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GRANULOCYTE ALKALINE PHOSPHATASE
ACTIVITY IN HODGKIN’S DISEASE

By
Julia Bobory
FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received March 12, 1970)

Granulocytic alkaline phosphatase activity has been studied in 20 subjects
with Hodgkin’s disease. Any deterioration of the clinical condition was associated
with an early increase of GAP activity which, in the context of the entire clinical pic-
ture and of other laboratory evidence, may assist in the early assessment of clinical
deterioration or recurrences of the disease.

W achstein [22] in 1946 was the first to draw attention to the clinical
significance of granulocytic alkaline phosphatase (GAP). This phospho-mono-
esterase which requires an alkaline medium for its activity, is an intracellular
enzyme. Its presence is demonstrable semi-quantitatively, by Ixistochemical
procedures making use of various azo-dyes which have the capacity of forming
deposits of water-insoluble precipitates at the sites of hydrolysis. The extent
of the deposits thus formed being related to the activity of GAP serves as its
indicator accessible to direct reading. GAP is assumed to be involved in the
glycogen synthesis of leukocytes, the increase of which goes parallel with an
enhanced enzymatic activity [6, 7, 23]. It also seems to be connected with
various hormonal and genetic factors [1, 4, 19, 20]. An increased GAP activity
was furthermore noted in connection with pyogenic infections, surgical inter-
ventions, obstructive jaundice, pregnancy and steroid therapy [5, 9, 17, 21].
Abnormalities of GAP activity of diagnostic value have been found in certain
haematological diseases. In contrast to myeloid leukaemia where GAP activity
is greatly reduced, myeloid reactions and polycythaemia are associated with
an enhanced GAP activity. These figures are reliable enough to form a basis
for routine investigations suited for differential diagnostic purposes [4, 8, 15, 16].

The values for GAP noted in Hodgkin’s disease are greatly varying
[3, 17], a fact connected by Bennett [3] with the clinical course of the disease
where remissions alternate with exacerbations. Increased values are thus
interpreted by this author as a sign of impairment or even as a presage of
recurrence.

In patients with Hodgkin’s disease treated at our Department and its
haematological clinic the possible relationship between GAP activity and the
clinical stage of the disease has been studied with the aim of establishing

1 Acta Medica Academiae Scientiarum Hungaricae 28, 1971
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whether an increase in GAP activity may be regarded as predictive of a relapse.
This would he of a practical significance, by indicating when to start therapy
for the prevention of recurrences.

Material and method

All the patients involved in the study suffered from histologically verified Hodgkin’s
disease. The stage of the disease was classified according to Peters as follows:

Stage | = process confined to a sole lymph node group;

Stage Il = involvement of more than one lymph node group but all of supradiaphragmatic
site;

Stage 111 subdiaphragmatic lymph node groups also involved;

Stage 1V generalization, infiltrative involvement of various organs.

Symptoms of systemic involvement at any time place the patient in the subsequent stage.
Reliable classing to stage 111 may require the additional evidence of lymphography. This was
actually performed in a fair number of patients belonging to stages | and Il. Full remission
was understood to mean a condition or a period marked by the absence of any sign or symptom;
recurrence or exacerbation, the appearance of any of the following signs: enlargement of
lymph nodes, spleen, liver, increase in BSR, fever, itching, pain, loss of weight, progressive
anaemia. In stages Ill and IV there generally was some sign of activity it having been no
longer possible to attain full remission in these stages.

The patients with evidence of activity in stages | and Il were immediately started on
massive-dose irradiation, supplemented in stages 11l and IV by cytostatic therapy. In stages
Il and IV where no full remission had been achieved, corticoid treatment was prescribed
in the intervals.

Between January, 1968, and December, 1969, 20 patients with Hodgkin’s disease
were studied for GAP.

For the demonstration of GAP, Kaplow’s azo-dye technique was used [2, 10, 13, 24].
In each case a total of 400 cells was counted, i.e. 2 X 200 cells or two separate slides. The
individual cells were graded from 0 to 5 according to the intensity of GAP activity, as recom-
mended by Heilmeyer:

0 = no demonstrable change;

1 = the cytoplasm shows barely discernible brownish patches;

2 = inhomogeneous dye deposits in the cytoplasm with the exception of the marginal
parts;

3 = dye deposits over the entire cytoplasm, with the cellular structure still discernible
in all its details;

4 = dye deposits forming black clumps through which the nucleus is faintly discernible;

5 = the entire cell is occupied by a black homogeneous mass.

The index given here refers to 100 cells. Normal values averaged 60+21. Enzyme activity in
smears of normal subjects hardly ever attained grade 4 or 5. Due attention was paid to in-
tercurrent diseases, in which case GAP determinations were refrained from.

Results

The data grouped according to clinical stage and recurrence or remission
are shown in Table I.

From Table | it emerges that in the absence of any clinical activity the
GAP value was normal in every case but one. Moderate anaemia was present
but BRS and leukocyte count were entirely normal. Patient K.J. relapsed
one year later.

As Table Il shows, in the cases marked by clinical activity the GAP
value was usually increased. The highest levels were found in stage IV. It was
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likewise in this group where the highest BSR values were demonstrable.
Inthe smears ofthe subjects in stages Il and 1V, cellsof grade 4 and 5 reflecting
an excessive GAP-activity could be noted. The figures seen in Tables | and 11

Table 1

Data of patients in full remission

Name Stage GAP BSR, mm WBC RBC, million
p.j. [ 77 16 5,600 35
V.A. I 60 5 8,200 4.2
KJ. | 120 6 7,200 34
P.J. | 60 8 6,000 35
Sz.L. I 78 16 6,000 41
B.B. | 40 20 4,000 3.8
N.J. I 66 12 4,800 31
K.K. I 30 20 8,000 3.6
Table 11

Data of patients during exacerbation
The data pertaining to stages | and Il have been obtained prior to treatment. Those referring

to stages Ill and IV represent two extreme values of repeated determinations

Name Stage GAP BSR, mm WBC RBC, million
K.J. | 190 120 8,000 3.4
Sz.L. | 80 25 5,200 3.1
N.J. I 80 25 6,000 4.5
P.l. I 150 45 7,200 4.1
B.B. | 120 48 8,400 4.2
M.M. " 48 25 10,000 3.0
Sz.J. n 30 58 6,600 3.6
K.K. il 90 60 11,000 3.6
B.B. " 134 32 4,000 34
B.L. il 191 10 6,400 4.1
V.L. in 120 100 6,300 3.9
K.J. hi 60-150 55-110 c. 7,000 c. 34
I1.Zs.* v 160 100 10,000 2.8
B.l.* v 80—192 80-125 16,000 c. 35
u.L>* v 66-248 20- 99 c. 6,000 c. 35
T.L. v 70-276 20— 89 c. 8,000 c. 3.6

* Died
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show a close relationship between the changes in GAP and in BSR but none
between those of GAP and the RBC or WBC.

Table 111 also shows a certain parallelism between the changes in GAP
and in BSR. Peak values usually occurred before or during treatment and
normalized as a result of therapy.

Table LU

GAP values in four patients at intervals of one month

Stage
1 1 1 1

GAP BSR GAP BSR GAP BSR GAP BSR
120 45 36 50 80 25 90 60
61 20 150 35 60 12 120 40
40 20 80 8 40 20 60 20
80 14 80 12 119 22
65 14 60 16
40 12 90 14
60 14

Name

B.B. j P.l. | N.J. K. K.
Periods of treatment are shown by italics
Discussion

The results of GAP studies in Hodgkin patients appear widely dissimilar
if presented without order or system. If, however, they are grouped in accord-
ance with the clinical stage or the degree of activity they reveal a definite
relationship. Full clinical remission was usually associated with normal values
whereas recurrences went hand in hand with an increase in the GAP value
related to the severity of the clinical condition. In stages Il and 1Y, normal
GAP values were hardly ever found even during relative remissions. There
was a definite parallelism between the changes in GAP and in BSR: both these
values increased parallel with clinical deterioration. Serial studies allowed
to follow the successive normalization of the GAP value under the influence
of successful therapy. Since many of the patients had to travel from a great
distance, during remissions they failed to present for monthly follow-up,
therefore we lack sufficient evidence as regards the successive GAP-changes
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accompanying or preceding recurrences. Nor were we able to ascertain how long
before an actual clinical recurrence of the GAP activity had begun to rise.
The present study has thus failed to provide an answer to the question whether
elevated GAP values are really predictive of clinical recurrences in Hodgkin’s
disease. However, even the present scarce data left no doubt about the exis-
tence of close relationships between enhanced GAP activity and clinical
deterioration. Still, the prognostic utilization of these relationships will remain
largely a theoretical issue. Many centers lack facilities for repeated GAP
estimations whereas the BSR which has much the same informative value,
can be performed everywhere.

The proper evaluation of the GAP value in Hodgkin’s disease depends
on various factors. Not only is the procedure itself fraught with considerable
sources of error in which subjectivity also plays a part but the disease under
study and its therapy also involve various factors which may affect the activ-
ity of GAP, to quote only the type of treatment, the patient’s hormonal and
immunological state, possible intercurrent diseases, etc. But even if we should
be able to rule out these factors and thus to connect the increased GAP value
with a clinical deterioration, we are still in ignorance of the cause of the en-
hanced activity.
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SURGICAL OBSERVATIONS
IN POLYCYTHAEMIA VERA PATIENTS

By
Gy. Nagy and Gy. Tompa

FIRST DEPARTMENT OF MEDICINE, AND SECOND DEPARTMENT OF SURGERY,
UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received July 9, 1970)

On the evidence of surgical observations in 14 patients with polycythaemia vera
full remission at the time of the intervention is regarded as the only possible safeguard
against the postoperative hazards of haemorrhages and thromboembolism inherent

in the disease.

Haemoblastoses are often associated with disturbances of blood coagu-
lation which greatly add to the hazards of surgery in these diseases and raise
special problems as regards the decision for the intervention including its
timing and the necessity for preoperative and postoperative measures.

The incidence of thromboembolic and haemorrhagic complications in
untreated or poorly controlled cases of polycythaemia vera is remarkably high
[1, 5—8, 10, 13, 16]. Chievitz and Tiiiede [3], in a survey of 250 cases of
polycythaemia vera found thrombosis, thromboembolism or haemorrhagic
complications to be the direct cause of death in 50%. Rigby and Leavell [18]
noted the occurrence of thrombosis in 20 and of bleedings in 15 out of 50 cases.
Tcherbak [4] in a survey of 219 patients with polycythaemia vera followed
up for more than ten years, noted the occurrence of thrombosis, bleedings or
both in 139 or 63%. Watkins and Fairley [21] on the basis of published
evidence and their own observations, estimated the incidence of vascular
complications in polycythaemia vera at 38 to 67%. In their view it is owing
to these complications interfering with adequate control that the survival in
polycythaemia vera is as short as 18 months.

We have been concerned with the pathogenetic, clinical and therapeutic
aspects of polycythaemia vera since 1959 and during this period 96 patients
have been treated and followed up. Forty-six of them had had vascular compli-
cations, i.e. thrombosis, bleedings or both before admission, thus, before the
start of active therapy.

During this period surgical interventions of some kind had to be perform-
ed in 14 cases. In view] of the special problems involved by the high incidence
of thromboembolic and haemorrhagic manifestations in polycythaemia vera
adding to the surgical hazards of this disease it seemed of interest to give a
summary of our observations.

Acta Medien Academiae Scientiarum Hungaricae 28. 1971
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Material and method

The 14 surgical cases included 8 males and 6 females aged between 26 and 75 years,
with a mean of 55.5 years. The duration of the disease ranged between 3 and 8 years.

At the time of surgery, 11 patients were in full remission as a result of successful therapy
and 3 were in a stage of exacerbation. In the patients in remission the erythrocyte counts
averaged 4,180,000 per ml, the haematocrit 41%, the leukocyte counts 7,000 and the platelet
counts 207,000 per ml. In the stage of exacerbation the values were: 6,800,000, 61%, 11,500
and 586,000, respectively.

It was always attempted to achieve full remission before surgery. In two of the three
patients operated upon during a relapse the disease had remained unrecognized until after
operation despite the high erythrocyte count and haematocrit values found preoperatively.
Surgery had been performed elsewhere and the patients were referred to us afterwards for
closer investigation. In the third case it was an acute abdomen which called for an emergency
operation regardless of the activity of the process.

The 14 surgical interventions were: gastrectomy (1 case), repair of hernia (3 cases),
nephrectomy (1 case), radical operation for mammary tumour (1 case), appendectomy (1
case), amputation of the toes of the right foot (1 case), splenectomy owing to excessive spleno-
megaly of rapid progression despite normal blood counts (1 case), exploratory laparotomy
with liver biopsy (1 case), exploratory laparotomy with intestinal resection (1 case), chole-
cystectomy (1 case), eye surgery (2 cases) (Table 1).

Results

Postoperative complications occurred in 6 patients of the series. All three
patients operated on during relapse developed vascular complications, one
(K.l. aged 26) an extensive haematoma of the abdominal wall with thrombosis
of the leg; one (B.J. aged 56) thrombosis of the leg followed by pulmonary
embolism; and one died of mesenterial thrombosis for which an intestinal
resection had been performed. Of the 11 patients having had surgery during
remission, three developed postoperative complications. Minor haematoma
occurred in two (O.M. aged 56, and V.Gy, aged 44) and bleeding from the wound
edges, readily controlled by mattress sutures, in one (S.J., 46-year-old female).

The patients having been in remission at the time of surgery had had
3P or cytostatic therapy 4 to 6 months earlier, 3 had 3P, 5 dibromomannitol
and 3 tetramethylmannitol.

Two patients had extensive varicosities. Elastic bandages were applied
in both for the postoperative period. Early mobilisation was performed in all
of the cases.

Discussion

It is well known that the incidence of thromboembolism in the postsur-
gical period exceeds that found in the general population. The statistical
figures show afairly wide variety range between 0.6 and 3.5% [12, 20]. Haemor-
rhages, apart from these consecutive upon surgery, are confined to haemorrha-
gic diseases and/or disturbances of coagulation [2, 11].

The occurrence in polycythaemia vera of thromboembolism together
with haemorrhagic manifestations still awaits elucidation. While increased

Acta Medica Acudemiae Scientiarum Hungaricae 28, 1971
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10.
11.

12.
13.
14.

Name

K.P.

Sz.K.

V.Gy.

K.I.

ALl

G.F.
B.J.

H.J.
S.J.
S.S.

Age

56

54

73

53

58

61

44

26

67

74
56

49
46
60

Stage

R

R.B.C.
million

4.2

4.0

4.0

4.2

4.1

4.9

4.9

7.0

4.6

3.8
6.7

3.9
3.8
6.6

Hecrit
per cent

40

40

38

41

43

45

45

66

42

36
63

41
40
54

Platelets

143,000

243,000

200,000

277,000

197,000

250,000

380,000

720,000

100,000

135,000
650,000

207,000
145,000
390,000

Table |

Type of surgery

Gastrectomy
Herniotomy
Amputation of toes
Appendectomy
Mayo’s operation

(hernioplastica)

Repair of abdominal
wall

Mammectomy for
tumour

Exploratory
laparotomy

Extraction of cataract
Extraction of cataract
Nephrectomy, left

side
Cholecystectomy
Splenectomy

Extirpation of lipoma
of thoracic wall

Complication

Abdominal wall
haematoma

Abdominal wall
haematoma

x\bdominal wall
haematoma

Abdominal wall
haematoma

Abdominal wall
haematoma

Abdominal wall
haematoma

Haematoma

haematoma
thrombosis

Haemorrhage thrombosis
extr. inf. 1 d. pulmonary

embolism

Haemorrhage

Resection of small
intestine for mesenteric
thrombosis two weeks
later

Wound healing

Moderately protracted
First intention
First intention
First intention
First intention
First intention

Moderately protracted

Protracted

First intention
First intention
Protracted

First intention
Moderately protracted
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blood viscosity, slowing of circulation and thrombocythaemia seem to account
for the hazards of thrombosis, the haemorrhagic manifestations are ascribed
to a distension of the capillary wall and to abnormalities of the individual
plasma factors [10]. The prevalence of the disease in or beyond the age groups
of 40 50 years is suggestive of a possible involvement of atherosclerotic
changes of the vessel wall.

According to the studies of Nagy et al. [14] the most consistent abnor-
malities of the coagulogram were in the prothrombin index, prothrombin
consumption, thrombin inactivation and the platelet count. In a number of
cases, bleeding time, recalcification time, thrombin and toluidine blue times
also revealed abnormalities. The alterations of the two last-named parameters
raise the possibility of an accumulation of circulating anticoagulants. Kolu-
TOVA [8], Lasch and Linke [9] regard hyperheparinaemia which they de-
monstrated in patients with polycythaemia vera as one of the factors, if not
as the only cause, of the haemorrhagic manifestations, the more so as nearly
full normalization of these changes was noted parallel with remissions. The
thromboelastographic studies performed by Nagy et al. [15], and Nagy and
Burger [17] revealed abnormalities involving reaction and coagulation times,
maximum elasticity and fibrinolysis; these parameters showed little improve-
ment during remissions, a fact which may account for the possible, though
rare, occurrence of complications during remissions.

Since polycythaemia vera is incompatible with the usual measures
serving for the prevention of haemorrhagic or thromboembolic manifestations,
the only way of avoiding surgical complications of this kind in polycythaemic
patients is to refrain from operation until complete remission has been achieved.
This is clearly illustrated by the occurrence of vascular complications in all
three cases where surgery had been performed during exacerbation and their
absence in all but three of the 11 patients operated upon in full remission.
Also, while the complications occurring during exacerbations were lethal or
grave, those appearing during remissions were slight and reversible.

We were unable to trace more than a few sporadic observations on the
subject under discussion in the literature. Tinney et al. [19] in a series of 163
patients with polycythaemia vera noted haemorrhagic complications in 53
cases, in 17 cases after surgery, particularly after dental extractions (1943).
Ofthe 50 patients reviewed by Rigby and Leavelu [18], 15 had been subjected
to major or minor surgery; significant postoperative bleeding or thrombosis
occurred in 5 of these.
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LIPOLYTIC ACTIVITY OF EPINEPHRINE
ON HUMAN SUBCUTANEOUS ADIPOSE TISSUE
OF OBESE AND LEAN PERSONS IN VITRO

J. Fovenyi, E. Goth and |I. Koncz

SECOND DEPT. OF MEDICINE AND DEPT. OF SURGERY, JANOS HOSPITAL, BUDAPEST

(Received July 26, 1970)

Spontaneous lipolysis and the effect of epinephrine on subcutaneous adipose
tissue of 45 normal weight and 29 obese persons was examined in vitro.

(1) Spontaneous lipolysis of adipose tissue of normal weight and of obese sub-
jects was identical.

(2) Epinephrine similarly and significantly increased FFA-release in both
groups.

(3) In spontaneous and epinephrine-induced lipolysis there was no sex differ-
ence among the persons of normal weight, but in the obese group the adipose tissue
of males reacted poorly to epinephrine.

(4) In both groups the subjects under forty years of age showed a decreased
spontaneous release of FFA, but a more intensive response to epinephrine in comparison
with the older subjects; the difference was significant only in the obese group.

Introduction

Adipose tissue has widely been examined for its lipid metabolism in the
last decade. Gordon and Cherkes (1958) were the first to investigate in vitro
the effect on rat adipose tissue of the best known lipolytic hormones, epineph-
rine and ACTH. Subsequently it was found that the adipose tissue of obese
rats was less sensitive to lipolytic effects than that of animals of normal weight
(Leboef et al. 1961, Mayer 1965).

Reports on similar investigations in human adipose tissue are conflicting.
Hirsch and Goldrich (1965) found no difference in FFA-release between
normal weight and overweight patients. Laszlo (1965) showed that the sub-
cutaneous adipose tissue of extremely obese patients mobilized less FFA than
did that of lean persons. Norepinephrine was found to increase FFA-release by
the adipose tissue of normal and obese subjects. Ostman (1965) reported that
mesenteric adipose tissue was more sensitive to lipolytic effects than subcu-
taneous adipose tissue; there was no difference in spontaneous FFA-release
by subcutaneous adipose tissue between normal weight juveniles and obese
elderly persons. Nor did Mosinger et al. (1965) find differences in spontaneous
FFA-release by subcutaneous adipose tissue between normal and obese persons.
In response to epinephrine, FFA-release was moderately increased in both
groups. Mesenteric adipose tissue of obese patients was more sensitive to,
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and its response was more intensive after, epinephrine treatment. Galton and
Bray (1966) found no difference between lean and obese subjects in spon-
taneous and epinephrine-induced lipolysis in isolated subcutaneous adipose
tissue cells.

All the above investigations were carried out on a small number of
subjects (not exceeding ten) and by different methods. In the present study,
spontaneous FFA-release of human subcutaneous adipose tissue and its re-
sponse to small doses of epinephrine has been investigated in vitro in a number
of persons of normal weight and in obese individuals.

Material and methods

Subcutaneous adipose tissue was obtained from 45 persons of normal weight, displaying
no metabolic disorder, and from 29 obese patients, suffering neither of endocrine disease,
nor of manifest diabetes mellitus. The tissue was removed from the abdominal subcutaneous
fat layer surgically or by biopsy. Patients whose weight exceeded 20 kg the number of cm
above 100 cm of their length, were regarded as obese. The operation was performed in general
anaesthesia except for 5 cases where it was carried out in anaesthesia with 0.5% procaine.
In cases of biopsy, the following method of local anaesthesia was used. A rhombic 5 cm by
5 cm infiltration was made on the left abdominal side with 1% xylocaine and the 3 cm incision
line in the middle of the rhombus was infiltrated intradermally. The removed 2—3 g adipose
tissue remained free from the anaesthetic solution. Wound healing, except for a small haema-
toma in two cases, was uneventful. Prior to the investigation all patients were given a diet
containing at least 2000 Cal with 200 g carbohydrate. On the morning of the intervention
they were fasting.

The adipose tissue was placed into Krebs—Ringer-bicarbonate buffer at room temper-
ature and subsequently minced into 20 to 40 mg pieces. About 100 mg of adipose tissue was
placed in Hagedorn’s tubes into 3 ml Krebs—Ringer-bicarbonate buffer containing 2% lyo-
philized human albumin (Research Institute for Human Vaccines, Budapest). Incubation
was carried out at pH 7.4 at 37 °C temperature for two hours in a metabolic shaker at 90/min
oscillation frequency under air; 3 /tg/ml of epinephrine was added to otherflasks. Two, occasion-
ally three specimens were examined in parallel. To assess lipolysis, the initial and postincu-
bation FFA content of the medium was determined according to Dole (1956), and from the
difference the released fatty acid was calculated in /tEq/g adipose tissue /2 hours. Student’s
t test was used for statistical analysis.

Results

The rate of spontaneous FFA-release by subcutaneous adipose tissue
was similar in the normal and in the overweight subjects (Tables I, Il, IIl).
The anaesthesia did not influence lipolysis. There was a significant increase in
FFA-release following epinephrine administration in both normal and obese
subjects. At the same time, the adipose tissue of normal persons was somewhat
more sensitive to epinephrine than that of obese subjects (Table IIl).

No sex difference was found in the normal group, either in spontaneous
or in epinephrine-induced lipolysis. There was no sex difference in spontaneous
FFA-release in the obese group, but the adipose tissue of obese males did not
respond significantly to epinephrine stimulation (Table I11).
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Table 1

Spontaneous and epinephrine-induced FFA-release by
subcutaneous adipose tissue of normal subjects

- . h
Weight— length FFA-release (u.Eq/g/2 hrs)

Number  Sex Age (kgJ Diagnosis Soontancous Epinephrine

P v @ Mg
| M 59 + 2 Rectal tumour 3.8 + 2.2
2 M 45 . 6 Inguinal hernia 3.8 + 5.2
3 M 63 + 9 Inguinal hernia 34 + 3.4
4 M 28 9 Duodenal ulcer 1.6 + 2.2
5 M 52 4 Abdominal hernia 3.0 — 14
6 M 56 + 10 Ureteral calculus 2.6 + 1.8
7 M 24 9 Duodenal ulcer 2.3 + 05
8 M 62 + 11 Vesical papilloma 3.6 + 15
9 M 61 + 4 Inguinal hernia 15 + 0.5
10 M 65 + 10 Prostatic adenoma 2.5 + 25
11 M 64 + 4 Prostatic adenoma 4.0 + 0.8
12 M 66 + 8 Prostatic adenoma 11 + 15
13 M 74 -13 Gastric ulcer 1.0 + 21
14 M 47 + 7 Pancreatic tumour 4.5 + 0.8
15 M 57 13 Abdominal hernia 2.9 -4 0.5
16 M 46 0 Gastric ulcer 0.5 + 1.3
17 M 57 + 5 Abdominal hernia 2.6 + 1.1
18 M 54 + 5 Abdominal hernia 35 + 1.1
19 M 56 13 Duodenal ulcer 2.0 + 0.2
20 M 71 2 Prostatic adenoma 12 + 0.6
21 M 67 + 2 Cholelithiasis 2.0 + 0.3
22 M 66 -5 Gastric ulcer 4.6 + 05
23 F 20 4 Inguinal hernia 18 + 0.8
24 F 22 + 2 Abdominal hernia 0.2 + 2.0
25 F 32 + 3 Abdominal hernia 1.8 + 4.6
26 F 64 7 Inguinal hernia 18 + 2.8
27 F 71 4 Gastric ulcer 16 + 0.4
28 F 52 + 17 Abdominal hernia 2.0 + 2.8
29 F 50 5 Cholelithiasis 2.2 + 0.4
30 F 65 7 Cholelithiasis 3.8 + 1.4
31 F 29 1 Cholelithiasis 3.2 + 1.2
32 F 37 3 Abdominal hernia 4.2 + 1.2
33 F 42 + 8 Abdominal hernia 4.9 + 2.6
34 F 37 0 Appendicitis 2.9 + 1.8
35 F 23 + 16 Appendicitis 15 + 3.3
36 F 57 + 7 Ureteral calculus 5.8 + 1.6
37 F 43 b 5 Renal calculus 0.6 + 1.0
38 F 70 5 Colon tumour 45 + 0.6
39 F 47 + 1 Abdominal hernia 35 + 2.2
40 F 38 + 13 Cholelithiasis 1.9 + 05
41 F 35 8 Gastric ulcer 34 + 2.3
42 F 61 4 Renal calculus 3.6 + 0.3
43 F 69 6 Gastric tumour 3.3 + 1.0
44 F 66 + 10 Abdominal hernia 2.1 + 0.7
45 F 18 + 7 Appendicitis 17 +21

,Sex and age of donors, weight kg — (length cm - 100), diagnosis, spontaneous FFA-release
and response to 3 pg/m\ epinephrine are given. The latter means the plus lipolysis related to
spontaneous lipolysis. Tissue was removed surgically under general anaesthesia, except in patients
Nos 2, 3, 9, 23, and 26, who were operated under local anaesthesia. Incubation was carried out
for 2 hrs.
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Table 11

Spontaneous and epinephrine-induced FFA-release by
subcutaneous adipose tissue of obese patients

FFA-release (“Eq/g/2 hrs)

Number  Sex Age  Weight—length Diagnosis . .
(kg) Spontaneous Epme_phrlne

(8 1g)

1 M 46 ! + 62 Obesity 3.6 -1.6
2 M 23 + 58 Obesity 14 + 0.4
3 M 56 + 27 Cholelithiasis 3.2 +0.6
4 M 31 + 39 Obesity 17 +0.7
5 M 27 +45 Obesity 21 + 0.8
6 M 38 + 35 Abdominal hernia 3.3 +0.4
7 M 39 +41 Obesity 2.3 +0.8
8 M 25 + 23 Obesity 17 + 1.6
9 M 46 + 36 Obesity 18 — 05
10 M 53 + 57 Obesity 5.8 + 0.7
11 M 59 + 77 Obesity 3.8 —238
12 M 22 + 58 Obesity 25 + 4.1
13 F 46 + 36 Obesity 34 + 0.6
14 F 29 + 38 Obesity 3.0 + 1.3
15 F 41 + 47 Obesity 2.9 + 0.6
16 F 46 + 39 Obesity 3.1 +0.5
17 F 30 + 37 Obesity 2.9 + 0.7
18 F 42 + 36 Obesity 2.6 + 0.2
19 F 34 + 25 Obesity 2.3 + 2.8
20 F 25 + 22 Obesity 3.8 + 1.2
21 F 47 + 21 Obesity 35 + 0.3
22 F 42 + 52 Obesity 3.8 + 2.0
23 F 56 +43 Obesity 2.8 + 3.8
24 F 23 +48 Obesity 20 + 1.7
25 F 15 + 47 Obesity 3.2 + 2.4
26 F 45 + 23 Obesity 3.4 + 0.4
27 F 37 + 46 Obesity 0.8 + 1.0
28 F 43 + 29 Abdominal hernia 3.3 + 0.5
29 F 34 + 29 j Obesity 1.6 + 2.2

Sex and age of donors, weight kg — (length cm — 100), diagnosis, spontaneous FFA-release
and response to 3/ig/rril epinephrine are given. The latter means the plus lipolysis related to spon-
taneous lipolysis. The tissue was removed by biopsy except in patients Nos 3, 6, and 28, who
were operated under general anaesthesia. Incubation was carried out for 2 hrs.
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In both the normal and the obese groups, the adipose tissue of patients
under 40 years of age showed a decreased spontaneous FFA release but a more
intensive response to epinephrine, than that of older subjects. The difference
was significant only in the obese group (Table IIl).

Table 111

Spontaneous and epinephrine-induced FFA-release by subcutaneous adipose
tissue of normal and obese subjects. Sex and age differences

FFA-release (yuEqg/g/2 hrs; mean = S.E. of mean) p
' Spontaneous Epinephrine (3 jt/g)

Normal weight 45 2.67+0.18 + 1.48+0.18 <0.001
Obese 29 2.81+0.21 + 0.94+0.26 <0.01
Normal males 22 2.63+0.25 + 132+0.28 <0.001
weight females 23 2,71 £0.29 + 1.63+0.22 <0.001
Obese males 12 2.77 £0.45 + 0.43+0.49 N.S.
females 17 2.84+0.30 + 1.30+0.24 <0.001

Normal under 40 years 12 2.22+£0.30 + 1.89+0.34 <0.001
weight above 40 years , 33 2.87+0.23 + 1.34+0.20 <0.001
under 40 years 15 2.30+0.35* + 1.47+0.28** <0.001

(Obese above 40 years 14 3.35+£0.23* + 0.38+0.40** N.S.

« and **p<0.05 in comparison with each other. N. S. not significant.

Number of cases, spontaneous FFA-release and the response to 3 //a nil epinephrine are given.
The latter means the plus lipolysis related to spontaneous lipolysis. Incubations were carried
out for 2 hrs and the results expressed as the mean + S.E.M. P values of epinephrine response.

Discussion

Our findings concerning the rate of spontaneous lipolysis of human
adipose tissue are in accordance with those reported in the literature. Laszlo
(1965) found a higher spontaneous FFA-release in normal subjects than we did.
This author, however, used as medium the patient’s own plasma containing
hormones and other factors influencing fat mobilization. We found (unpublish-
ed data) that the fatty acid mobilizing activity of the plasma of obese persons
is reduced. Also our values for the stimulating effect of epinephrine differ
from those reported by Mosinger et al. (1965); these authors found a moderate
response to epinephrine of the subcutaneous adipose tissue of both normal
and obese patients, while a significantly higher FFA-release by the mesenteric
adipose tissue of overweight patients. The different behaviour of subcutaneous
and mesenteric adipose tissue is well-known. Our findings differ also from those
reported by Ostman (1965) in that the adipose tissue of our older obese patients
showed a higher spontaneous FFA release than that of normal juveniles.

2 Ada Medico Acadcmic.e Scientiarum Hungaricac 2ft. 1971



18 J. FOVENYI et al.

We are indebted to Mrs. B. Antal and to Mrs. M. Bolvary for expert technical assis-
tance, as well as to chiefsurgeon Dr. R. Gergely and to chief urologist Dr. A. Noszkay, and their
surgical staffs, all at JAnos Hospital, Budapest, for the supply of human adipose tissue speci-
mens. This work has been supported by a grant from the Hungarian Medical Research Council.

REFERENCES

Dole, V. P.: Arelation between non-esterified fatty acids in plasma and the metabolism of
glucose. J. clin. Invest. 35, 150—154 (1956).

Galton, D. J. and Bbay, A. C.: Effects of epinephrine on isolated adipose cells from normal
and overweight patients. J. clin. Invest. 45, 1010—1017 (1960).

Gordon, R. S.: Metabolic abnormalities found in obese human subjects — cause of result of
obesity. In: Proc. Il. Int. Congress of Endocrinology, London, Excerpta med. int.
Congr. Ser. No. 83, 973—976 (1964).

Hirsch,J. and Goldrich, B.: Metabolism of human adipose tissue in vitro. In: Adipose tissue.
Eds Revold, A. E., and Cahitt, G. F. American Physiological Society, Washington,
D. C. 1965. Pp. 455—470.

Laszlo, J.: Changesin obese patient and his adipose tissue during prolonged starvation. Sth.
med. J. 58, 1099-1108 (1965).

Leboef, B., Lochaya, S., Leboef, N.,, Wood, F. C., Mayer, J. and Cahill, G. F.: Glucose
metabolism and mobilization of fatty acid by adipose tissue from obese mice. Amer.
J. Physiol. 201, 19-26 (1961).

Mayer, J.: Metabolism of adipose tissue in experimental obesity. In: Adipose tissue. Eds
Renold, A. E. and Canhitt, G. F. American Physiological Society, Washington, D. C.
1965, Pp. 645-651.

Mosinger, B., Kahn, W. and Kujalova, V.: Action of adipokinetic hormones on human adi-
pose tissue in vitro. J. Lab. clin. Med. 66, 380 —388 (1965).

USTMan, J.: Studies in vitro on fatty acid metabolism of human subcutaneous adipose tissue
in diabetes mellitus. Acta med. Scand. 177, 1—17 (1965).

lOr. Jézsef Fovenyi
Dr. Endre Goth Jdnos Hospital, Budapest XII, Hungary
Dr. Istvan Koncz

életei Medica Acudnniae Scientiarum Hungaricae 28, 1971



Acta Medica Academiae Scientiarum Hungaricae, Tomus 28 (1), pp. 19— 26 (1971)

SERUM HAPTOGLOBIN LEVEL
IN ATHEROSCLEROSIS

By
Judit Székely, A. Simon and E. Horvath

THIRD DEPARTMENT OF MEDICINE, SEMMELWEISUNIVERSITY MEDICAL SCHOOL,BUDAPEST.
AND NATIONAL INSTITUTE OF HAEMATOLOGY AND BLOOD TRANSFUSION, BUDAPEST
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The serum haptoglobin level had been studied in 387 atherosclerotic subjects
with myocardial infarction, coronary sclerosis, acute cerebro-vascular insults, periph-
eral arterial disease. A significant increase in the level was demonstrable in all these
conditions, particularly in acute complications such as myocardial infarction and
cerebro-vascular insults. Association of diabetes with atherosclerosis did not seem to
affect the haptoglobin level. No correlation was demonstrable between the serum
haptoglobin and cholesterol levels. In 25 subjects with acute myocardial infarction the
peak haptoglobin was attained by the end of the third week.

Haptoglobin, a glycoprotein forming a firm complex with haemoglobinl
was first described by Polonovski and Jayle [23]. Smithies and Walker
[26, 27] separated it into three types constituting a system of hereditary
character. The haptoglobin level is fairly constant in the same individual
[18, 19] but varies widely in different subjects. According to Nyman [19],
the mean level amounts to 110 mg per 100 ml (range, 30 to 190 mg per 100 ml),
This value agrees with those observed by other authors [5, 9, 21, 25]. Nyman
[19] found slightly higher values in males than in females, while Hever [5]
and Shinton et al. [25] failed to demonstrate any significant sex difference.
Nor has ageing any demonstrable influence on the haptoglobin level [15, 19,
25]. The values are slightly affected by the type of haptoglobin; this is, how-
ever, usually disregarded, owing to the wide normal range.

The clinical significance of haptoglobin has been attracting increasing
interest in recent years. Its level has been found to increase in various processes
associated with the breakdown or reorganization of tissues, in particular in
acute and chronic inflammatory conditions, numerous infectious diseases,
collagen diseases, tumours, etc. [4, 5, 9, 19]. Increased values were found in
various non-haemolytic diseases of the haemopoietic system, e.g. in panmy-
elopathy [12, 17], Hodgkins’s disease, reticuloses [6, 11, 13], though not in
haemoblastoses where the figures are inconsistent [6, 12, 21]. On the other
han'd, in haemolytic processes the haptoglobin level is considerably depressed
[9, 12, 19, 21, 22, 25], a finding characteristic of every haemolytic reaction,
and thus of diagnostic importance in the case of complications after blood
transfusion [2, 15].
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Jayle et al. [7, 9, 10] found a high haptoglobin level in coronary disease
and its further rise after myocardial infarction. There is also other published
evidence on increased haptoglobin values in coronary thrombosis [1, 14, 16,
22], though Muller and Muller-Von Voigt [18] failed to demonstrate any
significant elevation in such cases.

In view of the qualitative and quantitative alterations of serum muco-
polysaccharides in atherosclerosis, the above observations seemed to justify
a study of the behaviour of haptoglobin, a substance composed of protein and
polysaccharide, in some conditions associated with atherosclerosis.

Material and methods

a) Patients

The haptoglobin level was determined in 612 subjects with atherosclerosis of various
types and severity. In the majority a single estimation was performed, in some patients
two or three estimations, and in 25 patients with myocardial infarction the haptoglobin level
was recorded serially. In the interest of correct interpretation, any potential additional factor
was ruled out which might have affected the haptoglobin level. The cases where this was not
possible with any reliable certainty, were excluded from analysis. In this manner, the data
of 387 patients were available for processing. There were 180 males and 207 females, aged
between 37 and 88 years (mean 66 years). The patients were divided into five clinical groups
on the basis of the following criteria.

1) Myocardial infarction. Typical course, laboratory findings, ECG; less than
since the infarction.

2) Coronary sclerosis. Typical anginal symptoms, ECG, and, in a number of cases, a
history of myocardial infarction.

3) Acute cerebro-vascular insult. Patients in the first week after the onset of hemiplegia,
aphasia or of other focal lesions, whether proving transitory or permanent in the end. Caro-
tography was done in a number of cases.

4) Cerebrosclerosis. One or several cerebrovascular insults in the past, mentioned in the
history or diagnosed on the basis of hemiplegia or of other focal lesion.

5) Peripheral arterial disease. Typical signs and symptoms, including oscillographic
pattern, with no evidence of necrosis.

Group 1comprised 67 subjects (41 males, 26 females); group 2, 205 subjects (81 males,
124 females); group 3, 48 subjects (21 males, 27 females); group 4, 52 subjects (24 males,
28 females); group 5, 15 subjects (13 males, 2 females).

82 patients (30 males, 52 females) had also diabetes. Their data were evaluated sep-
arately in the respective groups.

As a control group, 52 healthy blood donors (36 males, 16 females) were used. The
controls for the patients with atherosclerosis and diabetes were 10 young diabetics (5 males,
5 females), with no vascular complication.

b) Methods of investigation

The serum level was estimated by the colorimetric procedure of Owen et al. [20]
based on the measurement of haptoglobin methaemoglobin peroxidase activity. All tests were
performed against controls for which the same mixture of normal sera with less than 5% scat-
tering was used. The haptoglobin value was computed from a calibration graph and expressed
in mg per 100 ml of bound methaemoglobin. The normal range was between 40 and 190 mg
per 100 ml.

The serum cholesterol level was estimated by the method of RappAPORT and Eichhorn
[24].

In the first group (myocardial infarction) SGOT, LDH, ESR and WBC were also esti-
mated.
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Results

Fig. 1 shows the haptoglobin values in the entire material. In the great
majority of cases the level was between the mean and the upper normal limit.

Table | shows the figures obtained in the controls, Table Il those ob-
en
o
C
o
normal
average
0
E
C.
c!
|
* male
* female

Fig. 1. Serum haptoglobin values in the various forms of atherosclerosis
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Table 1

Serum haptoglobin level, mg per 100 ml, in control subjects

Normal blood donors Diabetic controls Total of controls
Male Female Total Male Female Total Male Female Total
n 36 16 52 5 5 10 41 21 62
X 109 105 108 141 139 140 113 113 113
S 34 35 34 43 52 45 35 38 38
X 5.7 8.7 4.7 19.2 23.2 14.2 5.4 8.3 4.8

tained in the patients. Statistical significance was evaluated by the two-
sample t test.

The data, whether referred to the total number of males or to that of
females or to both sexes, consistently revealed a significant elevation of the
serum haptoglobin level in all five groups (Tables I and Il1). To clarify the ques-
tion whether or not the haptoglobin level is affected by diabetes associated
with atherosclerosis, the values for the non-diabetic subjects were compared
with those for the diabetics, with respect to sex and clinical type. No significant
difference was found between the diabetic and non-diabetic groups. In conform-
ity with this, the four-sample t test also failed to reveal any significant
difference in the case of diabetes associated with atherosclerosis.

The cholesterol level was significantly increased in all groups, but corre-
lation analysis failed to reveal any relationship between the haptoglobin and
cholesterol levels.

In the next series, the serum haptoglobin level was serially recorded
in 25 cases of myocardial infarction. The correlation was tested on the basis
of a regression line derived from the individual values with the smallest scatter.
This resulted in the parabola seen in Fig. 2 which shows that the average peak
of 180 mg per 100 ml was reached towards the end of the third week.

Table 11

Serum haptoglobin level, mg per 100 ml, in atherosclerosis,

Myocardial infarction Coronary sclerosis

Male Female Total Male Female Total
n 41 26 67 81 124 205
X 185 179 183 151 151 151
S 51 52 51 43 37 39
S; 7.9 10.1 6.2 4.7 3.3 2.7
t 7.50 4.84 8.75 497 4.35 6.26
p % <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
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-1 1 J I 1 ] L
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y =3.55 x2 +20.17 x+149.38
max :x0 =2.84
y(x j-179.28

Fig. 2. Regression parabola of the serum haptoglobin level

including diabetic and non-diabetic subjects

Acute cerebro-vascular insult Cerebrosclerosis

Male Female Total Male Female
21 27 48 24 28
156 170 167 161 139
33 43 40 42 40
7.9 8.2 5.8 8.5 8.1
4.39 471 7.23 4.97 2.25
<0.1 <0.1 <0.1 <0.1 <5

Total

52
150
44
6.1
4 82
<0.1

23

in myocardial infarction

Peripheral arterial disease

Male

13
149
46
15.2
2.63
<5

Female

Total

15
154
36
11.8
3.58
<0.1
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Finally, it was studied whether the serum haptoglobin level in myocardial
infarction was correlated with the SGOT, LDH, ESR or WBC values. The cor-
relation coefficient revealed a slightly positive correlation between haptoglobin
and SGOT during the first days after infarction, and also between haptoglobin
and LDH one week after infarction. The subsequent data were insufficient
for evaluation. Haptoglobin and ESR values showed a definite correlation
at the end of the first and the second week. The correlations between the
previous and later values were less definite. No correlation was demonstrable
between haptoglobin and WBC.

Discussion

The present findings have shown a significant increase in the serum
haptoglobin level in all the studied types of atherosclerosis. These findings
agree well with the data according to which any process accompanied by
tissue injury involves a rise in the haptoglobin level, and which would also
account for our finding that the highest elevation occurred in the groups marked
by grave tissue destruction; in acute complications, namely in myocardial
infarction and cerebrovascular insult.

It has been sought to clarify also the question whether sex affects the
behaviour of the haptoglobin level. The mean values displayed no sex-related
difference; there were slight deviations in the values in the individual groups,
but these were likely to occur in either direction.

In our patients, diabetes associated with atherosclerosis had no influence
on the haptoglobin level. Though each of the two conditions involves a rise
in the haptoglobin value, this influence does not seem to be additive in the
case of their association.

As to myocardial infarction, this was the condition in the present s.tudy
where the highest levels (mean 180 mg per 100 ml) were found; they occurred
by the end ofthe third week. In cases where there is strong suggestive, but no
conclusive, evidence of myocardial infarction, the haptoglobin level may
provide diagnostic aid. This may be true to a certain extent forthe other clin-
ical types of atherosclerosis, too, but in these conditions there is a wide range
of other signs and symptoms which are of higher diagnostic value.

In the patients with myocardial infarction the peak haptoglobin
value was attained slightly later in time than it had been expected on the basis
of the data in literature [1, 14, 16, 22], though these too are inconsistent.
At any rate, here the behaviour of haptoglobin seems to follow a definite pat-
tern. According to the present cases, it seems to correspond to a shallow para-
bola with a return to the initial value in the 5th or 6th week, rather than to a
graph with a steep upward initial slope.
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Slight correlations have been noted between the haptoglobin and SGOT

levels in the first days after acute myocardial infarction. In the light of the
above findings, the reason forthis seems obvious. At the end of the first 48 hours
when SGOT has reached its peak and is rapidly falling to its normal value, the
concentration of haptoglobin only begins to rise. The correlation demonstrable
between haptoglobin and LDH a week after myocardial infarction may be
explained by a joint rise in the two values in this particular period. The corre-
lations between ESR and haptoglobin at the end of the first as well as of the
second week, are self-explanatory, since the ESR value increases together with
the haptoglobin level in the first two weeks, but the ESR generally declines
afterward.

10.

11.

12.

13.

14.

15.

16.

Thanks are due to Dr. J. Fischer for his help in the biometrical calculations.
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X-RAY FEATURES OF RENAL DISPLACEMENT
AND COMPRESSION BY ENGLARGED
SPLEEN AND LIVER IN POLYCYTHAEIVMNIA VERA

By
Gy. Nagy, J. Gyarmati and Cs. Balazs

FIRST DEPARTMENT OF MEDICINE AND DEPARTMENT OF RADIOLOGY,
UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received August 19, 1970)

The roentgenologic appearance of the kidney was studied in 30 patients with
polycythaemia vera. Displacement of the left kidney was demonstrable in 28, of the
right kidney in 17 cases. The extent of renal displacement was related to the clinical
activity of the disease and to the degree of spleno- and hepatomegaly. The roentgeno-
logic signs of renal displacement during the periods of recurrence showed a definite
regression during remissions.

Classification of polycythaemia on aetiopathogenetic grounds is in
conformity with the clinical appearance of the condition [12]. The choice of
treatment as well as prognostic considerations make it important to differen-
tiate carefully between the individual types of the condition.

Polycythaemia vera belongs to the myeloproliferative diseases [3]
marked by an overall proliferation of the haematopoietic system, first of all
of the erythropoietic and, to a lesser degree, of the myelo- and thrombopoietic
system [8, 9, 10, 11].

W hile untreated or poorly controlled cases of polycythaemia vera carry
a high incidence of vascular complications involving irreversible consequences
or acute life-threatening complications [11], adequate therapy considerably
improves the prognosis by ensuring long periods of remission, usually with
fully preserved working capacity [13, 20].

Renal polycythaemia constitutes a particular type of secondary poly-
cythaemia, appearing usually in association with renal tumours of various
kinds, with polycystic kidney or with unilocular or multilocular cysts of the
organ [2, 14, 18]. These complications are unresponsive to radiophosphorus
or to cytostatics administered with benefit in polycythaemia vera [18].
On the other hand, unless the primary process is not bilateral, removal of the
affected kidney ensures a permanent curve of polycythaemia [14].

Polycythaemia vera is usually accompanied by some degree of spleno-
megaly or hepatomegaly [8 11] which, as it is known from the literature
[5, 6, 7, 21], may produce certain roentgenologic abnormalities of the kidney
suggestive at first of some primary renal disease.

The present study has been concerned with the incidence of roentgenolo-
gic abnormalities of the kidney in polycythaemia vera, with the nature of
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these abnormal features and their relationship with the haemotological status
including the degree of hepatic and splenic enlargement. It also seemed of
interest to study whether or not the changes in question were reversible.

Material and methods

In the studies, 30 patients with reliably diagnosed polycythaemia vera were involved,
16 males and 14 females between 27 and 68 years (mean, 51 years) of age. The diagnosis had
been ascertained histologically in hone marrow biopsy material [11]. At the time of the study,
25 patients were in the stage of recurrence, 5 in remission.

The patients in recurrence had the following average values: erythrocytes 6,300,000
(5,730,000 to 6,660,000), leukocytes 12,700 (9,000 to 14,800), platelets 715,000 (510,000 to
1,100,000). In those being in remission, the erythrocyte, leukocyte and platelet counts were
within the normal range. Of the 30 patients, 29 had some degree of splenomegaly, 27 had hepato-
megaly.

Excretion urography was performed in every patient after appropriate preparation
and it was repeated a few months later in 9 cases. Five patients in whom urography was per-
formed repeatedly, had been in a state of recurrence at the first and in remission at the second
examination, while in three patients the first examination was done during remission and the
second during recurrence. In one patient, while being in remission and displaying normal blood
counts after repeated courses of 3P, the spleen gradually grew in size until its lower pole had
attained the iliac crest In this patient, excretion urography was performed three times; the
first when the spleen was still moderately enlarged, the second when enlargment of the spleen
was at its highest; and the third after splenectomy.

Urography was combined with tomography in 14 cases and it had to he completed by
perfusion urography in 4 and with aortography in 2 cases. The X-rays had to be faultless to
be evaluated, otherwise the examination was repeated after the necessary preparation two or
three days later. Urographs repeated for technical reasons were evaluated as single examina-
tions.

Results

The size of the spleen and of the liver can readily be estimated by manual
palpation and from the antero-posterior X-rays. According to Rosch [16],
the spleen measures 3to 7 cm in its transversal and 8to 14 cm in its longitudinal
diameter. In the present material, splenomegaly and hepatomegaly were
graded on the grounds of the physical and X-ray signs as follows. Distinct
(-)-) in 7 cases; moderate (++) in 13 cases; and marked (+ + +) in 9 cases.
In grade -f- the lower border of the liver or of the spleen was palpable 1.5
fingerbreadths, in grade — {2 to 3 fingerbreadths, in grade + + + more than
3 fingerbreadths below the costal arch.

