Kiado,

In ihrer 447 Seiten umfassenden, in acht
Kapitel aufgeteilten Arbeit befassen sich die
Autoren auf Grund tierexperimenteller, his-
tologischer und Laboratoriumsuntersuchun-
gen mit den verschiedenen Teilerscheinun-
gen der in der Niere und in ihrem Hohlen-
system vor sich gehenden physiologischen
und pathologischen Prozesse und wenden
ihre Aufmerksamkeit insbesondere einer
Klarung der wichtigen Rolle der bisher nicht
geniigend gewdirdigten Lymphgefafe zu. An
Hand der durch diese Untersuchungen ge-
botenen Beweise erkldren die Autoren die
Entstehung der Hydronephrose und Pyelo-
nephritis nach einer neuen Theorie, ferner
teilen sie ihre wertvollen neuen Operations-
verfahren mit.

Nach der Einleitung und kurzen Behand-
lung der Entwicklungsgeschichte findet sich
im 111. Kapitel als wichtiges neues Ergebnis
die Beschreibung des im Nierenparenchym
anwesenden reichen LymphgefaRBnetzes, das
mit den pathologisch-physiologischen Ver-
haltnissen nahekommenden Verfahren nach-
gewiesen werden konnte. In Ubereinstim-
mung mit den Feststellungen von Kaiser-
LING und Soostmeyer wird bestarkt, daR
diese LymphgefaBe nicht perivaskular ver-
laufen. Im Gegensatz zur Niere enthéalt die
Nierenkapsel wenige LymphgefaBe, ebenso
wie sich in der Wand des Hohlensystems
nur sehr wenige befinden. Eine Lymph-
gefalRverbindung zwischen der Rindensub-
stanz und der Nierenkapsel vermochten die
Autoren nicht nachzuweisen. Die Initialab-
schnitte des in der Niere anzutreffenden
Lymphgefanetzes sind lumdschuhfingerar-

12+

Budapest,

1957. 472 S.

tig geschlossen und mit Endothel ausge-
kleidet ; es wird daher als geklart betrach-
tet, daB es sich bei den initialen Lymph-
wegen nicht um Gewebsspalten handelt-
Die Lymphe stromt aus der Niere in
mehreren Hauptzweigen neben den Blutge-
faRen des Nierenstiels in den Truncus
lum balis.

Auf Grund eigener Untersuchungen wer-

den die anatomischen und funktionellen
Verhéltnisse der Kelche und des Muskel-
systems im Nierenbecken besprochen. Es

wird die Meinung vertreten, dal die Mus-
kulatur der Calices und des Pyelums eine
zusammenhdngende Einheit bildet, vom
Parenchymabschnitt tber dem Fornix aus-
geht und ohne Unterbrechung uber die
Kelchstiele in die Wand des Nierenbeckens
verlauft. Die Autoren halten es daher nicht
fur zutreffend, die einzelnen Abschnitte
gesondert zu bezeichnen und empfehlen die

zusammenfassende Benennung »Kelchmus-
kulatur«.

Im 1V. Kapitel — »Die Nierenfunktion
unter besonderer Berilcksichtigung der
LymphgefaBe« — wird auf Grund vorange-
gangener Untersuchungen festgestellt, daR

es im Hinblick auf den scharf umrissenen
Rahmen und speziellen Inhalt der Lymph-
gefdBe in der Niere berechtigt sei, neben
den Blutkapillaren, den Gewebszellen und
dem Interstitium die LymphgefaRe als
»vierte Kammer« zu betrachten und infol-
gedessen von einem »Vierkammersystem«
zu sprechen. Mit elektrophoretischen Unter-
suchungen vermochten die Autoren nachzu-
weisen, daB die Lymphe von Mensch und
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Tier samtliche SerumeiweiBfraktionen ent-
halt. Sie nehmen an, daB die Gewebssafte
aus den BlufgefaBen nach anderen Gesetzen
heraustreten als aus den LymphgefafRen.

Babics und RenYl-Vamos haben sich
mit der Frage der Lymphstromungsuffizienz
unabhéngig von und
Szabo beschaftigt und nehmen in ihrer Ent-
stehung neben den mechanischen und dyna-
mischen Ursachen infolge der toxischen
Erkrankung der LymphgefaBwand und der
Méglichkeit des Ubertritts von Proteinen
aus dem Interstitium in die Lymphkapilla-
ren auch das Vorhandensein einer Resorp-
tionsuffizienz an, deren Prakapillar- und
Kapillarform sie unterscheiden.

Von wesentlicher Bedeutung ist die Fest-
stellung, daR die Odementwicklung fir jede
Form der Insuffizienz charakteristisch sei.
Das Schicksal des o6dematdsen Gebietes
hangt von der Qualitat der Insuffizienz ab.
Vach den Untersuchungen der Autoren wird
das Nierenparenchym hei Hydronephrose
stark 6dematds, aber von den weiten Lymph-
gefalen eine groBe Lymphmenge abtrans-
portiert, so daB sich in der Niere, weil das
neu gebildete Odem von den Lymphwegen
standig weitergeleitet wird, ein patholo-
gisches Gleichgewicht entwickelt. Es ent-
steht daher keine permanente Stagnation
im Interstitium. Infolgedessen finden wir
in alten, vernachlédssigten sterilen Fallen
an der Stelle der Niere oft einen maéachtigen
Harnsack ohne Parenchym und ohne wesent-
liche Bindegewebsvermehrung. Wenn aber
eine Infektion anwesend ist, so besteht
nicht nur dynamische, sondern auch mecha-
nische Insuffizienz, die den Abtransport des
Odems verhindert ; in den Geweben kommt
Eiweilstauung zustande, die zur Erzeugung
von Bindegewebe und Entwicklung von
Narbengewebe fihrt, welche letzten Endes
die narbige Destruktion des Organs nach
sich zieht. Die LymphgefaRe transportieren
vor allem die GewebseiweiBe, wahrend in
der Weiterleitung von Wasser und Kristal-
loiden die Hauptrolle den BlutgefaRen zu-
kommt.

Das V. Kapitel befaflt sich mit der
Funktion des Harntransportsystems. Die

Ritsznyak, Fordi

Gesamtheit der Nierenkelche funktioniert
nicht zu gleicher Zeit, und es ist als sicher
anzunehmen, daR die Nierenbeckenmusku-
latur automatisch kontrahiert. Das Ham-
transportsystem bildet mit dem Nieren-
parenchym und der Harnblase eine anato-
mische und funktionelle Einheit, und die
verschiedenen physiologischen und patho-
logischen Erscheinungen vermag man nur
von dieser Anschauung ausgehend richtig
zu erklaren. An Hand der Literaturanga-
ben, der Untersuchungen von Merényi und
Kovacsi sowie auf Grund klinischer Be-
obachtungen sehen die Autoren den EinfluB
der Gehirnrinde auf das Harntransport-
system als erwiesen an, ebenso die Tatsache,
daB sich dieser EinfluB in jedem Augen-
blick den wechselnden Verh&ltnissen an-
paBt. Es ist aber noch nicht klargestellt,
welchem Plexus der vegetativen Bahnen
zwischen dem Zentralnervensystem und der
glatten  Muskulatur des Harnstransport-
systems die Hauptrolle zufallt. Nach Ansicht
der Autoren kommt der an die Rezeptor-
und Ganglienzellen des Nierenbeckens ge-
bundenen autonomen Funktion beim In-
gangsetzen des Harntransports groRe Be-
deutung zu, obgleich diese Funktion von
dem vom Zentralnervensystem aufrechter-
haltenen Muskeltonus nicht getrennt wer-
den kann. Die Weiterleitung des Harns
aus dem Nierenbecken erfolgt fraktions-
weise, die Harnsaulen sind kleiner oder
groBer, weil sich die Ausgangsreize in der
Zeiteinheit verdndern. Die Funktionsformen
kénnen auch bei den einzelnen Individuen
verschieden sein, ebenso wie in der Funk-
tion der beiden Nieren Abweichungen in
Erscheinung treten. Die Richtung der Harn-
stromung ergibt sich aus den Druckdiffe-
renzen in der Niere, und die Stromung
findet innerhalb des Héhlensystems von der
Stelle mit héherem zu der mit niedrigerem
Druck statt.

Im VI. Kapitel wird die Frage der
Pyelektasie und Hydronephrose behandelt.
Die Autoren stellen fest, daR der nach
Ureterverschluf? im Nierenbecken zustande
kommende hohe Druck nicht vom Filtra-
tions- und Sekretionsdruck, noch von der
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Kontraktion der Wand des Nierenbeckens,
sondern von der Funktion und Hyper-
trophie der Kelclunuskulatur hervorgerufen
wird, die durch peristaltische Bewegung
Harn in das Pyelum preRt. Bei VerschluB
geschieht die Regelung des Pyeluindrucks
einerseits durch die Harnsekretion, ander-
seits durch die Harnrediffusion. Solange die
Kelchmuskulatur gut funktionert, ist das
Nierenbecken stark erweitert. Nach dem
UreterverschluB unterscheiden Babics und
Rényi-Vamos zwei pathologisch scharf
voneinander abweichende Zustande, die
Pyelektasie und die Hydronephrose. Bei der
Pyelektasie ist nur das Nierenbecken er-
weitert, aber es entsteht noch keine Stauung
in den Kelchen. In diesem Stadium schitzt
die Kelchmuskulatur das Nierenparenchym
vor dem im Nierenbecken entstandenen
hohen Druck. Bei der Hydronephrose ist
aber die Kclchmuskulatur bereits erschopft,
ihre Hohlen konfluieren mit dem Nieren-
becken, so daR der Druck im Nierenbecken
sinkt. Es besteht allerdings keine scharfe
Grenze zwischen den beiden Zustanden. Bei
der Pyelektasie zeigt der im Nierenbecken
gemessene Druck nicht den Sekretionsdruck,
sondern die Druckkraft der Kelche an.
Uber einen gewissen Druck hinaus kommt
die Resorption durch die Wand des Nieren-
beckens in Gang, und hierbei wird der
Druck im Nierenbecken vom Verhiltnis
zwischen Harnsekretion und -resorption ge-
regelt.

Bei Pyelektasie erfolgt die
durch die Nierenbeckenwand, bei Hydro-
nephrose jedoch eher durch die Fornix-
rupturen. In Kaninchenversuchen war eine
Teilnahme der Tubuli an der Resorption
nicht zu ermitteln. Der Harn wird aus dem
geschlossenen Hohlensystem nicht in toto
resorbiert, weil ein Teil der Salze zuriiek-
bleibt. Die Autoren betonen, aus der experi-
mentellen Hydronephrose darf man nur sehr
vorsichtige Schlisse auf die menschliche
Pathologie ziehen.