The roentgenologic kidney abnormalities are presented in Table I.
Displacement and rotation of the right and of the left kidney as also other
signs indirectly related or unrelated to splenomegaly or hepatomegaly are
found under separate headings.

As seen in Table I, displacement of the left kidney was demonstrable
in 28 and its rotation in 9 cases. The latter abnormality was associated with
a displacement of the kidney in 8 of the 9 cases, in all of which splenomegaly
was of a major degree. Displacement of the right kidney was present in 17 and
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its rotation in 5 cases. Rotation was always associated with displacement.
Marked hepatomegaly was present in all 7 cases of combined displacement
of the right kidney.

Tabic 1
Displ t
Isplacemen I l Other
Side Cranial Total Rotation abnor-
Caudal Medial Caudal malities
medial
1
Left | 12 6 9 28 9 7
Right | 7 2 7 17 5 10
The other renal abnormalities are seen in Table 1l, which shows that

bilateral pyelectasis and pyelonephritis were found in two instances each.
Renal calculosis was demonstrated in three cases. These complications existed
side by side with marked splenomegaly and hepatomegaly.

Table 11
Pyelo- Nephro- Lipoma- Duplicity Bulging
Side Pyelectasy neglhritis 1 Iith)ia;(i)s Renal cyst t%sis of renal renal Total
pelvis contours
1
Left 2 i | - | 7
Right 2 2 2 2 1 | _ 10

In the majority of the present cases the X-ray abnormalities were char-
acteristic of a caudal or of a combined, i.e. caudo-medial, displacement of
the kidney. The most typical findings are shown in the following case reports.

Case 1. (Figs, la and b), H. F., a 56-year-old male. Both kidneys show normal excre-
tion and concentration. The left renal shadow is seen approximately 4 cm below its normal
level, with the lower pole in the height of the iliac crest. The contours of its lateral upper
segment are straightened out by the considerably enlarged spleen being in its close proximity.

Case 2. (Figs 2a and b), D. M., a 62-year-old female. Both kidneys excrete at a normal
rhythm and concentrate adequately. The lower pole of the left kidney reaches 4 fingerbreadths
below the line of the iliac crest, being displaced 8 cm downward and 4 cm medially. It joins
the homogeneous shadow of the enlarged spleen. The renal pelvis and the calices are distended.
There is an intrapelvic staghorn calculus. The lower pole of the right kidney reaches 3 finger-
breadths below the iliac crest, being displaced downward by the enlarged liver. There is a
moderate distension of the pelvic system.

Excretion urography was repeated a few months later in 9 cases; in 5 patients the
first examination was done during a recurrence and the second during remission. In two pa-
tients a considerable, in three a complete, regression of renal displacement was demonstrable
at the second examination. On the other hand, in those three patients who had been in remis-
sion at the time of the first and in exacerbation at the time of the second examination, a de-
finite progression of renal displacement was demonstrable on the second occasion, associated
with rotation in 2 cases.

One of the patients was in remission when first examined as well as at the times of the
tw o subsequent follow-up studies. However, despite normal blood counts the spleen gradually
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Fig. la

Fig. Ib
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Fig. 3b
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Fig. 4b
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increased to an enormous size. For this reason, splenectomy was performed. As shown by the
postoperative urogram, the displacement of the left kidney in consequence of splenomegaly
had practically disappeared.

Case 3. (Figs 3a, b), S. J., a 47-year-old female. The upper pole of the left kidney is
seen at the level of the posterior part of the 10th rib, i.e. 3 cm higher than normally and 2 cm
towards the midline. The pyelo-ureteral junction is straightened out. The lower pole of the
right kidney reaches down to the line of the iliac crest, being displaced caudally by 4 cm and
medially by 2 cm. Its axis is parallel with the spine. The caliceal stalks are atright angles to
the renal pelvis.

On the urogram performed one month after splenectomy (3b) the left kidney appears
normal in size and of practically normal position, with its upper pole at the lower border of
the 11th rib and its axis parallel with the psoas muscle. The position of the right kidney was
unchanged.

In two subjects, unilateral cysts of the kidney were found. Since, on the evidence of
clinical observations [14, 18] renal cysts belong to the primary processes giving rise to renal
polyglobulia, this possibility had to be considered. However, the typical bone marrow picture,
with leukocytosis, thrombocythaemia, enlargement of liver and spleen left no doubt about the
diagnosis of polycythaemia vera. One of the cases is reported in the following.

Case 4. (Fig. 4a), M. G., a 61-year-old male. The left kidney of normal shape and size
is situated 3 cm lower than normally. Cranially and laterally from there is the shadow of the
considerably enlarged spleen. The left ureter appears slightly tortuous. The right kidney is of
normal position, its lower half appears broader than normally. The lower and middle calices
fill poorly. One of the middle calices has a tapering form, as a sign of compression which in-
volves the renal pelvis. The area of compression is sharply outlined upwards and shows round-
ed contours.

Selective arteriography of the right kidney (Fig. 4b) revealed the intrarenal branches
of the renal artery supplying the caudal half of the kidney to curve upward and to enclose
a poorly vascularized area of the size of a tennis ball. In later phases there was no artériographie
sign of any functioning renal parenchyma within this area, indicating the presence of a cyst
in the right kidney.

Discussion

Renal dystopia demonstrable by X-rays constitutes a primary anomaly
or it may be secondary to retroperitoneal tumours, splenomegaly or to tumours
of the kidney itself [7, 11, 21]. The X-ray features of left renal displacement
by splenomegaly have amply been discussed in the literature [5, 6, 7, 15, 17].
Hepatomegaly as a cause of right renal displacement is also well-known [4].
Displacement and rotation of the kidney involve certain differential diagnostic
problems [6, 7, 14, 21] of decisive importance as regards the therapeutic course
to he adopted.

Forde et al. [5] were able to demonstrate left renal displacement by
intravenous urography in 25 out of 27 cases of splenomegaly due to various
causes, in the first place to diseases of the haematopoietic organs, cirrhosis
of the liver and splenic cysts.

Delamore et al. [4] found renal displacement in consequence of hepato-
megaly or splenomegaly in 21 out of 25 cases of polycythaemia vera. There
was no primary renal disease in their series.

The present study, which has been aimed at the X-ray investigation of
the kidney in polycythaemia vera, involved 30 subjects; 29 ofthem had spleno-
megaly, 27 hepatomegaly. Splenomegaly of grade + + + was present in 9,
hepatomegaly of the same grade in 8 cases. Displacement of the left kidney
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was demonstrable in 28, that of the right kidney in 17 cases. Splenomegaly as
well as hepatomegaly of grade + were usually accompanied by combined,
i. e. caudo-medial displacement of the kidney associated in most cases
with a rotation of the organ. (Owing to methodological considerations, the
incidence of a possible displacement in the sagittal direction as observed by
W eiss [21] was not investigated in this study.) In the entire series, the extent
of renal displacement was closely related to the haematological status expres-
sing the prevailing clinical condition (recurrence or remission) as also to the
extent of hepatomegaly or splenomegaly: while the X -ray signs ofrenal displace-
ment noted during the periods of recurrence showed a definite regression
during remissions, those demonstrable at the times of remission were found
to have increased in degree in the case of a recurrence. The above observation
where all signs of a combined renal displacement disappeared after splenec-
tomy, convincingly illustrates the reversibility of these changes.

Other abnormalities found included pyelectasy in 2 and nephrolithiasis
in 3 cases, all with marked renal displacement. There is every reason to consider
the renal displacement, or rather the ureteral angulation thus produced, as a
predisposing factor of pyelectasy as well as of renal calculosis, the more so as
polycytliaemia had been present for long years in both cases (8 and 10 years
respectively), therefore renal displacement must also have been present for a
long time. Pintér and Forrai [15] reported a case of myelosclerosis where the
combined displacement of the left kidney due to splenomegaly was associated
with renal calculosis.

It was remarkable to find two subjects with unilocular cysts of the
kidney. The possibility of renal polycythaemia could, however, be ruled out
in both cases on the grounds of the classical features such as splenomegaly,
hepatomegaly, typical bone marrow, leukocytosis, and thrombocythaemia.
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COMPLEX CARDIORESPIRATORY INVESTIGATIONS
WITH MINIMAL ERGOMETRIC LOAD FOR SCREENING
OF PATIENTS IN CARDIAC REHARILTTATION*
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(Received September 14, 1970)

A complex oximetric and radiocardiographic method performed in right heart
catheterization during ergometric load has been worked out. The 13Xe-radiocardiogram
proved well reproducible and its course during the load was planimetrically proportion-
ate to the dilution curve of the dye injected simultaneously.

In the course of the loading reaction there was no significant difference in car-
diac output, stroke volume and arterial oxyhaemoglobin content between a normal
and the postinfarction group two years after the acute episode. In the latter group the
increase in heart rate and recuperation of the 133X eregional lung clearance were some-
what delayed. The cause gf this and of the modest increase in alveolar ventilation might
have been due to the postinfarction rehabilitation training.

To facilitate interpretation typical loading diagrams are presented of the haemo-
dynamic hyperreaction of a patient with labile hypertension, of one with compensated
chronic cor pulmonale and one with primary cardiomyopathy associated with absolute
arrhythmia.

Selection of postinfarction and heart-operated patients for rehabilitation
training must occur in the knowledge of their haemodynamic parameters,
in addition to the usual ECG, radiologic and spiro-ergometric findings. For this
purpose a complex oximetric and radiocardiographic loading technique has
been worked out.

Material and method

A so-called normal group of ten middle aged male patients served for determining the
normal reaction. They had no valvular defect or cardiomyopathy and were admitted for a
temporary increase of blood pressure in the functional stage of hypertension. Their ECG was
normal in twelve derivations and the load did not lead to pathological changes. The second
group consisted of ten patients who were in good condition two years after having suffered
a myocardial infarction; their ECG showed residual repolarisation disturbances which did not
change on applying the 50 W bicycle ergometric load in the sitting position.

The equipment consisted of a four channel radiocirculograph, an Atlas Universal Oxy-
meter, an Atlas-Krupp Cardiognost-Recorder and an electrocardiograph. An analogue compu-
ter (Berthold product linear-logarithmic ratemeter) connected to the magnetic data storage
system served for putting into logarithmic order and integrating the recorded activity-time
curve.

At the start of the experiment, arterial oxyhaemoglobin content, lung-ear circulation
time, basal ECG and carotid curve were determined. After right heart catheterization with
a thin flexible polyethylene catheter we recorded electromanometrically the pressure in the
great veins, in the right auricle and in some cases in the right ventricle. Then at rest two indi-
cator boluses one after the other were injected into the right auricle, then one bolus every one

*This work was supported by the International Atomic Energy Agency.
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and a half minute during four minutes ergometric load and in the recuperation period further
indicator portions were injected. Loading was performed with a bicycle ergometer in the
recumbent position, after the patient has used the ergometer for a short time.

The recumbent position was necessary in view of the radiocardiographic arrangement.
The reason for minimalizing the ergometric load to 50 W and for departing from the generally
accepted 1 W/kg was to establish a bottom limit, under which a pathological response exclud-
ed the patient from the rehabilitation training. At the same time, the 50 W loading level
coincided well with one of the loading grades obtained in the sitting position applied by us
for the routine classification of postinfarction patients.

The indicator boluses consisted of 18X e dissolved in saline, of methylene blue with an
identical concentration of 1X3Xe and, at the conclusion of the experiment, after the heart
rate had returned to its basal value, of 13l human serum albumin with an identical concentra-
tion of methylene blue. During the rest, the loading and the recuperation periods at least one
X c-methylene blue combination was available for the simultaneous control of the changes
measured by radiocardiography and dye dilution. 13X e was chosen in view of its chemically
inert nature, in consequence of which it leaves the organism through the lungs at the first
recirculation already, so we could measure the activity in periods of one and a half minutes
without having to reckon with a residuum. Another advantage of 18Xe s that it allows simul-
taneous washout examinations for estimating the 133Xe regional lung clearance. The 13-
albumin radiocardiogram obtained after normalisation of the heart rate, supplied the quanti-
tative basis of the relative 133X e cardiac output data. The rate of change is characterised by the
proportion of the planimetred area, as identical activities have been injected.

The 13]I-albumin radiocardiographic procedure [1, 2] was based on the principle of
selective quantitative radiocardiography introduced by Donato et al. [1] except that as
point of detection the crossing of the pulmonal artery and of the aorta was used. Estimation
of the regional alveolar ventilation in the right upper iobe was performed by the 133X e washout
method after intravenous injection through a micro-catheter, introduced by Hekscher, Lar-
sen and Lassen [4].

Methodical demonstration

In the right upper corner of Fig. 1 the activity calibration, in the left upper corner
the basal 13Xe radiocardiogram and regional clearance curve, in the centre the logarithmical
and integrated changes can be seen. In the second, third and fourth lines, the data of the
one and a half minute periods from loading until recuperation, while at the bottom line the
basal expirational apnoea-curve, the 13ll-albumin quantitative radiocardiogram during

Fig. 1. Complex radiocardiographic and oximetric investigation during load. For details, see
text
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recuperation and the simultaneous methylene blue dye dilution curve are visible. Flow and
cardiac output were estimated on the basis of the first exponential component of the 1XXe
radiocardiogram. As the activity was introduced through a catheter, the areas of the two basal
133X e radiocardiograms and of the two basal regional clearances were in good agreement.

Results

In the figures, heart rate, stroke volume, the percentual changes of
cardiac output, of the regional 13Xe clearance, and of oxyhaemoglohin are
shown, together with cardiac output at the end of the recuperation period,
the regional 13X e clearance in ml/min related to 1 ml of alveolar air, the cir-
culating blood volume and the dye dilution/concentration quotient.

250-
200.
150-
100 n’i**** B | O7min
78min
50 peoL il
172 V/z \Y74
Fig. 2. 50 W ergometry in Recumbent position, 4 min. Normal cases, n = 10. Per cent of rest-
ing value: cardiac output + + +, heart rate (min) ..., stroke volume (ml) 4444

Fig. 2 shows that in the normal group heart rate and cardiac output
reached their maximum in the first one and a half minutes. Cardiac output
then remained constant at the 175% level, while the initial heart rate of 140
began to decrease already during the loading; this caused a continuous increase
in stroke volume during the whole time of loading. Scattering of the values
for the listed parameters was i20% . Mid-point of the recuperation of all three
parameters took place in the 6th minute, at the same time the average dilution/
concentration was normal.

In Fig. 3 the course of the regional 133Xe clearance is similar to that of
cardiac output, only the rate of the change is around 225% and the scatter
only 10%. Arterial oxyhaemoglohin saturation starts from a normal level,
it decreases after half a minute to return half a minute to or in some cases to
somewhat more than its starting value.

In the postinfarction group, heart rate, cardiac output and stroke volume
had reached their highest level in the third minute. Cardiac output increased
to about 175%, just as in the normal group, the increase in heart rate was
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less and of t ;e stroke volume more than of the normal group; the difference
in heart rate was considerable. The maximum scatter was about i20% in all
three parameters. Their restitution occurred around the seventh minute, at
the same time as did that of the dilution/concentration quotient.

Fig. 3. 50 W ergometry in recumbent position, 4 min. Normal cases, n = 10. Per cents of
resting value: regional 133Xe clearance — — — arterial oxyhaemoglobin level---------

Fig. 4. 50 W ergometry in recumbent position, 4 min. Postinfarction cases after two years.
n = 10. Per centofresting value: cardiac output + + + | heart rate (min)......... . stroke volume

(ml) BAAA

The cause of this more favourable heart rate reaction, as well as of the
more modest increase of alveolar ventilation might have been due to that the
postinfarction patients took part in constant training.

In Fig. 5, the course of the clearance curve in the postinfarction group
is similar to that of cardiac output; the peak amounts to 180% in the third
minute. Arterial oxyhaemoglobin saturation starts from a lower value in the
normal group, it begins 30 seconds after loading, but at the end of the 2nd
minute it reaches the starting level, where it then remains.
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Fig. 6 is the summation of the former figures, offering a comparison
of the values for heart rate, cardiac output, stroke volume, regional 133Xe
clearance and arterial oxyhaemoglobin in normal and postinfarction patients.

Heart rate and cardiac output reached their peak values one and a half
minutes later and lasted in the recuperation period half a minute longer in
the postinfarction group than in the normal one. Taking the scatter into
account, the one and a half minute delay in the normalization of cardiac output

Fig. 5. 50 W ergometry in recumbent position, 4 min. Postinfarction cases after two years,
n = 10. Per cents of resting value: regional 133Xe clearance — — —. arterial oxyhaemoglobin
level ---------

approaches statistical significance, whereas the delay in heart rate normaliza-
tion is significant. It is the 133Xe clearance which deviates most in the recuper-
ation. The postinfarction patients starting at a somewhat lower oxygen
saturation level, in the first minute of the load display a value somewhat lower
than the normal, and the basic level sets in about half a minute later in accor-
dance with the retarded adaptation.

Fig. 7 shows cardiac output and stroke volume in a patient with labile
hypertension with a fast increase in heart rate. Similar reactions were observed
in the normal group, too, and they were probably slightly increasing the one
and half minute mean value in the normal group.

Fig. 8 shows the reaction to loading of a patient with compensated chron-
ic cor pulmonale: a significant increase in heart rate, variable cardiac output
and stroke volume pattern, distinct desaturation and a definite increase in
alveolar ventilation were typical in this case.

Fig. 9 presents the even more unfavourable reaction of a patient with
cardiomyopathy and an auricular fibrillation; there was a great increase in
heart rate, a temporary augmentation of cardiac output in the first minute of
loading, while stroke volume remained at an approximately constant low level.
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parison of cardiac output and heart rate. Above right, comparison of stroke volumes. Below, comparison of regional 13X e clearance
and oxyhaemoglobin level
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In the fourth minute the patient became dyspnoeic and loading was discon-
tinued. At this time, desaturation had become apparent and cardiac output
began to decrease.

Vit 3 4/2 6 I'k 9min

Fig. 7. 50 W ergometric load in recumbent position, 4 min. Labile hypertension. Per cent
of resting value: cardiac output + + +» heart rate (min) ... stroke volume (ml) 4444

Fig. 8. 50 W ergometry in recumbent position, 4 min. Chronic compensated cor pulmonale.
Per cents of resting values: cardiac output+ + + ;regional 13Xe clearance— — —;
heart rate (min) ... stroke volume (ml) gagna ; arterial oxyhaemoglobin level
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Fig. 9. 50 W ergometry in recumbent position, 4 min. Myocardiopathy with absolute arrhyth—
mia. Percents of resting values: cardiac output + + + ; regional 1X3Xe clearance--------- ;
heart rate (min) ....; stroke volume (ml) gapg ; arterial oxyhaemoglobin level

Discussion

The obtained data show that the haemodynamic reactions of loaded
patients who were in a good condition two years after myocardial infarction,
did not differ significantly from the group of normal middle-aged men. The
initial slower elevation of heart rate and cardiac output in the postinfarction
patients does not allow far-reaching quantitative conclusions, since the initial
curve of the stroke volume in both investigated groups ran its course at a
nearly identical level, which approximately equalized the retarded starting.

Normalization of cardiac output in the normal group set in at the sixth
minute while in the postinfarction group it ensued around the seventh minute,
with half a minute difference. The difference was even more pronounced in
the case of regional 133X e clearance.

The scatter in the results is considerable, but we can hardly expect a
better one, taking into account that the baseline values may already show a
deviation of nearly 10% and that the course of the reaction depends greatly
on the vegetative tone. When evaluating the instantaneous situation, we must
reckon with a fairly wide normal zone. At any rate, comparing simultaneously
several parameters minimizes the possible errors.
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The changes in heart rate and cardiac output observed by us were some-
what higher than those reported [5] for a 50 W bicycle load in sitting position;
this might he due to a somewhat different distribution of the cardiac output
during the loading in the recumbent position.

Knowing the normal values and the reactions to loading of the cardiac
output, stroke volume, arterial oxyhaemoglobin and the heart rate and 133Xe
clearance, our method might be of help in the earlier selection of postinfarction
patients.

Methodical addendum

For measuring one of the detectors was placed over the right ventricle
in the fourth intercostal space next to the sternal margin; for the regional
clearance we chose the right upper lung zone and detected from the right
third intercostal space in the midline of the clavicle. Since we examined the
changes in relation to the initial phase, the geometrical difficulties originating
from the absorption of soft-gamma rays did not count much.

The 18X eradiocardiogram was considered one from the side of the right
heart, but this differentiation was of interest only in the adaptation occurring
in the course of the first minute [6]. Later, cardiac output from the two sides
of the heart is identical even under the effect of loading.

An Evans-blue series allowing a reliable quantitative determination
would have loaded the patient to a much greater extent than the quickly
excreted methylene blue had done.

Comparison ofthe planimetred areas and impulse rales

In basic conditions Repeated 2nd injection
I33Xe primary radiocardio-
gram 10.1+ 1.2 cm2 302+ 25 cps 9.7+ 0.9 cm2 280+ 26 cps
I33X e regional clearance 18.8+ 1.5 585+ 61 18.2+ 1.6 558+ 56

Comparison of the planimetred areas of the 13X Cprimary radiocardiogram and of the methylene
blue dye dilution curve

Start 3 min At the end of recuperation
18X e primary radiocardiogram 9.9+1.0 cm2 5.9+ 0.7 cm2 9.6+ 1.0 cm2
Methylene blue dye dilution

curve 6.2+ 0.7 3.6+ 04 6.0+0.7
n= 20 p 0.05
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The radiation load was minimized as each of the 200 /tCj 13X e-boluses
left the organism within one and a half minute and the terminal 13ll-albumin
activity for cardiac output calibration was 20 fiCj 131l.
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EFFECT OF VITAMIN K3 ON HUMAN AND RAT
RENOCORTICAL SUCCINIC DEHYDROGENASE ACTIVITY
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SECOND DEPARTMENT OF PEDIATRICS, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL,
AND SECTION OF PATHOLOGY, NATIONAL INSTITUTE OF RHEUMATISM, BUDAPEST

(Received September 24, 1970)

Succinic dehydrogenase activity was demonstrated histochemically in isolated
rat glomeruli. The activity of the glomerular enzyme was estimated quantitatively
under the effect of various substances affecting the oxidoreductive processes of the
cell. The sites of interference of two tétrazolium salts (nitro-BT, TPC), and of vitamin
K3 were located within the oxidation cycle of succinic acid. Human nephritic kidneys
showed a reduced succinic dehydrogenase activity which, unlike in normal or nephro-
tic human kidneys, was hardly enhanced by vitamin K3, particularly in the glomeruli.
A reduction in the activity of the Krebs-cyde enzymes indicates that the metabolic
processes of the nephritic kidney are profoundly affected.

W hile, on the evidence of histochemical methods, the maximum amounts
of succinic dehydrogenase (SDH) in both the human and the rat kidney are
contained in the ascending limb of Henle’s loop and in the proximal and dis-
tal convoluted tubules (Wachstein 1955), these procedures, even in combina-
tion with electron microscopy, fail to detect any SDH activity in the glomeruli
(Kerpel and Hajos 1968). However, Nowinski and Pigon (1967) showed
the presence of SDH in isolated rat glomeruli by micromanometric measure-
ment of the increase in 0 2uptake induced by succinate. By the elimination
of the tubules with their high SDH content which masks the slight glomerular
activity, the isolation technique makes the demonstration and estimation of
the glomerular enzyme not only accessible to micromanometry but also to
spectrophotometry used in combination with biochemical or even with rou-
tine histochemical procedures (Marosvari and Tanka 1969), and by means
of tétrazolium salts SDH activity can be as readily estimated as in the renal
cortex (Kun and Abood 1949).

The quinones contained in the kidney play a significant part in the oxi-
dation of succinate (Stater, 1961). Thus, ubiquinone enhances considerably
the SDH activity measured by tétrazolium salts. Vitamin K3has a similar in-
fluence (Wattenberg et al., 1960), an effect which may be connected with
a still unidentified quinone (“Q factor”) similar in structure to vitamin K3
which beside ubiquinone is presumably involved in the oxidation of succinate
(de Haan and Kraayenhof, 1970).

In haematuric membraneous nephritis a reduced SDH activity has been
noted (Marosvari et al., 1971). The reduction might be connected with some
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alteration in the renal quinones in nephritis. Since renal ubiquinone content
remains normal in nephritis (Nervyn and Morton, 1959), we have studied
the possible influence of other quinones such as the “Q-factor” or/and of vita-
min K3 on SDH activity in normal as well as in glomerulonephritic human
kidneys.

Material and methods

For the human kidney enzyme studies, a 2% homogenate was prepared from the cor-
tical biopsy material with Ringer’s solution in a Potter homogenizer. For the estimation of
SDH activity the method of Kun and Abood (1949) was employed partly in its original form
with 0.1% (2,3,5-triphenyl tétrazolium chloride, TPC) partly in our modification by the use
of 0.1% (3,3’-dimethoxy-4,4’-diphenylene)-bis-2-p-nitrophenyl-tetrazolium chloride, [nitro-
BT1). For human material only nitro-BT was used as hydrogen acceptor: from the renal
cortex of the rat a 20% homogenate was prepared with Ringer’s solution and TPC or nitro-

BT were used as hydrogen acceptors.

For isolating the glomeruli from the renal cortex the method of Fong and D rummond
(1969) was used in our modification (Marosvari 1970).

Histochemical demonstration of SD1l was carried out by the method of Nachlas et
al. (1957) parallel with the quantitative estimation of the enzyme activity.

For the isolation of liver mitochondria the method of Schneider (1948) was used.

The protein content of the homogenates, glomerular suspensions and mitochondria
was measured by the micro-Kjeldahl technique.

Results

In rat glomeruli SDH activity became histochemically demonstrable
after an incubation period of 60 to 90 minutes (Fig. 1). In the presence of 600
/tg/m1 of vitamin K3 marked activity was demonstrable as early as in 15 mi-
nutes (Fig. 2). As measured with nitro-BT, this glomerular SDH activity repre-
sented approximately one tenth of the activity of the whole cortical homo-
genate (Table I); this iswhy the slight glomerular SDH activity remains unde-
tected by the conventional methods unless the glomeruli are separated from
the tubules.

In human kidney sections, tubular SDH activity was clearly discernible
after 5 minutes incubation. In the cortex of a human nephrotic kidney slight
glomerular activity was demonstrable at 25 minutes (Fig. 3). In the nephrotic
kidney, tubular as well as glomerular SDH activity increased significantly in
the presence of 600 /zg/ml of vitamin K3 (Fig. 4).

On the other hand, in human nephritis the renal glomerulus failed to
display any detectable SDH activity after 25 minutes incubation (Fig. 5),
nor did vitamin K3 increase the enzyme activity to any significant extent
(Fig. 6).

In order to clarify the nature of SDH activation by vitamin K3, we have
studied some other substances affecting the oxido-reductive cellular processes
for their effect on the SDH-tetrazolium system (Tables I and Il). It can be
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Fig. 1. SDH activity of glomeruli isolated from rat kidney in the absence of vitamin K3 ( X 60)

Fig. 2. SDH activity of glomeruli isolated from rat kidney in tin* presence of vitamin K3
(X 60)
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seen that SDH activity measured by means of nitro-BT, while being more or
less inhibited by vitamin K3 at low concentration, is considerably enhanced at
higher concentration. On the other hand, when measured with TPC, vitamin
K3 was inhibiting SDH activity the more the higher its concentration. Potas-

Table 1

Succinic dehydrogenase activity in rat renal cortex*
(10 experiments)

Homogenate with NBT 40£10
yVitamin K3 16 /ig/ml 26+12
-f-Vitamin 600 /ig/ml 68+ 14
+KCN 3 /ig/ml 64+ 10
+KCN 110 /ig/ml 70+12
+ Methylene blue 6 /ig/ml 33+ 5
Methylene blue 6 //g/ml 38+ 8
-{-Vitamin K3 600 /ng/ml
Glomerulus with NBT 3.8+1.5
-{-Vitamin K3 600 //g/ml 7.9+2.4

#SDH unit: 1 U = fig formazan/mg protein/10 minutes

sium cyanide had a similar effect in that it enhanced SDH activity when nitro-
BT was used and inhibited it when TPC was employed. Methylene blue had
no influence by itself on SDH activity and abolished the inhibitory effect of
vitamin K3in the TPC system. On the other hand, in the nitro-BT system,
methylene blue was slightly inhibitory even in itself and even more so on the
potentiating effect of vitamin K3.

Vitamin K3 affected SDH activity of liver homogenates and even of iso-
lated mitochondria in the same manner as that of renocortical homogenates
(Table Ill). This would suggest that the effect of vitamin K3on SDH activity is
not organ specific and that it seems to be connected with mitochondrial
oxido-reductive processes.

The use of nitro-BT makes the activation of glomerular SDH under the
effect of vitamin K3 clearly demonstrable. TPC does not lend itself to the
demonstration of SDH activity under similar experimental conditions since
it gives 15 times lower figures than does nitro-BT which, in view of the fact
that the activity of the glomeruli represents one tenth of that of the cortex,
would be clearly insufficient (Tables I, I1).
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Fig. 3. SDH activity of a glomerulus (centre) and of tubuli from nephrotic human kidney,
in the absence of vitamin K3 (X250)

Fig. 4. SDH activity of a glomerulus (centre) and of tubuli from nephrotic human kidney,
in the presence of vitamin K3 ( X250)
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Fig, 5. SDH activity of a glomerulus (centre) and of tubuli from nephritic human kidney, in
the absence of vitamin K3 (X 250)

Table 11

Succinic dehydrogenase activity in rat renal cortex
(10 experiments)

Homogenate with TPC 25414
+Vitainiu K3 16 /tg/ml 1.4+0.6
-(-Vitamin 600 /tg/ml 0.8+ 0.5
+KCN 3 fig/ml 1.1+ 04
-j-KCN 110 /tg/ml 0.8+0.6
-{-Methylene blue 6 /ig/ml 26+ 11
-{-Methylene blue 6 /fg/ml 3.1+1.2
-{-Vitamin K3 600 /ig/ml
Glomerulus with TPC 0
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Fig. 6. SDH activity of a glomerulus (centre) and of tubuli from nephritic human kidney
in the presence of vitamin K. (X 250)

Table 111
Liver mitochondria SDH activity*
-{-Vitamin K3 600 /fg/inl
with TPC 8.0
with TPC 1.6
-{-Vitamin K3 600 fig/ml
with NBC 120.0
with NBT 152.0
«SDH unit, eee Table 1
Discussion

The metabolism and enzymology of the renal cortex, in particular of
the glomerular apparatus, have been attracting increasing interest. Fong
and Drummond (1969) noted an enhanced oxidation of glucose and of pal-
mitic acid in rat glomeruli in the early stages of nephrotoxic nephritis. It was
likewise in nephrotoxic nephritis that Dubach and Recant (1962) studied
the activity of the enzymes involved in the hexose-monophosphate and Emb-

Acta Medico Academiae. Scientiarum Hungaricae 28, 1971



54 1. MAROSVARI et al.

den—Mayerhof shunts and demonstrated an increased G6P-dehydrogenase
activity before the manifestation of proteinuria. The question how another
essential metabolic pathway, the Krebs-cycle, is affected by nephritis has
received little attention. Marosvahi et al. (1971), in biopsy material of human
nephritis, found a reduced cortical activity of SDH and of isocitric-dehydro-
genase (ICDH). SDH activity in the glomeruli was also weaker and less re-
sponsive to vitamin K3 than under normal conditions. The normal ubiquinone
content of the nephritic kidney on the one hand and the failure of vitamin K3

Table TV
Vitamin K3(factor “Q')------- »NBT N~
Succinate —- - - » Ubiquinone----- »Cytochrome (b,c1,c,a)- '‘Cytochrome a3— -»02
(SBED ; v
Methylene blue *TPT

to restore SDH activity on the other, suggestthat the reduction in SDH activ-
ity may be due to the qualitative or quantitative alterations of the SDH
molecule itself rather than to factors interfering at some point with the mito-
chondrial respiratory cycle, a supposition which agrees well with the presence
of hydrogen acceptor links between nitro-BT and vitamin K3which have been
investigated by Kraayenhof and Diegenbach (1970). The diagram of this
system with respect to the positions of SDH—nitro-BT—vitamin K3and TPC is
seen in Table IY from which it emerges that if substances taking effect at
points 3 and 2 (ubiquinone, factor-Q) are available in adequate amounts,
then the disorder responsible for the reduction in the activity of the SDH —
nitro-BT system must be connected with disturbances arising at point 1, i.e. on
the SDH molecule itself. Clarification of this issue requires further investi-
gation s.
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SUBTHALAMOTOMY IN PARKINSON’S DISEASE

ANALYSIS OF RESPONSES TO ELECTROSTIMULATION

By
J. 1ULLAY

SECTION OF NEUROSURGERY (CHIEF: PROF. J. HULLAY) OF THE DEPARTMENT OF NEUROPSYCHIATRY
(DIRECTOR: PROF. L. MOLNARI, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received September 28, 1970)

The subthalamic target was decided by a new X-ray method with lesion-effect
analysis of previous combined thalamo-subthalamic lesions. Evaluating the various
stereotactic interventions in the pallidum, in the v.o. part of the VL thalamus and
suhthalamus, the last oue proved to be the most efficient even with a small lesion.
Electrostimulation performed for functionally controlling the position of the electrodes
resulted in responses and their combinations from 135 points mainly in the v.o.
part of the VL thalamus and in the subthalamus. Evaluation of the responses supplied
data which seemed to confirm the interactions supposed to exist in extrapyramidal
reverberating circles. From the detailed analysis it has been concluded that the v.o.
part of the VL thalamus, the n.Sth. and the subthalamic pathways, such as Z.i., and
Ra.prl., participate in the elaboration and automatization of some physiologic and
pathologic movement-patterns as parts of the extrapyramidal system which is neither
a motor nor a sensory system, hut a system elaborating and automatizing the conditions
of automatic and voluntary movements.

l.

After the era of pallidotomy and thalamotomy and of the different
combined lesions, extrapyramidal stereotactic surgery has reached the sub-
thakmus at the beginning of the sixties [1, 3, 10—13].

Some considerations led by the aim of improving the results and of
minimizing the size of the lesions have made us to search for the target in
the pathway systems instead of the nuclear structures. We found our subthal-
amic target by analyzing the effect of lesions induced by combined VL thal-
amic-subthalamic interventions. Evaluating the lesions effective on tremor
and tonus, two regions of lesion-concentration were found (Fig. 1). The first

was in the YL nucleus, in the territory of v.o.a., v.0o.p. and v.i.m. — similar to
the target of Hassler — and the second in the subthalamus, in the border
region of Ra.prl., H2and Z.i. — similar to the target of Mundinger. This sub-

thalamic site seemed to be effective for stopping the tremor and to decrease
the tonus even by means of a small lesion. Depending on the size of the ven-
tricles, this subthalamic target structure is situated 10—13 mm laterally from
the midline, i.e. 6 7 mm from the wall of the third ventricle, in the plane paral-
lel with the midline and touching the external wall of the lateral ventricle
at its infero-lateral corner. In the sagittal plane the target is localized in the
first sub-intercommissural and in the second post-midcommissural rectangle,
in our rectangular system utilized for aiming and identifying the operative
events.
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Tonus L-A )

In the thalamus in S.1.10.,H.d.15
Tremor M
Tonus [T
Tremor  LLLLMA In the subthalamus S.1.10., Hv.15
Together In S.1.10.,F.p.4

Fig. 1. Location of the effective thalamic (Th), subthalamic (SuTh) and thalamo-subthalamic
(Th, SuTh) lesions in sagittal (S.1.10), frjntal (F.p.4.) and horizontal (H.d. and H.v.1,5) planes

Analysis of the results showed a somatotopic effect mainly in the sub-
thalamus (Fig. 2), where the hand has a greater representation than have the
head, the leg and the body. On the basis of these observations, in the case
of a dominance of head, tongue or lip tremor, beside the original target an
additional mcdio-dorsal lesion, or in the case of a leg-tremor dominance, a
latero-dorsal one may be placed. The dorsal part of the lesion mainly in-
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Fig. 2. Somatotopic effect of lesions affecting tremor and tonicity (according to the H.v. 15

mm plane of Schaltenbrand-Bailey’s atlas). The most significant representation is shown by

the lesions affecting the hand. Medially from them towards the Ruber can be seen the repre-

sentation of the lesions affecting the head, laterally towards the Nigra those affecting the foot,

while anteriorly from them is the representation of the lesions affecting the hemi-body, as a
whole

whole

fluences the tremor, its ventral part mainly the tonus. According to our ex"
perience, a lesion of about 40 -60 mm3 is sufficient to arrest the contra-
lateral tremor and decrease the tonus when aiming is exact, i.e. when the
introduction of the electrode in the target already stops the tremor perma-
nently and when low voltage low frequency ES increases the tremor, while
high voltage and high frequency ES stops it [4 9].

We have performed 63 stereotactic operatioi s on 55 patients, in 6 cases

bilaterally and in 2 cases repeatedly on the same side. In 3 cases surgery was
Ada Medica Academiae Scientiarum Hungaricae 28, 1971
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Table 1
Lasting Side-effect
Location of lesion Number Nun;ber (1/2-8 Death
of cases ot years) good . .
operations result transitional lasting
Pallidum m. 5 5 | i |
(2) 2 months
VL nucleus 3 3 | | 1
(v.0.) 1) 1/2 hour
VL nucleus 27 28 22 6 2 3
and (2) 1/2—1 1/2
subthalamus years
Subthalamus 26 27 25 4
(Ra. prl., Z.i) 1)
61
Total ( 6) 63 48 12 3 5
55

Numbers in brackets denote cases in which the operation performed on the other side
was carried out in another structure.

performed in different structures, in 3 cases in the same structures. The results,
depending onthe sites ofthe lesions, were well demon strahle (duration offollow up,
1/2 —8 years) (Table I). Ourresults in a few casss ofpallidotomy and thalamotomy
werepoor, hut the overall results in many more cases with combined VL thalamic
and subthalamic and with isolated subthalamic lesions were encouraging. Both
forms of lesions were performed in more than 20 cases, allowing for a reli-
able comparison of the results. Their evaluation demonstrates that the greatest
part of the subthalamotomized patients belonged to the successful group and
it was in this group that the fewest postoperational side-effects were noted.
Results of bilateral interventions were excellent in 2 cases (a combined VL
thalamo-subthalamic and subthalamic lesion and a bilateral subthalamic
lesion) and good in one case (bilateral combined VL thalamo-subthalamo-
tomy). In 3 cases (different combined lesions) the results was unsatisfactory.
Thus on the basis of our experience, subthalamotomy seems to be the method
of choice for the stereotactic treatment of Parkinsons’s disease.

For a functional control of the placement and localization of the elec-
trodes electro-stimulation (ES) was applied, with 1—10 v, 10—100 c/s, 1—5
msec square waves and 1—10 sec duration. The points of the ES were register-
ed and summarized in different — 9, 10, 11, 13, 5, 16 mm — sagittal planes
(Figs 3 a—f) according to the stereotactic atlas of Schaltenbrand and Bailey.
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Fig. 3d
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Figs 3a—f. Points of ES in sagittal planes, a) 9 mm, b) 10 mm, ¢) 11 mm, d) 13.5 nun,
e) 15 mm, f) 16 mm, from the midsagittal plane
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Several stimulations were performed at every point with different parameters.
They resulted in different responses and combinations, but the responses
were similar in the different extrapyramidal subcortical structures. Careful
analysis revealed some remarkable peculiarities. In 135 points — in the YL
thalamus; in v.o.a., v.o.p. and in the n.Sth., Z.i., Ra.prl., Ru., P. etc. — about
800 stimulations resulted in more than 1000 responses (Fig. 4).

The responses were grouped as tremor-influencing (activating, inhibit-
ing, altering), speech-influencing responses, sensations, somato, psychomotor

Fig. 4. Bottom: number of points of ES in different structures. Middle: number of responses-
Above: number of ES

and automatic manifestations. For detailed analysis, the tremor-influencing
responses, sensations and somatomotor responses were subgrouped according
to their somatotopic manifestations (head, hand, leg, body), their characteris-
tics, and according to the type of sensation and movement. The purpose
of this analysis was an evaluation of the responses and their combinations
depending on the threshold stimulus, the stimulation parameters, and on the
site of the stimulation. To simplify evaluation, we set up six average param-
eter categories, which could be done without falsifying the results (Fig. 5).

Detailed analysis was performed according to the intrastructural site
of the elicitation and to the somatotopic manifestation of the responses, with
special regard to the possible anatomic and functional relations. From the
numerous data only two observations will be discussed, in view of their im-
portance in respect of the extrapyramidal system.

The first observation concerns the tremor-influencing responses, i.e.
the tremor-activating, inhibiting and rhythm or type-modifying manifesta-
tions. Depending on the parameters we observed the following.

The | parameter category seems to be the threshold stimulus mainly
of the activating manifestation of the v.o.a., n.Sth. and Ra.prl.,, but simul-
taneously it is the threshold stimulus of the inhibitory response of the v.o.p.
and Z.i. and even of the modifying responses of the v.o.p. and Ru.
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The Il parameter category proved to be the threshold stimulus mainly
of the activating manifestation of the v.o.p. and of the inhibiting manifes-
tation of the v.o.a., n.Sth. and of the rhythm ortype modifying response of
the Z.i.

The Il parameter category was the threshold stimulus mainly of the
activating responses of the Z.i., of the inhibiting responses of the Ra.prl.
and even of the modifying manifestations of the structures not having re-
sponded hitherto in such a way (v.o.a., n.Sth., Ra.prl.).

To illustrate the above, let us review the observation in detail.

Activating Modifying Inhibiting
I parameter v.0.a. (threshold) Ru. (threshold) v.0.p. (threshold)
category n.Sth. (threshold) v.0.p. (threshold) Z.i. (threshold)
Ra.prl. (threshold)
Il parameter v.0.p. (threshold) V.0.p. v.0.a. (threshold)
category 1Ra.prl. Z.i. (threshold) n.Sth. (threshold)
Il parameter  Z.i. (threshold) Ru. v.0.a.
category n.Sth. v.0.a. (threshold) V.0.p.
Z.i. Ra.prl. (threshold)
v.0.p.

n.Sth.  (threshold)
Ra.prl. (threshold)

IV parameter  Ra.prl. v.0.a. v.0.a.
category V.0.p. v.0.p.
Z.i. Z.i.
V parameter n.Sth. v.0.a. v.0.a.
category Ra.prl. V.0.p. Z.i.
Z.i.
n.Sth.
V1 parameter v.0.a. v.0.a.
category V.0.p.
n.Sth.
Ra.prl.
Z.i.

To facilitate survey, the structures and the pathways have been arranged
beside each other as follows.

Cate- v.0.a. V.0.p. n.Sth. Zi. Ra.prl.
gory

| activating inhibiting activating inhibiting activating
n inhibiting activating inhibiting inhibiting activating
in inhibiting inhibiting activating activating inhibiting
v inhibiting inhibiting equalized inhibiting activating
\Y% inhibiting equalized activating inhibiting activating
Vi inhibiting inhibiting inhibiting inhibiting inhibiting
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Fig. 5. Responses and their combinations in different structures (noted on right) according

to the parameters (bottom |I—YI; the average parameter categories, Y; voltage of ES, Fr;

frequency of the ES). The number at the right means the number of the responses. The

number in the first columns means the type of the responses in every column i. e. 1—ocular

movement, 2—somatomotor response, 3—inhibition, 4—activation of the other hyperkinesis,

5—alteration of the tremor rhy thm or type, 6—sensation, 7—disturbance of speech, 8—vegeta-
tive response, 9—psychical response

The general inhibition in category VI represents the result of a stimulus
which induces inhibition in every structure, or, else, of a stimulus which
paralyzes activation in every structure.

At a low excitation level, v.o.a. and v.o.p. showed alternatively inverse
while at higher levels, equally inhibiting manifestations. The n.Sth. showed
identical or inverse manifestations with the v.o.a. and v.o.p. and even in-
verse manifestations with both, as if by its adaptation it would ensure a cer-
tain balance between the examined structures ofthe system, regulating there-
by their cooperation. In the response manifestation of Ru., the responses
modifying the rhythm and the type appeared to dominate.

In the subthalamic pathway system i.e. in Z.i. and Ra.prl., the predomi-
nance of opposite manifestations was observable in every parameter category,
as if to ensure the transmission of amomentary interaction (inhibition, activa-
tion, rhythm and manifestation regulation) between the v.o. part of the
VL nucleus and the n.Sth., or other structures. According to the above ob-
servations, the task of the Z.i. would be the transmission of inhibition and
of some rhythm regulating impulses of the Ru., and the task of the Ra.prl.
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rather the transmission of the activation and of the cooperation regulating
impulses of the n.Sth.

Thus, we seem to have recognized interactions supposed to exist in the
reverberating extrapyramidal circles, corroborating the fact that the struc-
ture manifestations are related to certain threshold and excitement levels
and so the manifestations of different structures may be opposite or identical
according to the requirements of the balance of interactions within the sys-
tem. In Parkinson’s syndrome a definitive inhibitory dominance was manifest
which may characteiize the pathologic change of interactions or may mean
a new balance characteristic of Parkinson’s syndrome (in other hyperkinetic
conditions the dominant response was an activating one).

From the detailed analysis of the response it should be emphasized that
lateral gaze, adversion, and mimic movements such as some grimaces, facio-
vocal manifestations such as whistling, weeping and some hand movements —
seeming to be physiological automatized movement patterns were elicited
mainly in the territory of the v.0.a., n.Sth. and Ra.prl. (where in other hyper-
kinetic conditions pathologic movement patterns were evoked). On the basis
of this observation and the assumed relation between the structure’s function
and response manifestation, it may be concluded that the v.o.a., n.Sth. and
Ra.prl. play a role in the elaboration and automatization of certain physi-
ologic and pathologic movement patterns.

The majority of tremor-influencing responses were elicited from the v.o.,
Ru. and Z.i. The responses concerning speech and breathing, autonomous
and psychic manifestations and the above mentioned observations suggest
that the v.o.a. is the most manysided member of the examined structures.

The fact that the disturbances in extrapyramidal movements manifested
themselves only in the wake state points to the role of the diffuse activating
system. The stereotactic intervention must therefore be directed to that part
of the activating system, which affects exclusively the motor disturbances,
to the structures participating in their manifestation. According to our knowl-
edge, such a selective intervention may affect the activating system at that
point where the target lesion was effective and where a perturbation of the
pathologic interaction of the structures responsible for the elaboration and
automatization of the disturbance of movement are highly probable.

The practical conclusion of the response analysis, as regards the func-
tional control of the electrode location in the subthalamus may be as follows.
The location is adequate if the introduction of the electrode permanently
stops the tremor, if low voltage low frequency stimulation induces or increases
the tremor or modifies its rhythm or type, whereas high voltage high fre-
quency stimulation stops it, and medium voltage and frequency do not elicit
either a sensation (VPL) or movements. In the case of proportional or pro-
portionally dominant tremors, our observations of the effect-somatotopy
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provide a good orientation for completion of the lesion. As a final conclusion,
the observations have allowed to assume that the extrapyramidal system
is not a sensory system, nor a motor system as is generally supposed, but
a system of organization and elaboration of the automatized psycho- and somato-
motor patterns, supported by the informations of the sensory systems and
manifesting itself in the motor system, ensuring and organizing the condi-
tions for voluntary manifestations.
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(Received October 8, 1970)

In earlier studies, blood sera obtained from sportsmen engaged in regular exer-
cise were found to inhibit the production of peptic ulcer in rats. In the present study,
the following effects of blood sera of exercise-adapted human subjects were demonstrable

in the rat.
1) Inhibition of histamine-stimulated secretion of gastric acid;

2) inhibition of the response to histamine and serotonin in acceptor rats;

3) inhibition of the bypothalamo-pituitary-adrenocortical reaction to restraint.

It is suggested that the above phenomena as partial factors may be involved in
the antiulcerogenic effect of serum.

It was shown earlier [5] that in the rat, regular swimming conferred
a protective effect against various ulcerogenic factors. Statistical studies
revealed a lower incidence of peptic ulcer in sportsmen under regular training
than in persons of the same age groups abstaining from physical activity [6].

Ulcer-resistance of this kind was found to be transmissible. Serum ob-
tained from humans and animals adapted to physical exercise showed an
inhibitory effect on restraint and serotonin ulcer in rats and on histamine in-
duced ulcer in guinea-pigs [7].

Likewise, responsiveness to histamine and serotonin was reduced in
rats regularly made to swim, the animals exhibiting a slighter gastric secre-
tory response to histamine and to pentagastrin than did the controls [2,3,4].

The next objective was to examine the antiulcerogenic properties of
sera derived from organisms adapted to physical exercise. We had two possi-
bilities for the study of this problem, i.e. to search for the active factor in the
serum or to clarify the mechanism of its antiulcerogenic effect, identifying the
factor(s) responsible for the effect in the acceptor organism. The present study
has been carried out from the latter angle of approach.

The present experiments were based on the assumption that the ulcer-
resistance of the acceptor organism was due to the same factors as have been
demonstrated in the case of regular physical exercise. It was therefore by the
study of gastric acid secretion and of the responsiveness to histamine and
serotonin that we expected to throw light on the Immorally transmissible
ulcer-resistance. We also examined the effect of the sera in question on the
hypothalamo-pituitary-adrenocortical reaction involved in restraint ulcer.
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Material and method

The test group included 58 sportsmen in regular daily training, and a control group
of 61 persons of similar age, all with sedentary occupation, abstaining from any kind of physi-
cal exercise. The laboratory animals to which the sera derived from these persons were admin-
istered, were female albino rats of identical breed, totalling 190 in number. The dose of the
serum was invariably 5 ml by the intraperitoneal route.

Gastric HCI-secretion was studied by the method of Herr and Pérszasz [10], the
response to histamine and to serotonin, by the rectal temperature test.

For the induction of restraint-ulcer the animal under superficial anaesthesia was fixed
to a rat bench with adhesive tape. Plasma steroids were estimated by the method of Guire-
min [9]. Results were evaluated by Students’s t-test.