Nach dem VerschluR stellt die Niere
ihre Funktion nicht ein, doch kommt es
zu wesentlichen Veranderungen in der Glo-
merularfiltration, tubularen Resorption und

Resorption

Sekretion sowie im Blutkreislauf des Nieren-
parenchyms. Durch die im Hdéhlensystem
der verschlossenen Niere zustande gekom-
mene Drucksteigerung wird der intratubu-
lare Druck erhdht, was zur Erweiterung der
Tubuli und zur Druckatrophie des Epithels
fuhrt.

Nach UreterverschluR nahm das Nieren-
gewicht der Versuchstiere uin 30—60% zu,
und nicht nur das Nierenparenchym, son-
dern auch die Nierenkapseln werden ddema-
tds. Wahrend die Muskulatur des Hdhlen-
systems in sterilen Fallen stark hypertrophi-
siert, ist bei Infektion Vernarbung zu be-
obachten. Das ganze Nierenparenchym st
mit Eiweill gesattigt, die Speicherung jedoch
nicht gleichmaBig, da mehr oder minder
intakte Zonen mit eiweiinfiltrierten ab-
wechseln. Zugleich beobachteten die Auto-
ren die hochgradige Erweiterung der Nieren-
lymphgefaRe, die darauf beruht, daB sieh

im Interstitiuin eine bedeutende Flissig-
keits- und Eiweifmenge anhauft, die von
den Lymphbahnen weitergeleitet werden
soll. In der verschlossenen Niere war der

EiweiBgchalt bei samtlichen Untersuchun-
gen hoher als auf der intakten Seite. Wie
die Autoren feststellten, kommt es in der
verschlossenen Niere zur Histaminvermeh-
rung, die das Erscheinen von Eiweill im
Interstitium erklart. Den in der Niere zum
Ablauf kommenden Krankheitsprozell deuten
sie in der Weise, daR nach dem Nieren Ver-
schluB Harn in das Nierenparenchym sowie
in die perirenalen Gewebe resorbiert und
auf seine Wirkung in verstarktem Male
Histamin freigesetzt wird, das die Perme-
abilitdat der GefaRkapillaren verédndert, so
daB Plasmaeiweile in das Interstitium ge-
langen und dadurch Odem entsteht. Die
erweiterten LymphgefdRe haben die Auf-
gabe, dieses Odem abzuleiten. Die Lymph-
gefaBerweiterung sei demnach eine Kom-
pensationserscheinung, d. h. eine fir das
Nierenparenchym sehr wuchtige und nitz-
liche Funktion. Nach Babics und Rényi-
Vamos steht diese Storung des Interstitiums
im Zentrum des auf den NierenVerschlu
folgenden Krankheitsprozesses, und es sei
nur eine Frage der Zeit, dall jene Stdrung,
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wie auch bei der sterilen Hydronephrose,
das Verschwinden eines betrachtlichen Teils
der Nierensubstanz nach sich zieht.

Im VII. Kapitel wird im Zusammenhang

mit der Behandlung der eitrigen Nieren-
entzindung nachgewiesen, dafl die in der
Niere anwesende entzindliche Infiltration

auflerhalb der LymphgefafRe im Interstitium
fortschreitet und daB es sich in der Nieren-
kapsel und in der Wand des Nierenbeckens
ebenso verhalt. Die vom Nierenbecken aus-
gehende und in die Niere eindringende
Infektion kommt nicht Uber die Lymph-
wege, sondern durch Vermittlung des Fett-
iind Bindegewebes zustande. Statt der Be-
nennung Ivmphogene Aszension empfehlen
yHe Autoren daher die Bezeichnung inter-
stitielle Aszension. Die Krankheitserreger
sucht der Lymphapparat aus der Niere ab-
zutransportieren, zum Teil gehen sie bereits
in den Lymphbahnen zugrunde, oder ihre
Virulenz nimmt stark ab. Der Lymphe
schreiben daher die Autoren in der Nieder-
kdmpfung der Infektion eine wichtige Rolle
zu. Die Pyelonephritis stellt selten einen
umschriebenen ProzeR dar, meistens ist
gleichzeitig auch die Entziindung der Nieren-
kapseln und des Sinusfettgewebes zu be-
obachten. Die Infiltration ist hauptséchlich
perilymphvaskuldar anwesend, und in der
pyelonephritischen Schrumpfniere findet man
verhaltnism&aRig wenige erweiterte Lymph-

gefaRe. Die Autoren nehmen an, in der
pyelonephritischen Niere komme es in den
Nephronen wund im Interstitium ebenfalls
zur EiweiRspeicherung, und infolge der
Lymphstromungsinsuffizienz auf Grund der
EiweilBstauung zur Bildung neuer Binde-
gewebsfasern und schlieflich zur Narben-

bildung sowie zur Schrumpfung und volli-
gen Destruktion der Niere. Hierbei spielt
die narbige Kompression der im Nierenstiel
verlaufenden LymphgefdaBe eine wesentliche
Rolle. Die Niere mit chronischer Pyelo-
nephritis geht demnach zugrunde, weil die
Funktion ihrer Lymphgefae insuffizient
wird.

Die auf Glomerulonephritis folgende Nie-
rendestruktion wird im wesentlichen auf
den vorstehend erdrterten ProzeB zurick-
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gefuhrt. Die Autoren setzen auch in Fallen
von akuter und subakuter diffuser Glome-
rulonephritis eine Insuffizienz der Lymph-
stromung voraus, weil sie mehr oder minder
starkes Odem in allen Fallen antrafen.
Demgegentber beobachteten sie keine Er-
weiterung des LymphgefdRsystems, woraus
sie auf die Insuffizienz der Lymphstromung
folgern. Nach ihrer Theorie fihrt dieser
Umstand zur Eiweistagnation, zu extra-
zellularer Bindegewebsbildung und zur Skle-
rose des Niereninterstitiums.

In Tierversuchen stellten sie fest, daR
nach der Infektion der verschlossenen Niere
binnen wenigen Tagen eine auffallende Ent-
zindung des Sinusfettgewebes wahrzuneh-
men sei. Die Lymphstromungsinsuffizienz
des Sinusfettgewebes ist dynamisch bedingt
und geht der mechanischen Insuffizienz
voran. Die sich daraus ergebende Peri-
pyelitis, Perinephritis, Epinephritis, Ure-
teritis und Pedunculitis renis bilden eng
zusammenhangende  Erscheinungen  bzw.
Komplikationen/ die fir das weitere Schick-
sal der Niere von groBer Bedeutung sind.
Perinephritis und Epinephritis kdnnen sich
auch aus der Pyelitis entwickeln. Vor der
Pedunkulitis tritt stets Pyelitis oder Pyelo-
nephritis auf.

Das klinische und therapeutische Pro-
bleme besprechende VIII. Kapitel beschaftigt
sich mit der Anwendung der Ergebnisse
der bisherigen Untersuchungen sowie experi-
mentellen und theoretischen Feststellungen
bei der Therapie einiger Nierenkrankheits-
formen. Die Autoren beantworten die Frage,

wie die Operationen am Harntransport-
system am einfachsten durchgefuhrt werden
kénnen, ohne dalR wesentliche Stdrungen

in seiner spateren Funktion Zurtckbleiben,
wie sich jegliche operative Drainage des
Nierenhdhlensystems vermeiden laRt, die
zur Quelle weiterer Infektionen werden kann,
und welche operationstechnischen Grund-
satze sie befolgen, um die unvermeidlicher-
weise auftretende Vernarbung im Bereich
des Nierenbeckens und Ureters auf ein
MindestmaB zu beschranken.

Einige klinische Fragen der Erweiterung
des Nierenhdblensystems sowie die Indika-
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tionen der operativen Ldsung werden nach
-den vorstehend erdrterten Gesichtspunkten
klassifiziert. Von entscheidender Bedeutung

ist die Wahl der Stelle, wo der Chirurg
eindringt. Dies soll — sei es an den Kelchen,
am Nierenbecken oder am Ureter — an

einem Punkt geschehen, wo man die phy-
siologischen  Verhdaltnisse wenigsten stort
und die pathologischen Verdnderungen so
zu korrigieren vermag, daf man den physio-
logischen Verhaltnissen maoglichst nahe-
kommt. Von dieser Uberlegung ausgehend,
haben die Autoren die ihrerseits modifi-
zierte Pyeloplikation eingefuhrt, die den
Zweck verfolgt, die Offnung eines infizier-
ten Nierenhdéhlensystems zu vermeiden.
Wenn die Resektion der Pyelumwand nicht
umgangen werden kann, so wird diese
zwecks Bewahrung des pyeloureteralen Ge-
bietes hoch, nahe am Sinusrand und mdg-
lichst an der hinteren Pyelumwand vor-
genommen.

Bei Nierensteinoperationen bevorzugen
sie die ihrerseits eingehend ausgearbeitete
Pyelo-Kalikotomie, wobei sie die La&sion
<les Nierenparenchyms und der versorgenden
GefaRe vermeiden. Babics und Rényi-
VAMOS mobilisieren die Niere nur soweit,
als unbedingt erforderlich, und weisen darauf
hin, daB in der NierensteinChirurgie nicht
nur die Entfernung des Steines wichtig,
sondern auch der Umstand wesentlich sei,
auf welche Weise die Herausnahme erfolgt,
welche Verhéltnisse Zurickbleiben und wie
man die Funktion des Harntransportsy-
stems zu schonen vermag. Es zahlt zu den
Vorteilen der Pyelo-Kalikotomie, daR diese
die Nephrotomie meistens vermeiden |&Rt
und daB man das Hohlensystem dort dffnet,
wo seine Funktion am wenigsten gestort
wird, die Kelchsteine unmittelbar entfernt,
die einzelnen Kelche uUberblickt und aus-
gewaschen und schlieRlich durch Offnung
eines schmalen Kelchstieles die Stauung
und das Steinrezidiv behoben bzw. verhin-
dert werden kdénnen. Nicht weniger wichtig
ist auch der vollkommene Verschlul des
gedffneten Hdohlensystems.

Bei steinbedingtem NierenVerschluR hangt
es von der Funktion der Lymphbahnen ab,

welche Verdnderungen in der Niere Zuruck-
bleiben. Infolge ihrer reichen LymphgefaR3-
versorgung ist die Niere zu bedeutender
Regeneration imstande, wahrend die Pyelum-
Ureterwand und die perirenalen Gewebe
arm an LymphgefédBen sind, so daB ihre
Vernarbung friher und in gréferem Aus-
mafR beobachtet werden kann.

Bei der Behandlung der eitrigen Nieren-
entzindung steht, um die Belastung des
Interstitiums herabzusetzen und den Ab-
transport des Odems zu gewahrleisten, die
Niederkampfung der akuten Infektion im
Vordergrund, die in den meisten Fallen
mit medikamentdser Therapie erreicht wird.
Bei chronischen Prozessen hangt das Schick-
sal der Niere in hohem MafRe von der Ver-
narbung der umgebenden Bindegcwcbssub-
stanz ab. In diesen f &llen empfehlen die
Autoren die Entfernung der Narben in der
Ungebung des Hilus, des Nierenbeckens
und Ureters. Auch eine sich auf ein kleines
Gebiet erstreckende Periureteritis ist auf
die Nierenfunktion von groBem EinfluR
und kann das Schicksal der Niere besiegeln.

Im Zusammenhang mit der Rolle der
NierenlymphgefédRe wird auch das Problem
der Nierentransplantation kurz besprochen.
Auf Grund ihrer Forschungsergebnisse len-
ken die Autoren die Aufmerksamkeit auf
die Rolle der LymphgefaBe bei der Nieren-
transplantation und weisen darauf hin, daB
die Lymphbahnen den Pathomcchanismus
der Nierenprozesse entscheidend beeinflus-
sen.

Mit ihren Untersuchungen Uber das
LymphgefaRsystem der Niere und den Fest-
stellungen, die sie daraus ziehen, beschrei-
ten die Autoren neue Wege, indessen ver-
mochten sic ihre wissenschaftlichen Ergeb-
nisse durch Anwendung neuartiger Opera-
tionsverfahren in der Praxis zu bestatigen.
Es darf als ihr groBes Verdienst bezeichnet
werden, daR sie nach den bei der Unter-
suchung des LymphgefaRsystems der Niere
gewonnenen Erkenntnissen nicht stehen-
blieben, sondern zahlreiche Madglichkeiten
der pathologischen Erscheinungen in Tier-
versuchen weiter untersuchten und damit
zu der experimentell gestitzten Uberzeugen-
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den Theorie der Entwicklung der Pyelektasie
und Hydronephrose sowie der akuten und
chronischen Pyelonephritis gelangten.
Besonders hervorgehoben sei das aus
233 zum Teil farbigen Abbildungen bestehen-
de hervorragende Illustrationsmaterial und
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ACTA MEDICA

Tom Xl
PE3FOME

BUTAMUHHBLIA OBEMEH BELLECTB ATPO®UYECKUX MPYAHbLIX OETEWN
®. FEPJIOUN, B. BEHLE, T. MAZINK u M. YTPAU

B BeHrpun atpogms B rpyaHOM BO3pacTe BCE ELLE UIPaeT BaXKHYH Po/b MpU CMepT-
HOCTU TPyOHbIX AeTeld. 3T0 06CTOSTENbCTBO MPUAAET MCCEA0BaHMIO aTpodi B FPyAHOM BO3-
pacte ocoboe 3HaueHMe.

ATpodwsi B rpyHOM BO3pacTe He MPEACTaB/SET M3 Ce6s KIMHUYECKOr0 WM >Ke Maro-
(OV3V10/10rNHECKOr0 CUMMTOMOKOMIIEKCA OfIHOPOAHOIO MAToreHesa, M MO3TOMy BeCcbMa BaXHbIM
SIB/ISIETCA paCI'IDOCTé)aHFITb 1ccreoBaHNs Ha BCce AeTau AaHHOM Mpobriembl. OfHaKo, [0 CUX
Mop BATAMUHHBIA 0OMEH BELLIECTB €LLe He Gbl MUCCefoBaH, a TONbKO 6e/TKOBbIM, Yr/IeBOAHbIA 1
XKMpOBOIi 00MeHbI BellecTB. CrefoBaTe/lbHO, COBEPLLUEHHO OTCYTCTBYHOT OTHOCSILLIMECST K 3TOMY
BOMpOCY AaHHbE. [laHHbIe 0 FO/0faHN B BOMbLLMHCTBE C/TyHaeB TakKe OTHOCATCS K B3POC/TbIM,
HO OHW 1 6€3 TOr0 He MPUMEHMMbI K atpodvy B FPYAHOM BO3pacTe. TOYHbIX XKE XUMUYECKUX
OnpesenieHniA OTHOCUTENIBHO OTAeMbHbIX BUTAMVHOB AadKe B [aHHOM 06WbHOM nvTepatype
He BCTpevatoTCsl.

ABTOpbI MOMbITA/IMCb MPU CBOMX WCCMEAOBAHUAX OTBETUTHL Ha CrieAytoLLMe BOMPOChI:
HabnofaeTcA /M Npu aTpodyt B FPYAHOM BO3pacTe HeJOCTATOK BUTAMWHOB, a ec/iv [a, TO B
KaKOW CTeMeHN 1 B Kakoi CTagmm aTpoumn. HABMSETCH NN YMeHbLLEHVE WM HEeJOCTATOK KaKoro-
G0 BUTaMUHA XapaKTepHbIM [/151 ONpeaesieHHoN hasbl aTpodmm, WK 3TO NPEACTaB/SET MMlb
MOCTOSIHHOE COMYTCTBYHOLLIEE SIB/IEHNE OT@EI‘IbeIX crieumabHbIX iopM aTpodinmn?

ABTOpbI NPOBOAVMAUN Hag, nouTy 200 aTpohMHECKIMN WK YKe KOHTPO/TBHBIMA MPYAHLIVIA
[EeTbMU MCCMeaoBaHUA 00MeHa BeLLeCTB BUTaMUHOB E, A, B 1 C Tpu OCyLLECTBEHUM 3TUX
1ccneaoBaHMA- HeoBXoaMMO 6OblIo  cob/oaaTh 6O/bLUYIO  MPeAyCMOTPUTENBHOCTD:

1 He ona Kax[oro BMTaMMHa aBTOpbl pacriofiarai HopMaslbHbIMU JaHHBIMA Tpya-
HOro Bo3pacTa. VX MpULLLIOCh YCTaHOBWUTL BrEPBble B OTHOLLEHWM BeHrpum (Hamp. B OTHO-
LLeHU BUTaMHa E).

2. BBuay TOro, 4To aBTOpPbI He MOT/IM 06X0AMTLCA 63 1CCNeoBaHMIA C Harpy3KolA, OHM
caMn_[0/DKHbI GbUIN BbIpaboTaTb 419 OTAEMbHLIX BUTAMMHOB (Hamp. 4711 BUTaMWHOB E, A)
Tako/i MMKPOMETOZA, MNPV KOTOPOM OMpeferieH e BUTAMMHOB BO3MOXKHO B BECbMa HeOO/bLLIOM
KO/IMYECTBE KPOBW.

K oLgHKe CTerneHn aTpotivueckoro COCTOSIHWST aBTOPbI MPUCTYNWIN € GO/ILLLION Tl
TebHOCTHH. OHW MpeHeGperaiv MPYMEHEHVIEM Tak Has. YacTHoro passutus (F, Q), 6o Ha OCcHO-
Be MOC/IEAHEr0 OLIEHKA CTereHU aTpotiuecKoro Matepuana 60/bHbIX MOXET MPUBECTU K 60/b-
UMM OLmMOKam. OHWM Mpubersii K ONpefenieHuo «MoXyaeHus», OCHOBaHHOMY Ha 6ornee mpa-
BWILHOM NMPUHLMME, 3HAYUT, K ONPeLeieHN0 MPOLEHTHOro OTCTaBaHWs Beca, M3MEpPEeHHOro Mo
OTHOLLEHVI) BECA XOPOLLO YMUTaHHbIX FPyAHbIX AeTell 0AVMHAKOBOW A/VHbL

4. BecbMa BadKHOE 3HaueHVe aBTOpPbl MPUAABa/IM TOYHOMY aHa/u3y BOSHWMKHOBEHUS
arpotmn. BBuay rocrnoACTBYHOLLEA ponv (hakTopa WHGEKUMM — B KauecTBe KOHTPOS —
OMpefensifiocb Takke U CHaGXEHHOCTb BUTAMMHAMM 3apaXKEHHbIX, HO XOPOLLO YMTaHHbIX
rpyaHbIX [eTeii.

BUTaMUWHHbIA 06MeH BeleCTB aTPOMUUYECKUX TPYAHbIX AeTel, cTpajalolwux spuTposepmuei

Mpn vccnegoBaHUMA BUTAMMHHOTO OOMEHa aTPOPUUECKMX TPYAHbIX AeTeld — B OTHO-
LLEH/ PaCcTBOPUMbIX B XKMpPe BUTAMUHOB — LIENIECO06PasHO 06CYXaaTh CTPafatoLLyX SpUTPO-
Jepmuelt aTpothmyecKnxX FpyaHbIX AeTeil 060C06/1EHHO OT ApYrvX. JTO 060CHOBAHHO TeM, YTO
3PUTPOAEPMMYECKAS aTPOMS TakKe ofHa K3 Tex (hopMm aTpodmmn B rpyaHOM BO3pacTe, Ans
KOTOPbIX — BC/IEACTBME CWILHOMO PAacCTPO/CTBA MepeBapeHusi, BCACbIBaHWS WM BHECEHWS] —



XapaKTepHbIM SIBMSIETCA MaTOMONMYeCKUiA XMPOBOIA 06MeH. K 3Toli rpyrne oTHOCATCS KUCTO3-
HbIA (DMBPO3 MOMYKENYJOUHOM YKenesbl, aTpofMa BCEACTBYE BPOXAEHHOrO OTCYTCTBMUS Kenu-
HOro MyTwW, faniee runonpoTenHemusi (MyUMCTOE PAacCTPOIMCTBO) U HemsBecTHast B BeHrpumn
6onesHb KBallv. SpuTpofepMusi TpYAHbIX AeTeli MoKasbIBaeT ¢ MOCNeAHUMIA ABYMSI (hopMamu
aTpodyM HEKOTOPOE OCHOBHOE COBMafieHMe (OXKVpPeHWe MeYeHl, rMnorpoTemHeMusl, 0TeK) U B
rocriefHee BPeMsi BEHrepCKY/e 1CC/e0BaTeNM BbIBWIM Talkoke B OTHOLLEHWM My4MCTOrO pac-
CTPOIACTBA W 3PUTPOAEPMUM, YTO OHIN COMPOBOX/AKOTCA PACCTPOMCTBOM (hYHKLMM MOMKeSTY/j04-
HOW kenesbl. HecMOoTps Ha TO, YTO 3TV COMPOBOXAEHHbIE 3HAUNTE/bHLIM YMEHbLLIEHVEM BCaCbl-
BaHWS XKMPOB (HOPMb! ATPO(N OHEBMHO OC/IOXKHSIOTCA elle HeJoCTATKOM PasyHbIX BUTa-
MVHOB, TO BCE YK€ TOUHbIX UCCIIEA0BAHN OTHOCUTE/LHO 3PUTPOAEPMMM He MMEHOTCS], HU B OTHO-
LLEHAM BUTaMUHA E, HM BuTaMMHa A. TMocnegHee Tem 60/1ee€ MOPasUTENIbHO, UTO MPU 9pUTPO-
JEPMUN TaKXKe BCTPEYaeTCs KeepodTanbMusi, U3MEHEHVE KOXKM BecbMa TSXKesioe, MosIBISIeTCs]
Takke HeobblYaliHas CKMOHHOCTb K MHAEKLWSIM — MPEXae BCEro AbIXaTe/lbHbIX MyTeid.