W ith the exception of the restraint-ulcer series, all tests were performed 6 hours after
administration of the sera.

Results

In the first series of experiments the effect of the serum of trained and
of inactive human subjects on the gastric secretory response to 1 mg/100 g
histamine was studied. In the animals treated with the serum of trained sub-
jects, gastric acid secretion was significantly less than in the untreated con-
trols orin those treated with normal sera. The difference between the controls
and those treated with normal serum did not reach statistical significance
(Fig- 1).

In the subsequent series, we examined the influence of sera on the hista-
mineinduced reduction of rectal temperature. In the rats injected with serum
from exercise-adapted subjects, the hypothermic response to 2 mg/100 g hista-
mine was significantly less weaker than in those treated with normal serum
or in the untreated controls (Fig. 2).

The hypothermic effect of 0.6 mg/100 g of serotonin creatinine sulphate
was influenced by the sera in a similar manner as that of histamine. Though
the difference between exercise-adapted and inactive subjects was significant
as early as at 45 minutes, at this time the serotonin had still a hypothermic

0.01 N NoCH . Control
Il. Serum of controls

6 . Serum of human
0- subjects_adapted
5 to exercise
3H pl I
2 rh
rf
iRV$ B8 8 8
>0,05- -p<001—!
te pgo,01--j— 1

-p>0,05— £-0,02< p<b,05-i
p<00 J

Fig. 1. Effect of serum of subjects adapted to exercise and of control subjects, on gastric
acid secretion in rats
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effect. At 90 minutes the hypothermic response ceased more rapidly than in
the other groups (Fig. 3).

In the next series the hypothalamo-pituitary-adrenocortical response
was studied. As the most suitable indicator of stress, the plasma steroid level
was estimated. In the interest of comparability with the result of our earlier

o §) 90

Fig. 2. Effect of serum of subjects adapted to exercise and of control subjects on the hypo*
thermic response to histamine. Abscissa: time in min. after histamine administration. Ordinate:
fall in temperature in °C

o §) )

Fig. 3. Effect of serum of subjects adapted to exercise and of control subjects on the hypo-
thermic response to serotonin

studies, the measurements were performed 16 hours after serum adminis-
tration.

The blood sera were found to reduce the intensity of stress response.
Though the animals which had been injected with sera of exercise-adapted
donors exhibited a slight but statistically significant elevation, this was less
marked than in the controls or in the animals injected with normal serum
(Fig. 4). The ulcer-index showed a response similar to that observed in our
previous studies.

The stomach of the rats treated with serum from exercise-adapted
subjects either revealed no sign of abnormality or only ulcers of minor sever-
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ity. Normal serum was also found to confer some degree of antiulcerogenic
protection. In sum, the plasma corticoid level seemed to be related to the
severity of the ulcer if the overall figures are considered. This, however, was
not valid for the individual values which failed to reveal any close relation-
ship with the severity of ulcer.

l. Resting level
Il Restraint
lll. Restraint+serum
5.100- of controls
. IV Restraint+serum
L 8o of human subjects
60 |: / adapted to exercise
[o5]
S 40 l
@
32
| A 17
Il M. N
-p<D0L— p>0,05—+—p-0,02-
—0,01<p<0,02------ i p<001~
------------------ 0,02<p<0,05 J

Fig. 4. Effect of serum of subjects adapted to exercise and of control subjects on the stress
reaction in restraint-ulcer

Discussion

The present study has been based on the assumption that the anti-
ulcerogenic effect of the Immorally transmissible serum factor involves the
same mechanism as in the donor organism. The results have shown this to
be true. The serum of exercise-adapted subjects was found to reduce gastric
acid secretion and to counteract the hypothermic effect of histamine and of
serotonin. Our failure to demonstrate any change in the ATP contents and
activity in the gastric mucosa in response to the administration of the sera
under study may be regarded as negative evidence in support of our claim.
Earlier studies also revealed a similar ATP concentration in the gastric mucosa
of the controls and of the animals subjected to swimming exercise [2].

As regards the question whether the serum factor exerts its anti-ulcero-
genic effect by a direct mechanism or whether it acts indirectly by producing
certain changes through which the antiulcerogenic antihistamine and anti-
serotonin mechanisms take effect, it is the second alternative which the pre-
sent results seem to support, particularly in view of the fact that the tests
have been performed 6 hours, and in the group of restraint-ulcer even as late
as 16 hours, after the administration of the sera. However, the results do not
permit to ride out the possibility of a direct effect or of an involvement of
other potential serum factors connected with adaptation to exercise. We have
actually found significantly lower serotonin levels in the serum of animals
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adapted to physical activity than in those of the controls. Serotonin-free
blood-sera derived from organisms adapted to muscular exercise displayed
an inhibitory effect on serotonin-induced gastric contractions in vitro, in
contrast to normal sera which showed no activity of this kind.

The serum of trained subjects was found to counteract the stress-re-
sponse to restraint. On the other hand, no close relationship was demonstrable
between the severity of ulcers and of the intensity of the stressin the individ-
ual animals. Ader [1] observed no close parallelism between the diurnal
rhythm of the plasma corticoid level and of ulcer severity in rats if the re-
straint was carried out in accordance with the physiological variation of the
corticosterone level. Gray [8] regards the steroids as conditioning or permis-
sive factors in ulcerogenesis. The significantly increased endogenous steroid
levels demonstrable in the control animals may well represent one of the
possible factors of restraint ulcer. It is, however, likewise possible that the
high steroid level is merely an indicator of the hypothalamo-pituitary-adreno-
cortical response and that the mechanism of the ulcerogenic effect of the stress-
reaction takes place through entirely different pathways. Sera obtained from
exercise-adapted organisms were found to suppress the endocrine reaction,
and in those animals where the steroid level was significantly elevated, the
antiulcerogenic effect might have been due to other mechanisms referred to
above. On closer analysis of the plasma steroid level in the control animals,
together with those of the rats treated with the serum of trained donors, it
would thus seem that the altered stress reaction, manifesting itself with a
slighter increase in the plasma steroid level, fails to account in itself for the
antiulcerous mechanism. On the other hand, it may well be involved, in asso-
ciation with other humoral factors, in the antiulcerogenic effect of muscular
activity.
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FORMATION AND DEVELOPMENT OF MYELOID
ELEMENTS IN THE FOETAL RAT FEMUR

By
B. BUKULYA and A. BALAZS

INSTITUTE OF EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES. BUDAPEST

(Received October 8. 1970)

The ultrastructure of developing granuloid elements in the femur was studied
in 16-to 21-day-old rat foetuses, the tissues being fixed in glutaraldehyde -f- osmium,
contrasted with uranyl acetate + lead citrate and embedded in Durcupan ACM.

The femur exhibited intensive ossification on the 16th day of intrauterine life.
Intercapillary and intracapillary medullary islets between the diaphyseal trabeculae
appeared between the 17th and 18th day. Myeloid differentiation proceeded rapidly,
numerous cells attained the promyelocytic, myelocytic and even metamyelocytic
stage of maturation by the 18th day. The structure of these precursor cells differs,
however, from that of the adult types, undifferentiated nuclei (marginal heterochro-
matin, well-developed nucleolus) being found together with a less intensive granulo-
genesis (paucity of azurophile granules; scarce, distended endoplasmic reticulum and
Golgi cisternae). From the 20th day onward numerous fully differentiated granulo-
cytes displaying a perinuclear halo, dense-core vacuoles as well as secondary and ter-
tiary granulation, were observed.

Parallel with the neutrophile cells, eosinophile and basophile granulocytes
appeared early in the femur, and the embryonal divergence of all these granules could
be followed to the early blast stage.

In a previous study of the ultrastructure of medullary cells of 21-day-
old rat foetuses and of adults rats (Bukulya and Balazs, 1968) the foetal
hone marrow revealed a fair number of blast cells and basophile granulocytes
with sparse eosinophiles. The transitional precursors in the neutrophile series
(promyelocytes, myelocytes, metamyelocytes) were found to differ in ultra-
structure from the adult cell types.

The aim of the present work was to study at which stage of foetal life
the granuloid cells are formed and to establish the ultrastructural features
marking their early morphogenesis.

Material and methods

The bone marrow of randomly bred CFE-rats was studied between the 14th and 21st
day of foetal life, two foetuses of male, two of female sex, each from different mothers, being
worked up daily. The femur and tibia were prepared free from the muscles, both epiphyses
were cut off and a longitudinal incision was made into the bone with a razor blade. The speci-
mens were fixed for light microscopy in Helly’s fixative, and for electron microscopy in 4.5%
glutaraldehyde dissolved in 0.1 M Na-cacodylate buffer pH 7.2 at 4 °C for 1hr. For foetuses
younger than 17 days, a 0.05 M buffer was used. Beyond the 18th day, the bone marrow was
detached from the bone with a razor blade under a Cytostat stereomicroscope and fixed for
another 1hr. The tissues were washed overnight with Na-cacodylate buffer of identical molarity
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at 4 °C, post-fixed with a similarly buffered 1% OsO, solution for 1.5 hrs, washed again for
10 minutes, dehydrated in an ethanol series and embedded in Durcupan ACM. Sections 200 A
thick were cut with a Reichert Om U2 ultramicrotome placed on a formwar-coated, carbon-
stabilized copper grid, contrasted in uranyl acetate -(- lead citrate and examined with a JEM
6AS electron microscope.

For light microscopy, the specimens were fixed for 24 hrs, washed in tap water, embed-
ded in paraffin, cut at 5 /i and stained with haematoxylin-eosin or with Giemsa’s dye.

The maximum deviation from the foetal ages specified above was 12 hrs.

Results

On the 16th day of intrauterine life, rat foetuses exhibit signs of inten-
sive femoral ossification.

The first myeloid elements are demonstrable on the 17th to 18th day in
the intracapillary and intercapillary areas of the newly formed intertrabecular
medullary islets. They are blast cells of an ultrastructure prevalently similar
to that of adult cells (Fig. 1), their nuclei being characterized by a marginal
distribution of heterochromatin and by a well-developed nucleolus. The cyto-
plasm contains polysomes, mitochrondria with prominent cristae (Fig. 2)
and endoplasmic reticulum in abundance. The Golgi system is usually well
developed and transverse sections of the centrioles are usually detectable
in their proximity (Fig. 3).

Mature granulocytes identical in structure with adult cells are still
absent on the 18th day. The few transitional precursors demonstrable at that
time, many of them myelocytes, are often of intracapillary localization. On
the 20th day there is already a fair number of differentiated granulocytes
identical in structure with those of adult animals. The lobulated nucleus
contains plenty of heterochromatin and is surrounded by a halo (Fig. 4).
The cytoplasm is rich in fine heteroform (secondary and tertiary) granules,
there are plenty of dense-core vacuoles and cells of this kind may occasionally
show numerous transverse sections of endoplasmic reticulum.

As regards the order of foetal morphogenesis, the incipient as well as
the end forms of granulopoiesis are identical with the adult types (blast cells)
on the 17th to 18th day and differentiated granulocytes between the 19th and
20th days. Follow-up of the order of differentiation of the transitional pre-
cursors was, however, made difficult by the following circumstances.

(a) Between the 18th and 19th day, a rapid and asynchronous dif-
ferentiation is in progress, recognizable by the simultaneous presence of cells
belonging to different compartments.

(b) The embryonal granuloid precursors are marked by a structural
heterochronism. Organelles occurring in adult cells of different compartments
may be found in one and the same foetal cell, as seen in Figs 6 to 8. In contrast
to the cells of adult animals characterized by an abundance of granules attain-
ing the size of 300 to 600 m/j,, the ultrastructural pattern of young precur-
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Fig. 1. Blast cell with marginal heterochromatin, differentiated nucleolus and numerous cyto-

plasmic polysomes. Bone marrow of an 18-day-old rat foetus. X 14,000. ¢ = centriole,

ch = chromosome, dv = dense-core vacuole, db = dense body, er = endoplasmic reticulum,

f = fibrils, g = granule, G = Golgi apparatus, h = halo (perinuclear halo), he — hetero-

chromatin, 1— lipid droplet, m mitochondrium, mb multivesicular body, mf = micro-

filament, N = nucleus, nb = nuclear body, nl = nucleolus, o =osmiophile body, p = poly-

some, ph —phagosome, pv = pinocytotic vacuole, v = vacuole,

Fig. 2. Mitochondrium-rich cytoplasm. Detail of a blast cell. Bone marrow of a 19-day-old rat
foetus. X 34,000

Fig. 3. Differentiated Golgi region and centriole in a medullary blast cell of a 19-day-old rat
foetus. X 54,000
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Fig. 4. Mature granulocyte from the bone marrow of a 19-day-old rat foetus. Lobulated nucleus
with perinuclear halo, dark cytoplasm with abundant secondary and tertiary granulation.
X 22,600
Fig. 5. Transitional granuloid precursor in the bone marrow of a 20-day-old rat foetus. The
young nucleus contrasts with the fine cytoplasmic granulation characteristic of more differ-
entiated cells. X 16,600
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Fig. 6. Primary granules together with a lohulated nucleus and a perinuclear halo characteris-
tic of differentiated cells. Transitional precursor from the hone marrow of a 21-day-old rat
foetus. X 11,900

Fig. 7a. Nuclear body in a promyelocyte of an 18-day-old rat foetus. X 40,000
Fig. 7b. Fibrils in a medullary myeloblast of a 21-day-old rat foetus. X 40,000
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sors (Fig. 5) is by no means incompatible with the presence of small and sparse
granules. On the other hand, some cells with immature nuclei may exhibit
a granulation characteristic of more differentiated forms. Again in other
cases (Fig. 6) the cytoplasm of cells with nuclei of fairly advanced differen-
tiation may show younger large granules.

(c) Further difficulties in ascertaining the order of differentiation are
posed by the occurrence of organelles in foetal granuloid cells which may oc-
casionally occur in cells of adult animals, as for instance the nuclear body in
the promyelocyte of an 18-day-old foetus shown in Fig. 7a, or by the presence
of fibrils in the cytoplasm of blast cells (Fig. 7b).

Formation of granules is most conspicuous alongside the Golgi-cysternae
(Fig. 8a). The first granules are either clear particles of homogeneous struc-
ture or minute dense bodies not larger than 200 T/n 0 . In such cells transverse
sections of rough endoplasmic reticulum are often seen (Fig. 8b). Granulo-
genesis may also involve the periphery instead of being confined to the Golgi
region.

In the cell population of the 18th day of foetal life representing diverse
stages of differentiation, all granule types characterizing the medullary cells
of the adult animal are identifiable.

The eosinophils show signs of segregation as early as the 18th day. At
this time young forms containing numerous basophile bodies are demonstrable
(Fig. 9). On the 20th day a number of more differentiated eosinophils, i.e.
metamyelocytes (Fig. 10) and granulocytes may be found in the bone marrow.

In accordance with the observations in adult animals, we have been
able to trace back the genesis of eosinophile granules to the blast cell cyto-
plasm in foetal material. The incipient forms of eosinophile granules are small
(not langer than 300 to 400 m/i) and of slight electron density (Fig. 11).

Young basophils were first detected on the 19th day of foetal life (Fig.
12a). Fig. 12b shows a differentiated basophil on the 21st day.

Mitoses are frequent in foetal material. Similarly to the interphase forms,
young dividing granuloid cells are marked by a sparse granulation (Fig. 13).

Discussion

Embryonal differentiation of the erythroid, lymphoid and megakaryo-
cytoid elements has been studied by numerous authors (Ackermann and
Knouff, 1960; Bukulya, 1966; Grasso et ah, 1962; Hagemann and Schmidt,
1960; llarland, 1940; Holyoke et ah, 1969; Jones, 1960; Sanel, 1967;
Zamboni, 1965). In contrast, there are few data concerning the embryonal
morphogenesis of myeloid elements.

P1um (1943) traced the beginning of granuloid morphogenesis to the
18th, Jacobsen and Plum (1942) to the 20th day of foetal life. In an earlier
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Fig. 8. Formation of primary granules in the myeloid cells of an 18-day-old rat foetus. The
youngest granules, dense minute bodies with clear core, are seen in the Golgi region (a
X 59 400) or peripherally from it (b X 40,400)

Fig. 9. Young eosinophil in the bone marrow of a 19-day-old rat foetus. The specific mature
granules with a crystal core are found together with several basophile bodies (—*) X 21,400
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Fig. 10. Detail of a more differentiated eosinophil of a 20-day-old rat foetus. X 40,000

Fig. 11. Primary forms of eosinophil granules (—*) in an embryonal blast cell. Bone marrow
of a 21-day-old foetus. X 35,600
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Fig. 12. a) Detail of a young basophil cell on the 19tli day of foetal life. X 15,400. b) Detail
of a mature basophil; 21-day-old foetus. X 22,700

big. 13. Dividing myeloid cell with chromosomes and sparse granulation, from the femur of
a 19-day-old foetus. X 17,800
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study we have been able to identify all types of differentiation from myelo-
blasts onward to mature granulocytes in the 21-day foetus by light and elec-
tron microscopy (Bukulya and Balazs, 1968). In the present study it has
been shown that myelogenesis in the femoral diaphysis begins on the 17th
to 18th day of foetal life. In the epiphysis the process of differentiation starts
later (Kohler, 1958); it is not until the 13th day of extrauterine life that the
primitive hone marrow assumes the function of a blood forming organ.

Granuloid elements of advanced maturity may be found in the early
stages of embryogenesis. It is true that these elements lack the criteria of
differentiated granulocytes, but it must be borne in mind that embryonal
haematopoietic cells may structurally differ from the cells of the adult or-
ganism (Bukulya and Balazs, 1968), and younger forms, such as large nu-
cleated erythrocytes containing little haemoglobin may also find access to
the circulation (Hagemann and Schmidt, 1960). Therefore, the possibility
that myeloid differentiation may start simultaneously or earlier in some other
haemopoietic organ and that the repopulation of the bone marrow is secon-
dary to this process, cannot be ruled out. Differentiation of the non-granuloid
haemopoietic cells is believed to take place in the following manner.

The primitive blood cells, the haemocytoblasts, are the first to be segre-
gated in the thymus, lymph nodes and liver, a process taking place in the rat
on the 11th day of foetal life. Of these cells, the lymphoid elements differen-
tiate first, i.e. in the rat on the 11th day (Bukulya, 1966), in the mouse also
on the 11th day (Hoshino et ah, 1969), in the rabbit’s thymus and lymph
nodes on the 17th to 18th day, in the rabbit’s spleen on the 23rd day (Hos-
tetler and Ackermann, 1969). Erythropoiesis starts somewhat later, in
the rat’s liver on the 13th day (Hagemann and Smith, 1960), in the rat’s spleen
on the 17th day (Holyoke et ah, 1966), in the rabbit between the 13th and
15th day (Grasso et ah, 1962), in man between the 70th and 100th day (Zam-
boni, 1965b; Grasso et ah, 1962). The megakaryocyte precursors are dis-
cernible in the rat liver between the 13th and 15th day, in the human liver
between the 10th and 15th week (Jones, 1960; Zamboni, 1965a and b).
Ackermann and Knouff (1960) identified primitive megakaryocytes on the
basis of their strong PAS-positivity in the liver cells of 15 to 40 mm long
pig foetuses before the appearance of megakaryocytoblasts.

Ever since the studies of Maximow (1909) the possibility of an extra-
medullary genesis of myeloid elements has been brought up time and again
in the literature. In the thymus of 10-week-old rats Syn and Sainte-Marie
(1965a and b) demonstrated islets made up of neutrophile and eosinophile
cells which on the basis of their distinctive features were found to cover the
entire series of granuloid elements. As to embryonal cells, Harland (1940)
noted early signs of granulocytopoiesis in the capsule and interlobular septa,
and later in the cortex, of the rat thymus. In a paper of Sanel (1967) there
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is an electron micrograph of the thymus of a 16-day-old mouse foetus with
a portion of a myelocyte at the periphery. The observations of Latsinik et al.
(1970) relative to the pattern of haemopoietic cell series in liver tissue cultures
derived from 16-day-old CBA foetuses are of particular interest. On explanta-
tion, 89% proved to be erythroid precursors, 7% of them haemocytoblasts,
2% myeloblasts, 1% promyelocytes and another 1% myelocytes. However,
during culturing the proportion of erythroid precursors diminished in favour
of the granuloid elements which increased their proportion from the initial
4% to 81% by the 5th, and to 98% by the 21st day. Changes in the colony-
forming potency (CFU) of the embryonal cells were also noted. These facts
and the results of our studies are well compatible with the possibility of an
extramedullary embryonal granulopoiesis.

Our observations concerning primary granulogenesis mostly agree
with data in the literature. According to Zamboni (1965b), the first granules
demonstrable in haemocytoblasts and megakaryoblasts in the human foetal
liver are actually minute, clear vesicles, occasionally with a dense core, evag-
inated and dissociated from the Golgi-system. The genesis of azurophile
granules of myeloid cells of adult animals is similar; it occasionally takes
place in cytoplasmic areas far outside the Golgi region (Bessis and Thiery,
1961; Balazs, 1969).

Differentiation of the neutrophile, eosinophile and basophile granulo-
cytes is complete at an early stage of development. On the 21st day of intra-
uterine life eosinophils are still sparse (Buiculya and Balazs, 1968) despite the
appearance of their precursors on the 18th day. On the 20th day, mature granu-
locytes of the same degree of differentiation as those of adults may also be
found.

In our earlier studies of the myeloid elements of adult rats (Balazs
and Bukulya, 1968; Balazs, 1969) it has been shown that the myeloblast
cytoplasm, light-microscopically of homogeneous appearance, actually contains
incipient forms of eosinophile granules of slighter electron density and smaller
volume than the granules of differentiated eosinophils. On the evidence of the
present study this is valid also for embryonal cells.

*

The authors are indebted to Mrs. E. Fazekas, Miss E. Kovéacs and Miss E. Rummer for
skilful technical assistance.
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COAGULATION DEFECTS IN GLOMERULONEPHRITIS
AND THE NEPHROTIC SYNDROME

By
A. Hamori, Gy. Boros, L. Gofman and |. Pasztory
SECOND DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL. PECS

(Received November 16, 1970)

Blood coagulation was studied in 70 cases of acute, in 4 of subacute, in 34 of
chronic glomerulonephritis and in 20 of nephrotic syndrome; 780 coagulation stud-
ies involving 16 different procedures were carried out. Close attention was given
to the clinical course.

Hypercoagulability was invariably demonstrable at the onset of typical acute,
and during acute exacerbations of chronic glomerulonephritis. The signs were more
marked in the nephrotic syndrome whether of the primary type or secondary to amyloi-
dosis, diabetic glomerulosclerosis or systemic lupus erythematosus. A case of Good-
pasture’s syndrome was likewise associated with hypercoagulability though an anti-
thrombin factor of heparin character was demonstrated just before death. Hypo-
coagulability was most frequent in inactive chronic glomerulonephritis. On the other
hand, hypercoagulability may be interpreted as a sign of activity in nephropathies,
and its persistence is an adverse prognostic sign.

Anticoagulants failed to produce any decisive change in 8 patients with glomerulo-
nephritis or the nephrotic syndrome.

Production of fibrin clots in the glomerular loops in human glomerulo-
nephritis, occasionally even in large numbers (Reichel-type) has long been
noted by pathologists, and it has also been demonstrated in the glomerular
lesions of rats [19] and dogs [24] treated with nephrotoxic serum. We have
presented indirect evidence of coagulation defects in nephrotoxin-treated
rabbits. In the successive stages of the process, gelatin-stabilized India-ink
was injected intravenously according to JancsO. On treatment with very
potent nephrotoxin, India-ink thrombi plugging the small vessels were de-
monstrable in the renal cortex. Precipitation of the exogenous colloid was
interpreted as a sign of latent coagulopathy [11, 12, 13]. On the grounds of
these findings, we have now studied the coagulation defects associated with
glomerulonephritis and the nephrotic syndrome. Our first results were reported
in 1967 [4]. The question has been investigated simultaneously by numerous
other authors and various coagulation defects were described [1, 5- 8, 10,
16, 18, 20 23, 25].

The present work was carried out to study the relationship between
coagulation defects and the clinical course of renal disease.

Acta Medica Academiae Scientiarum Hungaricae 28, 1971



88 A. HAMORI et al.

Material and methods

In 128 patients, 780 coagulation studies were performed. Of the patients, 70 had acute,
4 subacute and 34 chronic glomerulonephritis and 20 were nephrotic. The following 16 labo-
ratory tests were performed.

1) Bleeding time, according to Duke;

2) Whole blood clotting time, according to Lee and W hite;

3) Platelet count by phase contrast microscopy, according to Brecher and .Cronkite;

4) Clot retraction, according to Biggs and McFarlane;

5) Coagulation time of recalcified plasma, according to Howell;

6) Quick’s prothrombin time;

7) Prothrombin consumption;

8) Study of serum coagulation accelerating factor, according to Horn, Kovacs and
Altmann;

9) Thrombin time;

10) Thrombin clotting time in the presence of toluidine blue (Toluidine blue time);

11) Thrombin inactivation time, according to Gerendas;

12) Fibrinogen gravimetry;

13) Euglobulin lysis time, according to von Kaulla and Schultz;

14) Partial thromboplastin time;

15) Thromboplastin generation test, according to Biggs and Douglas;

16) Thromboelastography according to Hartert.

We primarily relied on the plasma fibrinogen level, euglobulin lysis time and on throm-
boelastography (TEG). The hatched areas seen in the diagrams correspond to the scatter of
the normal values. The normal thromboelastogram is represented by a broken line.
Maximum elasticity of thrombus (me) has also been represented. Measurement of partial
thromboplastin time and the thromboplastin generation test were confined to cases involving
particular problems. The coagulation tests were supplemented with capillary tests (Landis,
Gothlin, Rumpel-Leede, Borbély).

The dynamics of the process responsible for the primary disease was checked on the
grounds of several parameters, as seen in the diagrams. The most important of these included
the Addis count [26], estimation of protein excretion by measurement of the amount of nitro-
gen, serum albumin, the serum complement titre [17], ASO-titre, GFR measured by routine
endogenous creatinine clearance. In special cases, the clearance of inulin and PAH and the
filtration fraction were also estimated.

Results

Fig. 1 summarizing the results shows that a normal coagulation was
confined to a fraction of the patients, mostly after the cure of glomerulo-
nephritis. The predominant coagulation defect in the various types of glomerulo-
nephritis and nephrosis was a hypercoagulability, either isolated or together
with signs of hypocoagulability. It is therefore the relationship between hyper-
coagulability and the clinical course which had first to be considered.

In the early stage of typical acute glomerulonephritis hypercoagula-
bility was a regular finding. An illustrative case is given in the following.

The patient was a 19-year-old female, first seen onthe 17th day of acute
glomerulonephritis. The high fibrinogen level, the protracted euglobulin
lysis time and the broad thromboelastogram were conclusive of hypercoagula-
bility. Penicillin treatment resulted in an improvement of the condition, with
the disappearance of gross haematuria, reduction in the Addis count of erythro-
cytes and in hypercoagulability. Even microscopic haematuria diminished to
a minimum, and this could be considered a residual haematuria, the more so
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Fig. 1. Results of coagulation studies in glomerulonephritis and in the nephrotic syndrome.
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tion defect (Fig. 2). The opposite phenomenon,

defect.

an

4stn Mcdica Academiae Scientiarum Hungaricae 28, 1971

enhanced fibrinolytic

activity of plasma, may occur occasionally as a sign of a residual coagulation
In some very mild cases the fibrinolytic activity of plasma may be



90 A. HAMORI et al.

increased early according to euglobulin lysis time, or any changes in coagula-
tion may be absent.

Acute exacerbations of chronic glomerulonephritis are also accompanied
by hypercoagulability.

The patient, a 27-year-old male had been under our care for years for
chronic inactive glomerulonephritis. Apart from minor signs of hypocoagula-

3X200000 U
Therapy Iphenoxymethyl penicillin /day |Penicillin 1M [Ufctayi
| 12 92 89
1September 1969 10 20 1 October

Fig. 3. Reduction in plasma fibrinolytic activity during acute exacerbation of chronic glo-
merulonephritis

bility no other clotting abnormality had been noted. He had been on a preven-
tive scheme of oral penicillin which was discontinued on admission. A few
days later he developed a sore throat with fever and gross haematuria. A
pharyngeal swab yielded /3-haemolytic streptococci. Here we were able to
follow up the coagulation defect associated with an acute exacerbation from
its earliest stage and thus to demonstrate a protracted euglobulin lysis time,
i.e. a distinct reduction in fibrinolytic activity, within a few hours of the
acute events. Thus, the earliest stage of blood coagulation disorders associated
with the allergic process is an enhanced coagulability (Fig. 3).

The most conspicuous signs of hypercoagulability were found in the
nephrotic syndrome, regardless whether the process was of the primary type
or secondary to amyloidosis, diabetic glomerulosclerosis, systemic lupus erythe-
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matosus, etc. On the evidence of our observations, hypercoagulability may he
regarded as a sign of activity of the nephrotic syndrome.

One of the patients, a 28-year-old female, was admitted with a pri-
mary nephrotic syndrome. Administration of furosemide (Lasix, Hoechst,
Frankfurt) induced a spectacular improvement, with the loss of 15 litres of
oedema fluid in three weeks, as well as an increase in strum protein concen-

Ji
401 “q

Human albumin infusion g (9]

me I 455
TEG

Euglobulin lysis time >48hl

> 24h]

kg body weight
Serum complement U 100 098 095116 0.90 0.60
Serum albumin g/100 28
Proteinuria g/24h 1200 864 884 9.38 6.48 3.76 5.47 5.28
Haematuria 100

Addis count /million/ so

2 |||||f||||||n|f mldBaaw]|Bl]|]|]
20 February 1March 10 20 30 8 May 18

1969
Fig. 4. Coagulation defects in primary nephrotic syndrome

tration and a fall of daily urinary protein excretion from 12gto 3or5g. How-
ever, blood clotting was still enhanced, as indicated by the thromboelas-
tographic pattern and by the diminished spontaneous fibrinolysis. The serum
complement titre was declining as a sign of immunological activity. Therapy
had thus little influence on the coagulation defect, and in fact later an exa-
cerbation ensued (Fig. 4).

Combination of symptomatic and immunosuppressive treatment may
completely change the situation, as illustrated by the following case.

A 16-year-old male had been under observation for primary nephrotic
syndrome, i.e. for “pure” nephrosis. An elevated plasma fibrinogen level, a
reduced fibrinolytic activity together with a broad thromboelastogram had
repeatedly been found prior to treatment. Administration of prednisolone

Acta Medica Acadcmiae Scientiarum Hungaricae 28, 1971



92 A. HAMORI et al.

and subsequently of furosemide resulted in a loss of 20 litres of oedema fluid.
Parallel with the clinical response hypercoagulability changed temporarily
into hypocoagulability, as indicated by an abnormal narrowness of the thrombo-
elastogram. The low serum complement level returned to normal and lasting
remission ensued (Fig. 5).

The following case of amyloidosis represents the group where the neph-
rotic syndrome was elicited by some identifiable primary process.

therapy | Prednisolone per os 50 mg/day

Lasix per os mg/day
1 80

| KCL per os 3g/day

Fig. 5. Coagulation defects in primary nephrotic syndrome (“pure” nephrosis)

The patient was a 59-year-old female with clotting disturbances which
had been investigated for the last months without showing any change. She
was started on anticoagulant therapy. To acenocoumarol (Syncumar, EGYT,
Budapest), the thromboelastogram showed a typical response. However, thus
far we cannot yet assess the effect of anticoagulants in amyloid nephrosis,
though persistent hypercoagulability belonigs to the typical features of amy-
loidosis (Fig. 6).

One of the cases provided us with the opportunity of studying the coag-
ulation disorders associated with Goodpasture’s syndrome. The patient was
a 19-year-old female. Fig. 7 sums up the results of investigations and the
clinical features. The clinical course was marked by hypercoagulability as
reflected by hyperfibrinogenaemia and an excessive reduction, if not an entire
lack, of fibrinolytic activity and an abnormally broad thromboelastogram.
The results have been represented diagrammatically accordingto Gerendas [9].
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Fig. 6. Persistent hypercoagulability in renal amyloidosis
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Fig. 7. Coagulation defects in Goodpasture’s syndrome
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On the evidence of the coagulogram performed before death the patient
developed a bleeding tendency terminally, most probably under the influence
of an antithrombin factor of heparin character. We have connected this find-
ing with the terminal events. The suction cup test and the tourniquet test
revealed an excessive capillary fragility. There is immunological evidence
that Goodpasture’s syndrome involves the formation of antibodies directed
against the basement membrane, thus linking up the renal and pulmonary
alterations with an autoimmune pathomechanism [2, 15]. On confronting
these results with our findings it appears that the bleeding tendency in Good-
pasture’s syndrome is connected with an abnormal capillary permeability.

As to the hypocoagulability in this case, it is by no means an unfavour-
able sign as regards the activity of nephritis or nephrosis; it was usually
observed in inactive chronic nephritis or after successful immunosuppressive
treatment, as seen in Fig. 5.

Discussion

Hypercoagulability is a sign of activity of glomerulonephritis and neph-
rosis, particularly informative in the nephrotic syndrome. One of our patients
had developed signs of hypercoagulability quite suddenly and went into a
relapse soon afterward. In other words, the recurrence had been foreshad-
owed by an increase in blood coagulability, and this would call for the inclu-
sion of coagulation tests into the follow up scheme in renal disease.

Persistent hypercoagulability is an unfavourable prognostic sign. We
have lost 11 patients with glomerulonephritis or nephrosis in the last years.
Hypercoagulability was confirmed by an increased plasma fibrinogen level,
a reduced fibrinolysis, and a typical thromboelastogram in 9 patients and
by two of these signs in 2 patients. On the other hand, hypocoagulability
points to a favourable prognosis, as it did in fact in our cases of chronic glo-
merulonephritis of stationary nature.

These observations have their implications in the intriguing problem
of the anticoagulant treatment of glomerulonephritis [11, 13]. Recently,
Berlyne and Mallick [3] have suggested that ischaemic heart disease was
one of the complications of the nephrotic syndrome, with an incidence 85 times
as high as in the age-matched general population. We have also observed
coronary occlusion in primary nephrotic syndrome. Two of our patients with
Schoenlein -Henoch’s purpura associated with glomerulonephritis developed
digital gangrene; one of these patients died, the other had amputations of
several digits.

These observations have prompted us to use anticoagulants in the di-
seases under discussion. However, in the 8 cases of glomerulonephritis or nephro-
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sis where it had been employed, it failed to produce any improvement, though
the clinical course of two patients certainly encourage further attempts.
One of them, a male with systemic lupus erythematosus, developed vein
thrombosis of right leg. He had been in a preuraemic condition when started on
acenocouinarol. This treatment was continued for 18 months, until death.
At necropsy, both renal veins, particularly the right one, were narrowed by
organizing thrombi. The inference that without anticoagulant therapy occlu-
sion of both renal veins would have inevitably ensued, almost suggested it-
self. In the other case, a patient with primary nephrotic syndrome, leg vein
thrombosis recurred four times before anticoagulant therapy had been pre-
scribed. Since two years he had no recurrence. Although the data in the lit-
erature are scarce [14] and our observations still too few to he conclusive, never-
theless, they point to the advantage of combined anticoagulant and corti-
costeroid or cytostatic treatment.

Finally, the question arises whether glomerulonephritis and the nephro-
tic syndrome are to be regarded as coagulopathies? This must be answered
in the negative, since the coagulation defects fail to account for the entire
syndrome, though they certainly do belong to it, in the same manner as oedema,
hypertension or haematuria belong to the clinical pattern of glomerulo-
nephritis.
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THERAPY OF AUTOIMMUNE NEPHROPATHY
WITH STEROIDS AND CYTOSTATICS

A FOLLOW-UP STUDY OF 80 PATIENTS AND OF 16 YEARS
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FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received November 18, 1970)

The therapeutic aspects of lupus nephropathy as the prototype of autoim-
mune nephropathies — are analysed in the light of sixteen years observations. The in-
troduction of “immunosuppressive” therapy with 6-MP in 1963 marks a turning point
in its hitherto generally fatal prognosis. With the use of haemodialysis and of kidney
transplantation survival is possible even after total destruction of the kidney, however
it is more reasonable first to apply the “immunosuppression” with appropriate cyto-
statics to avoid autoimmune nephropathy, than to prevent the rejection of a transplant
ed kidney.

Of the 250 patients with typical SLE observed between 1953—1968, 80 had
lupus nephropathy. Of these the outcome of 11 is unknown, 36 died, 33 are still under
observation.

This follow-up study of 16 years may be divided into 3 periods each of five
years. During the first five-year period (1953 —57) lupus nephropathy was the prevalent
cause of death in SLE, which may be ascribed to the sporadic application of steroids
and to the inadequacy of its doses. Antimalarial drugs applied in that period also
failed to influence the renal process. Long-term intensive (“immunosuppressive”)
steroid therapy marking the second period (1958 62) was found to reduce the inci-
dence of nephropathy in SLE and so to improve the prognosis. By the additional use
of cytostatics from 1963 on, even the steroid-resistant cases have become curable. Since
the demonstrability of the LE-factor or other diagnostic criteria of SLE affected neither
the outcome, nor the clinical picture of autoimmune nephritis, the observations are
entirely valid for the similar autoimmune nephropathies without the signs of SLE.

Involvement of the kidneys in systemic lupus erythematosus (SLE),
the so-called lupus nephropathy, usually assumes the clinical features of
genuine nephrosis or of primary chronic nephritis or of both. In its mildest
form, the condition manifests itself with proteinuria without any other symp-
tom. Nephropathy is regarded as the most therapy-resistant of all systemic
manifestations of SLE, accounting, in fact, for the majority of deaths in this
disease.

In the literature there are reports on a favourable response of lupus
nephropathy to long-term massive steroid therapy [10, 12]. Our experience
[6, 7, 8], in agreement with that of other authors [4, 11, 13, 14] have
been much less favourable. It has been the induction of cytostatics into the
treatment [6] which improved radically the rather gloomy prognosis of lupus
nephritis.

As a result of the observation that in the course of the natural history
of SLE, manifestations may be confined to a single organ for long periods [5],
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certain issues of primary importance appear now in a new light. Identical
isolated renal disease may thus well be due to the same immune pathogenesis,
though obviously it is not referred to as lupus nephropathy but, as the case
may be, usually as “chronic glomerulonephritis”, or “nephrosis”, or as an
intermediary syndrome combining the two types, “Nephritis mit nephroti-
schem Einschlag” (nephritis with nephrotic features).

Twenty years observations have given ground to our impression that
neither the outcome, nor the therapeutic possibilities in “lupus nephropathy”
are affected by the variable positivity of the LE-cell phenomenon, i.e. the
presence of the LE-factor in the antibody-spectrum and by the microscopic
evidence of haematoxylin-bodies. If in a given case of nephrosis or chronic
glomerulonephritis, the LE-factor happens to be demonstrable for some time,
of course it facilitates to recognize the autoimmune nature of the basic process.
By means of biopsy labelled anti-antibody techniques, electron microscopy,
etc. should be used to identify the character of the autoimmune reaction,
once its involvement has been established and to locate it within the structure
of the kidney. Insight into these relationships has revealed that the therapeu-
tic observations derived from the diverse typically autoimmune renal mani-
festations of SLE, are valid for other similar immunopathological types of
nephropathies, even for those without any demonstrable signs of SLE.

In the present study, we have collected further evidence relating to the
value of “immunosuppressive” (cytostatic) therapy in addition to our earlier
report with low and high dose steroids [7, 14], in the light of 16 years obser-
vations of our clinical material of 250 subjects with SLE, 80 of them with
lupus nephropathy.

Patients and treatment

A total of 80 patients with lupus nephropathy was observed since 1952/53. The 16 years
elapsed since may be divided into three periods. In the first period, 1953—1957, therapy of
SLE was confined to small-dose cortisone and to anti-malarial agents (mepacrine,
chloroquine), their administration having been limited to dangerous exacerbations. In
the second period, 1958—1962, a purposeful intensive “immunosuppressive” treatment was
carried out by the use of prednisolone in every case, with the aim of attaining complete remis-
sion and of maintaining it by long-term therapy on the basis of a suitably organized follow-up
scheme. In the third period from 1963 on, cytostatic agents (generally 6-mercaptopurine, and
in a few cases azathioprine, cyclophosphamide, chlorambucil) were used, in addition to the
high dose steroid medication referred to above.

Dosage of the cytostatic agents was adapted to the individual case. The general rule
was to attain the maximum dose which, while ensuring the desired therapeutic effect would
still not damage the haemopoietic organs during the treatment.

Results

Distribution of the patients over the three periods is shown in
Table I. It can be seen that, since the use of steroids in “immunosuppressive”
doses, regardless of the presence or absence of nephropathy at the onset, the
incidence of lupus nephropathy has been declining, not only in relation to
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the total series but also to the number of new cases, and its decline continued
over the third period, marked by a consistent cytostatic therapy in steroid-
resistant nephropathies. The data relative to the two earlier periods [7] serve
here as a basis for comparison with the results obtained during the third period.

Tabic |
Treatment of lupus nephropathy between January, 1953, and December, 1968

. . 1953-195- 1958-1962 1963 1968 Total number

Diagnosis Corticosteroids, Corticosteroids, Corticosteroids of cases

small-doses, sporadic massive doses, cytostatics
use long-term use
SLE 53 (21.2%) 117 (46.8%) 80 (32%) 250 (100%)
Nephropathy 28 (52.8%) 32 (27.2%) 20 (25%) 80 (32%)
Table 11
Lupus nephropathy : 36 fatal cases and 33 survivors. Distribution ofcases and duration of disease
Number of cases Average age (years) j Average duration of disease (years)
Deaths Survival

. Between the Between the i i
Sex Death  Survival' Death Survival first mani-  first renal Since the Since the

h . first mani-  first renal
festation of  manifesta-  fegtation of manifes-
SLE and tion and SLE tation
death death
$ 26 26 36 37
(16 64) (14 69)
4 3 8 6
S 10 7 40 30
(28-67) (17-55)
We have found that 1) massive-dose “immunosuppressive” corticoid

therapy reduced the incidence of nephropathy in the course of SLE, and
2) steroid-resistant nephrosis is responsive to suitable cytostatic drugs in the
majority of cases, to the degree of full remission, and possibly even of a per-
manent cure.

Since 1953, 36 of the 80 patients with lupus nephropathy died, 33 re-
mained underour continuous control and the fate of 11 isunknown. Most patients
are young females. In the fatal cases, mean survival after the first manifes-
tations of SLE was 4 years and after those of nephropathy, 3 years. In anumber
of cases nephropathy was demonstrable at the time of the first manifestations
of SLE. For the survivors, the respective times correspond to 8 and 6 years
(Table 11); up to 1968, survival in this group was twice aslong as in the fatal cases.

These facts clearly show that intensive steroid therapy is apt to bring
the process to a halt, and supplementary cytostatic therapy, to induce full
remission (Table 11).
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It was chiefly in the nephrosis syndrome where cytostatic therapy elicited
a prompt response. Even in cases of major severity, marked by extensive oede-
ma, polyuria, often by isosthenuria and by non-protein nitrogen levels over
60 mg per 100 ml, the effect of adequate doses was manifest in three weeks.
Recovery of concentration capacity and relief of oedema ensued; proteinuria
responded less readily.

Table 111

Treatment and mean survival infatal cases of lupus-nephropathy

Treatment Number of Mean survival
cases (years)

1 Sporadic administration of corticosteroids in small

doses (40 mg daily) + antimalarial drugs 19 2.5
2 Long-term administration of corticosteroids in large

doses (50 mg daily) 10 6.0
3 Corticosteroids (40 mg daily) -f- 6-MP (50 to 100 mg

daily) 5 17 35 5.0
4 Corticosteroids (60 mg daily) -f- 6-MP (50 to 150 mg

daily) 2 5.5

If the 36 lethal cases of lupus nephropathy are grouped according to
schedules of treatment, it is found that even here the longest survival was
ensured by immunosuppressive therapy. At first, this treatment was confined
to steroid-resistant cases of utmost severity. Therefore, though survivals
in the series of cytostatic therapy (Table 111, groups 3—4) have notyet reached
those in group 2 where no such therapy has been used, these results must be
none the less rated as excellent, since before this therapy the outcome of these
cases was hopeless, death inevitably ensuing within a few months. The results
might have been still better, had cytostatic treatment been instituted earlier.

Uraemia has remained the prevalent cause of death in lupus nephropathy,
at least in the present material (Table 1V).

Table ¥ sumsup the results in 33 patients with lupus nephropathy being
under close follow-up. Antimalarial drugs alone failed to bring benefit. Full re-
mission was obtained on massive-dose long-term steroid therapy in 8 and by
steroid -f- cytostatic therapy, in 11 cases. Though sporadic small-dose steroid
therapy too had often a favourable influence on various, even on severe,
systemic manifestations of SLE other than nephropathy (group 2), these re-
sults are far from those achieved by massive-dose immunosuppressive ste-
roid therapy, and if even this proves inadequate, cytostatics still offer the
chance of full remission.
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Since 1963 we have prescribed cytostatics in autoimmune nephrosis if
1) the response to steroids was not satisfactory; 2) steroids had to he discon-
tinued owing to secondary effects.

Table IV
Causes of death in the fatal cases of lupus nephropathy

Cause of <leatli Number of cases
Uraemia 26
Heart disease 8
Apoplexy 1
Septicaemia 1

Total 36
Table V

Patients with lupus nephropathy under follow-up. Treatment and results

Group Therapy ;uilslsigen- “rjecmogspil;rge F;?fr;icatl No effect Total
l. Antimalarial agents 2 2
2. Corticosteroids, 40 mg daily

(sporadic) | 1 2 3 7
3. Corticosteroids, SO mg daily
(long-term) 4 4 1 9
* *
4. Corticosteroids, 50 mg daily 3 3 % — 6
cytostatic agents
5. Corticosteroids, 60 mg daily * **: . -
-f- cytostatic agents 2 * 2 ** 2 * 9
Total 10 u 4 8 33

* 6-MP, 50 to 100 mg daily, by mouth
** Cyclophosphamide, 200 mg daily, by mouth
*** Azathioprine, 50 to 100 mg daily, by mouth

The response to steroids was poorest in patients with chronic glomer-
ulonephritis. The nephrotics responded favourably to steroids but the presence
of isosthenuria seemed to contraindicate their use.

As a result of our observations we have adopted the following rules,
(a) If massive-dose steroid therapy had failed to bring any favourable change
in the renal condition in 4 weeks or (b) if steroids were poorly tolerated, or
(c) if there were signs of progression despite steroid therapy, or the condition
had been very poor from the very outset (asthenuria, oliguria, increase in NPN),
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steroid-treatment was discontinued or reduced to the limits of tolerability
and cytostatic therapy was instituted under close supervision of the blood
counts.

A moderate leukopenia does not yet contraindicate cytostatic therapy,
since this seems to be connected with the autoimmune mechanism of the
disease itself and may be often associated with nephropathy of this kind.
Paradoxical though it may seem, it is none the less consistent with the
autoimmune mechanism that cytostatic treatment may result in a temporary
rise of the leukocyte count.

If there is no obstacle to the use of cytostatics in adequate doses, in the
nephrosis syndrome a favourable response may be expected within 3 or 4
weeks. The response is dose-related which implicates that there may be a need
for high doses carrying serious hazards to haemopoiesis. The vulnerability of
the blood-forming system shows wide individual variations. If leukopenia
develops, treatment is discontinued for a time and resumed with some other
cytostatic drug. If this too causes leukopenia, we have to compromise on the
dosage by resuming treatment with tolerated doses after the restitution of the
bone marrow.

As to the incidence of spontaneous remissions in SLE, we had a single case in our
entire series of 250 patients. The patient had been under treatment for nephrosis of extreme
severity 20 years before the detection of SLE at the First Department of Medicine in Buda-
pest and, being given up as hopeless, discharged home where she made a spontaneous recovery
in about half ayear and remained symptom-free until the mid-fifties. She was then admitted
for polysystemic SLE which had made its appearance at that time. After a course of steroid
therapy, full remission ensued. The diagnosis of SLE was based on the typical skin manifes-
tations and on the demonstration of the LE-cell phenomenon. A subsequent recurrence, asso-
ciated this time with proteinuria, though in the presence of normal renal functions, was also
found to respond to conventional steroid therapy. Thus, according to our experience, the
incidence of spontaneous remission of the typical syndrome in adults is at most 1% (1 in 80).

The autoimmune renal manifestation confined to proteinuria shows wide
fluctuations even in the same individual. Isolated proteinuria may persist
for long years without developing into nephrosis with hypoproteinaemia and
oedema or affecting renal functions. In other cases, persistent proteinuria is
associated with a gradual impairment of renal functions while preserving
its dry character, i.e. there is no nephrosis-syndrome marked by oedema.
Renal lesions associated with isolated proteinuria without oedema hardly
ever respond to immunosuppressive therapy, at least not within the usual 3 or
4 weeks in a manner to be attributable to the drug and not to a spontaneous
remission.

The various cytostatic drugs seem to act in a different manner on the
diverse manifestations of the autoimmune diseases and even on the autoim-
mune reactions directed at particular tissue constituents. In other words,
these drugs might be considered to have individual activity spectra [8]. This
makes it our objective to select the appropriate cytostatic for a given type of
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autoimmune disease, i.e. the compound eliciting an optimum response in that
particular process in doses still harmless to the bone marrow or without any
other adverse effect.

For such reasons, in autoimmune nephropathies of the “primary nephro-
sis” or “Nephritis mit nephrotischem Einschlag” types 6-mercaptopurine
(6-MP or azathioprine) should be prescribed first. Failure of the maximum
tolerable doses to bring about any convincing improvement in 3 to 6 weeks
makes it warrantable to change over to cyclophosphamide or, possibly, to
chlorambucil after a treatment-free interval. 6-MP has very little, if any, influ-
ence on the various other systemic manifestations of SLE, therefore it should
always be given in combination with prednisolone in polysystemic syndromes
involving an immune (or autoimmune) genesis.

The major hazards of cytostatic therapy are an irreversible damage to
the bone marrow and a loss of resistance to infections. The latter may be
broughtunder control by the use of antibiotics. Intercurrent infection account-
ed for no fatality in our material. We are not in favour of a preventive
administration of antibiotics in immunosuppressive therapy. These agents
should be reserved for therapeutic use in the presence of an infective process
and should be directed at the infective agent. (Radiological evidence of tuber-
culosis, even though of “inactive” appearance, requires a similar attitude.)
Tn view of a possible bone marrow injury, the lines of treatment are entirely
different from those to be followed in leukaemia. While for instance in myeloid
leukaemia a fall of the leukocyte count even below 1000//11 is generally no cause
for major concern, in autoimmune diseases the limit of drug-induced leukopenia
should never be below 3000 //1. A fall of the leukocyte count to this level
requires the suspension of treatment until a count of 3500 to 4000///1 has been
surpassed.

The following two cases are illustrative of the. effects of cytostatic therapy.

Case 1. K. K., a 60-year-old female, with a long history suggestive of autoimmune
disease, was admitted on 13 March, 1962 for typical nephrosis with generalized oedema having
made its appearance two months earlier. She was oliguric, isosthenuric, daily average protein
excretion was 7 g, serum protein concentration less than 5 g per 100 ml, creatinine clearance
22 ml/min, NPN 77 mg per 100 ml. The only symptom of SLE was a transitory positivity of
the LE-cell phenomenon. Despite corticoid therapy she steadily went downhill, with deterio-
ration of the laboratory results. Elevation of the steroid doses failed to halt progression (NPN
112 mg per 100 ml, leukocytes 2200//11). At this juncture, she was started on 6-MP admin-
istered in doses of 50 rng daily, in combination with prednisolone 30 mg daily. The response
produced in three weeks was dramatic. Diuresis increased, this was followed by the disappear-
ance of oedema, a rise in GFR and the normalisation of NPN. As a preventive measure,
6-MP was given in the same doses for another 10 weeks. Full remission with freedom from
any renal disturbance ensued [6]. Four years later there was a recurrence of nephrosis, pro-
teinuria and oedema having appeared within three weeks in the presence of a fairly good con-
centration capacity. On being given again 6-MP in doses of 100 mg daily, full remission ensued
by the end of the second week. At the last follow-up the patient displayed no abnormality
apart from a hepato-splenomegaly which had been present before. Renal functions were nor-
mal, the urine contained neither protein, nor casts or other abnormal elements, the specific
gravity was 1021 (Fig. 1).
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Mrs. K.K.60y. , r .
E. t
Dg-SLE  JabpEpositive
(for 13 yrs.)
NPN=77tng

HEPATO-

Cr.clearance
22ml/min.

60m9 pA50ma PURINETHOLAA
PREDNISOLON 30 mg
19621113 1I1/23 VA3 /27 V1T VI/20 1969 V
a++++ spec, grav.: 1021
protein excretion 7g/24h 8g/24h  2g/24h 0,2g/24h . a; ne%-

urine 200-300 ml/24h 1000ml/24h  1000-1500ml/24h  sediment'neg
Fig. 1. Case report of Mrs K. K., 60 years old. (NPN = Non-protein N)

The next case proves the informative value of the variations in the complement level
and the dose-response relationship of cytostatic therapy (Fig. 2). Having been first seen in
1969, this patient does not belong to the 1953/68 series.

Case 2. M. T., a 24-year-old female, had been suffering from various manifestations of
SLE for the last four years. Presenting with fever, pericarditis, arthralgia, purpura, lymph-
adenitis on an earlier admission, she responded to appropriate therapy with full remission

U.ispec. orav.: 1020 a.+++ a.: neg.
J a: neg. urinary urinary
urinary sediment: HAEMATURIA sedimentmeg.
sediment: neg. pr.otein

excretion : 1,5g/24hr

Fig. 2. Case report of Mrs M. T. 24 years old, with SLE. Serum complement level in per-
centage of the normal value
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Readmission on February 14, 1969, for arthralgia, fever and purpura of recent origin. The urine
was normal but the serum complement titre attained only 25% of the normal value. The LE-
cell phenomenon was negative. On prednisolone treatment the condition improved but the
serum complement level continued to decline. Treatment was then combined with 6-MP ad-
ministered in doses of 50 mg daily. Eight days later a further fall in the serum complement
level to 1/16 of the normal values was noted in association with proteinuria, haematuria and
oedema. The dose of 6-MP was raised to 150 mg daily, to be reduced to 100 mg upon the
first signs of improvement. As a result, the serum complement level attained normal values
and the proteinuria and the haematuria disappeared (Fig. 2). This case is particularly illus-
trative of the informative value of the serum complement level confirmed in other cases,
too. A fall in this level provides a signal for the intensification of therapy. W hether the admin-
istered amounts of corticoid or those of cytostatic drugs known for their suppressive effect
on autoimmune reactions have been inadequate, elevation of their doses over the threshold may
still result in a prompt response.

Discussion

General acceptance of the cytostatic agents for immunosuppressive ther-
apy was a slow process, particularly before 1964 [2, 3]. Though, personally,
we have been advocating the use of these drugs in autoimmune nephropathy
ever since 1962, giving due consideration to their hazards, it was a long time
before any therapeutic attempt of this kind was undertaken. This may have
been due to the very nature of SLE and to its responsiveness to individual
drugs. A considerable time had to elapse before we have recognized that the
effects of the various cytostatic agents differ in character and in degree, not
only as regards the lesions of different localization but also lesions of different
types affecting the same organ. It is, therefore, a mistake to rely on a single
agent in the belief that it would act in the same manner on all processes of
immunological pathogenesis, regardless of type or localization. For instance,
in 1949, we had been prompted by the favourable observations of Chasis,
Goldring and Baldwin [1] with nitrogen mustard in glomerulonephritis
to study the effect of mannomustin in SLE; this trial was, however, a failure.
Since the acute polysystemic syndrome of SLE, in its extreme diversity,
represents a consistent entity, nothing could be more ill-founded than the
belief that a single drug, picked out at random from the wide range of cytostatic
agents, must necessarily achieve full control of the entire syndrome. Failure
of realizing this inevitably ends in disappointment and leads to the view that
“cytostatic therapy” (understood in a general sense, no distinction being made)
is “merely of academic interest, toxic, and its value has yet to he established”
[3]. In the light of our observations, generalizations of this kind are not only
erroneous but also harmful.

In recent times, parallel with the spread of renal transplantations, it
is being increasingly realized that “immunosuppressive” treatment applied
in time and in an adequate manner, may ensure success in autoimmune nephro-
pathy. Thus the use of these drugs should be tried with skill in all immune
processes destructive to the kidney so as to avoid the necessity of intermittent
haemodialysis or of renal transplantation [9].
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SODIUM AND WATER EXCRETION IN DOGS
WITH RENOVASCULAR HYPERTENSION

By
A. Fekete, A. Rényi-Vamos and A. Szitas

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS MEDICAL UNIVERSITY, BUDAPEST

(Received November 23. 1970)

Chronic hypertension was induced in dogs by complete ligation of one renal
artery; in earlier studies the condition proved suitable for an experimental model of
human renovascular hypertension. The present study was concerned with sodium and
water excretion in dogs with renovascular hypertension induced in this manner. Under
basal conditions, i.e. without loading, the animals exhibited normal fluid and electro-
lyte excretion, either in the original normotensive or in the induced hypertensive state,
during the entire observation period of 360 days. On loading with electrolytes and
water excretion significantly diverged from that recorded in the normotensive state.
It is suggested that the enhanced production of renin-angiotensin, or rather its direct
inhibitory effect on tubular reabsorption, is the primary cause of the increased loss
of sodium and water in renovascular hypertension.

In earlier studies (Fekete, 1957, 1970) the complete constriction of one
renal artery with an intact other kidney was shown to be followed by chronic
arterial hypertension in the dog. The condition was characterized by a slow
deterioration, though no complete failure, ofrenal function, leading to spontane-
ous death ofthe animals within a period ofvariable length. We have thus been
able to produce an experimental model which in respect of its functional and
morphological characters may be regarded as representative of renovascular
hypertension in man. The model may claim the advantage of allowing to study
renovascular hypertension in the dog and, in view of the fact that the kidney
with the constricted artery ceases to function in 3 to 4 months, its responses
reflect the condition of the “unaffected” contralateral kidney.

It is generally known that renovascular hypertension is associated with
disturbances ofthe fluid and electrolyte metabolism (Grolilman and Shapiro,
1953; Pickering, 1968), in particular with 1) an abnormal retention of sodium
and water in the tissues; 2) an enhanced excretion of ADH; and 3) an increased
sodium and water excretion by the kidney.

The present study has been concerned with some parameters of the fluid
and elctrolyte balance in renovascular hypertension induced by constriction
of one renal artery. During the entire 360-day period of observation the dogs
with induced hypertension as compared with their original normotensive
state 1) exhibited no major alteration of the basal sodium and water excretion;
2) but did so under the effect of sodium and water loading.
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Material and methods

In adult female dogs under pentobarbital anaesthesia and sterile conditions from the
paracostal approach the renal artery of one side (if present, also the accessory renal branches
of the aorta) was ligated at its origin, the wound was closed, and perineotomy was perform-
ed. Mean arterial pressure was measured in the femoral artery with a mercury manometer
prior to the intervention and at 20-to 30-day intervals postoperatively, invariably in the alert
state of the animals these having been familiarized with the procedure.

1. Basal water and sodium excretion. Urine was collected with a catheter and blood
samples were withdrawn from six alert dogs accustomed to the procedure, in the normotensive
state prior to ligation and in the hypertensive state consequent upon it, at intervals of 40 days,
each time during 2 to 3 successive periods of 20 to 30 min. The animals were fasted before each
study for 16 hrs. but were allowed water ad libitum.

2. Water and sodium loading. After the control values had been established, a) tepid
tap water was administered by the oral route in an amount corresponding to 3% of body
weight; b) a 5% NaCl solution was administered by the intravenous route in an amount
corresponding to 1% of body weight. Urine was collected and venous blood samples were with-
drawn at 30 minute intervals on 5 occasions (5 times 30 min. = 150 min). The investigations
included measurement of hematocrit, endogenous creatinine and sodium concentration in
serum and urine. Aninterval of at least 4 days was observed between the water and salt loading
tests. In the course of the 360-day period of observation, a total of 9water and salt loading tests
was performed.

The animals were kept on standard food supplemented by kitchen scraps. Water and
Zodium intake by the food showed little variations owing to the standard conditions of the

iet.

For the calculation of endogenous creatinine clearance, sodium and water excretion,
the diuresis per minute was referred to sq.m, body surface derived from body weight. The
results were evaluated by the t test (Fisher 1946).

Results

Basal values, i. e. those obtained without loading, are summarized in
Table 1. As control values, the results of 11 tests performed in 6 dogs were
used. In the successive stages of hypertension, the “pathological” basal values
have been derived from approximately the same number of animals.

In the course of the observation period of 360 days, blood pressure was
significantly (p < 0.001) higher, urinary output and sodium excretion were
also higher although not significantly different from those of the normotensive
controls, owing to the wide scatter of the figures. Endogenous creatinine
clearance showed a significant decline during the hypertensive state, serum
creatinine and sodium levels remained unchanged.

During the 360-day observation period water loading was followed by
water diuresis all throughout, attaining its peak in 60 to 90 min. in both normo-
tensive and hypertensive animals (Fig. 1). The continous heavy line in Fig. 1
shows diuresis in the control condition and the thin lines represent water
diuresis registered in the successive stages of hypertension. In the last-named
condition, the ascending limbs of the curves tended to be steeper, they were
shifted to the left, otherwise their pattern was similar to that of the controls.
Beyond the 260th day of hypertension they became flatter, as water excretion
was protracted. In Fig. 2, where these relationships are shown, total water
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min
Fig. 1. Water diuresis in six normotensive dogs (control, continuous heavy line) and in
the same animals in the successive stages of hypertension (thin lines). The figures beside the
graphs refer to the respective day after ligation

100
90-

80 - 100day
80- ﬂizo o
70- %212%8) gé -160-180 day
60- W53y

0 50-
a
a 40-

30-
20
10.

0 ] I | | r
0 30 60 90 120 150
min
Fig. 2. Water output expressed in per cent of intake. Normotensive controls continuous
heavy line; successive stages of hypertension thin lines. The figures beside the graphs
refer to the respective day after ligation.

Acla Medico Academiae Scicntiarum Hungaricae 28, 1971



1. FEKETE et al.

Table |
Parameters in six dogs under basal conditions, i. e. without loading.

number of 1564 pressure . .

measure- mmHg V' ml/min Acreat ml/min

ments
normotensive control 1 135+3 0.39+0.06 474
hypertensive 40— 60 day 12 175+5 0.58+0.15 45+7
hypertensive 80—100 day 12 180 +5 0.65+0.16 45 +6
hypertensive 120—140 day 14 175+4 0.68+0.12 34+4
hypertensive 160—180 day 12 175+3 0.73+0.12 41 +4
hypertensive 200—220 day 10 170+5 0.50+0.09 41 +5
hypertensive 240—260 day 12 175+4 0.67 £0.20 39+5
hypertensive 280—300 day 12 170+5 0.69+0.27 40+2
hypertensive 320—340 day 12 170+3 0.85+0.33 37+4
hypertensive 360—380 day 10 170+3 0.34+0.10 35+5

otitput in 150 min is expressed in per cents of water intake. While in the
normotensive state water excretion (heavy line) corresponded to 80% of the
intake, in the hypertensive state there was a declining tendency and water
output on the 280th day w#as merely 65% (p < 0.02); on the 320tli day, 68%;
(p 0.01); and on the 360th day, 64% (p <7 0.001).

Salt loading consisted in the slow intravenous administration of a 5%
saline solution (800 to 840 mEqg/1l) in an amount corresponding to 1% of body
weight, totalling approximately 80 to 120 mEq sodium and 100 to 150 ml
water. Taking the amount administered as 100%, it was found that 44% of the
sodium and 157% of the water administered were excreted within 150 minutes

in the normotensive state (control periods), as represented by the heavy
Table 11
Renal parameters registered during 150 min after loading with 5% saline in normotensive
gmgg cor?t’ml 30’ 60 90° 120° 150
ure-
ments normotensiVe
Aereat ml/min 6 47 +8 64+14 67+8 717 76+12 8410
ANa mEg/min 6 1502 165 +4 164+ 4 161+ 2 157 +3 153+2
Aoad 6 7.1 10.6 11.0 114 11.6 12.9
\% ml/min 6 0.39+0.05 2.27+0.84 2.36+0.43 2.56+0.36 2.26+0.42 2.12%0.36
ana 'V I/Eq/min 6 47 +9 452+193 534+153 579+118 586+143 548+116
E/F per cent 6 0.7 4.3 4.9 51 5.1 4.3
R per cent 6 99.3 95.7 95.1 94.9 94.9 95.7
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in the normotensive state and in the successive stages of induced hypertension (x + sj)

SNa mEq/1 meames Un» 'V fiEq/min E/F per cent R per cent  Screat mP Per 100 ml
150+1 7.1 0.047 £0.009 0.7 99.3 0.9+0.01
150+1 6.8 0.071 £0.029 1.0 99.0 0.9+0.01
1532 6.9 0.085+0.022 1.3 98.7 1.0+0.01
147 +1 5.0 0.068+0.014 1.4 98.6 0.9+0.02
148 +1 6.1 0.078+0.013 1.3 98.7 0.9+0.01
150+1 6.2 0.059+£0.017 1.0 99.0 0.9+0.01
148+2 5.8 0.075+0.025 1.3 98.7 0.9+0.01
1502 6.0 0.057+£0.018 1.0 99.0 0.9+0.01
152 +2 5.3 0.052 +0.021 1.0 99.0 0.9+0.01
150+1 5.3 0.050£0.020 0.9 99.1 1.0+0.01

lines in Fig. 3. In the successive stages of hypertension, sodium and water
excretion (thin lines) after loading increased steadily deviating significantly
from the controls, i. e. corresponding for sodium to 69% (p <7 0.1) between
the 80th and 100th days, to 70% (p <C 0.1) between 160 and 180 days, to 64%
(p < 0.1) between 320 and 340 days; the values for water excretion were 234%
(p <7 0.02) between 120 and 140 days, 221% (p < 0.1) between 160 and 180
days, 205% (p <[ 0.1) between 320 and 340 days, and 238% (p <T 0.05)
between 360 and 380 days.

The continuous changes consequent upon the administration of a load
of 5% saline are shown in Table Il. On the left side the mean values and devia-
tions (x ih Si) relative to six normotensive dogs are seen, and on the right

and hypertensive dogs (x = sj.)

number 0’ 30° 60° 90’ 120 ’
of meas-  control 150

ure-

ments hypertensive
Acreat ml/min 54 40+6 66+8 61+7 59 +7 56+6 56+4
ANa mEqg/min 6 150+1 165 +5 164+4 161 +4 156+4 151 +3
Fload 54 6.0 11.0 10.2 9.5 8.8 8.5
\Y% ml/min 54 0.68+0.14 3.86+0.53 3.27+0.16 3.31+0.65 2.82+0.73 2.47+0.56
UNa ' V/AEq/min 54 66+19 828 +141 820+131 803+120 680%120 600+103
E/F per cent 54 11 7.5 8.1 8.5 7.7 7.1
R per cent 54 98.9 92.5 91.9 91.5 92.3 92.9
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120-140 day
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220. 200 - 220 day
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-g. 3. iodium excretion after loading with 5% NaCl (lower part), and water excretion (upper

irt), xpressed in per cent of intake. Normotensive values (Control, continuous heavy

ie; v: ues obtained in the successive stages of hypertension, thin lines). The figures beside
the graphs refer to the respective day after ligation
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side, the mean values and deviations for the same dogs in the hypertensive state,
on 9 occasions altogether. The values for endogenous creatinine clearance, diure-
sis, and urinary sodium concentration are also shown. The amount ofsodium pre-
sented for filtration was calculated on the basis ofthe formula FNa= Cp X Pbia»
and the amount of sodium excreted with urine, by the formula Ema = UNa x V,

Fig. 4. Sodium excretion plotted against the filtered load in the normotensive (O) and hyper-
tensive (#) state. The regression coefficient of the two lines reveals a significant difference
(p < 0.02).

tubular sodium excretion and filtration being quantitatively expressed in
per cents of the filtered sodium (E/F%, R%). From Table Il it emerges that
loading with 5% saline was followed by an increase in endogenous creatinine
clearance and also in the serum sodium level; in other words, the amount of
sodium available for the tubules increased in both the normotensive and in
the hypertensive state. However, after identical loadings, urinary sodium
excretion was more, i.e. tubular reabsorption less, in the hypertensive than
in the normotensive state.

The regression coefficient of the two lines reveals a statistically signif-
icant divergence (p < 0.02).
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Discussion

Renal sodium excretion is the result of an equilibrium, expressed by
the equation Cp X Pp<a= TNa -f- T%a X V, where the left side represents
the amount of filtered sodium, i. e. the product of serum sodium concentration
and of glomerular filtration rate (Ccreat), and the right side, the total amount
of sodium reabsorbed by the tubules (TNa) and excreted with urine (UNa X V).
An increase in urinary sodium output may result from an enhanced filtration
and/or from a diminished tubular absorption. Owing to methodological
reasons, a sharp separation of the parts played by the glomerular and tubular
factors is scarcely possible since of the factors of the equation it is only the
serum sodium level and the urinary excretion of sodium which can he measured
reliably, in contrast to filtration, the measurement of which involves well-
known difficulties (Batrint 1969).

The occurrence of fluid and electrolyte disturbances in human hyper-
tensive disease, their various clinical types, are amply documented in the
literature. The observations are, however, often confusing and the conclusions
inconsistent. The available data may be grouped as follows.

According to certain authors (Hortey et al. 1951, Grollman and
Shapiro 1953, Donald et al. 1958, Albert et al. 1958, Tobian 1960, etc.)
serum sodium concentration increases in experimental hypertension as well
as in human hypertensive disease, while according to others (Greene and
Sapirstein 1952, Levine et al. 1961, Ledingham 1953 and others), it
remains unaffected.

At the basal level, i.e. without loading, electrolyte and water excretion
is not distinctive of a normotensive or of a hypertensive state (Birchall et al.
1953, Thompson et al. 1954), basal sodium excretion ranging between 52 and
63 /iEq/min in both conditions (Eisinger 1966).

In hypertensive disease, under the effect of electrolyte or water loading,
certain disturbances of electrolyte and water excretion become manifest.
For instance, as noted by Cottier et al. (1958), while in normotensive
individuals the 3-hr sodium excretion corresponds to 20% of the total infused
amount, in hypertensive subjects it is as high as 66%, the 24-hr excretion
being 75% in normotensive and 133% in hypertensive individuals. Similar
results have been observed with the use of 2.5 or 5% saline solutions by
Batdwin et al. (1958), Farnsworth and Barker (1943), Green et al. (1952),
Thompson et al. (1954), Hollander and Judson (1957), Hoobler et al.
(1956), Hanenson et al. (1963), Stein et al. (1964), etc.

In hypertensive patients, water diuresis is not restricted (Birchall et al.
1953, Stamey et al. 1961), while ADH excretion is increased (Grollman and
Shapiro 1953).

On the evidence of the present study, dogs with induced hypertension
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exhibit no disturbance of the basal fluid and electrolyte balance. The serum
sodium level remains 150 /AEq/1 in the hypertensive as well as in the normo-
tensive state. Sodium filtration and the excreted and absorbed amount of
sodium show no alteration.

From these facts it may be inferred that in the hypertensive state, in
the absence of an extra load, the electrolyte and fluid balance is adequate,
in other words the organism is capable of adapting the excretion of sodium
and water to the basal requirements.

On the evidence of the present findings, dogs rendered hypertensive by
ligation of one renal artery exhibit a normal diuretic response to water loading
in the early stage of hypertension, and a protracted response in the advanced
stage. Loading with hypertonic saline solution resulted in an increase in the
filtered amount of sodium in the normotensive and hypertensive states alike,
with the difference, however, that in the hypertensive group the increase was
followed by an increase of sodium and water diuresis, a finding indicative of a
reduced tubular absorption.

On the grounds of these results we feel justified in assuming that the
disturbance of the electrolyte and fluid balance associated with hypertension
becomes manifest under the conditions involved by loading. In our view these
disturbances are due to an impairment of tubular water and sodium absorption,
connected with the hypertensive state in which the regulatory mechanisms
become inadequate.

Interpretation of renovascular hypertension on the basis of the renin
mechanism has been universally accepted. The pressor effect of renin, more
precisely of angiotensin, and its inhibitory activity on sodium and water
excretion are well established (Pickering 1968, Vander 1963). According
to Gross et al. (1965) renin enhances sodium excretion directly.
According to Leyssac (1964) angiotensin inhibits active sodium-transport
in kidney slices. The blocking effect of angiotensin on tubular sodium absorp-
tion has been demonstrated by Healy et al. (1965), a finding con-
firmed by Lowitz et al. (1969) and Stumpe et al. (1969) on the evidence of
micropuncture studies.

The present model allows renin production by the kidney with a restricted
arterial blood supply, since after constriction of the renal artery a collateral
system is formed (Fekete 1967) and provides for 1/10 to 1/5 of the original
blood supply of the kidney between the 7th and 110th day after ligation,
particularly as concerns the cortical, i.e. the renin-producing areas of the organ.
The pressor factor thus produced finds continuous access to the blood stream
via the unaffected renal vein. Production of renin by the ischaemic kidney
and the presence of the pressor substance in the blood stream after ligation
of the renal artery has been shown by bio-assays (Fekete et al. 1970). Even after
total atrophy or elimination of the ischaemic kidney, an increased presSot
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activity was demonstrated in the venous blood derived from the intact
kidney.

The abnormally enhanced sodium and water excretion under the effect
of loading with hypertonic saline solutions in human hypertensive disease
as well as in the present model thus seems to be connected primarily with an
inhibition of tubular water and sodium transport resulting from the renin-
angiotensin activity prevailing in, and characteristic of, renovascular hyper-
tension.
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AUTOMATIC ANALYSIS OF SPATIAL CARDIAC
VECTORS BY THE TRIAXICARDIOMETER

By
Z. Antaléczy

STATE HOSPITAL, BALATONFURED

(Received November 30, 1970)

A new instrument, termed triaxicardiometer (TCM), has been devised and a basi-
cally new automatic procedure developed for the analysis of the spatial heart vectors.
Bioelectrically instructed TCM is an analogue computer yielding absolute magnitudes,
azimuth and elevation of the spatial heart vectors directly, without need for further
calculations.

The spatial cardiac vectors are defined by their absolute magnitudes and
spatial orientation. For this purpose they have to be resolved into com-
ponents. From vector components X, Y and Z, they may be derived in dif-
ferent ways.

1) Vector electrocardiography [1 7]. Vector components X, Y and Z
are represented in the form of ECG-tracings from which the orientation of the
vector components is determined, in other words, the angles formed with the
frontal, horizontal and sagittal planes and the absolute magnitude of the
spatial vectors are computed by vector analysis (Fig. 1).

2) Vector cardiography [4, 5, 8, 9]. Vector components YZ, YX and XZ,
i.e. those falling into the sagittal, frontal and horizontal planes are recorded
in the form of Lissajous-loops. From the P, QRS and T-loops thus obtained
the angles formed with the planes are determined and the absolute magnitude
of the spatial vectors, i.e. their plane projection, is computed by vector analysis
(Fig. 2).

3) Automatic vector analysis [10, 11, 12]. The absolute magnitude of
the heart vectors as well as their spatial orientation defined by the azimuth
and the elevation, are shown diagrammatically or numerically by an analogue
or digital computer indicating the vector components X, Y and Z, i.e. for the
ECG leads X, Y and Z.

In collaboration with Dr. E. Solti eng. we have constructed a new instru-
ment allowing automatic vector analysis [13]. The apparatus, termed triaxi-
cardiometer (TCM), is an electronic analogue computer to be connected as an
adapter with any multichannel ECG-equipment or simultaneous recorder
(Fig. 3). (The model of the equipment has been executed by the Research
Institute of Precision Engineering, Budapest.)
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Principle of operation: Biocurrents of the Frank [4] or other lead systems
directly related to the components Yx, Vy and Yz of the spatial heart vector
instruct the TCM continuously to indicate the absolute magnitude (V) of all
the heart vectors as well as their angle of inclination (elevation) (co) formed
with the XZ (horizontal) plane, and the lateral angle (azimuth) of their projec-
tion on plane XZ formed with axis X (@ (Fig. 4).

fr—k< :
]
Fig. 1. Vector components X, Y and Z are represented in the form of bipolar lead ECG-tracings

The bioelectrically instructed TCM yields absolute magnitude, azimuth
and the elevation of the spatial vector (of all instantaneous vectors) synchronous-
ly with the ECG, in particular with standard lead I. In this system the ECG
serves only as an indicator for the identification of the spatial heart vectors
marked by deflections P, Q, R, ST and T and of their instantaneous vectors.
The TCM develops polar coordinates; polar vectors from cartesian coordi-
nates and transforms vector components X, Y and Z into magnitude and polar
angles (Fig. 5).

The triaxicardiogram displays ECG standard lead I, the absolute magni-
tude of the spatial instantaneous vectors (V), azimuth () and the elevation
(co). The azimuth is recorded by two channels, one registers in the range
0° to -(-180° (<Pi) with an upward, and the other from 0° to —180° (¢?2 with
a downward deflection of the direct writing system. The channel for the ele-
vation (co) registers from 0° to 90° and from 0°to -(- 90° with an upward
and a downward deflection, respectively.

At a paper speed of 50 or 100 mm, a small square of 1 mm represents
instantaneous vectors of 10 or 20 msec. In Figure 5, at a paper speed of 50
mm/sec each small square represents instantaneous vectors of 20 msec.
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The absolute magnitude and the spatial orientation of the instantaneous
vectors may be read directly, independently of the paper speed of the simul-
taneous recorder. Data are provided by the points at which the perpendicular

\Fig. 2. Vector components X, Y and Z are represented in the form of Lissajous-loops

Fig. 3. Triaxicardiometer (TCM) connected with a 6-channel electrocardiograph

lines representing the ECG-deflections, i.e. instantaneous vectors, cut the
diagram. For absolute magnitude, V, a small square of 1 mm equals 0.1 mV,;
for the angles, it equals 6° thus +6° for 1 and the downward deflection of co,
and 6° for q@2 and the upward deflection of co.
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The TCM lends itself to the representation of the vectors X, Y and Z
too, in the form of ECG-tracings, offering the following advantages.

1) Cross-checking, as all electric parameters yielded automatically by
the TCM can be computed by vector analysis from ECG-leads X, Y and Z-

Fig. 4. Absolute magnitude (V), azimuth (gs) and elevation (co) of the spatial vector

~ "V'k 4go*

90"
coal
+ 90*

Fig. 5. Triaxicardiogram of a patient with a ventricular septal defect. Spatial vector parame-
ters synchronously recorded with the ECG are the absolute magnitude (V), the azimuth (<
and <2) and the elevation (co)

2) The conventional procedure of defining the spatial vector is coupled
with a new automatic method to enable the worker used to conventional 12 or
15 leads [6] to compare the advantages and shortcomings of the two methods,
and to confront electric information provided by vector electrocardiography
with information gathered by triaxicardiometry.
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IEE Medical Electronics - Monographs 1—6

Edited by: B. W. Watson. Peter Peregrinus Ltd. 1971. London. VIII -f- 248 pp. 30 plates
and over 90 illustrations. Price: £5.30; US $ 13.—

This volume is the first of a series published by Peter Peregrinus Ltd. on behalf of
the Institution of Electrical Engineers, edited by Dr. Dennis Hill and Dr. Bernard Watson.
Each volume in this annual series will contain about six short monographs on topics of
electromedical instrumentation and practices.

Volume 1 covers the techniques that have contributed to an increased interest in
medical diagnosis. The six monographs are:

Biomedical applications of electrical-impedance measurements — L. E. Baker, USA
Indirect methods of blod-pressure measurement C. A. Greatorex, England
Application of lasers to medicine D. W. Hill and T. Powell, England

Medical telemetry systems — J. Kuiper, Netherlands

Clinical applications of ultrasonics P. N. T. Wells, England

Electromagnetic blood-flow measurements D. G. Wyatt, England

According to the information from the publisher, the second volume is due in 1972
and will cover topics on electrodes for recording biological signals, Doppler-shift ultrasonic
blood-flow techniques, biological amplifiers and evoked responses, and audiometry.

This series will fill a gap in the literature of medical electronics and will be a source
of reference for technical departments of hospitals, medical schools and research laboratories.
It can be recommended as a useful aid to doctors, life scientists, engineers and physicists.
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PE3HOME

N3YUYEHUE AKTUBHOCTW LLENOYHOW ®OCDHATA3LI
B NPAHYJIOUNTAX MPW BOJIE3HN XOMIXKKNHA

QO BOBPU

Ha ocHOBe CpaBHEHWS BE/MYMH LLeNoYHol ocgaTasbl B rpaHynoumTax 20 niogei c
601e3HbI0 XOMKKNHA aBTOP YCTaHAB/MBAET, UTO YXY/LLIEHNE COCTOSHUSI COMPSKEHO C PaHHUM
MNOBbILLEHVEM BE/IMUMH LLEOYHOM hocaTasbl B TPaHyNOLMTAX, U UTO COMOCTaB/EHME 3TUX BEU-
UMH C MPOYMMM KNUHUYECKMMM 1 NabOPaTOPHLIMU AaHHBLIMU MOXET CrMoco6CTBOBATL PaHHeMy
pacnosHaBaHuI0 MPOrpeccrpoBaHmsi, PeLMaNBOB WU 060CTPEHMST NpoLiecca.

ONEPALVOHHbIN ONbIT HA BEOJIbBHUYHOM MATEPUANE C UCTUHHON
NONMMUNTEMUEN

[. HAOb v [I. TOMIA

Co06LLIAOTC  XMPYprudeckne HabnofeHns, cAenaHHble Y 14 60MbHbIX C WUCTUHHON
nonMUMTEMUE UM YCTaHAB/IMBAETCS, UTO CYLECTBEHHOE YMeHbllieHWe TPOMGOIMBOINUECKUNX
M reMopparnyecknx OC/IOXKHEHWU MOXHO 06ECMeUnTb TOMIbKO AOCTUXKEHMEM CTaAWMMU pemmccum

JTNNOTMTUNYHECKAA AKTUBHOCTb AAPEHA/TMHA HA NMOAKOXHYHO
XXVPOBYHO KNETUATKY BOJ/IbHbIX OXXWPEHWEM W 1L, C HOPMAJIbHbBbIM
BECOM in vitro

M ®EBEHbW, 3. IOT 1 . KOHL,

ABTOpbI M3yyanu y 45 nuu ¢ HopMasibHbIM BECOM U Y 29 60/IbHbIX OXMPEHWEM CaMo-
NPOU3BO/IbHBIA NNMNONN3 MOAKOXHOM XXMPOBOW KeTYaTKM U NUNONUTUYECKOe feiiCTBUE aape-
HanuHa in vitro.

1. Y nuy ¢ HopMasibHbIM BECOM U Y 6OMIbHBIX OXUPEHWEM CaMOMPOW3BO/bHbIV NMNONN3
>KMPOBOI KMeTYaTKM OKasasicsl OAMHAKOBbLIM.

2. AgpeHanuH B 06emx rpynnax Bbi3blBasl OfMHAKOBOE W [0OCTOBEPHOE MOBbILLEHNE
0CBOOOXKAEHNSA CBOBOAHOM XXMPHOI KUCNOTbI.

3. B rpynne nvL ¢ HopMasibHbIM BECOM CaMOMpPOM3BOSbHBIA U BbI3BaHHbIA agpeHanu-
HOM IMNONN3 He MoKasaa pPasiMuns y My>XUMH U Y XKEHLLMH, B TO BpeMsi KaK Y 60/IbHbIX 0XW-
PEHMEM XMpoBas K/eTyaTKa MyXUYMH OYeHb Masio pearvpoBasia Ha afjpeHasIuH.

4. Y nny monoxe 40 neT XXMpoBasi KeTyaTKa Nokasana B 06emx rpynnax MOHWKeHHbIN
CamMonpon3BO/bHbI/ IMNOAN3, HO 60/1ee BbICOKYHD YyBCTBUTE/IbHOCTb K afipeHa/INHY, YeM XUPO-
Basi TKaHb MOXW/bIX ML, XOTS 3TV pasnnyums 6bIN JOCTOBEPHBLIMU TOMIbKO B FPYMMe 60/bHbIX
0XKUPEHVEM.

YPOBEHb CbIBOPOTOYHOIO TAMNTOI/TIOBNHA TP ATEPOCKIJ/IEPOS3E
KO CEKEN, A LLWIMOH un 3. XOPBAT

YpoBeHb rantornobuHa 6bin onpegeneH B CbIBOPOTKE 387 60/bHbIX aTepoCK/1epo30M
(MHhapKT MMOKapaa, KOPOHAPOCK/Iep03, OCTPbIA LiepebpoBacKyAPHbIA WHCYNbLT, Lepedpo-
CK/epo3, 06nuTepupylowWwmii - atepocknepos). Bo Bcex rpynnax BenMyMHbI CbIBOPOTOYHOIO
ranTorno6uHa oKasaivcb AOCTOBEPHO MOBbILIEHHbLIMW, MPUYeM Haumbosiee BblpaXKeHHOEe MOBbI



LeHMe HabMofanocb NpY OCTPbIX OCMNOXKHEHUAX: MHMAPKTE MMUOKapaa M OCTPoM Lepe6po-
BaCKy/NsIpHOM MHCynbTe. MpucoeanHSAIOWNIACA K aTepoCK/Iepo3y caxapHoe MoYensHypeHue He
0Kas3ano B/IMSAHWSA Ha CpeaHWUii ypoBeHb ranTorfiobmHa. Mexay BeMUMHaMK CblBOPOTOUHOIO
X0necTeprHa He HabnoAanock Koppensauuu. Mpu exeHefeNbHOM ONpeeneHUn YPOBHS CbIBO-
POTOYHOrO ranTorno6uHa 25 6o/ibHbIX MH(PAPKTOM MUOKapAa MakCiMasibHOe MoBbllleHne 6b110
BbISIBNIEHO K KOHLY TpeTbeit Hegenu.

PEHTIEHOJIOTMYECKME CUMITOMbI CMEWWEHNA U COABJIEHUA TMOYKN,
BbI3BAHHbIX CM/IEHOMEIMA/IMENA N FEMATOMEIA/IVEW
Y BOJIbHbIX UCTUHHOW MONUNLUMNTEMUEN

[. HAb, 5. IbSPMATU v Y. BANIAXK

Y 30 60/bHbIX UCTUHHOW NONULUTEMMEN 6bII0 MPOBEAEHO PEHTreHOI0rMYeckoe UCCeso-
BaHMe NoYKU. JIeBOCTOPOHHEE CMeELLLeHME MOYKM BbI10 BbISIB/IEHO B 28 Cy4asix, a NpaBoCTOPOH-
Hee CMelleHne B 17 ciyvasix. Pasmep M3mMeHeHMIA Mouek MoKasblBaeT CBA3b CO cTajgueli 3a6oe-
BaHWS, & TAKXe CO CTerneHblo BbIPaXXeHHOCTU CM/eHOMEraium 1 renatomeranuu. Jucnokaumm,
BbISIB/IEHHbIE B CTAAMW 060CTPEHUS, B CTAAUN PEMUCCUM, KaK NPaBUO0, YMEHbLLUMANCH U OTHACTM
pasBMBanncb 06paTHo.

KOMMAEKCHbIA PAONOUNPKYOMPA®NUECKUN-OKCUMETPUYECKUIA METO[
C 3PFOMETPUYECKOW HATPY3KOW ANA OLEHKW
PEABUTNTALMN CEPAEYHbLIX BOJIbHbIX

M XOPBAT, T. JEBPELI/ n K /1YABUT

B BBeAeHMM K CTaTbe aBTOPbI OMUCHIBAOT METOAMKY KOMMJIEKCHOIO paguokapauorpagu’
YeCKN-OKCUMETPUYECKOr0 1CCNefjoBaHNsA C Harpy3koli, NpoBOAMMOro Mpu KaTeTepusauuy npa'
BO/ MONoBMHbI cepAua. PagvokapauorpaMMbl NpaBoii MOMOBUHBLI cepfua ¢ m3oTonom Xeld
0Kasanucb Mpy MOBTOPEHUM XOPOLLO BOCMPOU3BOAUMBIMU, U WX WM3MEHEHUSI MpU 3ProMeTpu-
YecKol Harpyske 6bUIM COpasMepHbIMU MOBEAEHVO CUMY/IbTAHHOIO pas3BefieHUsi MeTU/IEHOBOW
CUHBKM.

MpuHUMan BO BHMMaHWe paccesiHUsi, B OTHOLLUEHUM MWUHYTHOIO W YAapHOro 06beMOB He
Obl/I0 3HAYUTENIbHOTO OTK/IOHEHUSl, & TaKXe B W3MEHEHWsIX COAEPXKaHWs OKCMreMorsiobuHa
B apTepuanbHOl KpOBM MeXJy peakLueil Harpy3kum TakK HasbIBaeMO HOpMasibHOV rpynnbl
(10 yen.) n rpynnbl 60MbHbIX C MHAPKTOM ABYXNeTHel gaBHoCTM (Takxke 10 yen.). [JOCTOMHbIM
YMOMUHAHUS SIBASIETCS TOMbKO, UTO Y GOMbHbIX C MH(ApPKTOM Habnojanock 3anasfblBaHue
NOBbILLEHNS YacTOTbl U 6onee ANWUTENbHOE 3aTUXaHWe pervoHanbHOro KanpeHca Xeld bnaro-
NpusiTHasi peakLWsi 4acTOTbl, COMPsHKeHHas ¢ 60/iee YMepeHHbIM MOBbILLEHVEM a/TbBEOISIPHOIA
BEHTUNSILMM MOXET OblTb pPe3y/bTaTOM HenpepbIBHOW peabunnTauMOHHON Tepanuu ¢ TPeHu-
POBKOW, NPOBEAEHHON Y 60/IbHbIX C MH(APKTOM.

B uensix HarnagHoCcTU MPUBOAATCS TakKXke AvarpaMmbl Harpysku npoymx o6pasuoBbIX
cnyyaeB: nabunbHasi TUNEPTOHUS C FUMNeppeakuneil reMogMHaMUKK, XPOHUYECKOe JIeroYHOoe
cepiue C KOMMEHCHPOBaHHbIM KPOBOOGpALLEHNEM, U NepBUYHAs KapavoMuonatust ¢ abconoT-
HOW apuTMMed U Cy6KOMMEHCUPOBaHHbLIM KPOBOOGPALLEHNEM.

OEVNCTBUE BUTAMMHA K3 HA AKTVMBHOCTb CYKLUUHWUA-AErAPOTEHASDI
B KOPKOBOM CJIOE MNMOYKWN YE/NTOBEKA W KPbICbl

M MAPOLLIBAPWY, . TAHKA n M KEJ1/1IEP

Mpy NOMOLM FUCTOXMMUYECKUX METOLOB WCCNefoBaHMs 6blna BbIsiIB/leHA aKTVBHOCTb
CYKUMHWUA-fernaporeHasbl B Kny60o4Kax, M30/MPOBaHHbIX M3 KOPKOBOIMO C/0S1 MOYKN KPbIChI.
AKTUBHOCTb KNy604KOBOI0 3H3MMa Oblia onpefeneHa TakXKe KOMMYecTBEeHHO. [MoBefeHMe aTUX
9H3VMOB KOPKOBOFO €0 MOYKU M3y4yasioCb aBTopaMu TakXe Moj BAVUSHMEM Pas3/IMUHbIX
BELLECTB, OKasblBalOLLMX [elCTBME HA OKWUCIUTENbHO-BOCCTAHOBUTENbHbIE MPOLECCHl KETOK
(HUTpo-BT, TIL,), a Takke ponb BuTamMmHa K3 B OKUCMEHUN SSHTAPHOW KMUCMOTbI.



B nouykax 60/bHbIX HEPUTOM aKTUBHOCTb CYKLMHWUN-AErvaporeHasbl oKasanacb MoHu-
YKEHHOI. B NpPOTUBONOMOXHOCTL HOPMAasIbHOM WM HePOTUUECKOM Ue/loBeUeCKon Mouke npu
NoMoLLY BUTaMMHA K3 He yAanoch JOCTUTHYTh CYLLECTBEHHOTO MOBbILLEHWSI aKTUBHOCTM 3H3KMA,
0C06eHHO B KNy6ouKax. MoHMKeHMe aKTUBHOCTY 3H3MMOB LMKNa Kpebca ykasbiBaeT Ha TsKe-
Nloe HapylleHne obMeHa BELLECTB B HE(PUTMUECKON Mouke.

PACCEYEHVE NOATANTAMUYECKOWM OBJIACTW MPU BOJIE3HN MAPKUHCOHA
N AHANN3 PEAKUWI, MONYYEHHbIX HA 3/IEKTPUYECKOE PA3LPAXXEHWE

N XYJUTAN

Mocne npoBefeHUsI 3KCMEPUMEHTOB MO pacceveHMto 6nefHOro Lwapa W Tanamyca, Ha
OCHOBe OnpefjesieHHbIX pasMbILLIEHNA, aBTOp BbI6pan 4As CBOMX MCCnefoBaHWA noATanamu-
YeCKyto 06M1acTb. N5 onpefeneHns Lenu noBpeXxKAeHUs OH NPUMEHS HOBbIA MeTOo[, COCTOALLMM
B aHanuse [eiCTBUA NpeBapuTe/ibHO NPOBefeHHbIX KOMOWHMPOBaHHbLIX TanamMmo-cybTanamu-
YeCKMX noBpexaeHui. OH MPOBOAUA OLEHKY CTepeoTaKCMYeCKMX BMeLLaTe/bCcTB, NPOBOAWB-
LUNXCA B pasfIMyHbIX CTPYKTypax, B 6negHom wape B O. V. yactu VL-Tanamyca 1 B cybTanamu-
YeCKOW 00M1acTu, U Halles, YTo NoATanaMMyecKoe BMeLLATeNNbCTBO JaXKe B CllyYae He3HauuTeslb-
HOro MOBPEeXAeHNA OKasblBaeTcs Hanbosee aPdeKTUBHBIM.

[Ona (yHKUMOHANBbHOr0 KOHTPOAS MNPULENMBaHUA W MOMOXEHUA 3M1eKTpoja aBTOpoM
6b111M NPOBefieHbl IKCNEPUMEHTbI MO 3/1EKTPUYECKOMY pasjpakeHuto. OH pacleHMBan OTBeTbl,
NoMly4yeHHble Ha 3MeKTPUYECKOe pasgpaxkeHue, npoBegeHHoe B 135 Toukax, npexge BCero B
V. O. yyactke VL Tanamyca u B nogTaniamumyeckoin obnactu. Mpu aHanmse o6Lien peakumm
OblM NONy4YeHbl AaHHbIE, MO-BUAMMOMY MOATBEPXKAAIOLLME B3aUMOJENCTBME, Npeanonaraemoe B
aKcTpanupamuiHbix Kpyrax pesepbauuun. Ha ocHoBe Nogpo6HOro aHanvsa aBTOPOM chenaH
BbIBOg, 4T0 V. O. yacTb VL Tanamyca, cBsi3n n. Sth. n nyTeil nogranammyeckori obnactu, Z. i.
n Ra. prl., 6yayumn yactamu sKCTpanmpaMmugHov CUCTeMbI, YHacTBYIOT B BbIpaboTKe 1 aBTOMaTU-
3aunn onpegeneHHbIX (U3MOOTMYECKUX W NATOPU3NONOTMYECKUX LBVIKEHWUA, W 4TO 3KCTpa-
nupaMmmgHas cucTeMa SABMSETCA CUCTEMON, ChAyXKallei ANs BbIPaboTKW, aBTOMaTM3auum u
opraHu3saLmnn ycroBuin BoNeBbIX BUXEHWU, a He ABUraTeIbHOM UM YyBCTBUTEIbHOW CUCTEMONA.

rYMOPA/IbHbI MEXAHW3M PE3VUCTEHTHOCTW 3AKAJIEHHOIO
OPIrAHU3MA K A3BE

P. ®PEHKI/

CbIBOPOTKA KPOBU CMOPTCMEHOB, CUCTEMATMUECKMN TPEHUPYHOLLMXCA, MOABEprasch 60/bLLIONA
Harpyske, B MPEeXHUX UCCMEAOBAHNUSAX TOPMO3WIa BO3HWKHOBEHME 3KCMEPUMEHTaNbHOW $i3Bbl
Yy KpbiCbl. B HaCTOSLMX 9KCMEPUMEHTaxX Mo B/MSHUEM CbIBOPOTKM KPOBW TPEHUPOBaHHbLIX
Nofieid Y NOAOMbITHBLIX XUBOTHBLIX HA6MIO4QINCL CNEAYIOLLNE U3MEHEHUS:

1. CbIBOpOTKa KPOBM TPEHUPOBAHHbIX Mi0Ael Bbi3blBaNa Yy KpbIC TOPMOXEHME CEKpeLum
XKENy0UHOro CoKa, CTUMY/NPOBAHHON FUCTAMUHOM.

2. CbIBOPOTKMN KPOBW TPEHMPOBAHHbIX fIH0Aei MOHMXKANN Y KPbIC-aKLENTOPOB YyBCTBM-
TENbHOCTb K FUCTAMUHY W CEPOTOHUHY.

3. CbIBOPOTKM KPOBW TPEHMPOBAHHbLIX OPraHW3MOB BbI3bIBAOT TOPMOXEHME peakLum
rMnoTanamo-runomun3apHo-Haano4eUHMKOBOA CUCTEMbI, Ha6/oAaeMoii Nog BAMSIHUEM Hanpsi-
XKeHus,

3TV ABNEHMSI MOTYT GbiTb YaCTWUUHble (DAKTOPbI NPOTUBOS3BEHHOIO AECTBUSA CbIBOPOTKM
KPOBM.

BO3HVNKHOBEHWME W PA3BUTWUE MWENOWAHbLIX 3/IEMEHTOB
B BELPEHHOW KOCTW 3APO[AbILWEN KPbIC

B. BYKYVS n A BAJIAXK

ABTOpPbI M3yyanu yNnbTPacTPYKTYypy FpaHyNoUHbIX 3/1eMEHTOB, obpasylolmxca B 6e-
PeHHOI KocTn 16—21-AHEBHbIX 3apojbllet Kpbic. TKaHW (OMKCUPOBa/IMCL MPU MOMOLLM FtoTa-
panbgernga + 0CMUS, OKpaluMBa/IMCb aLeTaToM ypaHuna + SIMMOOHOKMC/IbIM CBUHLOM W 3anu-
Bamcb AypkynaH ACM.



Ha 16-biii fjeHb 3M6PMOHaNIbHOI0 Pa3BUTUS B befpeHHOM KOCTWU HabnwaaeTcss MHTEHCUB-
Hoe OKOocTeHeHMe. Ha 17—18-blii AeHb MeXAY KOCTHbIMM MepeKnagnHaMmu auadusa obpasyroTtcs
MEXKanWIIsApHO WM BHYTPUKANWAISPHO OCTPOBKM KOCTHOTro Mosra. [AuddepeHumnaums
MUWENOVNAHbIX 3/1EMEHTOB MPOUCXOAUT 0YeHb ObICTPo. Ha 18-biii feHb MOXHO BbISIBUTb YXe
MHOFOUYUC/IEHHbIE KNETKW: MPOMUENoUMTa, MuenouuTa faxke MeTamuenouutbl. OfHako 3Tu
NPeKypcopbl B OTHOLUEHUW CTPYKTYPbl OT/IMYAOTCA OT COOTBETCTBYHOLLMX 3pefiblX TWUMOB, TaK
KaK npu HepuddepeHLnpoBaHHOM spe (KpaeBoil reTepoxpoMaTuH, pasBUTOe SAPbLILLIKO) rpa-
HyNoreHe3 SABNSIETCA MeHee MHTEHCUBHBIM (HEMHOMOUMCIEHHbIE a3ypodu/ibHble 3epPHbLILLKU He-
MHOI0 pacLUMPeHHOr0 3HA0M1a3MaTMYeCKOro 0CToBa sigpa W uuctepHa Fonbmpku). HauuHas c
20-0ro AHs1 HAGMIOAETCS YK e 3HAUUTENIbHOE YMC/0 COBEPLUEHHO ANGEPEHLMPOBAHHBIX FPaHy/1o-
LWTOB, C MepWHYK/eapHbIM rasno, BaKyosnbl dense core BTOPMYHAs W TPETUYHAs rpaHynsauus.