ViccrefoBaHMs aBTOPOB PacrpocTpaHaloTest Ha nout 40 ciyyaeB. OcobeHHO 6buin
UccrefoBaHbl BCE 3PUTPOJEPMMYECKME TPYAHbIE [ETW COMMAacHO KMHUYECKN OMpPeAeneHHOM
cTerneHn 60/1e3HN — HE3aBUCKMO OT WX CTeMeHW PasBUTAS, MPUYEM MPUHAMASCL BO BHVMaHWe
BCE KapAvHa/lbHbIE CMITIOMbI, WM XK€ MaTodv3noNioriieckvie MpusHaki. MOoXHO 6bU10 6bl
npeAnonararb, YT0 0GECTeHeHHOCTb BATAMUHAMM CTPaJatOLLIX 3PUTPOAEPMIEN aTpotiecKmx
rpyAHbIX OeTeli OnpefesnisieTcsl MpeXkae BCEro Camol 3pUTPOAEPMUEN, a BO BTOPYHO Ouepedb
rocneaytoLLieli aTpodiveid, oaHaKo, aBTOpbl BCE Ke rPynnMpoBasM CBOM Clydas B MopsiaKe
cTeneHy aTpomn. YToObl MOMyunTb elle Gofee SICHYIO KapTUHY O TOM, MOCKO/bKY Mo-
NyYeHHble Pe3y/bTaTbl HAXOAWINCL B CBSI3W C 3PUTPOAEPMMEN, U B KaKoli CTEMeHU ¢ aTpodin-
UECKVM COCTOSIHMEM, aBTOpPbl PACMpPOCTPAHSIN CBOM WUCC/IEf0BaHUS Takke Ha CTpafatoLLmxX
3PUTPOAEPMMENA, HO XOPOLLIO YMUTaHHBIX MPYAHbLIX JeTeid. HakKoHel, UTo6bl BbIACHUTL KapTuHY
TalKe U OTHOCWUTENLHO aTpodwiv, COMPOBOXKAEHHYIO He 3PUTPOAEPMUYECKUM PacCTPOACTBOM
BCACbIBAHVS1 KMPOB, OHW WCCMIENOBA/IN  ATPOMUECKVX 60MbHBIX, CTPAAAOLLMX KETYXoi
BbI3BAHHON BPOXKIEHHLIM OTCYTCTBMEM YKE/TUHOTO MyTU.

CMITTOMATUHECKAA CBA3b PEBMATUYECKMX §A50]'IEBAHI/II7I HA OCHOBE
HALLUMX 3HAHWM O MOINCUNCTEMATUHECKOM KPACHOW BOJTHAHKE

Ab. NETPAHbA

Co BpemeHu MepBOro MPOSIB/IEHWST KOJUIareHoBoM 60/1e3HM aBTOp NPOC/ens B TeYeHMe
HECKO/bKIMX NeT 3a 33 60/bHbIMY, Y KOTOPbIX Obl1 MOCTaB/EH AMAarHo3 Mo/MCMCTEMATYECKON
KPacHO/ BOMYaHKMW. ABTOP OMUCLIBAET 0BHAPYXEHHbIE CUMMTOMbI 1 YacTOTy WX MOSIB/IEHUSI.
KpuTepriem anarHosa asTop CHUTAET, KPOME COOTBETCTBYHOLLMX M HEOOBACHSIEMbIX Ha. OCHOBaHUM
[pYyroin 3TUOMOrMN M3VEHEHWIA, Ha/luMe MO MeHbLLEM Mepe OfHOr0 W3 CredyHoLLyX Tpex npus-
HaKOB : XapaKTepHasi 3puUTeMa KOXW, OrpefesieHHoe MOSIOKMUTEIbHOE MPOSIB/IEHME  KIETOK
KpacHOM BOMYaHKM W XapaKTepHblA pe3ynibTaT rUCTOMOMMYECKOro UccneaoBaHus. Ecan Hu
OIVMH 13 BbILLEMPYBEEHHbIX MPY3HAKOB He 06HapYXXUBaeTCsl, TO HeMb3sl CTaBUTb AMarHo3
3ab0/1eBaHNSI KPACcHOW BO/MHAHKOM, & TO/TbKO BbHECT COOTBETCTBYHOLLMIA KITMHNYECKON KapTyHe
CYMMTOMATUYECKUI AuarHos. ccnegoBaHHble B TeUeHVe HECKONbKUX NeT 33 60/1bHbIX B 54
CMy4yasix COOTBETCTBOBA/IM 3TVM TPeOOBaHUSIM.

BaxxHeiLlme fJaHHbE O TeYeHWMM 60/1e3HN BOMbHBIX CO0OLAOTCA Ha Tabnuuax. bbiio
YCTaHOB/IEHO, YTO B HanpaB/ieHMe OCTasIbHbIX KOSIareHoBbIX 60/1e3Heli BO3MOXHO MHOMO pas-
JMYHBIX MEPEXOf0B M YTO COOTBETCTBYHOLLAS BbILLIENPUBEAEHHBIM KPUTEPUSIM  Klaccuyeckast
MONMCUCTEMATMYECKAS KpacHast BOMYaHKa COCTaBMSET /Mlb BecbMa KpaTKWiA nepuog Beel
60/1e3HM. B OTHOLLIEHMW CTerneHy 3a60/1eBaHMS KPaCHOM BOTUAHKOM MPOSIB/ISIOTCS Takke Takue
OTKJ/IOHEHWS! MEXAY OTAEMbHbIMA PeLiMavBamMy, Jake Yy OAHOTO U TOro YKe 60/IbHOro, YTO MpeXx-
H/e AVArHOCTUYECKWE YCTAHOB/IEHWSI, BpOAE OCTpasi, MOAOCTPasi U XPOHMYecKas BO/TYaHKa,
NPUMEHVMbI B BOMBLLMHCTBE C/lyYaeB /Nb A 0603HAYEHUS] MOMEHTA/TBHOMO COCTOSTHUS.

COoOTBETCTBYIOLLME W He COOTBETCTBYHOLLIME KPUTEPUSIM KpacHO/ BOMYaHKU Mepuopbl
B3aVMHO C/MBa/INCb. OBCYXKAAIOCh 3HAUEHWE ANAarHOCTUYECKUX MPU3HAKOB, PaccMaTprBaeMbIX
[VarHoCTUYeCKUMM 1 BbII0 YCTAHOB/IEHO, YTO WX OTCYTCTBME HE FOBOPUT MPOTVIB MOCTAHOBKM
[varHosa KpacHol BOMHaHKW. TakuMm 06pasom HeT BO3MOXHOCTU A1 AvdipepeHuManbHOro
[varHo3a pas/IMYHbIX KOJUTareHHbIX YaCTUYHbIX 3a00/1eBaHWA. HersBecTHO, MMEITCS /i BHYTpY
KO/M1areHoBOW rpyrnbl 060C06/1EHHO  3pUTEMATO3HbIE M HESPUTEMATO3HbIE MOMMAPTPUTLI, Kap-

Tbl, HehpWTbl, Cepo3nTbl U T. A, HabnogeHveM B TeueHVe [/INTENbHONO BpPeMEHW CyabObl
0/IbHbIX KPACHOW BO/MHAHKOM, MOTEPreBLUMX Takke MO/IMCUCTEMATUYECKME MEPVOdpbl, aBTOpY
yAanocb A0KasaTb CBSBb MeXdy KO//lareHHbIMU 3a060/1eBaHNSIMM He TOMbKO Ha OCHOBaHW
TUCTOMIONMYECKUX MPM3HAKOB, HO U K/IMHWUYECKMX CUMITTOMOB.



BCACbIBAHVIE NHCYNHA 1 ACTMOJIU3VHA CO C/I3UCTOW OBOJIOUKI HOCA
A. XAHKULW un 4. XAAXA3N

ABTOpbI CBOVMW OMbITaMV Haf, 3A0POBbLIMW U Haf, AVaBETUHECKMM NMLIAMK, KaK U Hafd
cobaKamu, BbISBIN, YTO UHCY/IMH U aCTMO/I3UH B KTVBHbIX [103aX BCACbIBAIOTCS CO G-
31CTOM 000/104YKM  HOCA.

[VOHWH, rvasa 1 rn3MeHeHVe pH He MoBbIL/A CTerneHb BCacbIBaHWS. BHeceHWe MHCy-
JIMHA Ha C/MBKCTYH0 060/10UKY HOCA HEMPUIOAHO A/1st TepareBTUYECKMX Liefeld. BHeceHHbI Ha
CMBNCTYIO 06O0/OUKY acTMO/M3MH YMEHBLLIGET WM MPEKPaLaeT MpUCTYN YAyLibs W Creno-
BaTe/IbHO JaHHbIA Crioco6 MOXKET GbITb MCMOMb30BaH TAKXKE U B Tepanuu.

KNHMKO-MATO/IOTMYECKMA OYEPK O PETUKY/NO3AX, BO3HMKAIOLLINX
NMYTEM MAKPOMOJEKYJTAPHOIO HAKOIM/IEHMA 1 CAMOIPOM3BOJIbHO

W. BEHKE

ConpoBoXaeHHbIe  rvnepriasveli WM MaTosiorMyecKMM  paspacTaHveM  M3VEHEHVSt
PETUKYNO-3HAOTENMANIbHON CUCTEMbI Ha3bIBAKOTCA PETUKY/03aMU. OHM YaCcTO COMPOBOXAAIOTCA
[VCNpOTEHEMIMER, MapanpoTeuHeMueld, Wi 06pa3oBaHNEM HeperynsipHbIX aHTuTen (aBTo-
aHTuTeN). Martonornyeckue 6efkv OTBETCTBEHHbI 38 HOBble 60/1e3HEHHbIE MPOLIECChI, [MaBHbIM
00pa3oM 3a M3MEHeHWS COCYJO0B, KPOBOTEYUEHWS,, — a aBTOaHTWTeNla B MEPBYHO O4epedb 3a
MMMYHOremMaTtosiormyeckme aBToarpeccBHble MPOLIECCHI.

ABTOpPbI BbBbIBA/M Y KpbIC BHYTPUOPIOLLMHHBIM BBEAEHMEM METWILIE/UTHOMI03b] BO3H-
KatoLLWiA BCreACTBYE HAKOM/EHUS PETUKY/IO03, K KOTOPOMY MPUCOEAVHANINCG ELLE FeMOvTL-
YecKasi aHeMVis, aHOMasIs CbIBOPOTOYHOIO 6efika, C/laboe PacCTPOMCTBO CBEPTbIBaHMS KPOBY,
W YMeHbLLEHVE MPOAYKLUUM UMMYHOreMO/IM3NHOB. ABTOPbI TOFO MHEHMS, YTO OHW CO3Aa/I 3TVM
MOf€e/b CMOHTaHHbLIX PETUKY/I030B, Y KOTOpoi B |. thase nosiBnsieTcs peTukynos, Bo Il
paccTpoCTBO CbIBOPOTOUHOrO 6enka, a B 111, dhase, nocnegyrowaa 60ne3Hb — reMormTAYe-
CKas aHemuA. ABTOPbI TOFO MHEHWUS], YTO OHW STVMM pe3y/ibTaTaMi NPesocTaBuInN HOBbE faH-
Hble K MaTOMEXaHU3MY «naTonoruyeckux sabonesaHuint 6enkos

TMMNEPr NOBYIMHEMUWYECKIWE TMYPIYPbI
M. BUHTEP n K. PAK

ABTOpbI ONMUCLIBAIOT 3 Clyyasl TUNeprioGyIMHEMUYECKOd Nyprypbl. OHW 3aHUMAIOTCS
BOMPOCOM «IEPB/YHOCTIY WM «BTOPMHHOCTVY Myprypbl. B 0fHOM 13 CrlyqaeB COCTOSHYiE GO/lb-
HOFO He V3MeHs/Iock B TeueHWe 7 JIET, OCHOBHOM 00/e3HM Hefb3sl Obli0 BbISBUTL W CrigaoBa-
Te/IbHO aBTOPbl PacCMAaTPUBALOT faHHbIA Crydali MepBUYHOIA Myprypoid. B ocTasbHbIX ABYX
Cnyyasix He BbI0 YCTaHOB/IEHO HU OAHOM U3 PAcCMaTPMBaEMbIX Kak OCHOBHasi 60Me3Hb KapTVH
6one3Held, 0HaKo, OHOBPEMEHHOE Ha/lMue MUTPASIbHOMO MOPOKa Cepaua, WM Xe JTaTeHTHOro
iosca BCE Ke GAENa/M COMHUTEBHLIM MEPBUYHOCTL Myprypbl.

ABTOpbI MOAPOGHO OMKCLIBAIOT Pe3y/bTaTbl CBOMX OMbLITOB MO BbISICHEHIIIO YC/IOBUIA CBEP-
ThIBaHVS1 KPOBM ; [a/iee OHW M3/araloT TKaHEeBYIO KapTUHY GMOMCUYECKOro npernapata nedeHi.
B 3aK/ioueHVe [aeTca 0630p /mMTepaTypbl faHHOTO BOMpoca.

M3MEHEHVE HACBILLEHHOCT KWC/TOPOAOM UBEHOSHOI7I KPOB/ HA LI,EIZIJ—
CTBVME OAHOKPATHOIO BBEJEHWVA BOJBLLOV NO3bl COMN CATIMUIOBOU
KNC/OTbI

K. BANTEP wmn., b. TAHOW wu 3. KEJIEMEH

ABTOPbI HaGMOAAIN Ha [eVICTBUE OiHOKPATHOMO BBEAEHUS! GOMbLLIOKA [03bl COMM CarL-
JI0BOI KVCMOTb, Y NKOAENA, KaK 1Y KpbIC, BOMPEKM 3HAUMTE/TLHOMO MOBbILLEHUS 0OMeHa BeLLECTB,
MOBbILLIEHME HACBILLEHHOCTV BEHO3HOW KPOBW KMCIOPOZOM, focTuratolee 20 MPOLEHTHON Ha-
CbILLEHHOCTW, W C/IEAOBATE/IbHO YMeHbLUEHWE apTeplio-BEHO3HOM PeakLM B COePXaHUM KIC-
nopofa. Takum 06pasoM_OHM [I0Ka3a/IM TakKe 3HaUMTe/IbHOE, MOBbILLIAKOLLEE TOK KPOBW, Aeii-
CTBME COMM CaNLIAIOBOMN KC/IOTbI.



®OTOMETPUYECKOE OMPEAENEHVE IN VITRO HA V30/IMPOBAHHOW KOXXE

NAryLWwEeEK AKTUBHOCTU CTUMYJTINPYIOLLEIO MENAHOUUTBI TOPMOHA (CMI,

INTERMEDIN) W XE YBEJMYAIOLLVE MPOAYKLMKO METAHODOPOB AEN-

CTBUA MPEMAPATA AKTT, NMOPOLUKA ®EMT/IMHA 1N CBEXKEWN YE/IOBEYECKOW
CbIBOPOTK/

B. LUPEWBEP

ABTOpPOM 6bIN pa3paboTaH MeTOA A1 V3MepeHUst akTMBHOCTM CMI, Mpy KOTOPOM o-
cnegHwiA in vitro TUTPUPYeTCs (DOTOMETPUYECKIM CrIOCOG0M Ha KOXKE JISIrYLUEK C yaasieHHbIM
rmnotusoM. Metog BecbMa YyBCTBUTE/bHBIA M MPUroaHbIA Ans BbiseieHus 0,0125 eauHuL,
gBal?;l[’))OHa>> CMI/mn (npenapat Intermedin Choay) wwm 0,0125 me AKTI/mn (Corticotrophin

pofa).

MeTogoM aBTopa C HaAEXKHOCTHI0 MOXHO BbKIBUTL aKTUBHOCTE CMI™ B CBEXKEN ChIBOPOTKE
KPOBU 6epeMEHHbIX >XeHLLYH. [py MOMOLLIM 3TOr0 MeToda K KOHLY 6epemMeHHOCTV WM BO Bpe-
M5l POAOB B CbIBOPOTKE KPOBM YCTaHaB/MBaslaCb aKTVMBHOCTb, COOTBETCTBYytoLas 0,10—0,25
eUHMLAM BaipoHa/M/I.

Mpy MpyMeHeHMM CcTaHAAPTHOrO HeporunodmsapHoro npenapara (nopouka ErT-
JIMHA), aBTOP He Hallen CBA3N MeXAY BeNM4VHOM [03bl M peakuueid. XapakTep peakuumu,
MoJlyYeHHOV Ha JelicTBMe MopoLLKa PErTanHa (BbICTPoe MPOSIB/IEHNE) OT/INHAICA OT PeakLiA,
Ha61'1&<})< aerMbIX B Cfyudae TUTpupoBaHusi CMIT, CbIBOPOTKOM KPOBM GEPEMEHHDBIX YKEHLLMH WA
e .

MPUMEHEHVE 3/IACTA3bl MPU  JIEYEHAM XPOHWYECKUX HAMHOEHW
JIErKNX

K. KOBAY u [. BATAM

MpoBeAeHHbIE 40 CUX MOP CPABHUTENBLHO MarlouncTieHHbe Hab/oAeHNS! aBTOPOB MOKasa-
N, YTO OBHApPyXeHHasl Bano W Bawra snacTasa YCTELLHO MCMOMb3yeMa MK ee BHYTPUGPOH-
XUANbHOM MPUMEHEHUWN AN1S NIeYeHWs] HArHOEHW Jierkux. MpuMeHeHneM ariacTasbl BO MHOMMX
CNy4yasix MOXHO 0BOTUCH Ge3 Pe3eKLMM NErKMX. JacTasa Mo/IHOCTLIO 3aMeHSIET 3apy6eXHble
npenapatbl TpUMcVMHA. [Py NPUMEHEHHbIX aBTOpaMM [103aX TOKCWMYHOCTb 3/1acTasbi MpeHes-
peraemMa. JnacTasa He BbBbLIBAET JINXOPALOYHON peaKLyv, He SIBSIETCA onacHoli. BecbMa yxena-
Te/lbHO, UTOObI HOBbWA Mpenapar SH3MMa W3rOTOBMSUICS B JOCTATOUHOM KO/MYECTBE B LIESISX
ero 6ofiee LUMPOKOTO TeparneBTUYECKOTO MPUMEHEHS.

KO/IMYECTBEHHOE ONPEAENEHWE TMEMTOHA3LI B CbIBOPOTKE 1 JAHHbLIE
K EE JNATHOCTUNYECKOW LIEHHOCTU

W. gAH, W. HAQb 1 M. TOT

3 mpoTeosmMTUeCcKX (hepMEHTOB ChIBOPOTKY [jaHHble OTHOCUTE/IbHO MeMToHasbl BeCbMa
HeOCTaTOUHbI, & COBEPLLEHHO HEM3BECTHbI €6 KO/MMYECTBEHHbEE BeMUMHBL ABTOPbI paspato-
Tann MeTog A1 KOMMUECTBEHHOrO OnpejeneHns MnentoHasbl B KauecTBe cybcTpara OHW npu-
MeHSIIM MenToH Bure. CornacHo MX [JaHHbIM B OTHOLLEHWM YCIOBUIA pH pasnoXXeHWs NenToHa,
CBSI3M MEXAY KOMMHYECTBOM 3H3VIMA M €ro CrocoOHOCTHHO K PAa3/IOKEHUIO, Aasiee Mo J/INTe/bHO-
CTV 3H3VIMaTUYeCKOro Ae/CTBUSI, KaK U Mo pesy/ibTataM ByMaXKHO-XpoMaTorpatiyeckux 1ccre-
[0BaHWIA, NenToH BuTte npeacTaBnsieT m3 cebsl noaxogsilmii cy6eTpart, a cogepkaHue MnenTo-
Ha3bl MOXHO BbIpa3vTb KO/IMHYECTBOM aMMHHOIO a30Ta, 0CBOBOXAEHHOMO B TeueHue 24 4acoBoii
MHKYy6aumn. OnpegereHve NpoBogwiock ¢ 0,2 M CbIBOPOTKW. CofepykaHve MerToHasbl paBHO
CTO/IbKMM efuH1LIAM MerToHasbl (PE) CKOMbKO MM avMHHOIO a30Ta 0cBo60aanmchb bl 13 100
M1 CbIBOPOTKMU.