Hapsgy ¢ HelATpoMIbHbIMU K/eTKaMy B GepeHHOM KOCTW CPaBHWUTENbHO PaHo Mo-
ABNAKTCSA TaKXKe 303UHOPU/IbHbIE N 6a30(DN/bHbIE KNETKU, 1 XOPOLLO MOXHO HabnwogaTbh Takxe
3MOPUOHANBHYO AMBEPTEHLMI0 303UHOMUIIBHBIX U 6a30(hUNbHBIX 3epPHbILLIEK, YXKe B pPaHHeN
cTaguu 6nacTynbl.

PACCTPOMCTBA CBEPTbIBAHUA KPOBW MPW MMOMEPY/IOHE®PUTE
N HE®PPOTNYECKOM CUHAPOME

A. XAMOPW, . BOPOLWW, /1. TO®MAH »n W. NACTOPU

ABTOpbI M3yYann cBepTbiBaHWe KpPoBU Y 70 60/bHbIX, CTPaaBLLUMX OCTPbIM, 4 60/bHbIX
— NoAoCTPbIM U 34 6OMbHBLIX — XPOHWYECKUM T/IOMEpPYoHePUTOM, a TakxkKe y 20 60/bHbIX
C He)pOTUYECKUM CUHAPOMOM. ABTOPbI MPUMEHSIN 16 TecTOB U npoBoannn 780 onpeaeneHuii
CBepPTLIBAEMOCTM KpPOBU. OIHOBPEMEHHO C 3TVM OHU CIefUNN TaKXe 3a aKTUBHOCTbIO 3a60/eBa-
HUSI MOYeK.

B Hauasie TWUMWYHOIrO OCTPOro r/IOMepy/ioHepuTa U BO BPEMSi OCTPOrO YXYALLEHWS
XPOHMYECKOrO rIoMepyioHedprTa 3aKOHOMEPHO MOXHO BbISIBUTH MOBbILLIEHWE CBEPTHLIBAEMOCTM
KpoBu. HawnGonee BblpaKeHHbIe NPU3HAKU MOBbILLEHHON CBEPTHLIBAEMOCTY KPOBM HaGofanmch
npy Hed)poTUYECKOM CMHAPOME, B6yAb 3TO CMHAPOM MAMOMNATMYECKOro Tuna, GyAb OH pasBucA
Ha (hoHe amMuIoMAo3a, ANabeTUUECKOro rIoMepyiocKIepo3a UMM CUCTEMHON KPacHOM BOMUaHKM.
Y 00/bHbIX, CTPajaBLUMX CUHAPOMOM [yanacuypa TakXXe aBTOpbl BbISIBUIM MOBbILLEHHYIO
CBEpPTbIBAEMOCTb KPOBW, HECMOTPS Ha TO, YTO HErocpPeACTBEHHO [0 HACTYM/EHUs CMepTU Gbin
BbISIBMIEH renapuHonofobHbI aHTUTPOMGUH. TOHMXKEHME CBEPTLIBAEMOCTM Yallle BCero Habto-
[aNoCb B CBA3W C HEAKTMBHBLIM XPOHUYECKUM HedpuToM. MOBbILLIEHHAs CBEPTbIBAEMOCTb KpOBU
ABNSIETCA OHUM U3 MPU3HAKOB aKTMBHOCTU HegponaThii. CTOKoe NOoBbILLEHME CBEPTLIBAEMOCTM
KPOBW 03HAYaeT M/OXoi MPOrHos.

Y BOCbMU 60/bHBLIX C HEPPUTOM WM HEPPOTMUECKUM CMHAPOMOM aBTOPbl MPUMEHSIIN
NeYeHne aHTUKoarynaHTamu, 6e3 JOCTUXEHWsI Pe3Koro YnyulleHus npolecca.

MMMYHOCYTPECCUBHOE NEYEHUE ABTOUMMYHHbIX HE®POMATU
PE3Y/NIbTATbI 16-JIETHEMO HABJ/IHOAEHWA

[l METPAHBW, A NIEBW, 4. CEMEAW, 4. KAKYK u i BOBOPU

ABTOpbl aHanU3NPYyOT pesynbTaTbl 16-neTHero HabNOLeHUSA 3a JledeHMeM MpoOToTMNA
aBTOMMMYHHbIX He(ponaTuii, ANO3HbIX HetponaTuii. VIMMYyHOCYNpeccMBHOe JieyeHne O03Ha-
YaeT peLlaroLLmMii NOBOPOT B 06/1aCTV MPOrHo3a 3aboneBaHNin NOYEK, KOTOPble paHbLlue no 60/b-
LUei YacTu 6blIM HeM3NeUNMbIMU. XOTS B HaLLUW AHW BOMbHbIX faXke nocne rnbenn noveK MOXHoO
COXPaHUTb B XM3HWU MyTem remoguanusa W TpaHCnaaHTauuMy nouku, U nNpu oMoy MMMYHO-
CYMPECCUBHOTIO0 JIEHYEHNS MOXXHO NPeA0TBPaTUTbL He TO/IbKO OTTa/IKMBaHWe TpaHchiaHTara, Ho
BO3MOXXHO TaKXe siedyeHre aBTOMMMYHHbIX Hedponatuii. M3 250 60/bHbIX CUCTEMHOM KpacHO
BO/IYaHKO B TedeHvie npoLleawinx 16 net y 80 60nbHbIX MMenach Hegponatus. Cyabba 11 n3 Hux
HensBecTHa, 30 60/bHbIX yMepnun, 33 60/bHbIX ele HaxoaATca nog HabnfeHWeM aBTOPOB.
Cnoco6 neyeHNs B TeyeHve nepuofa HabnoaeHUs M3MeHUIcs. B nepBblii NATUNETHWUIA nepuog
(1953—1957 rr.) rnaBHOM MPUYMHOW CMEPTK OT CUCTEMHOI KPaCHOW BoMYaHKM Oblia NtonosHast
He(hponaTus, TaK Kak HecrcTemaTuyeckas gadva He60NbLUMX [03 CTEPOMAOB N NPOTUBOMANSAPUIA-
Haa Tepanusa Mo 60MblUe YacTu OKasa/Mcb 6e33DPeKTUBHLIMY B OTHOLLEHMW TOMO3HON Hedpo-
natum. B nepmog ot 1958 po 1963 roga NpUMEHEHME WHTEHCMBHOW WMMYHOCYNPECCUBHOM
Tepanuu YMeHbLUN/IO NOABEHME HedponaTm y 60/1bHbIX CUCTEMHOW KPacHOM BONYaHKOM Ny nyy-



LWIKA0 TaKXXe MPOorHo3 60MbHbIX C HegponaTvein. B nocnegHwuin nepuog HabnogeHusa (1963—
1968 rr.) 6narofapsi f06aBOYHOMY NIEYEHUIO LIATOCTATUUECKUMIW CPEACTBaMM, faxe pedpakTep-
Hble K CTepouaaM 60/bHble CTa/n U3nednMbIMA. Cpean LMTOCTaTUYECKUX CPEeACTB aBTOpbl Mosy-
Yanm HauydLllve pe3ynbTaTbl NOc/ie NPUMEHEHUST MePKaNToONypyHa Uan a3aTnonpuHa, KoTopble
Nydlle BCEro onpaBAblBa/Ch Takxke B 06/1acTV NpefoTBPaLLEHNs OTTa/IKUBaHUSI TPaHCMNIaH-
TaTa. Y[0B/eTBOPUTENbHbIN pe3ynbTaT 6bll MOAYYeH TakXe MNocne ayuun Lukiogochammia.
Mo MHeHMIO aBTOPOB B MPOrHO3e M Tepanuy aBTOMMMYHHbIX HehponaTuii He 03HaYaeT NpakTu-
YeCKOI pasHULbl BO3MOXHOCTb aKTyaslbHOro BbisiBNneHUs1 haktopa LE. Ha6nwoaeHus aBTopoB
B MOJIHOV Mepe AeliCTBUTENbHbI TaKXe 411 aBTOMMMYHHbIX HechponaTuii 6e3 CUCTEMHOM KpacHOM
BOTYAHKM.

BbIAENEHWE HATPUS U BOAbl ¥ COBAK
C PEHOBACKYNSAPHOW TMMNEPTOHUEN

A ®EKETE, A PEHb/-BAMOLL n A CUTALL

Y co6aK MOCPeACcTBOM MOSIHOFO /IMFMPOBAHWS! MOYeUHOl apTepun Ha OfHOW CTOPOHE
6bI/I0 BbI3BAHO COCTOSIHME XPOHWUUYECKOW TMMEPTOHMM, KOTOPOe, Ha OCHOBE MPEXHUX ucceno-
BaHWii, MOXXHO pacCcMaTpUBaTb KaK MOAE/bHbIA 3KCMEPUMEHT UenoBeYecKor PeHOBACKYNsp-
HOW rMNEepTOHMM. LleNblo HACTOSLLMX OMbITOB 6GbIN0 YSICHEHWE YCIOBWIA BbleNeHUs HATpusi U
BOAbl Yy CO6AK C rMNepTOHMeA. YCTaHOBEHO, UTO 63 Harpysku, B Tak Has. 6a3afibHbIX YC/10BU-
BUSIX, OJHW U Te XK€ XXMBOTHble B TeueHne 360-AHEBHOr0 nepvoga HabMoAeHUs, B COCTOAHUN
HOPMOTOHUW U B COCTOSIHUM TUMNEPTOHUM B OTHOLLEHWMW BblAeNeHNsI 3/1EKTPO/IUTOB M BOAbl He
MoKasasin CyLLLeCTBEHHbIX OTKIOHEHWI. OfHAKO Moc/ie HarpysKu afeKTPoONUTaMu 1 BOAOW peak-
LMK XKMBOTHbIX B COCTOSIHUM HOPMOTOHUW 3HAUUTENILHO OT/INYAIOTCS OT Pe3y/ibTaToB, MOsyYeH-
HbIX B COCTOSIHUM TUMNEPTOHUW. ABTOPbl MPUAEPXMBAIOTCA TOFO MHEHWUS, YTO MPUUMHHBLIM
(haKTOPOM TMOBbILLEHHO NOTEPU HATPUA U BOAbl, HabGMOAaEMOl B COCTOSHUMU TUMEPTOHUM,
ABMAETCA NOBbILLEHME 06pa30BaHNSI PEHUH-aHTMOTEH3MHA, BEpHee ero HernocpeAcTBEeHHOe UHIU-
6UTOPHOE [ECTBME Ha BCacblBaHWe B KaHasfblax, BbISBNEHHOE TaKXe aBTopamu Mpu PeHo-
BaCKY/ISAPHOW rMNepToHUMN.

ABTONIATUYECKAA PEMMCTPALNA MPOCTPAHCTBEHHbLIX BEKTOPOB
CEPALA TPU oMo TPNAKCNKAPAVNOMETPA

3. AHTA/IOLM

[LNa aBTOMaTMYeCKO PerncTpaLmy npocTPaHCTBEHHbIX BEKTOPOB CepALa aBTopbl CKOH-
CTPYVMpOBaIM HOBbIi NpuGop: TprakcvkapamomeTp (TKM) M NpUMeHsM  NpUHUMNWAIbHO
HOBYI0 METOAMKY. BMO3NeKTPNUECKM yrpaB/sieMblii TPUaKCMKapAMOMETP NpeAcTaBnseT coGoii
aHasIoroByl0  BbIUMC/IUTE/IbHYIO MallWHY, HEernocpPeACTBEHHO MNPeAOCTaBNSIOWY0 aGCoMOTHbIE
BE/IMUYMHBI, a3¥MyTbl ¥ Yrol HaknoHa (BO3BbILLEHME) MPOCTPAHCTBEHHbLIX BEKTOPOB cepaua, 6e3
BCAKOIO MCYMCNEHNS.






IN spasm of the smooth muscles
of the urinary tract, in lithiasis

GAPONA

ampoules, tablets

A combination of
Gastrixon —parasympatholytic
Halidor — spasmolytic
Benactyzine — minor tranquillizer

The three components act as
synergists in producing effect,
antagonists regarding toxicity.

EGYT Pharmacochemical Works . Budapest

exported by

Medimpex Hungarian Trading Company for Pharmaceutical
Products  Budapest, 5 « P.O.B. 126 « Hungary



VINBLASTINE

Vincaleucoblastine

Alkaloid of Vinca rosea. By the inhibition of cell-division
it exerts a cytostatic action directed mainly to the leuko-
cytes and tumour cells. Applied in therapeutic doses, it
does not influence significantly red blood cell and platelet
count and the haemoglobin content in erythrocytes. In-
dicated in generalized forms of lymphogranulomatosis
(Hodgkin’s disease), lympho- and reticulosarcoma, chronic
myeloses resistant to other chemotherapeutics or irradiation

Powder ampoules

Produced by Chemical Works of GEDEON RICHTER Ltd. * Budapest

Exported by MEDIMPEX <« Budapest, 5 « P.O.B. 126 < Hungary



M. RADNOT AND A KENYERES

JOSEPH IMRE JR.

This monograph, enlightening for the whole medical profession, de-
scribes the life and activities of the Hungarian ophthalmologist Joseph
Imre Jr. whose great achievements in the field of plastic surgery and
the relationship of the eye to endocrinology gained international

distinction.

In English « Approx. 80 pages. 17x 25 cm*Cloth
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THE BUDD -CHIARI SYNDROME

REPORT OF EIGHT CASES
By
J. Sz66r, Gy. Nagy and Sz. Szakall

SECOND SECTION OF MEDICINE, AND SECTION OF PATHOLOGY,
HAJDU-BIHAR COUNTY COUNCIL HOSPITAL,
AND FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received September 21, 1970)

After a brief survey of the Budd—Chiari syndrome, eight cases are reported in
four of which the primary process was polycythaemia; in three, tumour; in one case
veno-occlusive disease of the liver. In three cases the disease was diagnosed during life.
Seven patients died, the eighth is still in remission as a result of therapy directed
against polycythaemia.

The first evidence of occlusion of the hepatic vein was reported by
Budd [5] in 1845, then the subject was reviewed by Chiari [7] in 1899.
Hence the name Budd Chiari syndrome applied to affections of the liver
due to partial or complete obstruction of the hepatic veins. Complete obstruc-
tion is associated with the acute form of the syndrome, marked by severe
abdominal pain of acute onset, haematemesis, melaena, hepatic coma. Its
outcome is fatal, death ensues in a few hours or days [12, 15, 16, 21]. Partial
obstruction of the hepatic vein results in the chronic form of the syndrome
the essential features of which include hepatomegaly, pain in the region of
the liver, slight jaundice, rapid development of ascites, dilatation of the abdo-
inino-thoracic cutaneous collateral veins, massive oedema of the sacral region
and of the lower extremities, reduced prothrombin value, increased BSP
retention. The outlook is poor in this form, too. The patients live for a few
months, survival for a few years is exceptional [6, 7, 15, 16, 21].

To the pioneer observations there is little to add, but knowledge concern-
ing the aetiology, diagnosis and therapy of the syndrome has been increasing.

The underlying cause according to present knowledge includes a congenital,
thrombotic or malignant obstruction of the inferior v. cava, obstructive endo-
phlebitis or thrombosis of the hepatic vein, migratory thrombophlebitis or
thrombosis, polycythaemia, leukaemia, hepatic abscess, tumour, cirrhosis,
gumma, echinococcus, injury, perihepatitis, peritonitis, use of oral contracep-
tives [5, 7, 12, 15, 16, 20, 21, 26, 27, 36].

The diagnostic advances are largely due to cavography and to spleno-
portography [10, 18, 19, 36] permitting to locate the obstruction, as also the
laparoscopy and needle biopsy providing for a direct visualization of the mor-
phological signs of congestion (nutmeg liver, centrilobular stasis or necrosis,
pseudolobulation [7, 12, 25]).
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The therapeutic possibilities which are confined to the chronic form of
the syndrome are linked with the advances in surgical technique. Splenorenal,
portocaval, azygocaval shunts, cavocaval bypass may be life-saving by reducing
portal hypertension [10, 18, 36]. The acute syndrome resists all therapeutic
attempts. The chances of long-term anticoagulant therapy are limited.

In the light of these considerations it would appear as though, in view
of the multiplicity of its possible causative factors, the syndrome was far
from rare and, in view ofthe wide range of diagnostic possibilities, its diagnosis
far from difficult. In fact, diagnosed cases are still sporadic [1, 9, 14, 18, 21,
34], the features being generally attributed to cirrhosis of the liver, Banti’s
syndrome, storage disease, portal thrombosis, etc. [1, 9, 14, 28] and the diag-
nosis is usually revealed post mortem.

In the period 1963 to 1970 we have observed 8 cases of the syndrome
in our Hospital and the two Departments of Medicine and the Institute of
Pathology of Debrecen University; these eight cases will be reported below.

Case reports

Case 1. B. L., a five-year-old girl was admitted because of severe abdominal pain of
acute onset and meteorism. On admission the abdomen was distended, the liver was palpable
6 to 7 cm below the costal arch, firm and tender on pressure. The urine contained increased
amounts of urobilinogen. Quantitative blood counts were normal, the differential count re-
vealed moderate eosinophilia and lymphocytosis. Serum bilirubin was 0.5 mg per 100 ml.
thymol turbidity was 2U, gold sol 2U; the total serum protein level and electrophoretic serum
protein pattern were normal. Three days later percussion revealed ascites over an area of 4 or
5 cm. Administration of chlorothiazide resulted in the disappearance of ascites and a relief of
meteorism. In view of this improvement the parents refused their consent to splenoporto-
graphy and took the patient. Two weeks later she was brought in because of colicky pains and
convulsions. On admission she was unconscious, in a state of shock, ascites was present. At-
tempts to support the circulation failed and she died 2 hours later. The clinical diagnosis was
hepatic coma of unidentified origin. Cirrhosis of the liver?

At necropsy the abdominal cavity contained 300 ml fluid, liver and spleen were con-
siderably enlarged. The cut surface displayed a nutmeg liver pattern. The terminal sections of
the hepatic veins in the areas of opening into the inferior v. cava were narrowed barely admit-
ting a blunt probe, their walls were thickened, greyish white in colour. There was a greyish-red
clot obstructing the lumen of one of the veins.

Histology revealed general centrilobular congestion, central hepatocellular necrosis,
with substantial connective tissue proliferation in the periportal areas and formation of pseudo-
lobuli. The hepatic vein showed fibrous thickening of the media and intima. In the narrowed
sections and the minor branches of the hepatic vein distal from this portion there were clots.

Diagnosis: Occlusive endophlebitis of the hepatic veins, Budd—Chiari syndrome (Fig. 1).

Case 2. T. L., a 43-year-old female patient had polycythaemia the beginning of which
had been marked by recurrent épistaxis and bleeding of the gums and episodes of crural
thrombophlebitis. On admission she displayed a plethoric face, enlargement of the liver by 8
to 9, and of the spleen by 4 to 5 cm. RBC, 5800 000; WBC, 12 000; platelet count, 400 000.
The differential count showed a moderate shift to the left; the bone marrow smear increased
erythropoiesis, myelopoiesis, megakaryocytosis. Administration of 4 mCi 32P resulted in
clinical and haematological remission with shrinking of the liver and of the spleen by 4 to 5 cm
each. Later, however, there was another episode of thrombophlebitis appearing in the right
armpit and she was given further 2x 100 microCi(!) 32P. Thereupon she became symptom-free
and was discharged. The remission lasted three months when she experienced sudden intensive
pains in the hepatic region, developed subicterus and became confused. She was admitted and
given intravenous corticosteroids, Strophanthin, analeptics, but died within three hours. The
clinical diagnosis was hepatic coma, polycythaemia vera.
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Fig. 1. Major branch of hepatic vein with fibrous thickening and infiltration of its wall by
round cells and plasmacytes. The liver shows a nutmeg pattern. H. E. X40

At necropsy the liver was enlarged, its surface was smooth. The subcapsular regions as
well as the cut surface had a mottled appearance with a yellow and brown patchy discoloration,
the structure was indistinct. The hepatic veins were filled with firm, dark red adhesive clots.

Diagnosis: Recent thrombosis of the hepatic veins, Budd—Chiari syndrome; poly-
cythaemia vera.

Case 3. Sz. I., a 55-year-old female patient had been complaining of abdominal colics and
weakness for the last two days. On admission she was subicteric, she had meteorism, the liver
was enlarged by 6 or 7 cm; it was of firm consistency, tender on pressure. There was oedema of
the legs. Urinary urobilinogen was increased. RBC, 4 800 000; WBC, 9000; haemoglobin,
15 g per 100 ml. The differential count revealed a slight shift to the left. Serum bilirubin was
2.68 mg per 100 ml, giving a protracted direct diazo reaction, the thymol turbidity and gold sol
tests were negative. Serum GOT was 979 U. NPN was 76.5 mg per 100 ml; serum total protein
and the electrophoretic pattern were normal. The pains ceased on the third day but ascites
developed rapidly and the serum GOT attained 2400 U. On intensive diuretic treatment the
ascites practically disappeared. On the 54th day she was discharged with the diagnosis of
hepatic cirrhosis but had to be readmitted soon afterwards because of the reappearance of
ascites and pains. This time the investigations were started with laparoscopy. After withdrawal
of 5000 ml ascites fluid, a liver of uneven, brownish-red surface, enlarged by 5 cm, as well as
the normal-sized spleen, could be visualized. The finding was indicative of hepatic cirrhosis.
The blood counts were largely the same as on the first occasion, only BSP retention rose to
94%. The ascites was rapidly progressing, the abdominal pains were continuous. Thrombo-
phlebitis appeared on the right lower extremity involving the entire area between the malleolar
and the inguinal regions. On repeated abdominal paracentesis, diuretics and the treatment of
thrombophlebitis produced symptomatic improvement and the patient was discharged. She
was brought back five days later with incipient hepatic coma. The blood counts now were
typical of polycythaemia, with RBC, 5700 000; haemoglobin, 21.3 g per 100 ml; haematocrit,
70%; WBC, 14 000. Despite infusions, glutamic acid, neomycin, cardiac drugs, the patient died
seven days later. In spite of the terminal polycythaemia, true interpretation of the signs was
missed and the clinical diagnosis remained hepatic cirrhosis.

At post mortem the abdominal cavity contained 9000 ml of fluid. The liver was enlarged,
its cut surface displayed a nutmeg pattern. There was a palm-sized greyish-yellow area ad-
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jacent to the main trunk of the hepatic vein the lumen of which as well as that of its branches
was filled with stratified clots. The portal, lienal and the superior mesenteric veins contained
red clots. Both femoral veins were filled with organized clots. There was a considerable hyper-
aemia of all organs.

Histology: the pattern was that of a nutmeg liver marked by centrilobular hepato-
cellular atrophy, necrosis, haemorrhages. The portal areas and the lobular centres were con-
nected by fibrous strands, creating a pseudolobular pattern. The branches of the hepatic vein
contained thrombi in successive stages of organization. There was fresh clot formation in the
branches of the portal vein.

Diagnosis: Thrombosis of the hepatic vein in the stage of organization. Congestive, in-
durated nutmeg liver turning into cirrhosis. Fresh thrombosis of the portal, lienal and superior
mesenteric veins. Organizing clot in the femoral vein. Polycythaemia. Budd—Chiari syndrome
(Fig. 2).

Fig. 2. Sublobular hepatic vein. Oedematous wall with infiltration by granulocytes, lympho-
cytes, plasma cells and eosinophils. In the lumen a fresh red blood clot. H. E., X76

Case 4. M. J., a 41-year-old male patient was a chronic alcohol addict who had been
under our care on repeated occasions for ascites and oedema. The signs and symptoms had
been attributed to cirrhosis of the liver. Cardiacs and diuretics proved beneficial each time.
RBC, WBC and platelet counts had been at the upper limit of the normal on these occasions.
Readmission was made necessary by severe colics. On admission moderate jaundice, ascites,
engorged veins of the abdominal wall were found. The liver exceeded the costal margin by 10
cm, the spleen by 2.5 cm. The lower extremities and the sacral region were oedematous. Serum
bilirubin was 2.62 mg per 100 ml, giving a direct diazo reaction; thymol turbidity, 2.65 U; serum
GOT, 54 U; prothrombin index, 45%, serum total protein 6.3 g per 100 ml. The results of
haematologic investigations were indicative of polycythaemia: RBC, 6 400 000; WBC, 10 000;
platelet count, 400 000; haemoglobin, 20 g per 100 ml; haematocrit, 60%; the differential
count showed a shift to the left; the sternal bone marrow, increased erythro-, myelo- and throm-
bopoiesis. On these grounds, Budd—Chiari’s syndrome was diagnosed. Administration of 5
mCi 3P and of heparin intravenously was followed by a rapid haematological response but was
unable to arrest the progress of the hepatic lesion and the patient died with hepatic coma in the
second week of the haematological remission.
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At necropsy, the abdominal cavity contained large amounts of fluid. The right lobe of
the liver was enlarged, its structure was fibro-nodular. The hepatic veins, the inferior v. cava
and the common iliac vein were obstructed by greyish-red clots. The medullary cavity of the
right femur revealed bright red bone marrow of unusual extent.

Histology: the lumen of the small and medium-sized branches of the hepatic vein was
occupied by blood clots in various stages of organization. The parenchyma exhibited necrotic
areas of variable size and appeared to be divided up by coarse collagenous tissue. Bone marrow
smears taken from the right femur revealed a hyperplasia of all elements.

Diagnosis: Thrombosis of the hepatic veins in the stage of organization. Fresh focal
necrosis and postnecrotic cirrhosis of the liver. Polycythaemia vera. Budd—Chiari syndrome.

Case 5. The 28-year-old female patient K. I. had been referred to us for epigastric pains
of which she had been complaining for the last year and which had aroused the suspicion of
hepatic cirrhosis. On admission, facial telangiectasia and engorged cutaneous veins in the
region of the xiphoid process were noted. The liver was greatly enlarged and of cartilaginous
consistency. The laboratory findings were indicative of diffuse hepatocellular lesion. Thymol
turbidity was gold sol, 4 U; serum GOT, 54 U; serum aldolase, 9.3 U; BSP-retention,
32%; prothrombin index, 48%. Urobilinogenuria was greatly increased. All this was suggestive
of portal cirrhosis, but the history, the constant pains and the laparoscopy findings ruled out
the presence of hepatic cirrhosis. At laparoscopy Budd—Ghiari’s syndrome was not identified:
on the considerably vascularized surface of the excessively enlarged liver a normal structure
was found to alternate with translucent yellowish prominent areas of patchy character measur-
ing 25—30 mm in diameter. The finding was compatible with a polycystic liver, multiple
benign hepatic tumours as well as with haemangioma. Despite a liver-supporting regimen,the
patient developed hepatocellular jaundice with slight ascites and enlargement of the spleen by
2 cm as a sign of progression of the process. It was finally a laparotomy which threw light on
the true condition. The abdomen was opened from upper midline incision. The veins of the
skin, subcutaneous fatty tissue and peritoneum were distended. The liver was grossly enlarged,
of smooth surface, brownish-red in colour. No node or cyst was seen. There was some fluid in
the abdominal cavity. A biopsy specimen was excised.

Histology: the central veins were dilated, their walls showed hyaline thickening. The
parenchyma was marked by centrilobular hypoxaemic necrosis and hyaline hyperplasia of
connective tissue. The sinuses were dilated as a sign of congestion. Formation of pseudolobuli
was distinct (Fig. 3). The diagnosis was Budd—Chiari syndrome the primary cause of which
had yet to be identified. The plethoric face of the patient was suggestive of polycythaemia
although the results of earlier haematological investigations had been normal. This time, how-
ever, the findings were conclusive, BBC being 5 400 000; WBC, 9000; haemoglobin, 18 g; the
platelet count, 380 000. Bone-marrow biopsy was typical of polycythaemia. In the loose
medullary substrate the fatty tissue was substituted by cellular elements. Hyperplasia of the
erythro- and myelopoietic elements with an increased number of megakaryocytes was noted.
Venipunctures and intravenous administration of 6 mCi P resulted in a complete haemato-
logical remission by the end of two months, parallel with a remission of the Budd—Chiari
syndrome. RBCwas4 600 000; WBC, 8000; platelet count, 240 000, haematocrit was 45%, the
differential count was normal, the pains had subsided, there was a regression of ascites and of
collateral venous stasis, the liver had diminished by approximately 6 cm, the spleen was no
longer palpable, BSP retention was 5%, serum GOT, 40 U. It was assumed that, together with
the haematological remission, the resulting Budd —Chiari syndrome had also been brought
under definitive control. This was, however, not the case. One year later, in the presence of
normal blood counts, the signs of hepatic veno-occlusion reappeared, the pains in the hepatic
region increased in severity, enlargement of the liver by 4 or 5 cm was noted, BSP retention
attained 30%, serum GOT rose to 140 U. This recurrence was, however, followed by a gradual
improvement, probably due to a spontaneous recanalisation of the veins. On presenting for a
follow-up she reported to be well, the blood and sternal marrow counts were normal, there was
no sign of portal hypertension. The liver exceeded the costal arch by 4 cm. BSP retention was
5%, serum GOT, 36 U. She had been well ever since and able to attend to her former activities.

Case 6. The 49-year-old male patient S. K. had been referred to the infection unit be-
cause of suspected infectious hepatitis. During the first two weeks the clinical course seemed
to confirm the suspicion. There was slight jaundice, the liver was enlarged by 4 cm, the urine
contained increased amounts of urobilinogen and bilirubin. Serum bilirubin was 4.26 to 5.48
mg per 100 ml giving a direct reaction. Thymol turbidity was + + + ; gold sol, 3 U; serum
alkaline phosphatase, 8 PhU; ESR, 7 mm/h; RBC, 4 000 000; WBC, 5200. At the end of the
second week, sudden severe abdominal pain accompanied by haematemesis and melaena
appeared, this was followed by the development of ascites. On these grounds, the possibility of
hepatitis was rejected, the signs were attributed to hepatic cirrhosis and the patient was trans-
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Fig. 3. Fibrosis, hepatocellular atrophy in the centrilobular area contiguous to the central
vein. Centrilobular stasis is indicated by the distended sinuses. H. E. X 80

ferred to the medical ward where jaundice and ascites increased rapidly, and the abdominal
pains as well as the episodes of haematemesis and melaena appeared more and more frequently.
Despite transfusions, haemostatic measures and intravenous corticosteroids the patient died
with hepatic coma at the end of the third week. The clinical diagnosis was cirrhosis of the liver
of unidentified origin, ruptured oesophageal varices. Hepatic coma.

Necropsy: The abdominal cavity contained 2500 ml fluid. The liver was enlarged and of
nodular structure. The right lobe enclosed a fist-sized greenish-brown tumour mass which, 30
mm from the inferior v. cava had ruptured into one of the major branches of the hepatic vein,
filling out its lumen. In the branches of the hepatic vein toward the centre there were stratified
greyish-white clots. The oesophagus exhibited varicous veins and there were erosions on the
gastric mucosa.

Diagnosis: Portal cirrhosis of the liver. Hepatocellular carcinoma of the right hepatic
lobe vein with propagation in the vascular lumen and recent thrombosis of the hepatic vein.
Budd—Chiari syndrome (Fig. 4).

Case 7. The 69-year-old male patient K. A. had been experiencing persistent epigastric
pain and rapid loss of weight for the last month and was admitted in a poor condition. He was
moderately jaundiced, the epigastric region was tender on pressure, the liver was enlarged by
approximately 8 cm, and of uneven, firm consistency. Uribilinogenuria was marked. BSR was
20 mm/h; RBC, 3850 000; haemoglobin, 9.1 g per 100 ml, WBC, 10 000. Serum bilirubin was
2 mg per 100 ml, giving a protracted direct diazo reaction, the thymol turbidity and gold sol
reactions were negative. Blood sugar was 125 mg per 100 ml. The signs were suggestive of
intra-abdominal malignant disease, but in view of the patient’s poor condition no such investi-
gations were made. On the fourth day melaena and ascites appeared and the patient became
confused. Transfusions of blood, infusions of dextrose, intravenous corticosteroids were ad-
ministered but he died with hepatic coma on the sixth day. The clinical diagnosis was tumour
of the liver with thrombosis of the hepatic veins. Hepatic coma. Budd—Chiari syndrome.

Necropsy: the abdominal cavity contained 1500 ml fluid. The liver was markedly en-
larged, of uneven surface, with greyish nodular structures. The right main branch of the
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Fig. 4. Hepatic cirrhosis of portal type. The arrow indicates tumour tissue at orifice of hepatic
vein (v.h.) as a result of invasion of the vessels by the tumour. Inferior vena cava (v.c.)

hepatic vein was obstructed by a greyish-red stratified blood clot, the cut surface exhibited a
palm-sized bright yellow area in the adjacent region.

Histology: the wall of the stomach was infiltrated by an ulcerating tumour made up of
atypical glandular elements, solid cellular foci and a fibrous stroma with inflammatory signs.
There were metastatic deposits in the liver. The lumen of the hepatic veins was packed with
malignant tissue and fresh, stratified blood clots, their walls showed acute inflammation.
Malignant emboli were demonstrable in the lumen of the portal vein. The parenchyma of the
liver displayed haemorrhagic and necrotic areas.

Diagnosis: Gastric carcinoma with deposits in the liver. Thrombosis of the portal and
hepatic veins in consequence of the spread of the tumour. Budd—Chiari syndrome.

Case 8. The 65-year-old male, K. S., a chronic alcohol addict, was admitted in a poor
condition. He had been lacking appetite and lost 20 kg in weight in the last six months. He
had been jaundiced for a few weeks and had frequent motions of almost black colour. On ad-
mission he was pale, emaciated, moderately jaundiced and slightly confused. His mucous
membranes were pale, there was sacral oedema. The edge of the liver was firm and sharp, attain-
ing the iliac crest. The urine contained increased amounts of urobilinogen and bilirubin
ESR was 70/h; RBC, 2 900 000; WBC, 12 900; serum bilirubin, 4.88 mg per 100 ml, giving a
protracted direct diazo reaction; thymol turbidity test, -f--{--f~+ ; gold sol, 4 U; serum GOT,
510 U; serum aldolase, 49 U; alkaline phosphatase, 17 Ph.U.; NPN, 60 mg per 100 ml: total
protein, 6.67/g per 100 ml, with gamma globulin 42%; the prothrombin index was 78%.
Weber’s reaction for occult blood in the faeces was strongly positive. The signs were consistent
with hepatic cirrhosis of alcoholic origin or with malignant disease of the liver. Laparoscopy
failed to confirm either of these possibilities; the liver was grossly erdarged, oedeinatous, its
smooth surface exhibited patches yellow and brown in colour. The abdominal cavity contained
some fluid, the veins of the abdominal wall were engorged. The finding was suggestive of
hepatitis or of hepatic oedema. Infusions of dextrose, corticosteroids, antibiotic therapy were
given but the condition was deteriorating, he became more and more confused and he died
with hepatic coma on the sixth day.

Necropsy: the abdominal cavity contained 2500 ml fluid. The liver was enlarged as a
result of malignant deposits varying between apple and walnut size. The hepatic veins of the
right lobe were obstructed by tumour tissue and red clots. The parenchyma of the liver showed
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Fig. 5. Major branch of hepatic vein containing metastatic tumour tissue and fresh blood
clots. The wall shows signs of reactive inflammation, (a = wall of hepatic vein, b= fresh
blood clot, ¢ = tumour tissue). H. E. X76

fatty degeneration, in the haemorrhagic infarctions were seen. On the major curvature of the
stomach at the junction of the corpus and the cardia, a palm-sized area of exulcerated malig-
nant tissue with elevated edges was found.

Histology: solid, anaplastic, adenomatous gastric carcinoma with deposits in the liver
The tumour had invaded the right lobar branches of the hepatic vein, infiltrated their walls
and extended into their lumen thus producing fresh blood clots. The liver tissue was marked by
fatty dystrophy and exhibited extensive areas of haemorrhagic necrosis.

Diagnosis: Gastric carcinoma with secondary deposits in the liver and propagation into

the lumen of the hepatic veins with recent thrombosis. Budd—Chiari syndrome.

Discussion
I. The Budd Chiari syndrome in Hungary

The syndrome is unfrequent in Hungary, as reflected by the small
number of reported cases. In accordance with this fact, we found no more
than 8 cases in the overall material of our institutes from 1963 to 1970.

The essential data relative to the cases published in Hungarian literature
have been summed up in Table I.

The age-distribution between 2 and 69 years was fairly even.

The female-to-male ratio corresponded to 17 : 8.

Acta Medica Academiae Scientiarum Hungaricae 28, 1971



THE BUDI)—CHIARI SYNDROME 135

Table |

Data relative to the cases published in Hungary including those of the present study

m = male; f = female; e.h.o. = obliterating hepatic endophlebitis; cong. h.o. — congenital

hepatic vein obstruction; cong. sy. = congenital syphilis; ae.u. —aetiology unknown: p.v. =

polycythaemia vera; i.v. = diagnosed during life; p.m. = recognized post mortem; ? no

clinical diagnosis given; Banti’s = Banti’s syndrome; cirrh. = hepatic cirrhosis; hep. tu. —
hepatic tumour; p.s. = observation reported in present study

No. y\éjacrs Sex Actiology Diagnosis False diagnosis E)E?ti)r;ff Rnejfrl;zr;(ie
| 2 m e.h.o. (cong. h.o.) p.m. chr. hep. 1906 4
2 18 f e.h.o. (cong. syph.) p.m. 9 1927 11
3 2 f e.h.o. (ae.u.) p.m. Banti’s disease 1938 32
4 38 f e.h.o. (ae.u.) iv. '— 1956 16
5 50 f e.h.o. (ae.u.) p.m. hep. tu. 1957 31
6 45 f e.h.o. (ae.u.) p.m. cirrh. 1958 13
7 67 m p.v. p.m. card. fail. 1958 13
8 68 f hep. tu. i.v. — 1961 29
9 60 f p.v. i.v. — 1961 29
10 61 m e.h.o. (ae.u.) p.m. cirrh. 1962 35
u 31 f e.h.o. (ae.u.) p.m. cirrh. 1964 28
12 49 f p.v. i.v. — 1964 33
13 40 f e.h.o. (ae.u.) p.m. portocav. 1968 1
thromb.
14 13 f e.h.o. (ae.u.) p.m. Banti’s s. 1968 14
15 56 n hep. tu. p.m. cirrh., hep. tu. 1968 14
16 46 f p.v. i.v. — 1969 34
17 2 f e.h.o. (ae.u.) p.m. storage 1970 9
disease
18 5 f e.h.o. (ae.u.) p.m. cirrh. 1971 p.s.
19 43 f p.v. p.m. cirrh. 1971 p.s.
20 55 f p.v. p.m. cirrh. 1971 p.s.
21 41 m p.v. iv. — 1971 p.s.
22 28 f p.v. iv. — 1971 p.s.
23 49 m hep. tu. p.m. cirrh. 1971 p.s.
24 69 m hep. tu. (sec.) i.v. — 1971 p.s.
25 65 m hep. tu. (sec.) p.m. cirrh. 1971 p.s.

Actiologically, the material falls into three groups, viz. 1. obstructive
hepatic endophlebitis, 12 cases (unknown origin 10, congenital obstruction
of the hepatic veins 1, attributed to congenital syphilis, 1); 2. polycythaemia
vera 8; 3. malignant tumour of the liver 5 cases.
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It is interesting to note that for instance in Egypt and Jamaica obstruc-
tive hepatic endophlebitis attributed to nutritional deficiency [3, 22] and
in Japan congenital obstruction of the inferior v. cava [36] is the prevalent
primary factor of the Budd Chiari syndrome.

The ratio of in-vivo to post-mortem diagnoses corresponded to 8 : 17.

The majority of misdiagnosed cases had been attributed to cirrhosis
of the liver (9 cases).

At the time of publication there are no more than three survivors of
all 25 patients.

Il. Analysis of the present cases

Aetiology. The aetiologic factor was polycythaemia vera in four,
malignant disease of the liver in three, and obstructive hepatic endophlebitis
of unknown origin in one of the eight cases.

The hypercoagulability of blood in polycythaemia vera accounts for
the involvement of this disease in Budd Chiari’s syndrome. These relation-
ships have important diagnostic as well as therapeutic implications: portal
hypertension appearing in polycythaemia is suggestive of the syndrome
while successful therapy ofpolycythaemia vera may result ina remission of the
syndrome. From the data on the relationship of the two syndromes [6, 10,
13, 17, 18, 26, 29, 33, 34] as well as from our own observations, it emerges
that Budd Chiari’s syndrome is a frequent complication of polycythaemia
vera. This is, however, at variance with the statistical figures of Parker [21]
according to which up to 1959 there have been no more than 17 reported
cases in which polycythaemia vera had been responsible for occlusion of
the hepatic veins. Moreover, Chievitz and Thiede [8] have followed up 250,
and Tcherbak [30] 219 patients with polycythaemia vera for long years
without noting the occurrence of Budd—Chiari’s syndrome in a single instance.

Primary and secondary tumours of the liver may induce the Budd
Chiari syndrome by invading the lumen of the hepatic veins or by their com-
pression. The outcome is invariably fatal and it is mostly post mortem that
the condition is recognized [12, 13, 14, 20, 21, 25, 29].

The aetiology of hepatic endophlebitis is still problematic. Syphilis,
originally incriminated by Chiari [7] is no longer considered a responsible
factor, on the other hand, various other conditions such as alimentary toxaemia,
consumption of bush-tea [2, 3], poisoning with Senecio Jacobea alkaloid
[23, 24] are of no general validity. The process has no causal therapy, its
prognosis is poor.

Diagnosis. Diagnosis has been made during life in 3 of the 8 present
cases, in Case 5 on the evidence of laparoscopy combined with liver biopsy,
and in Cases 4 and 7 on the basis of the clinical picture. This proportion is,
on the whole, not unfavourable in view of the fact that Hungarian literature
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records five cases only where diagnosis has been made during life [16, 29,
33].

All eight cases reported reflect the diagnostic difficulty. In Case 2 it
was the hyperacute clinical course, in Cases 1, 3, 6 and 8 the features imitating
hepatic cirrhosis which masked the veno-occlusive process of the liver. In
cases 3, 4 and 5 the polycythaemia was masked at first by the signs of portal
hypertension, so that the correct interpretation of the signs suffered a certain
delay. In cases 6, 7 and 8 the symptoms of the hepatic tumour were too
closely linked with those of veno-occlusion; the latter condition could be differ-
entiated in Case 7 only.

Treatment. Causal therapy could be considered in Cases 2, 4 and 5 in
view of the results of 3P treatment of the polycythaemia. As regards the
benefits of this therapy from the aspect of the Budd Chiari syndrome, it
was found in fact to cause a significant remission in Case 5 still continuing
to the present day.

We find three similar observations in the literature [10, 18, 29] in two
of which [10, 18] the formation of a splenorenal or portacaval shunt, respective-
ly, had to be performed, in addition to 32P therapy.

In two of the present cases, 3P failed to avert the occlusion of the hepatic
veins. In Case 2, this complication ensued in a state of full haematological
remission and in Case 4 it followed its fatal course in the presence of a favour-
able haematological response to 32P.

As a final conclusion, the Budd Chiari syndrome must be considered
a rare condition which 125 years after Budd’s classical description, still often
escapes detection. Intimate familiarity with the features of the syndrome is,
in our view, still the best means for its diagnosis. Portal hypertension and
pain in the hepatic region in the absence of a typical history should direct
attention to its presence. In addition to the diagnostic difficulties, prognosis
isnearly as poor as before. Improved diagnostic means for the early recognition
of the obstruction of the hepatic veins and more efficient therapeutic weapons
than those available at present might bring a change for the better in the out-
look of the process.
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URINARY AND SERUM TRANSAMINASE LEVELS
IN RATS WITH ORGANIC MERCURY POISONING
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An organic mercurial compound, methoxy-ethyl mercuric chloride (MEMC) has
been studied for its toxic effect on the renal tubuli in rats. In view of the protracted
nature and the slight degree of the effect, for its demonstration urinary transaminase
activity was chosen. On the evidence of parallel determinations of serum GOT and GPT
activity it could be ascertained that urinary transaminase activity is due to detached and
disintegrated tubular epithelial cells. This was further supported by the presence in
urine of large numbers of such cells. Neither the concentration and dilution tests, nor
the protein and sugar content of the urine are sensitive enough for the detection of

these slight tubular lesions.
Thus, MEMC, apart from its well-known toxic effect on the nervous system, has
been found to induce renal lesions accessible to the function test employed.

Organic mercurial compounds form the basis of numerous pesticides
and methoxy-ethyl mercuric chloride (MEMC in the following) has a nephro-
toxic effect similar to that of corrosive sublimate [1].

It has been shown earlier that MEMC, even below the dose-levels involv-
ing somatic manifestations, interferes with previously formed conditioned
nutritional reflexes in rats [2]. In our studies of acute MEMC poisoning BAE
was less effective than against other organic mercurial compounds including
sublimate [3]. The present study has been concerned with the nephrotoxic
effect of MEMC. It is well known that neither the current renal function tests,
nor the histologic procedures are sensitive enough for the detection of minor
tubular lesions [4, 5, 6]. For this reason, Rosalki and Wilkinson [7]
suggested to estimate the urinary transaminase level for the demonstration
of slight tubular lesions. In the present study it was sought to ascertain whether
the said enzyme was a reliable indicator of the minor tubular lesions induced
by MEMC.

Material and method

A total of 132 male albino rats weighing between 150 and 180 g was used. The animals
were kept on synthetic rat food. MEMC (Berk Limited, London) was administered intraperi-
toneally as a 1% solution in distilled water.

The following groups were set up.

* Present address: Agrartudomanyi Egyetem, No&vényvédelmi Tanszék, Keszthely,
Hungary.
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Group I. 72 animals were given 2 mg/kg MEMC six times weekly for six weeks. (The dose
administered corresponds to one fifth of the acute LD3J= 9.4 + 0.9 mg/kg, determined
earlier.)

Group Il. 60 animals were given 0.2 mg/kg MEMC six times weekly for 12 weeks.

In both groups the following investigations were performed before and once weekly
during treatment.

a) Glutamic oxaloacetic transaminase and glutamic pyruvic transaminase were esti-
mated by the method of Reitman and Frankel [8] in urine collected for 16 hours;

b) epithelial cell counts in the unstained urinary sediment, using a Buerker-chamber;

Every third day the following tests were performed.

¢) Concentration test, by refractometric measurement of the specific gravity of urine
collected for six hours from animals kept for this time in special containers;

d) dilution test by measurement of urinary specific gravity every hour after the ad-
ministration at 14 o’clock of 1.5 ml tap water per 100 g body weight through a stomach tube:

e) estimation of the serum GOT and GPT levels every week in a different group of
four animals for each of the two substances, blood samples of 5 ml being obtained by heart
puncture;

f) regular checking of the urine for protein (sulphosalicylic acid) and sugar (Benedict’s
test), and recording of body weight.

At the end of the experiment, the animals were killed by decapitation and their paren-
chymatous organs were submitted to histological study.

Results

In preliminary tests of 24 rats, the serum and urinary transaminase
level remained normal in all animals throughout the entire period of 10 weeks.
Pyruvic acid concentration in urine ranged between 5 and 7 fig, invariably below
10 fig, and in serum between 14 and 17 fig, in accordance with the figures given
by Balazs et al. [4].

Group I. Urine. In response to MEMC, GOT and GPT activity exhibited
a rise up to 30 fig until the third week, and a subsequent decline; at the end
of six weeks the levels were in the neighbourhood of the normal value. At
this point, administration of MEMC was discontinued, the subsequent changes
in the transaminase levels were of no significance. The cell count in the uri-
nary sediment revealed an increase which, similarly to the transaminase
level, attained its peak in the course of the third week (Fig. 1). At this time,
numerous cell fragments appeared in the urine, greatly interfering with the
accuracy of the cell counts.

Dilution and concentration capacity, specific gravity, and sugar content
showed no typical change but proteinuria was common.

Blood. An elevation of serum GOT and GPT was noted the first week.
The increased values persisted throughout the entire experimental period
and did not return to normal even after the administration of MEMC had
ceased (Fig. 2).

Histology. With the progression of poisoning, the detached tubular
epithelium was replaced by newly formed flat basophilic cells, presumably
as a sign of epithelial regeneration.
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2mg/kg die ip MEMC

*—*_x sediment

week

Fig. 1. Effect of 2 mg/kg/day of MEMC on urinary GOT and GPT level. Abscissa: K — control

time of treatment in weeks. Ordinate: Na pyruvate (oxaloacetate), fig. Number of epithelia

cells/ml in urinary sediment. Arrows: beginning and end of the treatment. In 2nd, 3rd’and”*4th
week, p < 0.02; the deviation from the initial values was significant

Group Il. Urine. Throughout the entire 12 weeks there was a contin-
uous rise in the transaminase level from the initial values of less than 5 to
7 /tg up to the 20 to 25 //g which were reached by the end of the 5th to 6th
week to decline again from this time onward, returning to the original value
by the end of the 12th week. There was a close parallelism between these
changes and the increase in the cell counts in the urinary sediment, although
the maximum of 300 cells per ml was attained in the third week (Fig. 3).
The concentrating and diluting capacity as well as urinary sugar excretion
remained unchanged; exceptionally, protein was found.

Blood. Serum GOT and GPT remained unaffected throughout the entire
observation period of 12 weeks. The animals exhibited no pathological symp-
toms and gained in weight adequately.