B cbIBOPOTKE 340PO0BbIX /1104 MOXHO BbsBUTL 20—33 PE. BecbMa 60/bLLIE BEMMUMHBI
6bUM BbISIB/IEHbI B CbIBOPOTKE 60/bHBIX, CTPAJAOLMX OCTPbIM FeMaTvTOM 1 OCTPbIMA JIMXOpa-
[OYHbIMM 3a60/1eBaHMAMM. [py OCTPOM renaTuTe B Hadasle GOME3HU COoAePKaHve MenToHasbl
noBbiwasiock B 100% criyyqaeB (45—160 PE). lNocne npoTekaHWst OCTPOM iasbl cogepykaHue
NernToHasbl, He3aBMCUMO OT COAepXKaHus OuIMpybuHa B CbIBOPOTKE, BO3BPALLGETCA K HOpME
WM OCTAeTCS €Llie HEKOTOPOe BPEMST Ha BbICOKOM YPOBHE.



Mpy NOCTreneTUHECKUX COCTOSIHUSIX aBTOPbl YCTAHOBWIW, LaXKe MPU HE3HAYUTE/bHbIX
CyOBEKTUBHBIX >XKasiobax, B OOMbLIOM 4umCie CrlydaeB 60/1ee BbICOKMIA YPOBEHb TMEMTOHasbl,
KOTOpbIli He 3aBUCUT OT peakumMiA GUIOKYNALMU U OT CTEMeHN aKTUBHOCTU APYrX (PepMEHTOB.

Mpy ornyxoneBbIX 3a60/eBaHKsIX, YPOBEHb MEMTOHAa3bl MOBbILA/CA /ML B He3Ha-
UMTE/THON MPOLIEHTHOW CTaBKe C/ly4aeB.

[Mpy pasnyHbIX HereYeHOYHbIX 3a00/1eBaHMSAX YPOBEHb MEMTOHasbl He 3aBUCUT OT CTe-
MEHWN MasloKpoBUS, OT YMC/Ia 3PUTPOLIMTOB, OT KAYECTBEHHOM KapTWHbI KPOBW, OT CHIYDKEHMS
(hOPMEHHbIX 3/IEMEHTOB KPOBY 1 MPM XPOHMYECKMX 3a60/1eBaHMSIX OT TeMMepaTypbl.

Ha ocHoBaHMM CBOVIX pe3y/bTaTOB aBTOPbI MPULLUTA K TOMY 3aK/HOUEHUH, YTO MOBbk
LLEHHbIi YpOBEHb MEMTOHa3bl, fJaXe MNPWY pas/MuHbIX 3ab0/1eBaHUSX, MPeACcTaBnseT Ccoboi
YyBCTBUTE/IbHbLIA MPU3HAK MOBPEXAEHVST MapeHXVMbl  MEYEHN.

JEVICTBME MPEAOMEPALMOHHOIO NEYEHUA U XUPYPITUN HA AHTUNONY-
PETUHYECKYIO AKTMBHOCTb YEJIOBEYECKOW KPOBU

I. W. KOBAY, M. KOBAY, K. KOBAY un . METPU

AHTUONYPETUHECKAA aKTVMBHOCTb CbIBOPOTKA (SADA) 27 XUpYPruyvecknx 60/bHbIX
6blia orpesesieHa MocpeacTBOM TecTa BapHa. B KaueCTBe MpeaBapuUTeNlbHOMO fieYeHWs ofHa
rpynna 60/1eHbIX nosyuunsa 20 Mr Mopds 1 0,5 Mr aTponuvHa, a BTopast rpynna «lytic coctail»
COCTOSILLMIA 13 75 MI X/10pnpomasvHa, 60 Mr cuHomeHa u 150 Mr neTruavHa.

YTpoMm B fieHb ornepauum aHTUaMYpeTUYeCKast aKTUBHOCTb CbIBOPOTKM (SADA) 60/bHbIX
6bl1a 3HAYMTE/IbHO MOBbILLIEHA MO CPABHEHWIO CO 3HAYEHUSIMM, MOSTyHeHHbIMM Ha MPeablayLLmiA
JeHb. ToBbILLEHVE aKTUMBHOCTM CriefyeT MpunmncaTb NPefonepauyioHHOMY MCUXMYECKOMY Ha-
NPSHKEHNIO.

P MoBbILLEHHAS aHTUANYPETUYECKAS aKTMBHOCTb ChIBOPOTKW CHU3WIACh MOC/e Mojaqun
Mopdvsi, B TO Bpems Tak T. Ha3. «lytic coctail» He MpMBeN K 3HaUYUTENlbHOMY W3MEHEHUIO, He-
CMOTPS Ha TO, YTO MOHWXAIOLLIEe AEMCTBYE HAa MCUXUYECKOE HampshkeHue GbU1o ropasfo Bbipa-
YKEHHee Y Moc/ieHero, YemM y Mopchust.

XUpypruyveckoe BMELLIATENLCTBO BbIBBA/I0 3HAYUTE/IbHOE MOBbILLEHVE aHTUAMYPETUYe-
CKOVi aKTVBHOCTW CbIBOPOTKY, MpuyeM NpeasapuTeNibHas nogada mopdgwmst mnm «lytic coctail»
He VMena HMKaKoro afxpekTa Ha [aHHOE TOBbILLEHVE.

O BO3MOYXHOCTSAX XUPYPITMUYECKOIO JSIEYEHUA AOPTA/IbHOM HEAOCTA-
TOYHOCTU

N. CENNEWW, B. TEPEK » X. XIOBHEP

ABTOpbI B JAHHOI CTaTbe JatoT 0630p MCCredoBaHUiA Mo XMpYpPryeckoli nonpaske aop-
Ta/lbHOIA He%OCTaTOl-IHOCTVI. OHM M3naraloT paspaboTaHHbIA VMM MeTod, [/l 00pa3oBaHust
KranaHoB. Obpa3oBaHHbIe in Situ M3 CTEHKM COCY0B aopTaslbHble KranaHbl OKa3a/ich B oMbk
Tax Ha MoAe/M MoAXoAAWWMU. OrbiTbl Haf YXVMBOTHBIMU M0 00Pa30BaHNI0 U3/MOMKEHHBIX aop-
Ta/lbHbIX K/araHoB MPOBOASTCS B HACTOSILLIEE Bpemsl.

MPOUNCXOXAEHVME N CYBCTPATHAA CrELUMN®NYHOCTL CbIBOPOTOYHbIX
OCTEPA3

A. OULWEP, N. MEPEHBW n L. POXHW

1 ABTOpbI MCCNEAOBaNM aKTMBHOCTL XO/MHACTEPaskbl, HOBOKaMH3CTepasbl, (PeHWIGeH-
30aTacTepasbl U LLeMoUHoM dioctiaTasbl B NPUCYTCTBUM 10 pas/iMuHbIX MHIOUTOPOB. e/TbHble
(hepveHTbLI MOTEPMeNN PasIMYHOE TOPMOXKEHME, YTO FOBOPUT MPOTMB TOro B3r/sga, Oyaro-6bl
peyb MOET 06 OANHAKOBOM JECTBUM (PEepMEHTOB.

2. COOTHOLLEHVE aKTMBHOCTU MeYeHU W CbIBOPOTKM Konebanock Mexay 12 :1m 2: 1
3HAUUT, aKTVBHOCTb BCerga Gbuia 60/1ee BbICOKON B FOMOreHM3aTax MeyeHu.

3. Mocne oTpaBneHust CCl4 akTUBHOCTb LLEMOYHOM hocthaTasbl MOBbILLAIACk, @ aKTViB-
HOCTb OCT&/IbHbIX 3CTePas CHWbKaslacb, Kak B MeYeHn, TaK U B CbIBOPOTKE.

CogepKaHvie TTOTaTMOHA B MeYeHW — fadke B Clydae TSHKenoro otpasneHus CCL
— He YMeHbLLGETCS, 1 CeaoBaTe/lbHO YMeHbLLEHVIE aKTUBHOCTU (DEPMEHTOB Heflb3A MpUnmcaTb
HefoCTaTKy [/OTaTUoHA.



5. Kpome LLEMoYHoli hocthaTasbl B Ke/UM B 6ofiee 3HAUUTENBHOM KOSIMUECTBE MOXHO
BbISIBUTb TO/IbKO (PEHM/IBEH30aTaCTePasy; MPUCYTCTBUS OCTa/lbHbIX 3CTEpa3 B XeNun He yaa-
JIOCb BbISIBUTD.

6. ABTOpbI HA OCHOBE CBOMX MCC/EA0BaHMIA MPMLLIMA K TOMY BbIBOY, UTO CbIBOPOTOUHbE
3CTepasbl BO3HWKAIOT B MEYEHW W MPearonoKUTENIbHO SBNAKOTCS CyGCTPAT-CreLMUECKMI.

CBA3b MEXXAY MNMPUMAOKAMW BO BPEMA CHA U TIPUNAOKAMW B BOJP-
CTBYHOWEM COCTOAHN N AHATOMO-®YHKLUMOHA/IbBHOM  OPIAHM3OBAH-
HOCTBLIO 3MWIEMNTOMEHHOIMO OYAIA

®. KAUTOP, T. HAb u fb. BENOK

ABTOpbI NPOBOAWIM Haf, u3dpaHHbIMK 200 CTpajatoLLMMKL anuencueli 601bHbIMM 31eK-
TPO-KMHNYECKUE 1CCIE0BaHUA C LEMIbIO YCTaHOB/IEHWS BbISBSieMoe™ CBS3V MeXAy YacTOTON
npunagKoB BO Bpems CHa U aHaTOMO-(DyHKLVIOHAIbHOM OpraHW30BaHHOCTBLIO 3MWMENTOreHHbIX
CTPYKTYD.

MecTo naTon10roaHaTOMUYECKMX aHOMa/MiA MO3ra, PaccMaTprBaeMbIX SMUIENMTOreHHbIMM
MOBPEXAEHUAMM, MOKA3a/I0 BbIPWKEHHOE B/IMSIHME HA YaCTOTY HOYHbIX MpunagkoB. Ouaru
amMMOHOBO pora (Hippocampus) Nokasanu camyto 60/IbLLYH0 CKIOHHOCTb K BbBbIBaHUIO MpUNag-
KOB BO BpeEMS CHa, 3aTeM C/iedoBasim o4varn B regio sepfalis m no6Hoi BepxyLuke. B npoTvBo-
MOJIOXKHOCTb 3TOMY QuYaru B 3aHe-/1060BbIX, CEH30-MOTOPHbIX, TeMeHHbIX U I—II. BMCOUHbIX
M3BWIMHAX BbBbIBAM MPUMaAKMA MPEVMYLLIECTBEHHO BHauasle WM UCKMIOYATENbHO B 6oap-
CTBYIOLLEM COCTOSIHUMW.

AneKTporpaduyeckas JIoKam3aLUmsl rocrofCTBYHOLLE/ 04aroBOA CyOPOXKHOW [esTeslb-
HOCTV [0Kas3afna, YTo cpeaHe-6asasibHble, BUCOYHO-TEMEHHO-3ATbUIOUHbIE W MepeaHe-o6HbIe
ouvary B 6OMbLUMHCTBE C/lydaeB 06YC/I0BMBAOT MPUMAaAK/ BO BPeMS CHa, B TO BPeMs Kak /s
OCTa/IbHbIX 06/M1acTei BbIMyK/IOCTU XapaKTepHbI NPUMaKy B 60,ngTByIOLLI,eM COCTOSIHUM. 3nu-
NEeNTVKK, NMPOV3BOASLLME ABYCTOPOHHME 3 cps-wave-and-spike 3yOLibl WM UX BapyaHTbl TaKKe
NPOSIBASASIN UCKOUUTENBHYIO CKIOHHOCTb K AHEBHBbIM MPUMagKam.

ABTOpPbI Bb|IBUralOT BO3MOXKHOE OOBSICHEHME [/11 BbILLEOMNUCAHHBLIX CTPYKTYPHbIX CBS-
3eli NpUNaZKoB BO BPEMs CHa.

MAPAJIJIEJ/IbHOE OIMPEAEJIEHVNE APTEPUA/IBHOIO W BOPOTHOIMO KPOBO-
OBPALLEEHNA TEYEHW TP MOMOLWWM BPOMCYJIbPAIEMHOBOIO METOIA
N POTAMETPOM

A. ®UNLLEP, 1. TAKAA n I MOJTHAP

ABTOpbI MeTOAOM 6poMcy/bhasienHa 1M POTaMETPOM  MCCENOBa/IM  KPOBOOGpaLLIEHYIE
redeHW y 63 cobak. OHW NOAyYMAW CRedytolme pesynbTathl :

1. MonHoe KpoBOOGpALLIEHME MeYeHN MOC/Ie BCKPbITYSI YUBOTA M MPUBS3KM poTaveTpa
CHwkaeTcs oT 40,5 mi/MmH/Kr go 25,6 mi/MUH/KT, T. €. B cpeaHem Ha 38%. Crenosare/ibHO
onepaLg/lﬂ camMa Mo cebe CHYDKAET KpOBOOGpALLEHME MEYeHM.

. ABTOpbI OMPeae/ N TOK KPOBU B MEYEHOUHOM apTepyn B cpefHeM Ha 5,4 M/MUH/KT.
310 cocTaBns/io 26% BCero Toka KPOBU B MeveHW. OHW yCTaHOBWIM TECHYH CBSi3b MEXAy
MOMTHLIM  KPOBOOBPALLIEHVEM MEYEHM 1 KPOBOOOPALLIEHMEM MEYEHOYHOM apTepun, a UMEHHO : B
cfyyae BEMNYMH, 6IM3KUX K (D3MO0MOrMYECKUM BE/IUMHaM TMOMIHOMO KPOBOOOPALLIEHWS MeYeHN
— 30 M/I/MWH/KT 1 BbLLE — KPOBOOOPALLEHME MEYeHOYHOM apTepuy COCTaBMSI0 B CpeaHeM
14,4% o6Lero KpoBOOOPALLEHMS, a B C/lyvae Be/MUMH, 60/ee HUBKUX MOTHOTO KPOBOOGpa-
LLeHNs1 neyeHn — 33% 06LLIEro KpoBoobpalleHust. MoBbILLEHVe CriedyeT NpunucaTb, B NepByto
ouyepesb, YMEHbLLEHMIO MO/THOMO KPOBOOOPALLIEHWSI MEYEHN M TOMbKO B HEKOTOPbIX C/Ty4asix
MOBbILLEHUIO  KPOBOOOPALLIEHUST  MEYEHOYHON  apTepun.

3. ApTepuasibHoe KPOBOOGpALLieHMe MeYeHW MOBLILLAETCA KaK afpeHa/MHOM, TakK U
HopajpeHa/IMHOM. 3T0 00YC/IOB/IMBAETCA He PacLLMpPeHVieM COCYOB, a MOBbILLEHVMEM KpOBS-
HOTO [faBfieHnsl. AUETWIXONIMH CHWXKAeT apTepuasibHOoe KPOBOOOPALLIEHVE MeYeHW MyTeM Co-
CYAMCTOro Ccy>keHusi. MogobHoe BpeMeHHOe [ECTBYE MPOSIBMSET U AUGEHAMH.

4. BHyTpYBEHO3Hast Har%/ska [/11OKO030/, T/IMKOKO/UIOM U MOJIOYHOKUC/TbIM - HATPUEM
He B/INSIET HM Ha 00LLpe KPOBOOOPALLIEHME MEYEHN, HM Ha ee apTeprasibHoe KPOBOOOPALLIEHNE.
BHyTprBeHHasi nogaya [EeKOMMHA B 6OMbLUMHCTBE C/ly4aeB CHIDKAET apTepuasibHbIi TOK KPOBU
MyTeM CHWKEHUS KPOBSIHOMO [aB/fieHUs.



OAHHBIE K KAPTUHE BOJIESHU OBJ/IMTEPUPYIOLLEMO TPOMBAHIUTA
(THROMBOANGIITIS OBLITERANS) B CBA3N C HAB/THOAEHVEM
300 CJ/TYYAEB

K. BYFAP-MECAPOLLU, I OKOLW un B. WAL

ABTOPbI Ha OCHOBaHWK 06cneaoBaHMst 300 60/bHbIX, CTp%anOLIJ,I/IX 06UTEPUPYHOLLM
TPOMOAHIUTOM, YCTaHaB/MBAIOT C/IGAYIOLLEE & CPean 6O/bHLIX ObUM TOMBKO 3 KEHLLMHDI.

HOCWTE/IbHO MpefpacnosiaratolLeli ponM Kako-nmbo npodeccun He BbI10 HaAeHo AoKasa-
TenbCTB. Cpeay G0/bHBIX ObUM TONBKO 3, He OKA3aBLUMXCA KyPWIbLLMKAMMA U HE WMEBLLIX
BbISIB/ISIEMbIX 04aroB ; 3TO BMECTE C MPOYMMKN MPUBELEHHLIMA OOCTOSTENBLCTBAMM W COM/TacHO
JMTEPATYPHBbIM [aHHbIM FOBOPUT 3a TO, YTO KYpeHWE WM XXe MHMEKLMOHHbIE o4aru, rno Been
BEPOSATHOCTY, UIPaKOT MATOreHETMYECKYHD POMb. Psifl AaHHBIX FOBOPUT 3a aslfiepriMyecKuii naro-
MeXaHM3M, OfHaKo, PeLLaroLLMX A0KA3aTe/NbCTB ELle He MMeroTcs. Ha BepxHMe KOHeUHOCTM
%m(eHme apTepy PacnpocTPaHs/Iock ToMbKO B 9 ciy4asix, 3HauMT B 3%-ax BCEX Crly4aeB.

C/lyYae CyLUECTBOBaHUSI 60ME3HN He BbILLE 5 JIET Yallle BCEro BCTPEYaeTCs /loKanmsalys Ha
OHY HVDKHIOK KOHEYHOCTb, a MpYi HaMUMm 60/1e3HN BbilLe 5 NeT B 6OMbLUMHCTBE C/ly4aeB Ha-
6/110aeTCA PacnpPoCTpaHeHe Ha 068 HWXKHME KOHEYHOCTW. [aHrpeHa, WM XXe U3bsI3B/IEHMEe
MOIYT MPOSIBMISITLCS YK€ B MEPBbIA rof, 60/1e3HW, HO OHWM MOTYT BO3HUKHYTb TaKXke W Mo WCTe-
UEHIN [ECATWIETUIA, TaK Hanp. Ha 38 rof. Y NPUHATLIX B 60/bHMLY 94 60/bHBIX, CTPaJARLLMX
raHrpeHoii Tonbko y 10, (T. e. B 10% c/ly4yaeB), BbBbIBa/iaCb HEOOXOAVMOCTb GOMLLLION amy-
Taumn, B 9 crydasix (9%6) Gblia HeobXoavMMa NMLLIb amryTaLyst NanbLa CToMbl UK Xe raHrpeHa
BbiLle/le/1a MyTem CamOMpPOU3BO/ILHOIO0 OTTOPXKEHWUA Manbua cTonbl. CrieqoBatesibHO, FaHrpeHy
B MpeoG/1afatoleM GO/bLLMHCTBE C/lyYaeB YCMELLHO MOXHO 6blU10 JIEUNTb KOHCEPBATVIBHBIM
nyTem. pn MccrefoBaHMN CTATUYECKOrO M3MEHEHWSI TOHYca apTepuil y 27 u3 44 60rnbHbIX
NposiBAIsiNacb  MaTo/I0rnyecKas éoeaKu,m;a. ViccrnenoBaHVeM apTepyosl MyTeM  PeaKTMBHOO
HarpeBaHusi B 20% C/lydaeB OOHapY>KMBa/IMCb MAaTOMOrMYECKMe OTK/IOHEHUSI Ha nNasibLaxX
PYKW. 3HaUMT, yyacTue apTepron BAAHHOM MpoLecce — Mo MeHbLLIE Mepe Ha 3TOM MecTe — He
C/MLLKOM YacToe siBneHve. KanmnisipHbIM MUKPOCKOMOM aBTOPbl 06HapYXXWnM B Mpeobnaga-
FOLLEM GOMBLUMHCTBE C/lyYaeB aHOMa/IMM KanWIiPHbIX COCYA0B, YTO MPOSIBAS/IOCH, [MaBHbIM
06pasoM, B CriasMaTUHECKMX-aTOHNHECKIX SIB/IEHWSIX U B 3aMeflleHHOM TOKe Kposu. Kanunisp-
Hasl PesVICTEHLMA Oblia B OIHOM YacTu ClyyaeB YMeHbLLEHHOM. JTOKaM3aLUmio B MO3re aBTopbl
Habntoganm B 5 crydasix (1,7%). CMITTOMbI, YKa3blBaloLLyE Ha 3a60/1eBaHe KOPOHAPHbIX COo-
Cyf0B OHV Habnofdam y 172 v3 183 60/bHbIX. KOEOH&pOTpOM603 BCTpeYasicst Y 3 60MbHbIX.
Y4yacTue BEeHO3HOM CMUCTEMbI BbUI0 YCTaHOBMEHO B 32 ciydasx (11%6). W3 paHHbIX flabopatop-
HbIX MCC/efloBaHWA aBTOPbI YMOMUMHAIOT YacToe YMeHbLLEHME aslbOyMVH-T/I00Y/IMHOBOTO Koath-
(MUMEHTE, KaK W 4acToe MOBbILLEHVE FaMMarsiody/nimHa, ganee y 60/bLUIO/A YacTh GOMbHbIX
MOBbILLEHHb I YPOBEHb XO/IECTEPVHA B CbIBOPOTKE KPOBW, M HAKOHEL, Y npect/iagatoLero 60/1b-
LUIMHCTBa — HOPMa/IbHbIA YPOBEHb MPOTPOMOMHA.