2mg/kg die ip MEMC

& 40 -

KI1l 2 r 4~ 6\7 8 9 week

Fig. 2. Effect of 2 mg/kg/day of MEMC on serum GOT and GPT level. Abscissa: K — control;
time of treatment in weeks. Ordinate: Na pyruvate (oxaloacetate), fig. Arrows: beginning and
end of the treatment. Throughout the entire period, p < 0.02
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Fig. 3. Effect of 0.2 mg/kg/day of MEMO on urinary GOT and GPT level. Abscissa: K —

control; time of treatment in weeks. Ordinate: Na pyruvate (oxaloacetate), fig. Arrows:

beginning and end of the treatment. Between the fourth and eighth week, p < 0.02; the de-
viation from the initial values was significant

Discussion

The urinary transaminase level seemed to be a suitable index of the
slight tubular injury induced by chronic mercury poisoning. The procedure
requires a small amount of urine, thus permitting to perform repeated tests,
an advantage in toxicological practice, since it offers a convenient means
of checking the progress of slight tubular lesions and provides a specific test
for the demonstration of early tubular damage.

MEMC has been found to induce tubular lesions. Application of minor
doses results in detachment and elimination with urine of the tubular epithe-
lial cells, corresponding to the extent of the injury. The disintegrating cells
release transaminase, thus increasing its urinary level. Since both GOT and
GPT have been found to maintain their original concentration in the serum,
the increased urinary transaminase level can have no other source than the
kidney.

After administration of major doses of MEMC, the serum transaminase
level also increases. This may be accounted for by two possibilities; either
the liver is affected by MEMC, myocardial damage caused by the substance
having been practically excluded [9] or there is a return of urinary transami-
nase into the serum.

Acknowledgements. We are indebted to S. Manyai for valuable advices, to Dr. G. Kendrey
for reviewing the histological findings, and to Miss K. Anyos for technical assistance.
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A case of bronchial carcinoma producing ACTH, serotonin and catecholamine is
reported. There has been thus far no evidence of the production of hormones of non-
polypeptide character in bronchial carcinoma. The clinical signs and symptoms were
consistent with catecholamine-overproduction.

There has been increasing evidence in the literature on hormone-pro-
ducing ectopic tumours [27]. Between 1966 and 1970, the reported cases
of ACTH and ADH-secreting tumours as well as of those associated with hyper-
calcaemia increased from approximately 150, 27 and 37, respectively, to 175,
40 and 52. This increase which is far beyond the likewise progressing incidence
of malignancies is also valid for tumours secreting hormones of other kind,
e. g. gonadotropin, GH or serotonin. This might be due to a growing awareness
of the fact that the cases of this kind, regarded earlier as incidental, have a
connecting link, the production of hormones by non-endocrine tissue. Mean-
while the number of reported cases of ectopic tumours with multiple hormone
secretion has also been on the increase. The following combinations are known:
ACTH + MSH [7], ACTH + ADH [30], ACTH + aldosterone [14], ACTH +
MSH -f- gastrin [11], ACTH -f- parathormone-gastrin [13], catecholamine -f-
erythropoietin [24], TCT -f~- ACTH [4], insulin (ILA) -f- erythropoietin [23],
insulin (ILA?) -f- serotonin [28], insulin (ILA?) -f- erythropoietin -)- parathor-
mone [1], HCG -+~ TSH [9], finally, serotonin -|- gastrin [17]. All of these
hormones produced in ectopic non-endocrine tissues are polypeptides, with
the exception of serotonin and 5-hydroxy-tryptophan [6] which, however,
may result from the breakdown of tryptophan and represent thus metabolites
rather than products of synthesis.

In the only reported case of an allegedly aldosterone-secreting oat-cell
carcinoma [14], apart from clinical, i.e. indirect, signs, no direct proof has
been adduced of the tumour’s aldosterone production. But even if an increase
in the aldosterone level had been ascertained, it need not have been due to
the tumour itself, since the increased ACTH level present in this case resulted
in a hypertrophy of the adrenal cortex.
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Nor did the reported case of pheochromocytoma associated with poly-
cythaemia [24] necessarily imply that the tumour has been producing a poly-
peptide (erythropoietin) in addition to the catecholamines though theoretically
this is certainly possible. It seems, however, more reasonable to seek the
primary cause of the enhanced haemopoiesis in the anoxaemic effect of the
catecholamines on the kidney.

W ith a few exceptions including the Zollinger—EIllison-syndrome, ecto-
pic hormone production is a property of malignant tumours.

One of the interpretations accounting for ectopic hormone secretion
regards the polypeptides of hormonal activity produced as “by-products”
of an enhanced protein uptake and breakdown by the malignant cell. This
is in line with the fact that most of the substances thus produced are immuno-
logically different from the physiological hormones, and it is only in their
biological effects that they are identical.

The other theory [22] connects the phenomenon under study with a
release from genetic repression (de-repression) as a result of a mutation affect-
ing the genetic information of tumour cells. The possibility of a de-repression
taking place in the primary cell constituents of the tumours is consistent
with the fact that it is invariably the same polypeptides which are formed
by a given tumour, and this also applies to the métastasés formed after the
elimination of primary tumour. This theory also implicates that for the syn-
thesis of hormones with a cyclic (steroid) structure the respective endocrine
organ must be in possession of certain specific enzymes. However, we find
it hard to reconcile the mutation-de-repression theory with the observation
that the unusual hormone synthesis is almost exclusively linked to a particular
histological structure. For instance bronchial oat-cell carcinoma produces
ACTH and ADH, squamous cell carcinoma TSH, macrocellular adenocarcinoma
gonadotrophin, non-beta cell pancreatic adenoma gastrin, cerebellar haeman-
gioma secretes erythropoietin, a haemangioma of other sites a humoral factor
of PTH-nature [26]. These relationships are too close to be due to chance
and suggest instead that mutation is limited to a certain extent by the cell
type.

In the case to be reported, the hormone detected in the ectopic tumour
was, contrary to all other observations, catecholamine, and the clinical features
were typical of catecholaminaemia. Thus, the case may represent a hitherto
unpublished variety of ectopic hormone production.

Case report

M. J., a 49-year-old male was admitted on February 5th, 1968. His family history was
irrelevant. He was a heavy cigarette smoker. For the last three months he had had intensive
pains in the chest and coughing spells, swelling of the ankles in the evenings and nycturia.
Occasionally, he had experienced crises of palpitation accompanied by tremor and perspira-
tion. Seen by his physician on one of these occasions he was found to have a high blood pres-
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sure. One month later he had felt a sudden sharp pain in the region of the left costal arch,
attributed to an infarct of the spleen. He had a marked dyspnea lately and had been losing
weight. During an earlier admission, X-rays had revealed a fist-sized infiltration in the region
of the left hilus suggesting a pulmonary tumour or an aortic aneurysm.

On admission there was a marked generalized pigmentation of the skin, slight ankle
oedema, hoarseness and stridulous breathing. Percussion revealed a palm-sized dullness over
the left lung and restricted diaphragmai motion. The left hypochondrium was protuberant and
tender to percussion. The lower pole of the spleen was palpable. The patient was emaciated,
weak, he exhibited repeated runs of ectopic beats. Blood pressure was 115/50 m Hg; ESR, 20
mm/hour; RBC, 2 500 000 (?); WBC, 7800; serum Na, 146; serum K, 2.5; serum Cl, 107 Meq/1;
blood sugar, 104 mg; endogenous creatinine clearance, 93 ml. ECG: auricular and ventricular
ectopic beats, diphasic T and depressed ST in standard leads |—II; urinary catecholamine
excretion, 60 /ig/24h. Chest X-rays revealed a fist-sized intensive intrapulmonary mass with
sharp outlines, attaching to the upper pole of the left hilus and sending out several extensions
into the surrounding area. On the sagittal tomogram it was found to cause narrowing and down-
ward displacement of the segmental bronchus (Fig. 1). The bronchus of segment 3 could not be
visualized (Dr. Bartha). Laryngoscopy revealed thickening and almost complete immobility of
the left vocal cord with hyperaeinia in its surroundings. Bronchoscopy: slight displacement to
the left of the left main bronchus as also of that of the upper lobe with free orifices and minor
inflammatory signs of the mucosa. Owing to the bronchial displacement to the left, inspection
of the bronchial lumen on this side was not possible.

Clinical course. On February 9, the patient experienced repeated hypertensive crises up
to 190/110 mmHg. Phentolamine produced a fall to 140/70 within 30 seconds, the effect lasted
however 4 or 5 minutes only, then the blood pressure rose again. On February 10, he went into
a coinatous state with hyperpyrexia, sluggish reflexes, followed by pulmonary oedema, Cheyne-
Stokes respiration and death.

Post mortem the heart weighed 440 g, the left ventricular wall was 18 mm thick. The
hilus of the left lung was occupied by a lobulated tumour of 170 g weight, partly protruding
from the pulmonary parenchyma toward the mediastinum, partly extending into the pulmon-
ary tissue and enclosing the left main bronchus to the degree of narrowing its lumen. On its
cut surface the tumour appeared soft, friable, and in places liquified; it was greyish-white in

Fig. 1
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colour with purplish-red patches (Fig. 2a). There was pulmonary oedema. The spleen weighed
250 g, it was bright red in colour and firm in consistency. The two adrenals weighed 50 g; on
the cut surface the cortical area measured 2to 3 mm in breadth, the medullary substance was
liquified (Fig. 2b). The cortex was densely packed with bright whitish-yellow miliary nodules.
The thyroid, pituitary, pancreas and pelvic organs revealed no gross abnormality. Histological
study: the cells of the pulmonary tumour are small, poorly differentiated, being typical of
“oat cell carcinoma” (Fig. 3). The nuclei form partly round, partly tapering hyperchromie ir-
regular aggregates or groups. The connective tissue septa are poor in cells; there are scattered
necrotic and haemorrhagic foci. The original structure of the adrenals is recognizable but the
cortical area is broadened. The zona glomerulosa is dissociated, the zona fasciculata has a
variegated appearance: the gross whitish-yellow areas correspond to small poorly demarcated
adenomas formed by large, light, lipid-containing cells of foamy structure. There are also
sporadic groups formed by cells with eosinophilic, finely granulated cytoplasm (Fig. 4). The
cortical cells in the neighbourhood of the medulla contain finely dispersed brown pigment

Fig. 2a
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Figs 3 and 4

granules. The medullary cells are polymorphic. The anterior pituitary lobe exhibits collections
of secretion of concentric structure with acidophilic staining character (M. Balazs).

In addition to the microscopic features of the tumour, its hormone-producing characters
have been studied.
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Methods

The tumour was extracted according to Lyons [15] with 80% acetone -]- 0.2 M HC1
for 2hrs. Subsequently, 10 parts of acetone were added to the supernatant and the precipitate
was redissolved in water and lyophilized. The resulting substance weighed 102 mg. Its biological
effectiveness was determined by Opton spectrofluorometric rat corticosterone secretion test as
described by Purves and sirett [23a]. The biochemical identification of the active substance
was assessed by gel electrophoresis.

The catecholamine content of the tumour was estimated by the method of Hingerty
[9b], its serotonin content by that of Hanson and serin [7a].

Results
ACTH (3rd Int. Working Standard) mU Tumour extract Mg
I Vper 100 g rat weight
1 15 4,5 1,7 5 15
Corticosterone //g/100 ml 21 365 42 19 3 40,5

plasma

Calculated from the above data the tumour extract contained 245 mU ACTH activity/mg
weight (Gy. Hajds).

Gel electrophoresis revealed 8 to 10 peptide components, one of them in
the zone of natural porcine and synthetic human ACTH [2]. The biological
activity of the primary material and its electrophoretic localisation in the
basic areas made its similarity, if notits identity, with ACTH highly probable.

The tumour contained 75 ,ag/g dry weight of catecholamine, a total
amount of 12,750 [xg. Under physiological conditions thé concentration of
adrenaline and noradrenaline together is 260 to 1000 jug/g, thus, taking the
average adrenal weight and the usual cortico-medullary proportion (90 : 10)
into consideration, the total content of the entire organ may be estimated
at 470 to 1800 fxg. The total amount in the present case, in the non-enlarged
medulla was far in excess of this value, i.e. 6000 to 7000 ug, suggesting an
inhibition of medullary release. The total amount of serotonin was 98 mg,
or 576 f-'.glg-

Discussion

It is generally known that the clinical manifestations of hormone-
producing tumours originating from non-endocrine tissues are often different
from those resulting from an excessive but none the less physiological output
of the same hormone. For instance, ACTH-producing bronchial carcinoma,
though being generally associated with excessive cortisol levels, hypopotassae-
mia, muscular asthenia, reduced glucose tolerance, oedema, hypertension as
well as with a reduction in the ACTH-reserves of the anterior pituitary lobe
as a result of the feedback mechanism by the elevated plasma cortisol levels
and by the ectopic ACTH-production [16]. On the other hand, obesity, striae,
osteoporosis are lacking, probably because the time is generally too short
for their production [10] (here may, however, be an abnormal pigmentation
unusual in Cushing’s disease). In the present case, qualitative and quantitative
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studies of ectopic hormone-production were limited by the shortness of the
observation period and by the terminal state of the patient, therefore, in addi-
tion to hyperpigmentation it was only the presence of hypopotassaemia in
the absence of hypochloraemia which indicated a definite increase in ACTH
production. On the other hand, the hypertensive crises were suggestive of
some additional hormonal activity, and distinctly pointed to a secretion of
catecholamine or serotonin. As to the first alternative, the result of the phen-
tolamine test was inconclusive. The fall in blood pressure, usually of at least
30 min. duration ceased within 15 min. although the decrease by 25to 30 mmHg
met the criteria of positivity.

The pathological and histochemical findings provided additional proof
of the ectopic hormone secretion. A broadening of the adrenal cortex to more
than 2 mm isin itself indicative of the gland’s hyperplasia; their homogeneous
enlargement to 50 g, greatly exceeding the 18 g considered normal, was still
more conclusive [13]. The polymorphism of the cells of the zona fasciculate
as well as the adenomas may be connected with ACTH stimulation and the
eosinophilic, PAS-positive intercellular accumulations in the anterior pituitary
lobe may also have a causal significance, since these would seem to represent
deposits of glycoprotein material originating from other sites. In cases of
ACTH producing ectopic tumours, hyaline degeneration of the basophilic
cells (Crooke-cells) is a common observation; in the present case, however,
neither such cells, nor hyperplasia of (orformation of adenoma by) the pituitary
cells was demonstrable. In another case of bronchial carcinoma associated with
Cushing’s syndrome [8], Crooke-cells were likewise absent from the hypophysis.

A chemical study of the tumour-homogenisate for ACTH provided
direct proof of ectopic hormone production. In the cases known from the
literature the organ contained 0.01 to 5950 mU ACTH/g [13], and in the present
case, 250 mU ACTH/g.

There was no basis for assuming that the symptoms would have been
due to an adrenocortical tumour of mixed (cortico-medullary) type or that
some hyperplasie medullary cells would have penetrated the cortex [12].

The earlier view attributing to certain tumours the capacity of absorbing
externally produced hormones in a sponge-like fashion, which would account
for the high hormone concentration in their tissue, is no longer tenable [27].
But even if absorption could take place, this would certainly not be true
in the present case since it is hardly possible that a patient with normal cate-
cholamine excretion and normal clearance should be capable of accumulating
in a single tumour more than twice the amount of hormone contained in the
adrenal medulla, the less so as the half-life of catecholamines, even in a “stable”
binding, is as short as one day [21].

The size of the tumour may in certain respects determine the clinical
manifestations. In tumours weighing less than 5 g the rate of synthesis is
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very fast, binding is slight, so that the release is intensive. Consequently,
the crises are continuous or follow in close succession, and YMA excretion is
slight. On the other hand, in large tumours, binding of the hormone to proteins
is strong, its release is slow, breakdown is enhanced and the VMA/Catechola-
mine ratio in the urine is high. In the present case there was no time for the
determination of this value and these facts have been derived from observations
in phéochromocytomes of chromaffin cell origine [31]. Since, however, we
have to deal with facts which follow from the physico-chemical conditions
of the tumour, they must likewise be true for tumours of ectopic hormone
production.

We might furthermore consider the possibility that the corticosteroids
potentiate the activity of phenyl-ethanol-N-methyltransferase, an enzyme
involved in noradrenalin adrenalin transformation [18], although this would
merely affect the proportion between the catecholamines rather than their
total amount.

The possible role of an inverse potentiation by a medullary tumour
inducing cortical hyperplasia has also been taken under consideration, but
not in the present case where the medullary origin of the tumour was definitely
ruled out by the histological findings. In the light ofthe laboratory results,
it seems far more probable that the catecholamines detected in the tumour
have been produced locally. In the accessible literature there is but a single
case similar to ours in this respect [27], with the difference, however, that
the tumour was a bronchial carcinoid with argentaffin, chromaffin and argy-
rophil elements and it contained 0.5 fig per g tissue of catecholamine with
a total of 60 fxg. In the present case, neither these histologic features nor a
neurohlastic proliferation of any kind were demonstrable.

The total amount of serotonin found in the present case also exceeded
the 5-HT content described as normal [3, 6, 18, 29] and it was only in the
case reported by Smith [26] where we found higher values, i.e. 4,000/tg/g.
The question may arise whether the high serotonin concentration might
be connected with the secretion of ACTH, the more so as cortisol enhances
the activity of tryptophan pyrrolase, a hepatic enzyme involved in the break-
down of tryptophan [5]. An inverse relationship may also be considered
viz. in the course of tryptophan and tyrosine metabolism derivatives of trypt-
amine and of catecholamine may well be formed simultaneously within the
same system as a result of enzymatic breakdown. Although this possibility
cannot be ruled out altogether, the excessive amounts found in the tumour
make it more likely that there the synthesis of the hormones takes place
independently of each other. If this is the case (the benign bronchial carcinoid
referred to earlier [27] being disregarded), it was for the first time that beside
ACTH and serotonin a hormone of non-polypeptide structure has been found
in an oat-cell bronchial carcinoma.
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INHIBITION OF SKIN ALLOGRAFT REJECTION
BY ANTILYMPHOCYTIC SERUM PRETREATMENT
OF THE DONOR

IMMUNOLOGICAL PREPARATION OF THE GRAFT

By

Gy. Petranyi, Gy. Szegedi and B. Fekete

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received January 25, 1971)

Pretreatment of the donor with antilymphocytic (antithymocytic) serum has
been found to prolong the survival of mouse-skin allografts. The effect is attributed, in
addition to a suppression of the immune activity of the lymphocytes in the donor
tissue, to the presence of graft-protective antibodies.

The fact that the individual’s histocompatibility antigens being repre-
sented in his leukocytes, lends itself to studies in mixed lymphocyte cultures
[2]. In the case of incompatibility in vivo, the intradermal injection into the
donor of the recipient’s slymphocytes results in an inflammatory reaction at
the site of normal lymphocyte transfer (NLT-test) [4]. It is furthermore
known that the lymphocytes are continuously circulating between the blood
and the tissues, therefore a part of the lymphocyte population is always
in the tissues.

Presuming that in allografts an inflammatory reaction of a mechanism
similar as in the NLT may arise in the vicinity of the donor lymphocytes
and thus contribute to the rejection of the graft, we have examined in the
present study whether pretratment of the donor with antilymphocytic serum
(ALS) was capable of inhibiting the rejection of the graft.

Material and method

For ALS an antithymocytic scrum (ATS) was used which had been produced in two
goats (I and Il) against thymus-cell suspensions of 20 day old AKR-mice and exhausted for
anti-mouse-erythrocyte antibodies. ATS of goat | revealed a considerably higher activity than
that of goat Il (Table I), therefore this serum was actually used in the studies. Transplantation
was performed in female mice, auricular skin of donor Balb/c mice being transferred into the
back of recipient CBA mice. The allograft measured approximately 8X 10 mm. Two control
groups were set up, one untreated, the other treated with normal goat serum in the same
manner. For the demonstration of the effect of ATS, the serum was given to one recipient group
only. Pretreatment of the donors consisted in the intraperitoneal administration of 0.1 ml ATS.
three times, i.e. 72, 48 and 24 hrs before the transplantation. In the first part of the study we
examined the survival of the graft of pretreated donors, and in the second, ATS wasgiven to
the recipients too, in the same manner as to the donors with the difference that they received
an additional dose of 0.05 ml ATS 24 hrs after transplantation.
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Table |

Comparative data relative to goat anti-mouse ATS | and 11
In the absence of ATS-treatment, survival of skin grafts was
11.7 + 1.4 days (see Table 11)

Survival of skin grafts in

L h t L h to- e
agglztminpalioocr?lﬁlre toiwtli)tyoci,it?e ATS-treated recipients
(in the H2 system)
I ATS 1 : 2048 1: 256 185 + 1.4 (SD)
I ATS 1:1024 1:128 15+ 1.2
Results

Mean survival of the graft was

1. in the untreated mice, 11.7 i 1.4 days;

2. in the recipients treated with normal goat serum, 12 ~ 1.2 days;

3. with ATS | preatreated donors, 14 + 1-5 days;

4. in the recipients after treatmentwith ATS Il, 15 ~ 1.2 days; and after
treatment with ATS I, 185 i 1.4 days;

5. after pretreatment of the donors and treatment of the recipients
with ATS I, 22 days. In view of the fact that inbred syngeneic animals of
identical sex and similar body weight were used, the difference revealed
by the one-sample i-test between groups 1 and 2 was not significant (p <[ 0.5),
while it was significant between groups 1 and 3 (p 0.001) and strongly so
between groups 1 and 5 (p 0.0001). The suppressive effect of the recipients’
ATS-treatment on graft rejection was significantly enhanced by ATS-pretreat-
ment of the donor.

Thus, ATS-pretreatment of the donor mice significantly prolonged the
retention of the skin graft by the recipient, furthermore, a combined treatment
of the donor and the recipient resulted in the longest graft survivals.

Discussion

It has been assumed that passenger donor lymphocytes present in the
tissues are inevitably transferred together with the graft, and thus endanger
its survival by giving rise to an inflammatory reaction similar to that associated
with the normal lymphocyte transfer test (NLT). The local antilymphocytic
reaction is also of two types: it may be a local graft-versus-host (GvH) and a
host-versus-graft (HvG) reaction. The NLT-reaction is suppressible by pretreat-
ment with ALS of both the donor and the recipient. Irradiation of the donor
or of the donor tissue may also prolong the survival of the graft to some
extent. It is furthermore known that pretreatment of the donor with ALS
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or incubation of bone-marrow grafts in ALS reduces the intensity of GvH
reaction, and of the “secondary disease” (runt disease) [1, 8].

The present results thus seem to support our claim that ATS-pretreatment
of the donor is inhibitory to the immunocompetent, lymphoid cells present
in the donor’s tissues and has therefore a graft-protective effect. However,
the only fact positively ascertained on the evidence of our findings is the
graft-protective influence of ATS-pretreatment, but whether this effect was
actually due to a suppression of the passenger donor-lymphocytes occurring
in the graft, has yet to be controlled. In earlier studies we have found that
after absorption with erythrocytes ATS still possesses antibodies against
various other tissue antigens aside from the circulating lymphoid cells or

Table 11

Survival of skin grafts (BALB)CCBA) after treatment with ATS |

ATS- tre?tl]se_nt ATS- Tregtment
treatment o treatment  recipients No
of donors and of with normal treatment
donors recipients  r€cipients  goat serum
Graft survival 12 t 15 1855 *+ 1.4 2 * 12 1170 14
(days) (n - 10) (n =10 (n=9) (M-a4s5)

1 0+ 3 1

thymocytes [5] and that it reacts with antigens which are not confined to
these lymphoid elements. It has been shown in renal allotransplantation studies
in rats [7] that from the antithymocytic gamma globulin used for the pre-
treatment of the donor strong antibodies become attached to the kidney
and are thus transferred to the recipient together with the organ; however,
non-purified ATS may cause a typical complex immune nephritis. On the
other hand, the opposite of this, i.e. specific immunosuppression with practi-
cally unlimited survival of the graft has been achieved by other types of
immune transfer [10]. It may be assumed even on the evidence of rat studies
that the antibodies confer a protective effect on the skin [3]. Therefore it is
not, or not only, the specific antilymphocytic or antithymocitic activity of
ATS which accounts for its effect on graft retention but the activity of graft-
protective, enhancing antibodies fixed to the donor tissue [11] also have their
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part. It has long been our belief that the effect of some autoantibodies is
protective rather than aggressive [9] and we intend to separate this mechanism
into its components by further studies. This duality may well account for the
difficulties of ALS or ATS standardization as also for the observation that
non-purified ATS may be occasionally of greater activity than highly purified
preparations having been absorbed with other antigens.
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Parotid secretion has been investigated in 20 depressed patients (6 males and 14

females, mean age 41 years, one belonging to the reactive, 19 to the endogenous type
of depression), against 15 non-depressed controls (10 males and 5 females, mean age 33
years) prior to therapy and after recovery. Saliva was collected from the parotid by
means of a plastic capsule, the intensity of secretion being measured by the rate of
drops per minute. In the depressed patients, parotid secretion whether under basal
conditions or in response to nearly all stimuli employed (unilateral mechanical and
chemical stimuli, “simultaneous summation”, “successive summation”, serial stimuli by
means of 5ml 5% citric acid) suffered a significant reduction. Dehydration as a potential
antisecretory factor was ruled out. The increase in secretion was inversely related to the
intensity of the stimulus. The initially low secretion increased parallel with clinical
improvement without, however, attaining the control value even after recovery.

Most investigations into the pathogenesis of depression have been focussed
on the significance of catecholamines. The possible involvement of cholinergic
mechanisms and of their disorders has received little attention, though it
has been pointed out by Strongin and Hinsie [16] that parotid secretion
of predominantly parasympathetic innervation is significantly reduced in
depressed patients as compared with those with manic disease or with healthy
controls.

Though investigation of the parotid function is not expected to yield
results of universal validity, in view of the relative simplicity of the procedure
(the parotid gland being an organ of particular responsiveness), it none the
less seemed to lend itself to studies of the cholinergic mechanisms [1].

The data published in the literature are inconsistent and even contra-
dictory. While Peck (1959) found definite correlations between the severity
of depression and the reduction in parotid secretion, Busfield and Wechsler
(1961) deny any relationship between the intensity of parotid secretion and
the grade of depression. Again, Davies and Palmai (1964) reported that
basal parotid secretion significantly diminished with the severity of depression
and rose parallel with clinical improvement, its values after clinical cure being

identical with those of normal subjects. In contrast, a reduced parotid secretion

* Present address: First Department of Medicine, University Medical School, Pécs.
** Present address: Second Department of Neurology and Psychiatry, Semmelweis Uni-
versity of Medicine, Budapest.
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was noted by Gottlieb and Paulson (1961) to accompany the onset of the
process and to persist even after recovery, regardless of sex, type of depression,
and its therapy.

According to the findings of Loew (1965) it is in circular psychosis
where basal parotid secretion is the lowest, lower than either in the psycho-
genic or in the involutionary type of depression. Anxiety and agitation reduce
basal parotid secretion to a greater extent than do inhibition and apathy.

In the depressed subjects not only basal parotid secretion but also its
response to citric acid stimulation was significantly reduced, as compared with
the controls (Davies and Gurland, 1961).

The pertaining data concern for the greatest part the basal secretion
or (Davies et al. 1961, 1964) the responses to citric acid or to Methacholine
stimulation.

In the present study indirect stimulation of different types and variable
intensity was performed in order to obtain information on certain points,
in particular whether the intensity of secretion undergoes any change as a
result of clinical improvement.

Material and methods

The study included 20 depressed subjects (14 females and 6 males from 18 to 77 years,
mean 41 years ofage). One of the patients belonged to the reactive, and 19, to the endogenous
type of depression. In one case depression was of minor, in 6 cases of medium, and in 15 cases
of major severity. With the exception of one case, all had been under our care as inpatients
several times before, the diagnosis having been depressive psychosis in all instances. Agitation
occurred in none, anxiety in one of the cases. Drug therapy and ES were withheld for the period
of study. Six and ten patients were repeatedly tested after full clinical cure.

The control group was made up of 15 nondepressed subjects, 10 males and 5 females
between 21 and 60 (mean, 33) years of age, all having been admitted for lumbar spondylosis or
a slipped disk.

For the collection of saliva a plastic capsule provided with an outlet was placed over the
opening of the parotid duct; for the purpose, a vacuum-fixed Lashley capsule (Lashley 1916,
Szabé 1965, Mézsik 1966) has been adapted. In opposition to the original the capsule had a
single compartment and was held in position by a mechanical device (Lipak 1968) (Fig. 1).

The intensity of secretion as reflected by the number of drops per minute was registered
by an EEG-apparatus and an electric drop counter. In every subject the following parameters
were registered:

a) basal secretion prior to stimulation,

b) response to mechanical stimulation applied first to the right, subsequently to the left
anterior two thirds of the tongue for 20 seconds (trigeminal-glossopharyngeal reflex);

c) responses to chemical stimulation by the application of a gauze-pad soaked in 5%
citric acid to the same areas of the tongue and in the same order as under b) for 20 seconds
(facial-glossopharyngeal reflex);

d) response to a single citric acid-stimulation by placing an 5% citric acid solution into
the patient’s oral cavity and leaving it to be swallowed after 20 seconds. Since this procedure
provided a synchronous stimulation of the trigeminal, facial, glossopharyngeal and vagal re-
ceptors, its effect was evaluated as that of a “simultaneous summation”;

e) the former stimulation was repeated one minute later (“successive summation”);

f) serial stimulations including three citric acid tests at two-minute intervals.

The order of succession, times and place of the tests were invariably identical.

Mathematical analysis of the results was based on the arithmetical means and standard
deviation, significance was evaluated by the one- and two-sample t test and, where this was
possible, by the F-test, otherwise by the d-test.
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(Saliva

Elastic
wire

Fig. 1. Capsules for the collection of parotid saliva. A. The conventional Lashley-capsule with
vacuum fixation; B. Capsule with mechanical fixation used in the present study

Results

a) Basal secretion. The average drop rate per minute (1.8) was lower
in the depressed subjects than in the controls (11.0), and showed a significant
(p <7 0.001) rise after cure (5.4) as compared with the pre-treatment values
(2.7), remaining, however, lower (5.4) than in the non-depressed controls
(11.0) (Fig. 2, Table 1).
Serial
stimulation

Successive
summation

d | Control mm Depression EZ3 Cured depression control
S: Significant deviation

Fig. 2. Parotid secretion under basal condition and its response to stimuli of various types
(average number of drops per minute) in depressed and in control subjects prior to treatment
and after recovery

31 Acta Medica Academiae Scientiarum Hungaricae 28, 1971



162 J. LIPAK et al.

Table |

Mean resting parotid secretion and standard deviation (drops per minute) in the controls (N = 15)
and in the depressed subjects (N = 20); resting secretion of depressed subjects before treatment

and after recovery

Resting secretion
Drop/minute

Group N

Mean sD
Control.ccicce, 15 11.0 3.6 -9.2

Depressed ...viveienen 20 1.8 1.6

Depressed

before treatment......... 6 2.7 0.8 + 2.7

after recovery......... 6 5.4 0.4
b) The “real” response to mechanical

Difference between the two groups

no. of drops per cent

83 0.05>p > 002

100 0.001 > p

stimulation,

i.e.

the number

of drops per minute produced in addition to the basal secretion rate, revealed
no appreciable difference between the depressed patients (2.5) and the controls
(1.4) (Fig. 2, Table 1I). No significant difference was found between the ipsi-
lateral and contralateral responses, only the peak of the contralateral response

occurred later in time (Fig. 3).

Fig. 3. Ipsi- and contralateral parotid responses to hemilateral mechanical stimuli applied to
the tongue, plotted against time in controls (upper part) and in depressed subjects (middle).

Course of all responses in time in the two groups examined (lower part)
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Fig. 4. Ipsi- and contralateral parotid response to hemilateral chemical stimuli applied to the
tongue, plotted against time in controls (upper part) and in depressed subjects (middle). Course
of all responses in time (lower part)

c) The response to hemilateral chemical stimuli displayed a distinct
difference between the depressed subjects (5.5 drops per min) and the controls
(11.7 drops per min), it being in the neighbourhood of the limit of statistical
significance (0.10 )> p 0.05) (Fig. 2, Table TIT). The drop-rates of the contra-
lateral responses were reduced and their peaks ensued later in time than those
of the ipsilateral responses (Fig. 4).

d) Simultaneous summation. In the case of a single citric-acid-stimu-
lation the “real” response of the depressed subjects (37 drops per 3 min)
was significantly reduced (0.05 )> p )> 0.02) as compared with that of the
controls (53 drops per 3 min) (Fig. 2, Table IV). The responses of the patients
after the cure of depression were significantly (0.01 p )> 0.001) increased
as compared with the pre-treatment values (47 drops per 3 min as against
34 drops per 3 min) without, however, attaining the control value (58 drops
per 3 min). The responses are presented against time in Fig. 5.

e) Successive summation. The response of the depressed subjects to
two citric-acid stimulations at a one-minute interval was still more signifi-
cantly reduced (0.05 p 0.02) with reference to the controls than in the
former group (47.3 drops per 4 min as against 89.5 drops per 4 min) (Fig. 2,
Table V). The responses against time are presented in Fig. 6.

f) Serial stimulation yielded the most significant differences (p <70.001)
in the response between the depressed and the control subjects (89.9 drops
per 8 min as against 185.3 drops per 8 min) (Fig. 2, Table VI). The responses
are presented in Fig. 7.
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Fig. 5. Parotid response to stimulation with 5 ml 5% citric acid for 20 sec (“simultaneous
summation”), plotted against time in controls and depressed subjects, before and after
treatment

Discussion

From the findings the following conclusions have been drawn.
1. In agreement with published evidence, the parotid secretion of depress-
ed subjects revealed a significant reduction under resting conditions as well
as in response to various types of indirect stimulation, mechanical stimulation
being the only exception.
In the reduction of secretion, several factors may have had a role.
a) Though certain factors pointed out by Peck (1959) and Lourie
(1943) to modify parotid secretion (e.g. drugs, time of meals, temperatures,

Fig. 6. Parotid response to two successive citric acid stimuli at an interval of one minute
(“successive summation”), plotted against time, in depressed and non-depressed subjects

Acta Medica Academiae Scientiarum Hungaricae 28, 197



T/6T ‘8z @eolebunH WNJRNUBIDS SBIWAPRIY O0DJIPSN B0V

Table 11

Ipsi- and contralateral parotid secretory response to hemilateral mechanical stimulation ofthe anterior two thirds ofthe tonguefor 20 sec (mean number
ofdrops per min), in the controls (N = 10) and in depressed subjects (N = 10)

The “real” response is the deviation from the pre-stimulation values expressed in drops per min.

Group

Ipsilateral response

Control.....

Depressed

Contralateral response

Control

Depressed

All responses

Control

Depressed

10
10

10
10

10

10

before

8.2
5.7

8.5
3.4

7.7
4.6

Drop/min

during
stimulation

10.5
6.9

8.6
7.4

9.1
7.1

after

6.9
4.4

6.6
4.8

6.7
4.6

Drop/min

2.3

1.2

0.1
4.0

14
25

,,Real response” per minute during stimulation

sD

57
8.6

6.5
5.7

5.4
5.4

Deviation between the two groups

no. of drops per cent P

-1l 47 0.80 > p > 0.70

+ 3.9 3900

0.20 > p > 0.10

0.70 > p > 0.60
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Fig. 7. Parotid response to serial stimulation (three successive citric acid stimuli at intervals of
two minutes) plotted against time in the two groups

etc.) have been excluded as far as possible from the present observations, we
have none the less to consider dehydration as a potential factor in view of
the poor nutrition and fluid intake of depressed patients making them liable
to dehydration which may be associated with a reduced salivary secretion.
However, in the present cases we failed to detect any sign of dehydration.

b) Parotid secretion was still far from the normal after recovery, when
food and fluid intake was no longer inadequate.

c¢) The haematocrit values estimated in another study (Lipak 1971)
averaged 44% in the depressed subjects and 42% in the controls. The two
figures were practically identical and within the normal range.

On these grounds we feel justified in ruling out the possible role of
dehydration in the reduction of salivary secretion.

2. The depressed subjects showed an inverse relationship between the
response of parotid secretion and the magnitude of the applied stimulus.
The more the stimulus increased, the greater was the divergence between
the response of the depressed subjects and of the controls, as illustrated by
Fig. 2.

3. Certain facts revealed by the present study seem to account for the
contradictions between the observations of Gottlieb and Paulson (1961)
and those of Davies and Palmai (1964) in that the poor salivary secretion
accompanying the start of the depressive phase, though showing a definite
rise parallel with clinical improvement, was still below the control values
immediately after recovery.
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Table 111

Ipsi- and contralateral secretory response of the parotid to hemilateral stimulation with s % citric acid ofthe anterior two thirds of the tongue for 20 sec
(mean number of drops per min), in the controls (N = 10) and in depressed subjects (N = 10)

“ Real response” per minute during stimulation

Drop/min
Group N _ Deviation between the two groups
before _during after Drop/min sb No. of drops  per cent o
stimulation
Ipsilateral response
CoNtrol. i 10 8.9 25.2 14.3 16.3 15.6 -9.9 60 0.20 > p > 0.10
Depressed ....cverniennneeene 10 4.8 11.2 3.3 6.4 114
Contralateral response
CoNtrol. i 10 8.7 16.3 11.3 7.6 7.0 -2,8 36 0.40 > p > 0.30
Depressed 10 35 8.3 54 48 5.7
All responses
CoNtrol e 10 8.8 20.5 12.8 11.7 8.8 -6.2 53 0.10 > p :> 0.05
Depressed ...ccovienenriensee 10 4.1 8.6 4.3 55 45
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Table IV

Secretory response of the parotid to stimulation with 5 ml 5% citric acid for sec (“simultaneous summation”) ; mean number ofdrops per min in the
controls (N = 15) and in the depressed subjects (N = 20); response of the patiens prior to treatment and after recovery (N = 10)

Absolute response, drops/min

Basal Stimu-

Group N secretion lation Global
response
drops/3'

o 1 2'
Control...coviiiiiiciiinnns 15 10 44 25 14 83
Depressed .....ooevieieiennnn. 20 2 24 13 6 43
Depressed
before treatment ... 10 2 21 13 6 40

after recovery........ 10 8 37 21 13 71

34
22

19
29

15
1

u
13

“Real” response, drops/min

Mean

53
37

34
47

225
16.9

8.1
10.9

Global response drops/3'

Deviation between the two groups

no. of per
drops cent P

-16 30 0.05 > p > 0.02

+ 13 38 0.01 > p > o0.001

05
00

e 18 MydI1 *
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Table V

Secretory response of the parotid to two successive stimulations with 5 mlso citric acid for 20 secat an interval of one minute (“‘successive
summation"); mean number of drops per min. in the controls (N = 10) and in depressed subjects (N = 10)

Absolute response, drops/min

Basal 1 2
Croup N secretion ) )
Stimulation
o T 2' 3 4
Control .... 10 84 337 485 22.8 18.1
Depressed . 10 16 207 148 11.2 7.0

1 2.
Global . .
response Stimulation
drops/4* ,
1 2

123.1 253 401 14.4
53.7 191 132 9.6

Table VI

‘eReal” response, drops/min
Global response, drops/4 min.
Deviation between the two groups

4 no. of drops percent p

9.7 895
54 473

48.0 -42.2 47 0.05 > p >
22.8 0.02

Secretory response of the parotid to three successive stimulations with 5 ml 5% citric acidfor 20 sec. at intervals oftwo minutes; mean number ofdrops
per 2 minutes in the controls (N = 10) and in the depressed subjects (N = 10)

Absolute response, drops/2min.

Basal 1 1 2 3.
Group N secretion . !
Stimulation
0 O 1 2 3-4" 5- 6 7 8
Control .... 18.6 66.6 79.1 79.5 34.5
Depressed . 10 40 296 29.0 403 7.0

1 2. 3.
Global . .
response Stimulation
drops/8'
1-2' 3-4" 5—6'
259.6 48.0 60.5 60.9
105.9 25.6 25.0 36.3

“Real” response, drops/2 min.

Global response: drops/8*

Deviation between the two groups

1

-8’ no. of drops per cent p

159 1853 36.9 0.001

3.0 89.9 19.6

-95.4 51 p<
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THE ROLE OF LONG-ACTING THYROID STIMULATOR
AND OF THYROID AUTOIMMUNITY
IN THE PATHOGENESIS
OF EUTHYROID ENDOCRINE OPHTHALMOPATIUA
By
J. Foldes, J. Také, Cs. Banos and Erzsébet Gesztesi

FIRST DEPARTMENT OF MEDICINE, SEMMELWEIS UNIVERSITY OF MEDICINE
AND RADIO-ISOTOPE LABORATORY OF JANOS HOSPITAL, BUDAPEST

(Received February 15, 1971)

The presence of LATS—IgG in euthyroid endocrine ophthalmopathy is confined
to the blood plasma of some patients. This is also valid for thyroid antibodies. LATS and
thyroid autoimmunity are discussed as possible responsible factors and pointed out as
being of secondary nature rather than of causal significance, though the possibility of
their involvement in the production of endocrine ophthalmopathy as adjuvant factors
is admitted. The present results confirmed the existence of close relationship between
the various types of endocrine ophthalmopathy. Observations relative to the trans-
formation of one type into another are interpreted as being conclusive of this fact.

Endocrine ophthalmopathy may occur in hyperthyroid, euthyroid,
and even in hypothyroid conditions. Its direct cause is uncertain. In recent
years, investigations have been focussed on the long-acting thyroid stimu-
lator (LATS), on thyroid auto-immunity and on the exophthalmos-producing
substance (EPS) as possible factors responsible for its production.

Investigations concerned with the aetiological role of LATS and of
thyroid autoimmunity in the production of endocrine ophthalmopathy are
preferably carried out in euthyroid subjects, hyperthyroidism being often
associated with the presence of LATS and of thyroid autoantibodies even
in the absence of eye signs. The clinical syndrome of endocrine ophthal-
mopathy associated with euthyroidism and the accompanying abnormalities
of thyroid function were first described by Werner [42] and termed ophthal-
mic form of Graves disease. Our observations concerning this question have
been reported earlier [14]. Further issues of the problem, namely the possible
role of LATS and of thyroid autoimmunity as also their relationships with
the results of the triiodothyronine suppression test have been studied and
form the subject of the present report.

Material and method

Plasma LATS was estimated by the modified M cKenzie technique [15, 34]. Analysis
of the data obtained was based on geometrical mean. The reaction was considered positive if
the mean radioactivity measured inthe blood of plasma-treated mice 8 hrs after intravenous ad-
ministration exceeded 150% of the activity in the controls, i.e. of the group given a 5% albumin
solution, the lower fiducial limit being also in excess of 150.
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LATS estimation, based on concentration and separation of 1gG, was performed by the
method of Carniero et al. [5, 16] on 36x2.5 cm DEAE-Sephadex-A 50 column with 0.02 M
phosphate buffer pH 6.6. The protein fraction containing the pseudoglobulin-1gG served for

the assay of LATS.
In three cases the plasma TSH level was also estimated using the concentration pro-

cedure of Adams and Kennedy [1, 13]. The TSH-content of plasma extracts was determined
in mice; their thyroid-stimulating effect was considered positive if 2 hours after intravenous
administration of the preparation the blood activity exceeded the 8-hour value, moreover if
mean activity exceeded the mean blood 18 -activity in the control group.

The complement fixation test (CF) for the demonstration of antimicrosomal antibodies
and Boyden’s passive hemagglutination test for thyroglobulin antibodies (TRC) were per-
formed as described earlier [41]. The thyroid antibody assays were considered positive in the
case of a CF of 1:6 and of a TRC of 1: 2500 or higher.

The triiodothyronine suppression test was carried out by the estimation of 131l uptake
by the thyroid prior to and after administration of 80 fig of 1-triiodothyronine daily for six
days. To be considered normal, 24-hour iodine uptake had to be at least 40% less after than
before the test. Suppression was regarded as disturbed if it failed to attain that value.

The curve of thyroid 13ll-uptake, and the values derived from measurements of plasma
activity are known to be frequently abnormal in euthyroid endocrine ophthalmopathy [25, 14].
For this reason, in addition to the above assays, the Hamolsky-test was performed in each case
and the serum level of protein-bound iodine as well as that of euthyroid endocrine ophthalmo-
pathy, aside from clinical features, the results of all three tests had to be indicative of euthy-
roidism.
The diagnosis of endocrine ophthalmopathy was based on Werner’s criteria and on the
recommendations issued by the American Thyroid Society [43]. On the grounds of this classifi-
cation, Groups 2to 6 to be regarded as "progressive” or “malignant” exophthalmos combine
the following features: periorbital oedema, exophthalmos, involvement of extraocular muscles,
corneal ulceration and impairment or loss of vision as a result of optic nerve lesion. We followed
Werner’s classification with the sole difference that we place patients with Hertel-values
over 20/100 mm in the group of distinct exophthalmos.

Endocrine ophthalmopathy was present in one of our 12 patients with Hashimoto’s
disease. Since thyroid biopsy was done in few of them, the diagnosis was made dependent on
strict criteria including the presence of euthyroid or hypothyroid goitre, accelerated ESR,
positive protein lability tests, increased gamma globulin level, demonstrable thyroid antibodies
with a minimum of 1: 12 for CF and 1 : 25 000 for TRC. If these features were inconsistent, in
other words inconclusive of autoimmune thyroiditis, the patients were not included in the

Hashimoto-group.

Results

Table | shows the results for all 15 euthyroid subjects with endocrine
ophthalmopathy. Those of the female patient L.N. are regarded as being
consistent with Hashimoto’s disease (ESR 35 mm/hour, thymol turbidity
test, 12 U; thymol flocculation test + + + + 5 gamma globulin, 35%; CF,
1:48; TRC, 1:25,000; scrum protein-bound iodine, 3 fig per 100 ml; REI25I,
63%; Hamolsky-test, 11%; serum cholesterol, 256 mg per 100 ml.) This
patient, as well as the others were found euthyroid still at the end of the
observation period which was not shorter than six months in any of the cases.

From Table Il it emerges that upon administration to mice of the non-
concentrated plasma of euthyroid subjects with endocrine ophthalmopathy
areaction indicative of LATS was confined to 3 out of 15 cases. After submitting
the plasma to the procedure based on separation and concentration of pseudo-
globulin-1gG, the extracts yielded positive reactions for LATS in as many
as 6 cases. However, even with the aid of the concentration procedure we
failed to demonstrate TSH in three of the subjects studied.
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Table |

Results of assays for LATS and for thyroid antibodies and of the triiodothyronine suppres-
sion test in patients with euthyroid endocrine ophthalmopathy

(Only positive results are shown; suppr. = 13l uptake by thyroid is suppressible by
triiodothyronine)

Name Untrealt_epr\j_rsplasma LATS JgG CF TRC Suppression test
L. N. negative negative 1:48 1: 250 000 suppr.
Sz. S. negative 354 1:6 negative suppr.
(345~ 364)
Sz. L. negative negative negative negative not suppr.
S. 0. negative negative negative negative not suppr.
Gy. E. negative negative negative negative not suppr.
0.S. negative negative negative negative not suppr.
P. I 228 (195—268) 222 (210 234) negative 1. 2500 not suppr.
V. E. negative negative 1.12 negative suppr.
W. I. negative 218 (208 229) negative negative not suppr.
E. Gy. 180 (168 193) 263(246 282) negative negative not suppr.
K. A. 450 (392 516) 759 (661- 871) 1. 12 1. 25 000 not suppr.
D. H. negative negative negative negative suppr.
V. E. negative negative negative 1. 2500 suppr.
Cs. I. negative 389 (361 418) negative negative not suppr.
Gy. G. negative negative 1.6 negative not suppr.
Table Il

Plasma LATS and TSH in endocrine ophthalmopathy in euthyroid subjects

Total number Untreated plasma LATS LATS 1gG
of eases
neg. pos. neg. pos.
15 12 3 9 6
TSH ce TSH
15 15 .0 3 0
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As it can be seen from Table IlIl, CF was positive in 5, TRC in 4 cases,
the values of both being abnormal in two of these patients.

Table IV presents the relationship between the results of the triiodo-
thyronine suppression test and the demonstrability of LATS-1gG. Among
the 6 LATS-positive cases there was but one in which it was possible
to reduce thyroid 125 uptake by more than 40%, in opposition to the LATS-
negative cases where suppression of 13ll-uptake was unimpaired in 5 out of

9 patients.
Table I11

Thyroid antibodies in euthyroid endocrine ophthalmopathy

CF TRC
neg. 1:3 £1:6 neg. 1 1:5—1:250 ;> 1:2500
9 1 5 6 i 5 4

It might be of interest to present the case of an originally euthyroid
ophthalmopathy in detail where the appearance of hyperthyroidism, together
with high initial plasma-TSH levels, replaced later by LATS, was witnessed
in the course of the observation period of five years.

The patient was P.A., a 48-year-old female. Early in 1965 she experienced
a rapidly progressing protrusion of her right eye associated with impairment
of vision, intensive lachrymal secretion, lagophthalmos and conjunctivitis.
On admission she appeared euthyroid clinically. The results of investigations
relevant to thyroid function were: serum PBJ, 3.2 jjg per 100 ml; 131l uptake,
43, 58, 66 and 72%; 48/2 hr plasma test, 0.04; Hamolsky-test, 11%, serum
cholesterol, 200 mg per 100 ml; serum TSH, 397% (333 —472), i.e. increased;
LATS, negative (125%). Ophthalmological findings: Hertel-value, 22 18/98.
The diagnosis of euthyroid endocrine ophthalmopathy having been made on
these grounds, X-ray treatment was applied to the pituitary, and prednisolone
and liothyronine were administered. Two months later the Hertel-value was
20 —18/98.

Table IV

Relationship of triiodothyronine suppression test with the plasma LATS level
in euthyroid endocrine ophthalmopathy

Failure

Suppression of suppression

LATS-1gG pos. 6 .eeecvrvrenne |
LATS-1gG neg. 9 .. 5
Total number of cases ... 6
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Preseting for control in 1968 she was found euthyroid with occasional
elevations of blood pressure. PBJ was 5.1 pg/per 100 ml; the Hamolsky-test,
12.6, serum cholesterol, 225 mg per 100 ml. LATS had become demonstrable
in the plasma, its level being 256% (247 265), parallel with the disappearance
of TSH (107%). The Hertel-value was 21.5 17/95.

In September, 1968, she had noticed perspirations, tremor, intolerance
to heat, palpitations, and had lost 6 kg in weight despite a good appetite.
We noted occasional bouts of atrial fibrillation. The values of m l-uptake
were 62, 74, 70 and 62%. The 48/2 hr plasma test was 1.15; serum cholesterol,
143 mg per 100 ml; PBJ in serum, 8.3 /tg per 100 ml; Hamolsky test, 20%;
plasma LATS, 408% (359 455). The Hertel value was 21.5 17/95. This
time, the diagnosis was hyperthyroidism with ophthalmopathy. She was given
7000 rad = 6 mCi m 1, followed by thiamazole, prednisolone, Trasicor, and
diazepam.

As a result of six months antithyroid therapy she became euthyroid.
However, soon after the treatment had been discontinued the hyperthyroid
manifestations successively reappeared and increased in severity after an
infection of the upper respiratory tract. There was a sudden progression of
exophthalmos, particularly on the right side, accompanied by periorbital
oedema, increased lachrymal secretion, and lagophthalmos with conjunctivitis.
The clinical picture was marked by occasional elevations of blood pressure
with general malaise and the paroxysms of atrial fibrillation reappeared.
The values for 1311 uptake were 72, 81, 67 and 58%; the 48/2 hr. plasma test
was 4.2; serum PBJ, 7.4 /ig per 100 ml; the Hamolsky test 18%, serum thy-
roxine, 8 jttg per 100 ml. Serum triiodothyronine, expressed in per cents of
the total plasma activity, was 8.6%, 48 hrs after the administration of 131l.
Plasma LATS was 929% (888 953); CF was negative; TRC was positive,
1:2500; the urinary catecholamine excretion was 30 to 40 ,ug daily. Ophthal-
mological findings: Hertel-value 28 21/95. Hyperthyroid ophthalmopathy
was diagnosed and prednisolone, Thiamazole, Piothyronine radiotherapy and
librium were prescribed. Marked improvement ensued but prednisolone had
to be discontinued because of gastric complaints. In consequence, the ophthal-
mic signs greatly deteriorated though she remained euthyroid. In view of
a possible autoimmune aetiology, she was put on 100 mg arathioprine daily
and small doses of prednisolone on which she has remained since without
experiencing any adverse effect. The Hertel value has decreased to 21 —17/95.

Discussion

The possibility of LATS being involved in the pathomechanism of euthy-
roid endocrine ophthalmopathy has closely been studied in recent years but
the question is still unsettled. While certain authors incriminate LATS for
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the ophthalmic signs [22, 28, 31, 37], others reject this possibility [2, 3, 19,
29, 33, 36]. Clear insight into the problem is made difficult by the circumstance
that while LATS occurs in many cases of hyperthyroidism even in the absence
of ophthalmopathy, a number of ophthalmic patients, though euthyroid
at the time being may have had hyperthyroid episodes which have passed
unnoticed.

On the evidence of the present study, blood plasma of the patients with
euthyroid ophthalmopathy, which had not been submitted to the concentration
procedure, exhibited a LATS-like reaction in only few mice. This might be
explained by the low concentration of LATS in the blood of the patients.
However, the LATS-like reaction demonstrated with untreated plasma in
a few cases, may well be non-specific, as suggested lately by Chopra et al.
who emphasize the importance of IgG separation [7]. Since no studies of this
kind with euthyroid plasma have thus far been reported, we performed parallel
assays for LATS in every case with plasma in its untreated state and after
the separation and isolation procedure. This allowed to demonstrate LATS
in 6 out ofthe 15 cases. Thus, LATS would seem to be presentin approximately
one third of the cases, though at low concentrations, whereas in the other
two thirds it cannot be detected. On these grounds it seems highly improbable
that LATS should by itself be responsible for the exophthalmos even though
it may well represent an additional factor, moreover, its presence in one third
of the cases clearly points to the close relationships existing between the hyper-
thyroid and euthyroid forms of endocrine ophthalmopathy.

Some authors explain the existence of euthyroidism in endocrine ophthal-
mopathy by areduced “reserve capacity” ofthe thyroid affecting its responsive-
ness to LATS-stimulation, the primary cause being attributed to autoimmune
thyroiditis [30, 35]. The significance of autoimmune thyroiditis in endocrine
ophthalmopathy is consistent with certain observations. There is, for instance,
evidence of high-titre thyroid antibodies in 50% of the cases [2, 18, 19] and,
according to some observations, endocrine ophthalmopathy may occur in
Hashimoto’s disease, too [17, 32, 45]. In the present material the frequency
of thyroid autoimmunity was not greater than in hyperthyroid patients
in general [12], nor were the antibody-titres higher. This would therefore
be at variance with the possible aetiologic involvement of autoimmune thyroi-
ditis. On the other hand, among our 12 cases of Hashimoto’s disease we had
one patient with endocrine ophthalmopathy — in whose blood LATS was
absent. According to the present results, thyroid autoimmunity seems to
play no decisive partin the production ofendocrine ophthalmopathy. However,
the fact that it does none the less occur in a number of cases points to close
relationships between the individual types of thyroid disease on the one
hand, while being suggestive, in the other, ofthe involvement of some aetiologi-
cal factor which may possibly result in thyroid autoimmunity.
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In euthyroid endocrine ophthalmopathy, similarly to hyperthyroidism,
triiodothyronine fails to suppress m 1 uptake by the thyroid. This abnormal
reaction has been noted with a variable frequency [32, 4, 19, 30, 42, 45],
probably in accordance with the selection of the given material. The patho-
mechanism of the abnormal triiodothyronine suppression test has yet to be
clarified. The involvement of LATS is highly problematic, and the latest
observations relative to cases of cured thyrotoxicosis are likewise contra-
dictory [8, 9, 20, 21, 40]. It seemed therefore of interest to examine these
relationships in the euthyroid forms of Graves’ disease. The results indicated
that in this syndrome production of an abnormal suppression test is not
necessarily linked to the presence of LATS and, on the other hand, the triiodo-
thyronine suppression test may occasionally be abnormal in LATS-positive
cases.

No proof could be more conclusive of the close connections between
euthyroid and hyperthyroid endocrine ophthalmopathy than observations
of their transformation into one another. This gives particular interest to
the case of patient P.A. reported in this study. In the course of a long follow-up
period the originally euthyroid patient became hyperthyroid; at the same time
TSH, initially of high concentration, disappeared from the plasma and was
replaced by LATS, the values of which greatly increased after 13l treatment,
parallel with a progression of the ophthalmic signs. Transformation of euthyroid
into hyperthyroid endocrine ophthalmopathy has been witnessed by other
authors as well [26] and attributed to the close relationships between the
two forms.

The high plasma TSH-level in patient P.A. in the early stage of the disease
raises the possibility that the beginning of the process may be associated
with an increased production of thyrotrophic hormone which later gradually
ceases. In endocrine ophthalmopathy the TSH-level is not higher than under
normal conditions, as confirmed by three of our cases where even with the
aid of the concentration procedure we failed to demonstrate an increased
plasma TSH level. Our observation of increasing LATS-levels together with
a deterioration of the ophthalmic signs consequent upon radioiodine therapy
is in accordance with other data [27] and it is on these very grounds that
Kriss [28] attributes a role to LATS and to autoimmunity in the pathogenesis
of endocrine ophthalmopathy. Observations of this kind have, however,
been not uniformly confirmed [4] and even in our material they were confined
to two cases.

Time and again, the pathogenetic significance of EPS is being dealt
with in the literature [23, 28]. This substance has not yet been identified,
though it seem? to be distinct from TSH as well as from LATS [11, 24]. The
fact that the effect of EPS can be best demonstrated in fish is a major source
of difficulties. The substance has been found by Winaudé et al. [44] to be like-
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wise an IgG without being identical with LATS and, according to Dandona
and E1 Kabir [10] this 1gG, unlike LATS, has the capacity of increasing
the weight of the Harderian gland, an intraorbital structure in the guinea-
pig. This observation calls for further studies.

It has been ascertained in the present study that in euthyroid endocrine
ophthalmopathy, despite a clinically normal thyroid function and normal
hormonal iodine levels in the blood, LATS and thyroid autoimmunity are
demonstrable in a number of cases and the triiodothyronine suppression test
also yields abnormal values, thus revealing disorders in thyroid activity.
However, neither LATS nor thyroid autoimmunity seem to be responsible
for the development of endocrine ophthalmopathy. It is far more likely that
they are secondary to the process though they might still play some part
in its production. From our results it further emerges that the presence of
LATS does not necessarily result in an enhanced thyroid function even when
the co-existence of an immune thyroiditis destructive to the thyroid substrate
can be ruled out. On these grounds, the aim of further studies is to find the
substance responsible for the ophthalmopathy as well as for the secondary
changes. The present study has furnished evidence in support of the close
relationships existing between the individual types of endocrine ophthalmo-
pathy, its transformation into its hyperthyroid form as well as the occurrence
of ophthalmopathy in Hashimoto’s disease, even though rare, are particularly
suggestive.
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Development of arterial hypertension in its acute and chronic phases has been
studied in dogs after the ligation of one renal artery with the other kidney unaffected.
It has been demonstrated on the grounds of renin activity in the venous blood of both
the ischaemic and the unaffected kidney as well as in peripheral blood, that a pressor
substance is being produced and released into the circulation by the ischaemic, and
after its removal by the contralateral kidney. While the production of hypertension
was due to the pressor agent secreted by the ischaemic kidney, its persistence after
removal of the affected organ was the result of continued secretion of the substance by
the unoperated kidney.

Fahr (1925) was the first to point to a possible involvement of renal
ischaemia in the induction of arterial hypertension, a postulate borne out
later by the experiments of Hartwich (1929) and of Goldblatt et al. (1934)
in which hypertension was induced in dogs by unilateral constriction of
the renal artery combined with removal of the other kidney or by the constric-
tion of both renal arteries. On the evidence of these studies it has been univer-
sally accepted that disturbances of intrarenal haemodynamics due in many
cases to a narrowing or obstruction of the renal artery or of its branches,
result in the clinical syndrome of renovascular hypertension.

While Pickering and Prinzmetal (1937) induced arterial hypertension
in rabbits by similar means as the last-named authors, Wilson and Byrom
(1939) found that the wunilateral intervention sufficed for bringing about
a hypertensive state in rats. In this manner the various research teams studying
the mechanism of renovascular hypertension had adequate models on different
species at their command. The finding of Page (1935) and of Freemann
and Page (1937) that denervation, transplantation or sympathectomy failed
to arrest the development of renovascular hypertension brought the issue
of a possible humoral mechanism into focus and initiated a search for the
potential pressor agent. Then Page (1936), Braun-Menendez et al. (1940),
Page and Helmer (1940) in fact observed that constriction of the renal
artery results in the release into the blood stream of a pressor substance which
produces arterial hypertension by its constrictive effect on the smooth muscle
elements of the arteriolar wall. These findings indicated that it was the produc-
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tioii of renin by the ischaemic kidney which accounted for experimental renal
hypertension.

Goldblatt pointed out asearly as 1937 thatin the presence of an unaffect-
ed kidney, experimental hypertension in dogs, if being produced at all,
is only transitory. Page (1941) reported on the favourable effect of normal
kidney extract in hypertensive disease, presuming that the normal kidney
either destroys the pressor substance or produces some factor of antipressor
activity.

The rat-model employed by Wiltson and Byeom (1939) in which one
kidney had been left unaffected, furthermore those acute dog experiments
in which one kidney was kept under a high and the other under a low blood
pressure by the aid of a clamp placed between the two renal arteries, provided
for the parallel study of the ischaemic and the unmanipulated kidney in the
same animal. On the evidence of these experiments, it has been found that
renin concentration is increased in the ischaemic, and reduced in the unmani-
pulated contralateral kidney (Tobian 1962, Sokabe and Grollman 1963).

It has been shown earlier that a total ligation of one renal artery
in dogs with their other kidney unaffected is followed in a few days by the
appearance of arterial hypertension which subsequently becomes chronic
(Fekete 1967). This hypertensive state may be regarded on clinical and mor-
phological grounds as an experimental model of renovascular hypertension
(Fekete 1970, Fekete et al. 1971), the vasoconstriction due to renin release
suggesting itself as the most likely pathogenetic factor. In the present paper
the results of further studies concerned with the mechanism of production
and maintenance of acute and chronic hypertension induced by constriction
of one renal artery in dogs will be reported.

Material and methods

In 16 adult mongrel dogs of either sex under pentobarbital anaesthesia the left (in some
cases the right) renal artery and, if present, the supernumerary renal branches of the aorta,
were ligated close to their origin from the paracostal approach under aseptic conditions, and
the wound was closed. Arterial blood pressure was checked prior to and at regular intervals
after the intervention. Mean arterial pressure was measured percutaneously in the femoral
artery by a mercury manometer in alert animals which had been habituated to the intervention.
For the estimation of pressor activity, blood samples were withdrawn from the veins of both
kidney and from peripheral blood at determined intervals after the intervention (day 0). The
procedure was as follows: The animals were anaesthesized with pentobarbital and peripheral
blood samples were withdrawn from the femoral artery by needle puncture. Subsequently,
the abdomen was opened under aseptic conditions, and samples of venous blood of the kidney
with its artery constricted were withdrawn, then this kidney was removed, weighed and pre-
served for microscopic study. Then venous blood was withdrawn from the unoperated kidney,
too, either by needle puncture or via a catheter inserted through the femoral vein, care being
taken in both cases to obtain strictly venous blood for the measurements, and then the ab-
dominal wound was closed.

In the further course of the study, blood pressure was measured at 10 to 20-day intervals
by the technique referred to earlier and samples were taken from the venous blood of the un-
operated kidney and from the peripheral blood of the same animal at determined times for the
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estimation of pressor activity. Between the 60th and 570th day after ligation the remaining
kidney was removed, weighed and preserved for microscopic study.

Before the blood samplings, in three dogs the venous blood of the unmanipulated kidney
was diverted into the jugular vein with the aid of a plastic T-tube allowing a direct determina-
tion of renal blood flow. The same tube was used for blood samplings for estimation of pressor
activity.

Estimation of pressor activity

For the estimation of plasma renin activity the method of Kaneko et al. (1967) was
used in a slightly modified form. 20 ml blood taken from the femoral artery or from the renal
vein was transferred into a plastic tube containing 0.05 g EDTA and centrifuged immediately at
3000 r.p.m. at 4° C for 10 min. The plasma was stored for 16 hours at 0° C, then its pH being
adjusted to 5.5 and neomycin being added, it was incubated at 37° C for 24 hours, then boiled
S0 as to stop the enzyme reaction, and the pH of the protein-free filtrate was adjusted to 7.4.
Plasma pressor activity was titrated by comparing it with that of a known amount of Hyper-
tensin (Ciba) in rats of 200 to 250 g body weight of our own stock, having been nephrectomized
24 hours before the experiment, pretreated with pentholinium, anaesthesized with pento-
barbital and vagotomized. Renin activity was expressed in terms of angiotensin Il equivalent
ng/ml/24 hrs. By the procedure in 42 instances from 18 to 37% of the initial amount was gained
back and the difference between two parallel measurements was 9.98 + 9.41. On the evidence
of 22 estimations, renin activity in the peripheral blood of a dog with normal blood pressure
and normal plasma sodium was 12.2 i 9.8 ng/ml/24 hrs.

The results were evaluated by Student’s two-sample t test.

For the histological studies the removed kidneys were fixed in 6% formaldehyde. Then
specimens were taken from three different areas of the kidney and stained with the Mallory—
Farkas, Mallory —Endes, azan, and Weigert’s resorcin-fuchsin dyes.

Results

Table | presents the data for 16 dogs in which hypertension has been
induced by ligation of one renal artery. Column | shows the serial number,
body weight and sex of the animals. In the second vertical column the results
are numbered as follows: 1. arterial blood pressure, 2. renin activity of the
venous blood of the unoperated kidney, 3. renin activity in peripheral blood,
and 4. renin activity in the ischaemic kidney. The further columns show
the data obtained at 10 -20, 40, and 100 days. On day 0, measurement of
the original (normal) blood pressure and ligation of the left or right renal
artery (LL and RL) were performed. Pressor activity was estimated in the
same dog on 3 to 6 occasions. It is seen from Table | that the periods of obser-
vation were not identical, six dogs having been observed for 60 to 140 days,
seven dogs for 220 to 320 days and three dogs for 560 days. Blood pressure
was checked even beyond this period in several animals. The ischaemic kidney
was removed in the state of hypertension (LN = left nephrectomy, RN =
right nephrectomy).

It has been found that

1. arterial blood pressure, compared with the control value of 126 ~
4 mmHg, rose after renal artery ligation and remained significantly higher
during the entire observation period (comparison of the values of the individual
vertical columns with the normal blood pressure values: p </ 0.001 and p </ 0.01,
respectively),
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Table 1

Arterial blood pressure and renin activity in dogs with renovascular hypertension

Animal Test 0 20-0 31 40 41-50 51-60 61-70 71-90
132/1968 | 140 190 160 170 170 — 170
20 kg 3 2 - e - — 42 — —
3 — 128 — — 22 — —
4 —LL 184 LN — - — — —
119/1968 1 135 180 160 170 170 — 170
17 kg » 2 — — — — 20 — —
3 200 " 8
4 —LL 320 LN . — —
135/1968 1 120 160 170 170 — - 170
14 kg 3 2 — — — — — — _
3 — — — — — — —
4 -LL -L N — — - — -
131/1968 1 140 170 190 180 160 — -
16 kg 3 2 — — 300 _ _ _ _
3 — — 80 — —
4 -RL — 160 RN — — —
121/1968 1 120 170 190 170 170 160 190
16 kg 3 2 — 540 — — — _
3 — - 480 ; — — .
4 -LL — 380 LN — — — —
74/1970 1 130 190 185 — — 180 180
17 kg s 2 — — — 180 41
3 — — 0 — 24 0
4 —LL - 41 LN _ i _
7711970 1 130 210 220 — - —
17 kg 2 2 — — 36 — — _ _
3 — — 25 — — — —
4 -LL - . 36 LN — - —
31/1970 1 130 170 — 165 - - 175
12 kg 2 —n — — 28 — — 42
3 — — — 14 ; — 1
4 -RL - — 16 RN — — —

LL = complete ligation of left renal artery; RL = complete ligation of right renal artery
LN = left nephrectomy; RN = right nephrectomy
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during a period of observation extending to 570 days
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Animal Test
46/1970 i
12 kg a1 2

3

4

48/1970 1
15 kg 2 2
3

4

80/1970 1
14 kg 2 2
3

4

82/1970 1
12 kg r? 2
3

4

227/1968 1
12 kg (J 2
3

4

221/1968 1
11 kg t2 2
3

4

49/1969 1
15 kg » 2
3

4

53/1969 1
14 kg 3 2
3
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2. in the venous blood from the ischaemic kidney, pressor activity was
excessively high in four dogs (132, 119, 131, and 121), the mean being 261 ng/
ml; lower in six dogs (74, 77, 31, 46, 48 and 80), with a mean of 36 ng/ml.
The quotient of renin activity of the venous blood of the ischaemic kidney
and that of peripheral blood was 1.89i 1.32 (n = 8),

3. renin activity in the blood from the unoperated kidney was higher
than the control value of 12.2 ~ 9.8 ng/ml and also than that of peripheral
blood. Renin activity in the venous blood of the unoperated kidney was higher
than in the ischaemic kidney also immediately after removal of the latter
(e.g. in dogs 131, 121, 48, 80 etc.),

4. after removal of the ischaemic kidney, renin activity in the venous
blood of the unoperated kidney persisted at the increased level (dogs 132, 46,
53) or continued to rise (dogs 119, 31, 82). In two cases, renin activity in renal
venous blood was found to correspond to that in peripheral blood but even
here it was higher than the normal value. In some dogs the pressor activity
of the unoperated kidney could be assessed on a single occasion only; it exceeded
the control value (12.9 i 9.8 ng/ml). The quotient of renin activity in the
venous blood of the unaffected kidney and in peripheral blood was 2.71
1.92 (n = 33).

One of the illustrative experiments is shown in Fig. 1 in the form of a
diagram presenting the data relative to dog 119. Pressor activity was estimated
in the venous blood of the ischaemic kidney and in peripheral blood on the 25th
day after ligation of the left renal artery. During the hypertensive state, blood
samples tvere obtained from the vein of the unmanipulated kidney on four
further occasions and pressor activity was found to exhibit a rising tendency,
and to be higher than in peripheral blood. In this dog the full period of obser-
vation was 241 days.

In three dogs the observation was completed by an acute experiment
consisting in a direct measurement of renal blood flow with the animal under
general anaesthesia. In dog 119, the blood flowing through the unoperated
right kidney on the 241st day of hypertension was 454 ml/min/100 g renal
tissue (renin activity, 112 ng/ml); in dog 227, RBF, measured on the 564th
day of hypertension was 631 ml/min/100 g renal tissue (renin activity, 130 ng/
ml); and in dog 221, on the 557th day of hypertension it was 571 ml/min/100 g
renal tissue (renin activity, 26 ng/ml).

Kidney weight at the end of the experimental period revealed the fol-
lowing relationships (Tables Il and III).

1. The ischaemic kidney removed 20 to 40 days after the intervention
(“early nephrectomy”) displayed extensive atrophy, its weight corresponding
to 41% of that of a normal kidney. (Normal renal weight was calculated on
the basis of the formula y = 12 — 4.33 kg body weight, where y represents
total renal weight, i.e. the weight of both kidneys in a dog of a given body
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b Day after ligation of the left renal artery

Fig. 1. Dog 119/1968. Day 0: reading of blood pressure and ligation of left renal artery. Day 20:
checking of blood pressure and blood sampling for estimation of renin activity. Renin activity
in blood of the femoral artery, 200 ng/ml; in the venous blood of the kidney with ligated artery,
320 ng/ml; arterial blood pressure, 180 mmHg. In the further part of the diagram, blood
pressure values determined at regular intervals and renin activity estimated on four occasions
during the observation period of 241 days are presented. The continuous line represents renin
activity in peripheral blood, the interrupted line that in the venous blood of the ischaemic
kidney, and the cross-hatched line that in the venous blood of the unoperated kidney

weight (Table Il). The unoperated kidney, removed on the 100th to 300th
day, was not hypertrophic, its weight practically corresponded to the normal
value calculated for one kidney from the total renal weight of the normal
animal (98%).

2. The ischaemic kidney removed beyond the 40th day after the inter-
vention (“late nephrectomy”) showed advanced atrophy. Its weight was
not more than 17% of the normal value (Table I11). The contralateral, unope-
rated kidney removed on the 100th to 300th day was not hypertrophic and
ite weight practically corresponded to that of a normal kidney calculated
from the total renal weight of normal animals (102%).

3. If during the entire hypertensive state neither of the kidneys had
been removed, in other words, if no preliminary nephrectomy of the ischae-
mic kidney had taken place (dogs 49 and 53), the kidney with the ligated
artery underwent severe atrophy to 15.5% of the calculated normal weight,
and the unoperated kidney also showed some involution, its actual weight
corresponding to 80% of the calculated normal weight.
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Table 11

Kidney Height in hypertension induced by ligation of one renal artery, in case of removal of
the ischaemic kidney 20 to 40 days after the intervention (“early nephrectomy”)

Weight of . . Weight calculat-
N P R R S M
artery, g kidney, g (days) animal, g
1 2. 3. 4. 5. 6.
132/1968 20.0 19.0 43.2 243 49.2 0.88 0.39
119/1968 17.0 23.8 48.6 241 42.7 1.14 0.56
135/1968 19.0 24.7 42.8 326 47.2 0.91 0.58
131/1968 16.0 14.0 47.5 248 40.7 1.17 0.34
121/1968 16.0 13.8 38.0 250 40.7 0.93 0.33
74/1970 17.0 15.0 34.2 211 42.7 0.80 0.35
77/1970 17.0 14.1 43.6 150 42.7 1.02 0.33
80/1970 14.0 11.8 32.4 130 32.0 1.01 0.37
Zx = 136.0 136.2 330.3 337.9 7.86 3.25
n= 8 8 8 8 8 8
Hm  ° 17.0 41.3 42.2 0.98 0.41
*1 = 0.7 17 2.1 1.8 0.05 0.04
Table 111

Kidney weight in hypertension induced by ligation of one renal artery, in case of removal of
the ischaemic kidney beyond the 40th day after the intervention (“late nephrectomy”)

Weight cal-
Weight of . . culated for
No. of animal Weight of kidney with ~ Weight of = Duration of = he \jgney Columns Columns
animal, kg ligated unoperated  hypertension y the normal 4/6 3/6
artery, g kidney, g (days animal, g
1 2. 3. 4. 5. 6.
31/1970 12.0 5.6 34.6 260 32.0 1.08 0.18
46/1970 12.0 8.2 40.0 256 32.0 1.25 0.26
48/1970 15.0 7.4 30.2 140 38.5 0.78 0.19
82/1970 13.0 5.8 35.5 218 34.2 1.04 0.17
227/1968 12.0 4.8 315 564 32.0 0.98 0.15
221/1968 11.0 2.5 29.6 557 29.8 0.99 0.08
Zx = 75.0 34.3 201.4 198.5 6.12 1.03
n= 6 6 6 6 6 6
x = 125 5.7 335 33.1 1.02 0.17
= °.f 0.8 1.7 1.2 0.06 0.03
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Histological findings

1. Kidneys with ligated artery showed focal necrosis alternating with
atrophic and relatively intact areas. The juxtamedullary glomeruli preserved
in the necrotic and atrophic areas, as well as the basement membranes of
Bowman’s capsule were thickened, with a destruction of the medulla pertaining
to these cortical elements. The walls of the blood vessels within the necrotic
and atrophic areas displayed hypoxic changes. The size of the unaffected
areas varied in the individual animals but it amounted in no instance to more
than 10% of the original renal substance in its unaffected state. In these
areas the parenchyma was fairly well-preserved, with a slight fibrous prolifera-
tion and thickening of Bowman’s capsule. The vascular changes in the intact
areas corresponded to those exhibited by the unoperated kidney and the chan-
ges developing in the two kidneys showed a parallelism in respect of pattern
and degree (Fig. 2).

2. Inthe unoperated kidney, there were two types of alteration, a) Slight
vascular changes affecting the interlobular and afferent arterioles (swelling
of the media and of the internal elastic membrane). Patterns of this kind are
usually seen in the early stage of hypertension, b) Vascular lesions of major
severity: proliferation of the intima, vacuolation of the media, dissociation
of the internal elastic membrane, sclerosis of the interlobular and grade |
arteries, fibrosis of the afferent arterioles, atrophy of the glomerular loops,
protein in Bowman’s capsule, thickening of the basement membrane, and
frequently a fibrous hyperplasia extending to the renal capsule and producing
grooves on the surface of the organ. These features were typical of the kidneys
of animals with long-standing hypertension (Fig. 3).

Discussion

In the present experiments, chronic hypertension was induced in dogs
by complete ligation of one renal artery, leaving the other kidney unaffect-
ed. The hypertensive state induced by wunilateral intervention has been
studied for periods extending to one or two years (Fekete, 1967, 1970, 1971),
and the following facts have been established.

1. Removal of the ischaemic kidney 20 days after obstruction of its
arterial blood supply failed to normalize blood pressure. 2. A certain impairment
ensued in some parameters of renal function, for instance the glomerular
filtration rate decreased. 3. In the hypertensive state the serum sodium level
was unaffected, and basal (spontaneous) sodium excretion did not increase.
4. W ater loading was followed by fluid retention and salt loading elicited
an increased excretion of sodium. 5. The arterioles of the unaffected kidney
underwent changes of the hypertensive type. On the grounds of these features
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Fig. 2. Dog 77/1970. Kidney after ligation Fig. 3. Dog 77/1970. Unoperated kidney.
of its artery. In the fairly preserved paren- Primary interlobular artery with fibrous
chyma there is a tertiary interlobular ar- hyperplasia of its wall and dissociation of
teriole with gross thickening and fibrous the internal elastic lamina. Azan stain,
hyperplasia of its wall and a narrowed X 240

lumen. Azan stain, X 240

the hypertensive state induced by unilateral intervention in the dog may
be regarded to correspond to human renovascular hypertension.

The underlying mechanism of this kind of a hypertensive state involved
some controversial questions. Since Goldblatt et al. (1934) had succeeded
in inducing arterial hypertension by reducing renal flow and in preventing
the condition by the simultaneous ligation of the renal vein, the idea of a
pressor agent being produced by the ischaemic kidney and released into the
blood stream has gained general acceptance and has been confirmed by nume-
rous authors (Page 1936, Page and Helmer 1940, Pickering and Prinz-
metal 1942, Floyer 1957, Helmer 1962, Frank 1963, Sokabe and Groll-
man 1963, Barraclough et al. 1965, Borkowski et al. 1965, McPhaul
et al. 1966). Then an increase of renin activity was shown in the ischaemic
kidney and its venous blood, in contrast to the contralateral (normotensive)
kidney in which renin activity was reduced (Regoli et al. 1962, Bath et al.
1966, Haas and Goldblatt 1959, Prinzmetal and Friedman 1936, Bor-
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KOWSKi et al. 1965, Carpenter et al. 1961). As pointed out by Vander
(1967), for a rough quantitative estimate of renin production by the kidney
we must know, in addition to the veno-arterious renin difference of the kidney
also the renal plasma flow. Since such data are scarce, most studies have been
confined to the demonstration of renin-like factors in peripheral blood, in
renal venous blood, and in the lymph.

It has been suggested that the part played by the increased secretion
of renin was only to give rise to hypertension (Dexter and Haynes 1946,
Lee 1969). Recently, MacDonald et al. (1970) have succeeded in inducing
hypertension of the Goldblatt-type in rabbits immunized against angiotensin
I, moreover Funder et al. (1970) found the renin-activity of the renal venous
blood of sheep with Goldblatt-liypertension to be unrelated to the level of
blood pressure. On the grounds of these findings the authors referred to above
reject the possibility of the renin-angiotensin system being involved either
in the production or in the maintenance of renovascular hypertension.

Goormaghtigh (1940) suggested the granular cells in the wall of the
preglomerular arteries (JGA) as the site of origin of the pressor agent and
Bohte et al. (1953) in fact found an increased granulation in rat kidneys
with a restricted blood supply. The JGA-granules were noted by Tobian
et al. (1958) to double their number in the ischaemic kidney in hypertension
induced in rats by constriction of one renal artery, while the granules practi-
cally vanished from the unmanipulated kidney. Correlations between the
JGA-granulation and the amount of renin extractable from the kidney have
been demonstrated by Tobian (1962), in agreement with Pickering’s statement
(1955) that the presence of renin in the kidney is confined to the glomerular
areas.

The aim of the present experiments was to throw light on the mechanism
giving rise to and maintaining the arterial hypertension resulting after the
total constriction of one renal artery. The information provided by the results
of the study fall into two parts.

1. In the venous blood of the ischaemic kidney a high renin activity
was demonstrable. This may be interpreted as follows. The possibility of renin
production is given in the ischaemic kidney since after ligation of its artery
a collateral circulation is readily formed (Fekete 1967). On the evidence
of our estimations, the collateral system thus produced ensures 1/10 to 1/4
of the original blood supply to the kidney and primarily concerns its cortical,
thus its renin producing, areas. This is consistent with histological evidence
in that the intact areas of the kidney may be estimated at 10% of the original
renal substance. The pressor agent thus finds unhindered and continuous
access to the blood stream via the renal vein. To quote a few illustrative figures,
the kidneys of dogs 132 and 119 weighed 19.0 and 23.8 g, respectively, on the
25th day after ligation, thus at the time of blood samplings and nephrectomy.
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As it has been shown earlier, with a similar renal weight the absolute value
for renal blood flow ranges between 15 and 20 ml/min and, referred to 100 g
renal tissue, it would correspond to approximately 80 to 90 ml/min. Secretion
of renin by the ischaemic kidney thus doubtlessly constitutes the primary
factor in the arisal of hypertension induced by unilateral constriction of the
renal artery in dogs.

2. After the ischaemic kidney had been removed, the hypertension was
none the less found to persist over long periods. This observation gives inevi-
tably rise to the question, what kind of a mechanism may maintain the hyper-
tensive state when renin production by the ischaemic kidney has ceased.

a) The blood from the contralateral, unoperated, kidney revealed a
high renin activity, this either showed a rising tendency or its level was stable
during the whole hypertensive period, but in all instances significantly above
the control value. At the same time, the serum sodium level remained in its
normotensive range, corresponding to 150 * 4 mEq/1 in both cases. Neither
did the NPN show an increase, and proteinuria was absent.

b) Under normal conditions (aa«a:s 1924), after unilateral nephrectomy
the weight of the remaining kidney gradually attains 75% of the original
total renal weight. The process of hypertrophy starts together with the loss
of renal parenchyma and attains its maximum by the end of the 20th day
(Ro11ason 1949). The increase in renal tissue mass results from a tubular
hyperplasia and hypertrophy and from glomerular swelling (a racax: 1926).

As pointed out earlier, there is ample evidence to show that the contra-
lateral kidney is in fact far from being unaffected, as clearly shown by its
impaired functions, inadequate adaptation and morphological changes. The
present study has brought to light an additional feature, the lack of a com-
pensatory renal hypertrophy in the hypertensive state. In fact, the mass
of the remaining kidney was not greater than it would be in the presence of
a normally functioning other kidney.

c) In the chronic hypertensive state, renal blood flow was found to be
normal. Since on the evidence of the microscopic findings there was a narrowing
of the interlobular arterioles, there can be little doubt about the existence
of an increase in preglomerular resistance. (The systemic and intrarenal
haemodynamic parameters in dogs with renovascular hypertension form the
subject of another paper (rexece and ra-cwas 1971). Therefore, despite
the elevated blood pressure it seems most likely that the pressure prevailing
in the afferent arterioles is not significantly increased, owing to the sclerotic
rigidity of the vascular wall. In this manner the transmural pressure increasing
effect of hypertension fails to assert itself adequately, if at all, in the afferent
arterioles, and, in the absence ofthe necessary impulses to the stretch-receptors,
a hypersecretion of the juxtaglomerular cells will ensue as an inevitable course
of events.
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d) If it is true that, as suggested by the results of Vander (1967),
Funder et al (1970),W atiien et al. (1965), B unag et al (1968), in addition
to intrarenal mechanisms, extrarenal factors (sym pathetic innervation, cate-
cholamines) are also involved in the chronic phase of renovascular hyperten -
sion, then the release of renin is m ost certainly enhanced by the increase in
arteriolar tone due to the increased sympathetic innervation (Vander 1965)

Thus, the arisal of renovascular hypertension may be ascribed to the
secretion and release of a pressor substance by the ischaemic kidney. This
factor increases intrarenal vascular resistance and gives thereby rise to degen-
erative changes in the arterioles. The hypertensive state persisting after
removal of the ischaemic kidney may have the production of pressor substance
by the contralateral, the unmanipulated, kidney as its possible mechanism.
While a compensatory capillarization and hypertrophy of the contralateral
kidney is inhibited by the arteriolar sclerosis involving the organ, JGA hyper-
granulation ensues due to the rigidity and narrowing of the arterioles. The
pressor substance produced by the “unaffected” kidney has been demonstrated
in its venous blood.
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EFFECT OF ORAL ANTIDIABETIC AGENTS ON DIURESIS
IN DIABETES INSIPIDUS OF THE VASOPRESSIN-
RESPONSIVE AND THE NEPHROGENOUS TYPES

By
F. A. Laszlo and L. Czako

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED

(Received March 12, 1971)

Oral antidiabetic agents, including buformin, chlorhexamide and chlorpropamide
were administered to five subjects with vasopressin-responsive, and two with nephro-
genic diabetes insipidus and the parameters of urinary output were registered. Chlor-
propamide was found to produce a significant fall in urinary output and free water
clearance with an increase in urinary osmolality in four of the patients with ADH-
responsive diabetes insipidus, whereas buformin and chlorhexamide failed to influence
the water-balance to any significant extent. Diabetes insipidus of nephrogenic origin
proved unresponsive to these agents. The results suggest that in diabetes insipidus
chlorpropamide has an ADH-like effect on water balance; the effect seems to be due to
a potentiation of ADH rather than to a direct renal mechanism.

The therapy of diabetes insipidus has been oriented toward the oral
antidiabetic agents in recent years, since these drugs, particularly chlorpro-
amide, have been found to moderate the increased water excretion.

Since the first report on the antidiuretic effect of oral antidiabetic
agents [2], the subject has extensively been studied. However, neither clin-
ical observations nor animal experiments have been able to throw sufficient
light on the pathoinechanism involved.

The present investigations have been concerned with the effects of
various antihyperglycaemic agents on water balance in diabetes insipidus.
The patients studied suffered partly from the hypothalamic, i.e. ADH-re-
sponsive, partly from the nephrogenic, i.e. ADH-resistant, type of the disease.
The parameters of responses registered in the two groups and their comparative
evaluation form the subject of the present report.

Material and methods

Five subjects with vasopressin-responsive, and two with ADH-resistant, diabetes insi-
pidus have been studied. The diagnosis was based on routine endocrine investigations, i.e.
daily urinary output, specific gravity of urine, concentration test, oral water and salt loading,
Carter—Robbins test, responsiveness to ADH. The patients of the first group had no significant
ADH -reserves, nor was a hypofunction of the anterior pituitary lobe or vasopressin-resistance
demonstrable. In patients 6 and 7, unresponsiveness to ADH was established on grounds of the
intravenous HANKiss-test [10] and of the combined vasopressin-water-loading test [16] as well
as by the use of vasopressin tannate of protracted action. The subjects under study were free
from liver or heart disease. Their relevant data are summed up in Table I.

The investigations were carried out in six-day periods with the patients on a light
mixed diet. During the first period no treatment at all was given. The schedule of dosage of the
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Table |
Serial Name Age Sex Relevant data
No. (years)
| Cs. I 44 M Sudden onset of polyuria in the absence of any previous ab-
normality, 4 or 5 years ago. Daily urinary output 12 to 15 1
Nasal insufflations of Piton R and chlorthiazide treatment.
2 M. J. 51 M Cranial injury with loss of consciousness in 1941; subsequent
onset of polyuria (6 to 8 1daily). No drug treatment.
3 B. s. 32 M Excessive intake of fluids since 1958. Primary diagnosis,

Hand —Schuller—Christian’s disease. Rarefactions of cranial
bones and maxillae. X-ray and prednisolone therapy. Daily
urinary output 13 to 15 1 Nasal insufflations of Piton R and
chlorothiazide treatment.

4 S. M. 28 F In September, 1956, sudden onset of polydipsia and polyuria
(9 1daily) after a febrile disease accompanied by diarrhoea
and blood in the faeces (diagnosed as dysentery). Therapy:
vasopressin tannate in injections, nasal insufflation being
poorly tolerated.

5 F. P. 42 M Cranial injury in 1953, followed by polydipsia and polyuria.
Daily urinary output 30 to 40 1 Therapy: vasopressin tannate
6 Al 30 M Polydipsia since early childhood. Pituitary implantation at-

tempted twice in 1956. Daily urinary output 10 to 15 1 No
drug treatment.

7 K. L 17 F Polydipsia since early childhood. Daily urinary output 25 to
30 1, resistant to treatment.

drugs under study was buformin (Adebit, Chinoin), 50 mg t.i.d.; chlorhexamide (Oradian,
Chinoin) 200 mg, t.i.d.; chlorpropamide (Diabinese, Pfizer) 250 mg, t.i.d. Before changing over
to the next drug, a drug-free interval was observed until urinary output had returned to the
pre-treatment level.

The following parameters were registered daily: urinary output (L/24 hrs), urinary
osmolality (mosm/1), serum osmolality (mosm/1), endogenous creatinine clearance (ml/min),
osmolar clearance (ml/min), free water clearance (ml/min) and blood sugar (mg per 100 ml).

For the estimation of serum and urinary osmolality, a Thermistor cryoscope of the design
of Central Laboratory of Szeged University Medical School was used. Blood sugar was determin-
ed by the orthotoluidine method, creatinine by Fo1in and Wu’s method [8] modified by B rod
and Sirota [5]

Results

Table Il sums wup the data of the ADH-responsive patients.
Buformin and chlorhexamide failed to affect spontaneous urinary output
in Case |, while they reduced it to a slight extent in the other patients. The
antidiuretic effect of chlorpropamide was significant in four cases, it was only
in Case 5 where it failed to exceed 20%. Correspondingly, with the only excep-
tion of Case 5, chlorpropamide was the only drug to induce a substantial
elevation of urinary osmolality. Serum osmolality, endogenous creatinine
clearance and osmolar clearance showed minor variations only. Free water
clearance displayed no consistent change in response to buformin or chlor-
hexamide: while slightly increasing in the first two cases, it moderately dimin-
ished in the other three. In contrast, the reduction of free-water clearance
induced by chlorpropamide was significant, it approximated zero in Case 2,

Ada Mcdica Academiae Scientiarum Hungaricae 28, 1971



EFFECT OF ORAL ANTIDIABETIC AGENTS 199
Table 11
ADH-responsive diabetes insipidus
Case | Case 2
Treatment Treatment
Before Before
treat- bufor- chlor- chlor- treat- bufor- chlor- chlor-
ment min hexa- propa- ment min hexa- propa-
mide mide mide mide
Urinary output. 24 hrs.... 10.8 10.5 10.5 4.6 78 6.9 6.6 2.3
Urinary osmolality, mosm/1 447 47.1 551 1574 1722 1735 131.8 532.6
Serum osmolality, mosm/1 3049 289.2! 3039 310.7 2923 3134 2837 309.4
Endogenous creatinine
clearance, ml/min .......... 1029 1936 184.4 1434 1287 1604 158.3 141.1
Osmolar clearance, ml/min 15 2.3 12 15 2.6 24 2.2 19
Free water clearance, ml/min 45 5.0 6.1 17 2.0 24 2.3 0.3
Blood sugar, mg/100 ml 88 74 74 79 82 83 81 79
Case 3 Case 4 Case 5
Treatment Treatment Treatment
Before Before Before
treat- chlor- chlor- treat- chlor- chlor- treat- chlor- chlor-
men . min hexa- propa- ment min hexa- propa- ment min hexa- propa-
mide mide mide mide mide mide
131 8.3 7.9 6.4 104 8.4 9.6 1.9 35.3 31.2 30.9 27.2
109.1 122.1 105.0 2004 95.0 1089 107.3 436.6 57.4 52.2 49.7 43.0
310.2 3080 3228 3309 3131 3134 3004 3255 3084 3174 309.3 306.7
160.2 1418 129.7 1776 1478 1404 88.3 1159 1704 1569 180.2 192.9
25 21 21 2.8 25 20 2.2 1.6 4.2 4.1 3.5 3.0
4.4 3.3 4.0 17 4.8 3.8 3.8 0.5 20.3 17.4 18.0 15.8
93 79 80 65 82 72 80 67 78 79 71 60

and became negative in Case 4, so that free water absorption ensued. In Case 5
the reduction in free-water clearance was of minor degree. The most distinct
fall in blood sugar was induced by chlorpropamide; however, no hypoglycaemic
crisis was encountered in any of the cases.

Table Il presents the data of the two patients with nephrogenic dia-
betes insipidus. Here, the agents failed to affect the parameters under study
to any significant extent. Even chlorpropamide caused no reduction of
urinary output and in Case 7, even its slight increase together with that in
free-water clearance was noted.

Since it was chlorpropamide which induced the most marked differences
in the two groups, it seemed interesting to compare the data before and after
treatment of a representative case of each group.

Fig. 1 presents the data of a patient with ADH-responsive diabetes
insipidus (Case 4). The diagram clearly shows that urinary output per minute
gradually declined in response to chlorpropamide, amounting to no more
than one fifth of the control value between the 3rd and 6th day of treatment.

Acta Medica Academiae Scientiarum Hungaricae 28, 1971



200 F. A. LASZLO and L. CZAKO

chlor-
propa-
mide

12.1
93.5
320.1

187.4
2.5
6.3

Table 111
ADH-resistant diabetes insipidus
Case 6
Treatment
Before
treat-  j pufor- chlor-
ment min hexa-
mide
Urinary output. 24 hrs ... 121 10.7 12.0
Urinary osmolality, mosm/1 77.1 61.9 95.4
Serum osmolality, mosm/1 .. 3015 279.8 2945
Endogenous creatinine
clearance, ml/min ............ 210.7 189.0 191.2
Osmolar clearance, ml/min .. 2.2 17 2.7
Free water clearance, ml/min 6.2 5.7 5.7
Blood sugar, mg/100 ml .... 84 83 85

76

Before
treat-
ment

26.0
48.4
301.3

227.0

3.7

13.8
80

Case 7
Treatment
bufor- chlor-
min hexa-
mide
26.1 29.6
35.0 29.6
2959 2717
196.1 192.8
21 2.2
16.0 18.3
79 83

chlor-
propa-
mide

28.7
49.8
287.8

204.8

3.5

16.4
74

Endogenous creatinine clearance and serum osmolality were not significantly

affected, in opposition to urinary osmolality which

increased significantly

during treatment. Osmolar clearance failed to change significantly in response
to chlorpropamide. Free-water clearance diminished distinctly to become

negative after the 3rd day.

Diabinese 500 ma/dau

CL

urinary osmolality

serum osmolality

Jnann

XT

4

ml/min
we 75
g 5
° A n
| £8300 ml/min
& -2 200
-ag g 100
00 u o
500lm osm/I
400
300
200
o0 - T
0 I/mi N
ml/min
ol 3
oP 2
gﬂo
@ @©
30
0 0—
-1 2 1 1 2 3
m before O Diabinese
treatment treatment

“LT
5

6 day

Fig. 1. S. M. 30-year-old female. ADH-responsive diabetes insipidus
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Fig. 2 demonstrates tlie data of a patient with nephrogenic diabetes
insipidus (Case 6). It is seen that diuresis was largely unaffected. Urinary
osmolality persisted at its former low level throughout the period of treatment
and no change occurred in free water clearance, either. The antidiuretic effect
characterizing the hypothalamic type of diabetes insipidus failed to appear
in its nephrogenic type, in other words, chlorpropamide did not affect the
disturbance of water balance in the nephrogenic form of the disease.

10 mi/min Diabinese 500 mq/day
75 -
5.0
WE 25
5300 ml/min
3200
Q9 %mo
400+M osm/I
300 i
00 serum osmolality
______ urinary osmolality
100
, 0 .
o gpl/min

111

2 1 2 3 6 days
before O Diabinese
treatment treatment

Fig. 2. A. J., 30-year-old male. ADH-resistant diabetes insipidus

Discussion

The effect of the oral antidiabetic agents was studied on water balance
in diabetes insipidus. It was chlorpropamide which revealed the most potent
antidiuretic activity in ADH-responsive diabetes insipidus, whereas on bufor-
min treatment the fall in urinary output was insignificant. These observations
are in line with those of Katsuki and Ito [13]. On the other hand, Reforzo-
Membrives et al. [26] failed to note any diuretic response to phenformin
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in patients with diabetes insipidus. The discrepancy may be accounted for
by the dissimilarity of the radical attaching to the biguanide group. Even
small modifications of the chemical structure of sulphanylurea derivatives
may profoundly affect their antidiuretic activity. Comparison of chlorprop-
amide and chlorhexamide convincingly illustrates this point. Though there
is no other difference between their chemical structures than the presence
in chlorhexamide of a cyclohexyl instead of a propyl group, yet the antidiuretic
effect of the derivative is far from that of chlorpropamide.

Though the first reports on the antidiuretic effect of oral antidiabetic
agents are of recent date, a considerable amount of evidence has been accum-
ulating on the subject, but the pathomechanism still remains uncertain.
Arduino et al. [2] assume chlorpropamide to stimulate the production and
mobilisation of ADH, or to restore the responsiveness of the osmoreceptive
centres to physiological stimuli, a hypothesis which, as pointed out by Mein-
aers et al. [18] seems to be at variance with the observation that chlorprop-
amide causes urinary retention in the familial congenital form of diabetes
insipidus, the type marked by a total lack of vasopressin. Bergmann et al.
[3] conclude from the results of intraphypothalamic chlorpropamide implanta-
tion that the antidiuretic activity of these drugs acts through a prevalently
central mechanism, suppression of thirst being its essential factor. However,
the view that chlorpropamide acts directly upon the kidney has later gained
prevalence [1, 14, 17, 18, 22 —27], a reduction in free water clearance ha-
ving been found in association with an unimpaired excretion of soluble ma-
terials (osmolar clearance) in the majority of cases. These observations are in
agreement with the results of the present study. On these grounds, chlorprop-
amide seems to have a direct, ADH-like effect on the kidney, a claim sup-
ported by our observation, in agreement with other authors [2, 7,9, 17, 18,
28] in that chlorpropamide has no antidiuretic effect in vasopressin-resist-
ant diabetes insipidus but reduces urinary output in healthy subjects [20]
as well as in patients with psychogenic polydipsia [15].

These facts confront us with the question whether it is actually the same
mechanism which underlies the antidiuretic effect of chlorpropamide and of
ADH. Evidence available on the subject is insufficient as yet to provide a
decisive answer to this question. The results of the classical permeability tests
on the frog bladder have also proved inconclusive. While some authors found
chlorpropamide similarly to ADH, to enhance the water permeability of the
frog bladder [6, 17], others failed to confirm these observations but noted a
potentiating effect on the permeability-increasing influence of vasopressin
at small concentrations [12, 19]. The results of Miller et al. [21] and of
Berndt et al. [4] obtained in rats under normal conditions and in congenital
hypothalamic diabetes insipidus are consistent with these observations; while
chlorpropamide by itself failed to affect polyuria, a striking reduction in urinary

Acta Medica Academiae Scientiarum Hungaricae 28, 1971



EFFECT OF ORAL ANTID!ABETIC AGENTS 203

output by small doses of ADH was observed after chlorpropamide pretreat-
ment. On these grounds, chlorpropamide is believed to exert its activity by
a potentiation of endogenous vasopressin rather than to have a direct anti-
diuretic effect of its own.