PO/Ib LIEHTPAJIbHOW I—LEPBHOI7I CYCTEMbl B APUTMUIM, BO3HMKAROLLIEN
HA JENCTBUE CTPO®AHTUH-IPEIPVHA

®. WOoNATU, N. MAPTOH n ®. TAKAY

ABTOpbI MCCEA0Ba/IM B NMEPEKPECTHBIX OMbITaxX Haf, cobakamu, C MOMOLLLHO M30/IMpOoBaH-
HO Mepdiy3nn rO/IOBHOMO MO3ra, MeXaHV3M BO3HUKHOBEHWUSI apuUTMWW, BbI3BaHHOM BBELEHVEM
CTPOGaHTVH-3theAprHa.

Y cobaku-akuenTopa (mpw BBe,q6eH|/|V| B M30/IMPOBaHHOE KPOBOOOPALLIEHWNE) apuTMKS Bblia
ropasfo BbIPaXKEHHEe U MOBbILLA/IOCh ObICTPee, YeM Y cobaku-AoHopa anm BBEJEHNN B MO/HOE
KPOBOOGpaLLEHME).

Mpy BBEAEHWM CpeACcTBAa B M30/IMPOBaHHOE KPOBOOOpALLEHVE TY/IOBMLLA aKLENTopa,
aBTOpbl He HabMHOfaM MpY MPUMEHSIEMbIX [03aX MOSIBMEHWST apuTMdn. [pefBapuTesisHOe
repeceveHre CTBO/MA LLEMHOMO GY>KAAOLLEr0 HepBa Yy aKLEeMnTopa MpensiTcTBOBa/I0 BO3HUKHO-
BEHUIO apyTMUN.

B xofe 3KCnepuMEHTOB He HabMoAaniocb U3MEHEHWA apTepuasibHOro AaB/ieHWs], BEHO3-
HOro [aB/fieHNs, KakK M PesvCTEHLMM COCYAOB FO/I0BHOMO MO3ra.

JEVNCTBME CTPO®AHTUHA HA CEKPELIMKO OKOJIOYLLHOW >KE/NE3bI
A. HAKO, ®. WWONTU, M. ®EAN n 3. KONTAU
ABTOPbI UCCNELOBaIN [EACTBME CTPOAHTUHA Ha C/IIOHOOT/IENEHNE OKOJIOYLLIHOW Xeresbl.

[ocne ocTporo BBeAgHUA CTpO(*)aHTI/IHa CNHOHOOTAENEHNE W BbIOE/IEHNE Ka/TUA Bblpa-
XXEHHO NOBbILLIVTNCb.



BbigeneHve Hatpus B 60nbLLE YacTh C/lydaeB MNoBbILL/I0Cb HEMHOIO, HO He CI/IFHI/I(*)I/I-
KaHTHO.

ABTOpbI [al0T OMUCaHWe 3KCMEepPUMEHTAaNIbHOrO MeToda AN UCCMefoBaHUA CeKpeLmn
OKOJI0YLLIHOW >KeNe3bl.

JEVCTBVE CTPO®AHTVHA HA MOTOOTAENEHVE
®. WONTW, 0. PEB, N. MAPTOH u E. KO/ITAW

Mocne BBegeHWS CTPOhaHTVMHA aBTOpbl HabMOda/IN 3HAUUTE/IbHOE M3MEHEHME MOTOOT-
neneHnsi. KommuecTBo MoTa, KakK M BblfeNieHVie HATpUA 1 Kaiivst MoTa CUrHUMKAHTHO MOBbF
LLIa/Ch.

Y 60MbHbIX, CTPaJALLMX XPOHWYECKOW HefOCTaTOMHOCTLIO KPOBOOGPALLIEHUS!, MOBbk
LLeHVe MOTOOTAE/IEHNS] CPaBHUTENBHO  GObLLE.

[JelicTBMe CTpohaHTVHA Ha MOTOOTAENEHVE BO MHOTOM HaroMVHAeT ero [eicTBre Ha
(PyHKUMIO MOYeK.

LEVCTBUVE AMBEHAMVHA HA V3MEHEHWSI MOTOOTAENEHUS, BbI3BAHHBIE
MOJAYEN CTPO®PAHTUHA (MOBBLILLEHHOE BbIAE/IEHVE BOAbI, KAMMA 1
HATPVIS)

®. WONMbTN, 0. PEB, . MAPTOH, 3. PE®W H 3. KOJITAA

. ABTOpbI UCCrgnoBa/M JeiicTBYE ANbEHaMMHA Ha BbBbIBAIOLLEE MOTOOT/AE/NEHVE eiCTBYE
KOMBETUHA.

MpefBapuTenbHOe BBeAEHME AnMGEHaMMHA B GOMbLLEIA YaCTU MPeoTBPaLLAET BbBBAHHOE
KOMBETUHOM MOBbILLEHHOE OTZAE/IEHMe MOTa, Kasi 1 HaTpus. [oBbILLEHHOE MOTOOTAE/EHME
YMEHbBLLIAETCSl, a MOBbILLEHHOE BbIAeNeHNe HATPWSt U Kanus B MOTY MOYTU COBEPLLEHHO mMpe-
AOTBpa,I\.%aETCFI. .

OXHO MpearonaraTb, UTo KOMGETUH OKa3bIBaeT CBOE fEiCTBME HA MOTOOTAEeHME NpK
MOCPeACTBE  BEreTaTMBHOWA HEPBHOM  CUCTEMbI.

OEVNCTBVE CTPO®AHTMHA HA KPOBOOBPALLEHVE TOJIOBHOIO  MO3rA
N HA EFO KAJIMMHOE XO3ANCTBO

®. WONbTU, N. MAPTOH n E. KONTAU

I. ABTOpbI VCCMENOBA/M B M30/IMPOBAHHOM KPOBOOBPALLIEHUN TOIOBHOMO Mo3ra [JeicT-
B/e KOMOETMHA Ha MO3FOBYHO LIMPKY/SILMIO M HA 06MEH Kasisl FO/I0BHOFO Mo3ra.

Il. Ha fgelicTBrie KOMBETVIHA MO3rOBOE COMPOTMBIEHME HEMHOTO CHUXKAETCS], & MO3roBast
LMPKYNSILMST HEMHOMO  MOBbILLIAETCS].

1. Ha feiicTBre KOMGETVHA MO3FOBble KMETKM OTAAIOT Ka/lMiA, ero KOHLIEHTpauus B
BbITEKAIOLLE M3 Mo3ra BEHO3HOW KPOBW 3HAUWTENLHO MOBLILLIAETCS.

IV. O6Cy)XOaeTcs 3HaUeHWe BbILLEMNPUBEAEHHBIX V3MEHEHUI.

CUMMETPUYECK/A HEKPO3 KOPbl MOYEK B MPYAHOM BO3PACTE
B. WTENHEP u A. BEYEH

ABTOpbI M3MaraloT HabMoaaeMblii UM MPYKUZHEHHO Crlydali CUMMETPUYECKOro He-
Kpo3a Kopbl MoyeK. J10 B BeHrpnn MepBblid, a B TepaType TPETWA AnarHo3 B AETCKOM BO3-
pacTe, MOATBEPXKAEHHbIN JAHHBIMA BCKPbITUS. OCHOBHBIM CUMITTOMOM KapTWHbI 60/1e3HU SIBNS-
eTCA ONINTYPUSI WM aHypusi, Hepacrno3HaBaHWE KOTOPbIX SIB/SIETCS BpayeGHON OLLMOKON.
ABTOPbI NOATBEPX/AIOT BO33PEHME Iaccepa, COM/IACHO KOTOPOMY B Criydae Tpuafbl CYMITTOMOB,
a VMEHHO, TSDKE/OW aHeMUM, FemMopparnyeckoro avaresa M HeoCTaTOuHOCTU MOYeK, Criedyet
cumTaTbcs Takke C HEKPO3OM KOpbl MoueK. [JIMarHo3 CYMMETPUYECKOTO HEKpo3a Kopbl MOYeK
BbIABUraeTcs Ha nepesHWiA nnaH, ecnv, BOMpPeKy BOSMELLEHWST YXUAKOCTW, ONATYpUs He yyu-
LLIAETCHA, OCTATOYHbIA a30T ocTaeTcs Bbiwe 100 Mr %, KOMMYECTBO /IEMKOLMTOB BbIpaXKeHe
MOBbILLEHHOE, 1 B 06/1aCTU MOYEK HET YBE/INYEHMST 06beMa.

TeparieBTMYeCKME MOMbITKMA aBTOPOB (NMepupeHasibHasi HOBOKauHOBasi 6/10Kada, KopTu-
30H, TPaHCy3nn) OKasaMCb 6e3ycreLlHbIMMN.



MNEJTOHE®PAT
M. TEMEPU u A. CEHJEWN

ABTOpbI Ha OCHOBE paspaGoTKy 99 crlydaeB YCTAHOBWAWM CrIEAYHOLLIEe: XPOHUUECKMIA
NenoHeypUT BCTPEYaeTCs! He TOMBbKO B KaueCTBE OC/IOKHEHWSI MPY YPorormyeckvx 3abore-
BaHWSIX, HO HE3aBICVIMO OT MOC/IEAHMX, OH BECbMA UacTo Hab/OAAETCS B K/MHUYECKOW KapTyHe
XPOHWUECKOTO HehpuTa WM 3M10KAYECTBEHHOM FMMepToHMK. C TOUKY 3peHust auarHosa AocTo-
BegHee BCEr0 KO/MYECTBEHHOE MCC/IEAOBaHME OCafKM Mo4YM Mo crocoby Aaavca. ABTOpbl B
2/3 YacTvi crlyqaeB OOHAPYXWUIWU MNEPTOHNIO. DYHKLMS TPpyGoueK ropasfo ObICTpee yXya-
LLIAeTCS, YeM T/IoMepyapHast (UIbTpauysl : yAe/lbHbI BEC MOUM MPW. CPABHUTE/bHO XOPO-
wem CK B GOMBLLMHCTBE C/IyYaeB HU3KWWA. BaXHOCTb MMeNIoHethpUTa 0GbLSICHAETCS, Hapsidy C
ero 6o/bLLoM e(ESCI'IpOCTpaHeHHOCTb}O, TaloKe 1 TeM, YTO 3Ty 60/1e3Hb YacTO CMELLIMBAIOT C XPo-
HUYECKVIM HECOPUTOM W/ 3/T0KAYECTBEHHOM MMNEPTOHVEN.
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