Certain observations seem to be at variance with the direct renal mecha-
nism of chlorpropamide. In particular, it may fail to reduce urinary output
and free water clearance even in ADH-responsive cases of diabetes insipidus
[11, 20], as it was in fact observed in Case 5 of the present series. In the cases
of Mitter and Moses [20], chlopropamide antidiuresis was confined to those
patients with hypothalamic diabetes insipidus in whom water deprivation
also induced a fall in free water clearance. These authors found close correlations
between the response of free water clearance to fluid deprivation and to chlor-
propamide, and advocate the routine use of the water deprivation test in
diabetes insipidus so as to predict the response to chlorpropamide. A further
fact pointing to the role of endogenous ADH in the antidiuretic mechanism
of chlorpropamide is the observation that loading with ethanol or water which
is known to suppress the release of ADH, fully inhibits the chlorpropamide-
induced changes of the water balance [20]. These clinical observations lend
indirect support to the hypothesis that chlorpropamide antidiuresis takes
effect only in the presence of endogenous ADH, the mechanism being attrib-
uted to a potentiation by chlorpropamide of the antidiuretic activity of the
supposedly very small amounts of vasopressin. The question is, however,
by no means closed and awaits support from further studies, in particular
from reliable determinations of the ADH- reserve in humans, which would
provide an answer to the question whether there existed any positive correla-
tion between the available, i.e. mobilizable, stores of ADH and chlorpropamide
antidiuresis.
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ANNOUNCEMENT OF AN IAEA SYMPOSIUM

Title: Nuclear Activation Techniques in the Life Sciences

Date: April 10— 14, 1972

Location: Ljubljana, Yugoslavia

Organizers: International Atomic Energy Agency, Kérntnerring 11—3,
A— 1011 Vienna, Austria

Scientific Secretaries: Dr. G. B. Cook and Dr. R. M. Parr.

The Symposium will be concerned with the applications of nuclear
activation techniques in the life sciences and the significance of the results
obtained in such applications. It will therefore be concerned both with the
techniques themselves and with the interpretation of the data which they
yield. A symposium of the same title was held in Amsterdam, Netherlands,
in 1967 and this, the second of the series, is intended to cover the advances
made in the five-year interval.

As regards techniques, topics to be discussed include sample prepara-
tion procedures, activation procedures and data processing systems, chemical
separation procedures particularly in multicomponent systems, and biological
analytical reference materials. As regards interpretation of data, results ob-
tained in studies in both cellular and subcellular systems in plants and animals
will be discussed. Contributions relating to agriculture, biochemistry, ecology,
nutritional studies, pharmaceutics and pharmacology, as well as applications
in medical diagnosis, research and therapy, will be included. Contributions
relating to human ecology will deal especially with problems of public health,
environmental pollution and food additives and contamination.

Further information and forms to accompany abstracts of papers intend-
ed for presentation at the Symposium may be obtained from national authori-
ties for atomic energy matters. Abstracts must be submitted through these
authorities so as to reach the International Atomic Energy Agency before
December 13, 1971.
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PE3IOME

HABMIOAEHNS B CBSA3W C BOCbMW CNYUYAAMU CUHAPOMA BY 44-XUNAPWU
N CEEP, 4. HAOb n C. CAKA/I

Mocne KpaTKoOro W3NOXeHWsi cuHapoma Byaa—Xwuapu aBTopbl COO6LLAIOT O Hab6/o-
JeHUN BOCbMM C/ly4aeB 3TOro 3a60/1eBaHUst. Y UYeTbIpeX U3 BOCbMM 60/bHbIX NPUUYNHONA 60Me3HN
Oblfa NONUUMTEMMUS, Y TPEX — OMyXO/lb MeyeHn, Y OfHOr0 O6AMUTEPUPYIOLLMIA FenaTnueckKuii
3HA0(NE6UT. B Tpex HabMoAeHMAX yaanocb MOCTaBUTb KAMHUYECKWIA AMarHos. W3 BocbMu
60/IbHbIX CEMb YMEPAN. Y 0fHOro 60/IbHOr0 ¢ CUHAPOMOM Byaa—Xuapyu NpoTMBONOANLUTEMM-
yeckasi Tepanus npvBena K pemuccun, Kotopas elle AepXuTcs. Kpome OUEHKM CBOMX CO6-
CTBEHHbIX Hab/oAeHNI aBTOpbl AAOT 0603pEHME 0 BaXKHEMLLUX AaHHbIX, COOGLLEHHbIX BeHrep-
CKUMM aBTopamu B CBSI3W C CUMHApoMamu Bypa—Xuapw.

M3MEHEHWE COAEPXAHWA TPAHCAMWHASbLI B MOYE U CbIBOPOTKE KPbIC
MPN 3KCMNEPUMEHTA/IbBHOM OTPABJ/IEHNW OPIFAHWNYECKOW PTYTbIO
K JIEXOUKW un Ll BOPOALL

ABTOpbI M3yyanu nopaxarowee noueuHble KaHasblbl AeCTBUE OPraHMYecKoro coeau-
HEHUS PTYTW, METOKCU-3TU/I-MEPKYPUXIOPUAA Y KPbIC MNP XPOHUYECKOM OTpaBfieHUN.

ONa n3ydeHUs 3aTsHXKHOTO M Masnoro feicTBus, onpeaeneHne aKTUBHOCTU TpaHCamMu-
Hasbl B MOYe 0Ka3asioCb O4YeHb MOAXOAsALIMM. Pe3ynbTaT napansiesibHoro onpefeneHns TpaHc-
amyHa3 rHTaMMHO-LLLaBeNIeYKCYCHOM W NMUPOBUHOTPAAHONA KWCMIOT B CbIBOPOTKE [l0Ka3blBaeT,
YTO MOBbILLEHHASH AKTUBHOCTb TPaHCaMMHa3bl B MOYe NMPOUCXOAMT U3 OTC/IOEHHbIX W pacLen/ieH-
HbIX 3NUTeNMANbHbIX KNETOK KaHa/lbLEeB. 3TO MNOATBEPXKAAETCS MHOFOUUCIEHHLIMU aNnTennanb-
HbIMV KNeTKamu, HabniofaeMbiMy B ocaake. Mpobbl C KOHLEHTpaLuMeil 1 pas6aBneHMemM Mouu,
nccnefoBaHve 6e/IKOB U caxapa He 0KasasMcb [OCTaTOUHO YyBCTBUTENbHBLIMM METOAamMu Ans
BbISIB/IEHS  YMEPEHHOr0 MOpaXKeHWsl KaHa/bLieB.

MeTOKCN-3TUN-MEPKYPU-XNI0PU BbI3bIBAET Y KpPbIC, MOMUMO W3BECTHOIO HapyLLeHMUs
quyKu,MM6 HEPBHOI CMCTeMbI, TaKXe 1 MopaXKeHne Mouek, XOPOLIO BbIABNAEMOE (YHKLMOHAb-
HO Mpo6oiA.

OBPA3YIOLWWNA AKTIF, CEPOTOHUH W KATEXOJIAMWH PAK BPOHXOB
. MOLLIOHW, . CWIAOW, 1. TPA®, E. MANALLT n 3. CAT/IOLKA

[aeTcs onucaHMe paka 6POHXOB C MHOXECTBEHHO CceKpeLmeii ropMoHoB. [MomMumMo
yXKe M3BeCTHOro o6paszoBaHust AKTI 1 cepoTOHMHA B OMYXO0/EBOV TKaHW aBTopbl HabMoAamn
3HAUUTENbHOE KOMMYECTBO KaTexolamuHa. [0 CUX Mop ele He 6bm ony6/MKoBaHbl CO06-
LLIEHMS1 0 CeKpeLMn ropMoHa NoAunenTUAHOro Xapakrepa. KAMHMYecKMe CUMMITOMbI G0MbHOIO
COOTBETCTBOBA/IN Upe3MepHOMY 06pa3oBaHMI0  KaTexosaMuHa.
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TOPMOXEHVE VMMMYHHOIO OTBEPACBLIBAHUNA KOXHOIMO TPAHCIUJTAHTATA
MYTEM MPEABAPUTENBHOIO JNIEYEHNA LOHOPA AHTUIVIM®OLIMTAPHON
CbIBOPOTKOW. MMMYHOJ/IOTMYECKAA MOAMOTOBKA TPAHCMIAHTATA
O. METPAHbW, O. CEFEON n B. ®EKETE

BpeMsi BbDKMBAeMOCTM TpaHCM/aHTaTa Mbillbeli KOXW MOBbILLAETCS MpPeABapUTe/IbHOM
fadeli JOHOPY reTeponornyHo aHTUAMMMOUNTAPHON WMAN aHTUTMMOLMTAPHOW CbIBOPOTKOIA.
Xopoluee feiAcTBUE 06BACHSETCA, NPEAMOIOXUTENBHO, KPOMe TOPMOXEHUSI AOHOPHbIX NMMEGO-
LUTOB B MepecakeHHOM TKaHW TakXKe U 06paaoBaHMeM aHTUTeN, 3allMLLalolLMX TpaHCnIaHTaT.

PEAKLMW/ OKOJIOYLIHOW >EME3bl, BbI3BAHHbLIE HEMOCPEACTBEHHbIM
PA3APAXEHWEM TMPWN OEMPECCUN

A JWNTAK, . MOXVK, n. BALUM 1 b. BAMOUMU

Bblna n3yyeHa CeKpeLumsi OKOJIOYLLIHOM ene3bl [0 SIeYeHUs1 U MOC/e BbI3LOPOB/EHNS Y
15 KOHTpONbHbIX Nuy 6e3 siBneHuii genpeccun (10 MY>XUMH U 5 XeHLWUH CO CpeaHWM BO3-
pactom B 35 nieT) 1 20 60nbHbIX fenpeccueid (14 XeHWMUH 1 6 MY>XXUMH CO CPeAHMM BO3PacToMm
B 41 roa, 1 cnyuyain peaktmBHOW K 1U cnyyaeB sHAOreHHoW genpeccumn). CrtoHa OKOJIOYLLHOWA
Xenesbl 6blna MosydeHa 4vepe3 MexaHUUECKM (DMKCMPOBAHHYHD Karcyny, a pasMep CeKpeLumu
XapaKTepu3oBaHa 4WC/OM Karfei B MUHYTY.

Mpu genpeccy B CyLLECTBEHHOM Mepe MOHM3WMACh CEKPeLMst Mpy MOKOoe U TakKxXe peak-
LS OKOMOYLUHOW >Kene3bl, Bbi3blBaeMasi MOYTW BCEMU CrocobamMu pasfpakeHunsi (0JHOCTO-
pPOHHee MeXaHU4ecKoe U XMMUYECKOoe pasfpaXeHue, Bbi3BaHHOE 5 M1 5% IMMOHHOI KUCNOTOM
«CUMYNbTaHHasi» U «CYKLECCUBHAs CyMMaLusi», CepuiiHoe pasgpaxkeHue). MoHuxKatoLee cek-
peuumio [eiicTBME 3KCMKO3a MOXHO WCK/IOUMTL C GO/MbLUOM BeposaTHOCTb. [pu aenpeccumn
Bblpa)KaeMoe YMC/IOM Kanseil 3HauyuTe/bHOe MOBbILUEHVWEe peaKuuy MoKasbiBaeT 06paTHYIo
CBSI3b C MOBbILIEHWEM CUbI pasfgpaxkeHus. [locne M3nevyeHUs HadvasbHas HU3Kasi CeKpeLusi
[OCTOBEPHO MOBbLILLIAETCS, HO HEe A0CTMraeT BE/IMYMH, ONPEeAeNeHHbIX Y KOHTPOJIEH.

3HAUEHUE OJIUTENBHO AENCTBYIOWENO CTUMYJ/IATOPA LUTOBUAHOMN
YKENE3bl (LATS) N ABTOVUMMYHUTETA LWWTOBUAHOW YXENE3bI MPU
BO3HVWKHOBEHUU 3HAOKPUHHOWN O®TANIBMOMATU C EBTUPEO3OM

A. ®ENbMELL, M. TAKO, 4 BAHOLL, u E. MECTELL/

ToNbKO Yy 4acTy 60/1bHbIX 3HAOKPUHHON odhTanbMonaTunein ¢ eBTUPEO30M MOXHO BbISIBUTb
B nnasme LATS-IgG. MNogo6Hoe MoOMoXeHMe HabMOAAeTCA TaKXe B OTHOLLUEHUW aBTOAHTUTEN
NPOTUB LUMTOBWAHONM Xenesbl. ABTOPbl 06CYXXAAlOT 3HauYeHWe MepBMYHOr0 NaToOreHHoro 3Ha-
yYeHns LATS un aBTOMMMYHUTETA LUMTOBUAHOM Xenesbl M pacCMaTpuBalOT 3TU SABMIEHUSA CKopee
KakK BTOPWUYHbIE M3MEHEHMS, XOTHA B BO3HWKHOBEHUW O(Ta/IbMOMaTUN MOXET ObITb pedb 0 KX
nofco6HoM peiicTBun. HabniogeHUs aBTOPOB yKasblBAlOT Ha TO, UTO pas/nyHble OPMbl IHAO-
KPWHHOW odhTanbMonatun 61n3Ku ApYyr K apyry. 9TO [0Ka3blBaeTcsa TeM, UTO OTAe/bHble Ma-
TO/TIOrMYECKMe MPOLECChbl MOKa3blBAOT Mepexodbl ApYr B gpyra.

AKTVBHOCTb PEHVMHA B BEHO3HOW KPOBW MOYEK Y COBAK MPU
FMMNEPTOHUN, BbI3BAHHOW OAHOCTOPOHHVM JIUTMPOBAHWEM
MOYEUHOW APTEPUU

A ®EKETE, L. ®OPIAY, K TAA/T n T. MECAPOLL

B 3kcnepumeHTax Ha cobakax Mocsie MOJIHOro SINFMPOBaHMSA MOYEYHOW apTepyuu OfHOW
CTOPOHbI MPY HeBPeaMMO/ MOYKe APYroii CTOPOHbI aBTOpPbl Hab4any pasBuTMe OCTPOA win
XPOHUYECKOW rvnepToHuUU. Mpu onpeaeneHUn aKTUBHOCTWU PEHWHA B BEHO3HOW KPOBW ULLEMU-
YECKO 1 HeBpeauMOi Mo4yek, a TakKXXe B Nepudepmyeckoii apTepuasibHOM KpoBu 6blio ycTa-
HOB/IEHO, YTO MLUEMMYECKasi MOYKa W, MOCc/e ee yAasleHWs, HeBpeAMMasi Moyvka MNpou3BOAAT
NpeccopHOe BELLUECTBO W BbIAENAOT ero B KpoBoobpalleHue. PasBuTve runepToHMM K Nog-
fepyXaHue MoBbILLEHHOr0 KPOBSIHOTO AaBfieHUsi 06ycnaB/iMBatoTCs 06pa3oBaHMEM MPECCOPHOro
BelllecTBa WLLUEMUYECKO/ MOUKOW, a Mocne ee yAaseHWst HeBpeavMOM MOYKONA.
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OENCTBUE MEPOPAJIbHbIX AHTUAMABETUYECKWUX CPEACTB HA AWNYPE3
MNP 4HYBCTBUTEJ/IbHOM K BA3OMPECCVHY N HE®PPOTEHHOM HECAXAPHOM
MOYEN3HYPEHWU

®. A JIAC/IO u /1. LIAKO

ABTOpPbI MPUMEHANN Yy NSATU 6OJIbHBLIX C YYBCTBUTENbHbLIM K Ba30MpPeccUHy U Yy ABYX
60/bHbIX ¢ He(hPOreHHbIM HecaxapHbIM MOYEM3HYPEHUEM MepopasibHblE NPOTMBOAMAGETUYECKUE
cpeactBa: 1-6ytun-6uryaHung (Agebut, XuHouH) U xnop-6eH3uncynnponamHp (AnabuHese,
MNduuep), N perncTpupoBann XapakTepHble AN Anypes3a faHHble. Bblio ycTaHOBMEHO, 4TO
X/10prponamMmg y YeTbIpex /L, C YyBCTBUTENbHBbIM K aHTUANYPETUYECKOMY FOPMOHY Hecaxap-
HbIM MOYEM3HYPEHMEM B CYLLLECTBEHHOl Mepe CHVKAeT MOYeoTAeneHue, K/MpPeHC CBOGOAHOWA
rogbl 1 NOBbILLAET OCMOMSPHOCTb MOYU. SledeHue GYTHN-6UIyaHWAOM, a TaKXe LMKIOreKCu-
Kap6aMunioM BbI3bIBaeT TO/IbKO YMepeHHble U3MeHEHWs1 BOLHOro obmMeHa BellecTB. [pu Hedpo-
BEHHOM HecaxapHOM jAvabeTe MNPUMEHEHHble aHTUTMMEPr/IMKeMUYECKMe CPeAcTBa OKasasuchb
6e33htheKTUBHBIMN.

Pe3ynbTaTbl MUCCNEAOBaHWI roBOPSIT 3a TO, UTO X/s0pnponamMui obnagaeT Takxe nogo6-
HbIM [eCTBUIO aHTUANYPETMYECKOr0 FOPMOHa B/IMSIHUEM Ha BOAHbIA 06MeH BellecTB. M0 MHe-
HMI0 aBTOPOB HEMOCPEACTBEHHbIV MOYEYHbI/i MeXaHU3M He SIBNSIeTCA BEPOSiTHbIM, U OHW BblABU-
raloT BO3MOXHOCTb, YTO X/I0pONponamug BbI3bIBaeT aHTUAMYPETUYeCKUl 3ddeKT nyTeM no-
TeHUUpOBaHUSI AelCTBUA 3HAOTMEHHOr0 aHTUAUYPETUYECKOro rOpMOHa.
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THE THROMBOELASTOGRAPHIG INDEX
IN THE PERIODS OF RECURRENCE
AND REMISSION OF POLYCYTHAEMIA VERA

By

Gy. Nagy, Maria Misz, B. Siré and J. Szegedi

FIRST AND SECOND DEPARTMENTS OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received February 24, 1971)

The thromboelastographic index, its components and the fibrinolytic activity
have been studied in 55 patients with polycythaemia vera. Practically all parameters
studied revealed abnormalities during the periods of recurrence and subsided or became
completely or partially normalized in the periods of remission. The results are consistent
with the prevalence of vascular complications during the periods of recurrence of the
disease in contrast to their low incidence during remissions.

Polycythaemia vera, particularly in the absence of treatment or of
adequate control, is marked by the prevalence of thromboembolic and haemor-
rhagic complications [9, 11, 18, 19]. These manifestations are often of fatal
outcome or involve irreversible complications [2]. The dual features of en-
hanced blood clotting and of haemorrhagic diathesis point to the existence of
complex coagulation disorders [8, 12]. In the periods of remission ensued by
adequate therapy, complications of this kind are rare [5, 10], in other words,
haematological normalization goes hand in hand with a fall in their incidence
and even with their total absence.

The thromboelastographic procedure described by Harter [7] measures
the elasticity of the blood clot and its changes, thus permitting to follow up
the process of coagulation including the conversion of the blood from its fluid
state to a gel phase and its subsequent reliquefaction, i.e. fibrinolysis. It also
registers the extent of the changes in elasticity and their course vs. time.
The informative value of the procedure in various diseases of the blood-
forming organs as well as in coagulation disorders secondary to other organic
diseases is amply documented in the literature [6, 13, 15, 16, 17]. Application
of the method and comparative assessment of its results are, however, made
difficult by the lack of uniform criteria. In fact, there are diverse, inconsistently
used indicators in existence, such as r = reaction time, ¢ = coagulation time,
r -f- ¢ = complete coagulation time, r/c = thromboplastin consumption coef-
ficient, mA = maximum amplitude of the clot, mE = maximum elasticity
of the clot, t = specific coagulation coefficient, T — complete coagulation
time coefficient, ¢ = biological retraction coefficient, m/i/c = thromboelasto-
graphic retraction coefficient, etc. In the interest of consistent evaluation of
the thromboelastogram, Oritikov and Stoker [16] proposed afurther coeffi-
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cient, the thromboelastographic index (I) which they have derived from a
large number of healthy subjects and of patients with various blood coagulation
disorders. This index is composed of the three essential and most current pa-
rameters of the thromboelastogram, expressing the results with a single figure
on the basis of the formula

j __ r(min) X c(min)
mA(mm)

According to the literature, the value of the index corresponds in healthy
subjects to 1.08 0.98, increasing numerically in the case of hypercoagula-
bility and decreasing in hypocoagulability. Referred to the normal value,
it certainly serves as a useful basis for the comparison of the results of indi-
vidual studies. It must, however, be noted that possible changes of the nu-
merator and of the denominator in the same sense may produce an “overlap”
confusing the results. It would therefore seem expedient to give, in addition
to the /-index serving for a rapid, reliable comparative evaluation of orientative
character, also the r, c and mA values. Fibrinolysis, as an essential parameter
of blood coagulation, may be likewise of informative value in blood coagula-
tion defects.

In earlier studies we have demonstrated in the period of recurrence of
polycythaemia vera various abnormalities of blood coagulation, subsiding
or disappearing altogether in the period of remission [12, 13]. In the present
study the thromboelastographic index has been investigated in 55 patients
with polycythaemia vera, with special reference to the r, c and mA values
as well as to the extent and prevalence of increased fibrinolysis.

M aterial and methods

The material consisted of 55 patients with polycythaemia vera, 31 males, 24 females,
ranging from 21 to 76 (mean 55.6) years of age. Forty patients were in periods of full activity
of the process, 15 patients were in remission.

The controls were healthy subjects with normal blood coagulation.

In the periods of activity of the disease, RBC ranged between 5.700,000 and 6.850,000
(mean 6.325,000). All of the patients had some degree of leukocytosis and of thrombocytosis.
Splenomegaly was present in 37, hepatomegaly in 32 of the 40 cases. The diagnosis of poly-
cythaemia vera was based upon sternal bone marrow smears and bone marrow biopsy in every
case [1]. The bone marrow was hyperplastic and hypercellular, erythropoiesis was in general
significantly, myelopoiesis moderately enhanced and there was a marked megakaryocytosis
in the majority of cases.

The remission following radiophosphorus or cytostatic treatment was associated with
a complete normalization of the blood counts, a reduction of even complete disappearance
of the spleno- and hepatomegaly as well as of the subjective symptoms.

The thromboelastographic studies were performed by Harter’s original method [7]
by means of a Hellige-thromboelastograph (model 2601D), using fresh whole blood for the
tests. The priming time varied between 10 and 30 sec. We measured the reaction and coagula-
tion times (r and c values) in terms of min and sec, the maximum amplitude (mA) in mm,
as also the degree and frequency of enhanced fibrinolysis.
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Results
In order to obtain normal reference values, the mean r, ¢, mA and

I values were determined in 30 healthy subjects with no coagulation disorder.
The following figures were found:

r: 9.19 * 0.3663
c: 5.25 + 0.2397
m.i: 56.60 * 1.3558
l: 1.46 = 0.3360

The parameters thus obtained differed to a certain degree from those
given by Orilikov and Stofer [16], the normal control values, ¢, mA and
I having been found slightly higher, and r slightly lower, than those noted by
the last-named authors.

Results are summed up in Table I. The average values forr, c, mA and |
and deviations in the periods of remission and recurrence were grouped
separately.

Tabic 1
Enhanced
Group No. r c mA | fibrinolysis,
per cent
Normal controls 30 8.19+0.3663 5.2510.2397 56.6 +1.3558 1.4610.336
Polycythaemia,
recurrence 40 9.83+0.5216 7.9 10.4313 34.7511.6225 2.1510.1946 67.5
Polycythaemia,
remission 15 10.1610.8436 7.1510.4995 50.33+4.2664 1.6710.3598 46.7

As it can be seen from Table I, the average r and c values were distinctly
higher than those of the controls both during recurrence as well as in remis-
sion. The differences between the results obtained during remission and recur-
rence with respect to the r and c values were not significant owing to an over-
lap of the differences of the averages, in contrast to the mA value which was
significantly lower in the recurrence group than either in the control or in the
remission group. The differences between the control and remission groups
with respect to the mean mA and | values were not significant.

Enhanced fibrinolysis was demonstrable during the periods of recurrence
in 67.5% and during those of remission in 46.7%. However, the enhancement
of fibrinolysis was in general more marked in the group of recurrence than
in that of remission.

None of the patients displayed a normal thromboelastogram during
the period of recurrence in contrast to those of the remission group where
normal thromboelastographic values were found in 4 (26.6%) of 15 cases.
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Discussion

Chievitz and Thiede [3] in a survey of 250 cases of polycythaemia vera
found the direct cause of death to be thrombosis in 100 (40%) and bleeding
in 15 (6%) of the cases. Thrombosis occurred in 20 (40%) and bleeding in 15
(30%) of 50 cases of polycythaemia vera reviewed by Rigby and Leaver1 [18].
Cherbak [4] reported on a series of 219 patients with polycythaemia vera
followed up for more than 10 years. Vascular complications such as thrombosis,
thromboembolism or bleedings were found in 139 (63%).

We have been engaged in the study of the clinical, pathological and
therapeutic aspects of polycythaemia vera since 1959 and have been able
to follow up atotal of 111 cases since that time. The occurrence of thrombosis,
bleedings or both before admission and before the start of active therapy,
was noted in 48 cases, i.e. in 43% of the complete series, in contrast to the
group where full remission had been achieved and in which complications of
this kind were confined to two cases. In our experience, surgical interventions
also involve a higher risk of postoperative vascular complications in the period
of recurrence than during remission [14].

According to coagulation studies in polycythaemia vera [2, 8,9, 12, 13,
15], the prevalent abnormalities are reduced prothrombin activity and con-
sumption, enhanced prothrombin inactivation and fibrinolytic activity,
thrombocythaemia greatly exceeding the normal platelet count in the majority
of cases, and a thromboelastogram marked by protracted r and ¢ values and
a reduction in maximum elasticity (mE).

In the present study the thromboelastographic index was found signif-
icantly above its normal value in the period of recurrence. The individual
components of | (r,c and mA) were also abnormal. The majority of
patients displayed a significantly enhanced fibrinolytic activity during recur-
rence. Complete or partial normalization of the values was noted in the period
of remission. In particular, the thromboelastographic index showed little
deviation from the normal control values.
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Dibromomannitol was administered to 26, tetramethyl sulphonyl-mannitol to
34 patients with polycythaemia vera, both drugs in the form of short-term, massive-
dose therapy over a period of three years. Full remission was achieved in 23 out of 26
cases of the first and in all cases of the second group. Reversible complications
related to the therapy were noted in two cases. The results are confronted with those
of 3P and the general lines of cytostatic treatment are discussed.

The demand for new drugs and for other therapeutic weapons suitable
for the management of haemoblastoses has its good reasons. In the first place,
the individual types of these diseases exhibit fairly different patterns of re-
sponse to the various drugs and to other therapeutic procedures [2, 3, 12, 29].
This makes it desirable to have a wide range of therapeutic agents at our
command so as to adapt them selectively to each particular type. Moreover,
the original responsiveness of a process may change in the course of time [28]
and require the application of other drugs. The fact that in certain types of
haemoblastoses particular drug combinations have been found to give the
best results is also of importance. For these reasons, studies and trials of
new cytostatic agents and of their combinations are not only justifiable but
even amount to a necessity.

Polycythaemia vera occupies a particular place among haemoblastoses,
first of all because it may assume a protracted, favourable course as a result
of adequate therapy thus giving ample opportunity for the study of its patho-
logical and clinical features. Moreover, polycythaemia vera may be regarded
in certain respects as the prototype of myeloproliferative diseases, not only
because the proliferative changes associated with the process affect all the
three (erythro-, myelo- and thrombopoietic) blood-forming systems but also
because numerous cytostatic drugs are efficient in polycythaemia vera, chronic
myeloid leukaemia and haemorrhagic thrombocytopenia alike. Therefore,
therapeutic observations in polycythaemia are often valid for other myelo-
proliferative syndromes as well. It was, for instance, the favourable response
of polycythaemia vera to 1,2,5,6-tetramethane sulphonyl-D-mannitol (Zito-
stop®, TMSM in the following) which has made us to use this cytostatic agent
in myeloid leukaemia.

Acta Medien Aende tine Scientiarum Hungaricae 2d, 1971



212 GY. NAGY et al.

Our studies concerned with the clinical, pathological and therapeutic
aspects of polycythaemia vera date back to 1959, and thus far we have had
120 patients under treatment and regular follow-up. Our observations relative
to 32P therapy have been reported earlier [6, 7, 20, 22]. Since 1967, we have
been prevalently using two cytostatic drugs developed in Hungary, dibromo-
mannitol (I,6-dibromol-1,6-D-didesoxymannitol) and TMSM. Our first obser-
vations with the drugs have been reported earlier [19, 21]. It seems now of
interest to review our observations collected on a large patient material over
a period of more than three years and to weigh the advantages of these agents
against their possible hazards as also to compare their therapeutic value with
that of radiophosphorus.

Material and methods

Dibromomannitol has been administered thus far to 26 and TMSM to 34 patients.
Three patients of the first and 10 of the second group had to be given repeated courses of
treatment a few months or years later because of recurrences of the process. In this manner
29 courses of dibromomannitol and 44 of TMSM have been given.

The patients were between 18 and 74 years of age (mean, 48.46 years). The criteria
of differential diagnosis have been dealt with earlier [17, 18]. At the start of treatment, RBC
averaged 6.900,000 (extreme values, 8.200,000 and 5.500,000); WBC, 12,200; platelet
count 480,000 in the dibromomannitol group. The respective values were 6.500,000 (extreme
values 9.000,000 and 5.600,000), 10,800 and 560,000, in the TMSM group. The majority of
the patients had splenomegaly and hepatomegaly. Some kind of therapy had been administered
a few months or years earlier to 18 patients of the dibromomannitol group (3P) and to 16 of
the TMSM group (3P to 2, dibromomannitol to 4, both to 6).

Both dibromomannitol and TMSM were administered by mouth, the daily dose being
250 mg and 1.0 g, respectively. The average total dose per course of treatment was 6.25 with
dibromomannitol and 8.10 g with TMSM. In other words, the dosage scheme was that of short-
term, massive-dose therapy (Stosstherapie), no maintenance doses being given.

In cases with excessively high erythrocyte, haemoglobin and haematocrit values or of
earlier vascular manifestations (thrombosis, thromboembolic complications, major bleedings),
repeated phlebotomies were included in the therapeutic scheme, a total of 1200 to 1600 ml
blood having been withdrawn in successive portions.

Results

The criteria of full remission were complete normalization of the blood
counts, of the haemoglobin and haematocrit values, disappearance or sub-
stantial reduction of spleno- and hepatomegaly, complete relief of all subjective
symptoms associated with the disease (headaches, vertigo, impaired con-
centration capacity, pruritus provoked by bathing, etc.). Apart from 2 cases
during 11 years, no vascular complications occurred during the periods of
remission. If a single course of treatment failed to achieve full remission,
it was repeated with the same cytostatic drug or with 3P 3 or 4 months later.

Remission was invariably heralded by a decline in the leukocyte and
platelet counts to be followed by their full normalization 4 or 5 weeks later
in the majority of cases. Disappearance of spleno- and hepatomegaly or sub-
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stantial shrinking of the organs in size ensued 6 to 8 weeks after completion
of therapy. This went hand in hand with a relief of the subjective symptoms.
Full normalization of the erythrocyte count, haemoglobin and haematocrit
values ensued with both drugs in 8 to 10 weeks after the conclusion of treat-
ment.

Table | sums up the results of cytostatic therapy in polycythaemia
including the average doses of dibromomannitol and of TMSM for each course
of treatment, the total number of patients in the two groups, the courses of
treatment, the number of favourable responses and the duration of remissions
in terms of months.

Table |
b A"‘*g;gepg?ta' ]L\lurrtl_bert Nun}ber N”g‘fber lf\lumbelr_ Avefrage duration
rug of patients 0 i of compli-  of remission
treatg]nent, treated treatments resggslss"’e cations (months)
Dibromomannitol 6.25 26 29 26 3 18.2
TMSM 8.10 34 44 44 — 10.3

The dibromomannitol series comprised 26 patients. Of these, a remission
was attained in 23, 3 having responded poorly to the therapy. However, one
of the three latter patients died of myocardial infarction two weeks after the
start of treatment.

In the two further cases where dibromomannitol failed to give any
distinct benefit, 3P was given 4 and 5 months later with success. Complica-
tions related to the therapy, i.e. transitory leukopenia and thrombocytopenia
responding to transfusions of whole blood and platelets, occurred in two cases,
in the first case two, and in the second four weeks after the start of therapy.
There was one fatal case, but the cause of death was unrelated to the therapy,
the patient having died of multiple microembolisms and of mesenteric vein
thrombosis.

The duration of remissions resulting from the first treatment averaged
18.2 months. These values are final, three of the patients concerned having
died, and the remaining patients having relapsed in the meantime. Fresh
courses of treatment have been made necessary by recurrences in three out
of the 23 responsive patients. The second course was successful all throughout;
since, however, all three patients are still in remission, no definite figures can
as yet be given on its duration.

The TMSM series comprised 34 patients. Full clinical and haematological
remission has been achieved in all cases, and still persists in 20. No compli-
cation connected with the drug has been noted in any of the cases. At the
time being the duration of remission averages 10.3 months. This is, however,
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merely a provisional figure which will probably increase in view of the fact
that the majority of patients are still in remission.

A second course of TMSM had to be given in view of recurrences in ten
cases, in all with success, the patients being still in remission.

Cardiac failure or anginal symptoms, if present, subsided spontaneously
or responded more readily to glycosides or to coronary dilators during the
periods of remission. All patients still in the age of occupational activity have
resumed their former occupation involving heavy physical work in several
cases.

Discussion

The prevalence of vascular complications in untreated or poorly controlled
cases of polycythaemia vera is very high [2,5,9, 11, 12]. Chievitz and
Thiede [1], in a survey of 250 fatal cases of polycythaemia vera found throm -
bosis to be the direct cause of death in 100 (40%), and major bleedings in
15 (6%). Tcherbak [27] noted thrombosis, bleedings or both in 139 (63%)
of a series of 219 patients with polycythaemia vera. In the material of W atkins
and Fairtey' [31] of nearly 100 cases the prevalence of vascular complications
was as high as 50%. As regards the present series, 48 patients, i.e. 40%, had
had vascular complications such as thrombosis, thromboembolism or repeated
bleedings before admission, in other words before the start of active therapy,
and in 20 cases (16.6%) these complications (cerebrovascular crises, myo-
cardial infarction, etc. had irreversible consequences. The greatly reduced
incidence of vascular complications during remission clearly emphasizes the
need for treatment even if symptoms of any severity should be still absent.

Radiophosphorus was first applied in polycythaemia by Lawrence
in 1939 [13] and numerous observations have supported its favourable effect
[2, 3,4, 11, 12, 13, 23, 25, 31]. The main objection against this therapy is
based on the highly controversial allegation that it might increase the hazard
of leukaemic transformation [16, 24, 30].

As regards the use of busulphan in polycythaemia, opinions are divided
[7, 10, 14] in view of the relatively high incidence of leukopenia and thrombo-
cytopenia [5]. However, according to Maurice and Alberto [15] it may be
used in well-selected cases under a close control of the blood counts. Demi-
dova [5] reported on experience with two ethylene imine derivatives, triazi-
quone and Markofen®; remission was attained in 16 out of 19 cases with
the first, and in 18 out of 20 with the second drug. The incidence of leukopenia
and thrombocytopenia was fairly high in both groups.

Of the cytostatic agents of Hungarian provenance we have been using
dibromomannitol in 26 and TMSM in 34 cases over a period of more than
three years. Full remission was achieved in 23 of the 26 patients, i.e. in 88.5%,
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of the first group, the duration of remissions averaging 18.2 months. Compli-
cations related to the therapy occurred in two cases, and proved responsive
to suitable measures. TMSM was given in 34 cases altogether, in all with success.
At the present moment, the remissions average 10.5 months in duration, since
however the majority of patients are still in remission, its definite duration
will be obviously longer. No complications of TMSM treatment have thus far
been noted. On these grounds both drugs have been found suitable for the
management of polycythaemia vera.

In our experience the question whether the patients have had any other
previous therapy does not affect the responsiveness to either dibromomannitol
or TMSM.

On confronting the merits of cytostatic drugs with those of 32P, we
find on the grounds of many years observations that administration of 3P
resulted in full clinical and haematological remission in 95 to 96% and that
the remission following the first courses averaged 25.68 months in dura-
tion [22]. No complication calling for therapeutic measures has been noted
in our 3P-series.

The appearance of acute leukaemia was encountered in one case and
that of myelofibrosis in a further case in our 3P-series during the entire
observation period of 11 years. The second patient had been given dibromo-
mannitol in addition to 3P. The use of TMSM proved successful all throughout
and involved no complications in any of the cases, but the periods of remission
are still too short for any comparative evaluation.

Our earlier studies [20, 22] as well as the present observations seem to
warrant the use of cytostatic drugs in alternation with 32P. In the early stages,
particularly in young patients, cytostatic agents are recommended, since they
have been found to bring about adequate remissions in cases of lesser severity,
whereas more advanced cases, particularly in the presence of vascular compli-
cations or loss of responsiveness to cytostatic agents, call for 32P. A policy
of this kind provides for the reduction of the overall doses of 3P which the
further course of disease may still require. This is a point of importance since,
notwithstanding the occurrence of spontaneous leukaemic transformation
even in the absence of any therapy [23, 31], the possibility that this eventuality
might be promoted by 3P therapy, cannot be ruled out.

The fact that cytostatic therapy dispenses with the need for isotope
laboratories has also its disadvantages since it makes this therapy accessible
to those who are not familiar enough with the diagnostic and therapeutic
aspects of polycythaemia vera. In reality, the hazards of grave or resistant
leukopenia and thrombocytopenia involved by the rapid cytostatic effect
call for the closest possible haematological supervision during the entire
period of treatment.
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Vectorcardiography in patients with artificial pacemaker is suitable for (1) com-
parative assessment of different vectorcardiographic systems; (2) close study of the
stimulus artifact; (3) precise location of the stimulating electrode; (4) electrophysiological
analysis of the spread of excitation in human subjects.

Electronic pacemakers are increasingly used in patients with life-
threatening conduction disturbances and arrhythmias. The studies concerning
the electrocardiographic aspects of pacemakers have been prevalently con-
cerned with the shortcomings of the method and with pacemaker-induced,
iatrogenic arrhythmias [11, 12, 15, 16, 21].

The studies on the spread of excitation generated by the pacemaker
have greatly contributed to our understanding of electrophysiology. Human
pathology involves many phenomena which are not reproducible in the labo-
ratory animal and therefore we have to make use of every method providing
closer information on the processes in question without involving major
interventions. Vectorcardiography permits a detailed study of ventricular
depolarisation and rcpolarisation [2, 13, 20, 22] from different aspects. We
may study in this manner

1) the stimulus artifacts,
2) the QRS-T-loop,
3) the fusion beats.

Material and method

The electro- and vectorcardiograms of 30 patients with pacemakers were studied, right
ventricular units having been used in 25 and left ventricular units in 5. Fifteen were of the
fixed-rate, 13 of the demand, and 2 of the atrio-synchronized type. ECG and VCG were
recorded before and after implantation of the pacemaker or replacement of the battery. The
corrected orthogonal Frank lead system was used. The recording apparatus was a Visocard
or a Biokoinb type vectorcardiograph, the latter of our own modification. Photoregistration
of the spikes caused some difficulty, since despite the distinct loops appearing on the screen
their direct photographic display was made impossible by the excessive shortness (1 to 2.5 msec)
of the sequence of the stimulus spreading. Therefore we had to retouch it in full accordance
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with the original. The following parameters were studied in every case: spatial orientation
of the stimulus, inscription of the QRS-loop, orientation of the QRS-loop in the frontal, right
sagittal and horizontal planes and the precise site of conduction delay.

Results

Stimulus artifact (spike)

The spike of the pacemaker appears on the scalar ECG as a needle-point-
shaped potential of extremely short duration. The biphasic nature of the
impulse is demonstrable by vectorcardiography (Fig. 1). The initial deflection

Fig. 1. ECG and VCG of right ventricular stimulation. The continuous loop represents the
spike, the interrupted loop the QRS

is a rapid narrow line, subsequently the afferent limb swings suddenly into
the opposite direction. This second phase which generally occupies a larger
surface area is in fact the result of a condensor-like postdischarge of the tissues.

The amplitude of the spike varies according to the type of pacemaker.
The stimulus of a unipolar pacemaker significantly exceeds in height the
QRS-loop. This is only natural since it is only the cathode which has an
intracardial site the other electrode being placed at some distant point of the
body. In the case of a bipolar pacemaker there is no significant difference in
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amplitude between QRS and the spike, both poles being placed intracardially
approximately 10 mm apart. With a unipolar pacemaker the spatial orien-
tation of the spike depends on the position of the positive pole. The direction
varies according to whether the pacemaker is placed in the right or the left
pectoral muscle or in the abdominal wall. In the conventional ECG-leads the
unipolar pacemaker spike gives the best projection in leads being at right
angles to its axis. The direction of the bipolar spike is definable by the line
connecting the negative with the positive electrode.

In 11 patients with right ventricular bipolar pacemaker the spike was
oriented to the right, anteriorly and superiorly, in 5 patients to the right,
anteriorly and inferiorly and in 9 to the left, anteriorly and inferiorly. The
great number of cases in which the stimulus was oriented to the left was due
in all probability to a reversal of the positive and negative poles. In the case
of left ventricular stimulation the spike was invariably oriented to the right,
posteriorly and inferiorly. Orientation of unipolar pacemaker stimuli showed
no regularity.

Analysis of the QRS-loop

The pacemaker-induced ventricular complexes considerably differ from
the supraventricular complexes spreading to the ventricles through normal
pathways. It is a simplified empirical rule that pacemaker stimulation of one
ventricle produces the ECG-pattern of complete bundle branch block of the
opposite side (Fig. 1).

Vectorcardiography provides for a closer analysis of the ventricular
spread of stimulus. The pacemaker-generated ventricular complex assumes
the pattern of a ventricular premature beat, i. e. of a bundle branch block.
The spread of stimulus is likewise similar to that of ectopic beats. The con-
duction delay is clearly recognizable and precisely localizable in the VCG.
The stimulus spreads retrogradely upward from the slow-conducting fibres
via the Purkinje network. On comparing the pattern of right ventricular
pacemaker stimulation with that of left complete bundle branch block they
are found to differ by the location of the conduction delay (Fig. 2). While in
complete left bundle branch block it is found in the mid- and terminal portions,
with pacemaker stimulation it may be situated in the initial, middle and ter-
minal portions of the QRS.

The sites of conduction delay in the present cases have been summarized
in Table I. In both cases, i.e. with pacemaker-generated stimulation as well
as in complete left bundle branch block, the stimulus spreads aphysiologically
from right to left, with the distinct difference, however, that in the frontal
and sagittal planes the complex of left bundle branch block tends to be oriented
downward, whereas the pacemaker revolution distinctly points upward. This
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Fig. 2. YCG pattern of right ventricular pacemaker stimulation contrasted with that of
complete left bundle branch block

Table 1

Location of conduction delay in QRS-loop

Initial and mid-portion 7 cases
Initial, middle and terminal portion 14 cases
Middle and terminal portion 6 cases
Terminal portion 3 cases

shows that in the case of a left bundle branch block there is a special type of
septal depolarisation which is not reproducible by stimulation of the right
septal surface.

Left ventricular pacemaker implantation results in a pattern similar to
that of a right bundle branch block (Fig. 3). The direction of the spread of
stimulus depends on the placement of the left ventricular electrode. Postero-
lateral implantation gives an anterior, while anterolateral implantation a
posterior orientation.

Right ventricular pacing may occasionally give rise to an ECG or YCG
pattern of the type of complete left bundle branch block (Fig. 4).

In the cases with right ventricular pacemakers the maximal QRS-vector
was mostly oriented in the frontal and horizontal planes between 0° and  90°.
In 4 patients, despite a right ventricular stimulation, the QRS-loop was
oriented in the right lower quadrant. It was assumed that the tip of the elec-
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Fig. 8. ECG and VCG patterns of left ventricular pacemaker stimulation contrasted with
those of complete right bundle branch block

trode had penetrated the septum. In two patients it was possible in fact to
locate the tip of the catheter in the projection of the left ventricle by means
of X-rays taken in two views. In the case of left ventricular pacing the maximum
QRS vector was oriented in the frontal plane between —+4220° and 160°
and in the horizontal plane between —£120° and 150° (Fig. 5).

W ith unipolar pacemakers the stimulating electrode was placed intra-
cardially and the indifferent pole in the pectoral or abdominal musculature.
Only a portion of the QRS-loop is recognizable on the VCG, conduction in the
striated muscles being unregistrable (Fig. 6).

Demand-type pacemakers provide for successive registration of the
pacemaker-generated complexes and of those originating from the sino-
auricular node. In the majority of our patients, the pacemaker had been made
necessary by AV-ldock, more precisely by Adams® Stokes attacks associated
with coronary heart disease. The onset of complete atrioventricular block had
been preceded by intraventricular conduction disturbances (complete left
bundle branch block, hemiblock), therefore in patients with demand pacemak-
ers we had the opportunity to compare the pacemaker generated complexes
of éhe bundle branch block type Wltu twegicabundl_e chanch locks z(a',:'1971 7).
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Identification of myocardial infarction in the case of artificial pacing

Recent or earlier myocardial infarctions are difficult to identify in the
ECG or VCG of patients with an artificial pacemaker [3].

Fig. 4. Right bundle branch block pattern due to perforation of the septum by the electrode

We have been employing the Valsalva-maneuvre for years in order to
bring out the signs of myocardial infarction more clearly on the VCG [17].
In one of the patients with a typical history of myocardial infarction, distinct
changes in the VCG contours ensued in the course of the Valsalva test (Fig. 8).
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FRONTAL PLANE HORIZONTAL PLANE
0.
+90°
a?
.3

Fig. 5. Orientation of the maximum vector of the QRS-loop in patients with pacemaker.
1. Right ventricular stimulation. 2. Left ventricular stimulation. 3. Right ventricular (atypical)
stimulation

Fig. 6. ECG and VCG patterns of right ventricular unipolar pacemaker
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Fig. 7. VCG pattern of true right bundle branch block contrasted with that of artificial right
bundle branch block due to left ventricular excitation in a patient with demand-type pace-
maker. The difference in the maximum QRS-vector is distinctive of the two types

Valsalva

BE

Fig. 8. The Valsalva-test produces a distinct angular distortion of the contour, a sign
suggestive of previous myocardial infarction. 4 = clockwise, f = counterclockwise in-
scription of QRS
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Discussion

On the evidence of the studies of Castellanos et al. [6] the left ventricular
bipolar pacemaker stimulus is in 70% of the cases oriented to the right,
posteriorly and inferiorly, while the right ventricular stimulus points in 50%
to the right, posteriorly and superiorly. Green [9] controls the correct func-
tioning of the pacemaker on the basis of the pacemaker vector’s orientation.
For this purpose he derives the position of the spike from the standard leads
in Einthoven’s triangle. The frontal pacemaker vector points approximately
in the direction of the aVR lead. Reversal of the poles results in a rotation of
about 180°. If owing to a displacement of the right ventricular electrode the
spike does not point to the apex, the frontal pacemaker vector changes its
orientation.

Chest X-rays in two views permit a reliable location of the position of
the bipolar electrodes. The spike, as an electric impulse of known magnitude
and orientation, lends itself to the standardization of vectorcardiographic
systems. Enenkel [8] used this method for the comparative study of the
angular accuracy of the projections of three vectorcardiographic systems so
as to find out the margin of error compatible with the projection of an impulse
of a given orientation on the individual planes.

Barker et al. [1] found that excitation of one ventricle results in a
QRS-pattern corresponding to that produced by dissection of the opposite
bundle branch.

It has been demonstrated by intracardial ECG studies combined with
right heart catheterization that the deviation of the QRS axis within the right
ventricle varies with the placement of the electrode [5]. At the level of the
right ventricular inflow tract in the frontal plane we find a normal R-axis.
As the tip of the electrode moves towards the apex, the normal position of
the R-axis gradually changes into an extreme left deviation. With the tip
at the level of the right ventricular outflow tract the position of the R-axis
becomes normal again to assume gradually a vertical position, i.e. an extreme
right deviation, as it reaches the subvalvular region of the pulmonary artery.
Determination of the position of the R-axis in the frontal plane permits to
locate the position of the electrode. An intracardial pacemaker fixed in the
apex of the right ventricle involves an extreme left deviation with the R-axis
between  30° and —90° in the frontal plane.

The occasional finding of a pattern similar to right bundle branch block
in right ventricular pacing is attributed by Danielson [7] as well as by
Stillmann [18] to a perforation of the septum or of the anterior wall of the
right ventricle by the stimulating electrode, an interpretation which has
numerous opponents [4]. Appearance of a right bundle branch block pattern
is not necessarily a sign of perforation though in the case of a sudden change
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of axis position this possibility should be never left out of consideration. It has
been found in the course of cardiac catheterizations that stimulation of the
coronary sinus may produce a right bundle branch block pattern [10]. The
X-rays permit to locate the pacemaker electrode, in other words to ascertain
whether it is situated in the neighbourhood of the septum or of the coronary
sinus. Mower [14] produced experimental evidence of the existence of a cir-
cumscribed area of the right ventricular septum, stimulation of which pro-
duces the electric pattern of left ventricular stimulation.

Szabo et al. [19] thought to define the features of the ventricular com-
plex resulting from pacemaker stimulation by the experimental production
of infarction. Differentiation of the ST-elevation and T-inversion thus produced
from the repolarisation abnormalities associated with bundle branch block is,
however, difficult and even impossible unless a previous ECG is available for
comparison.

Pacemaker stimulation is comparable in many respects to premature
beat. It is presumed that if the pacemaker stimulation has the neighbourhood
of the area of infarction as its origin, it may give rise to ECG and YCG com-
plexes of diagnostic value in the manner of the phenomenon of “infarction
premature beat”.
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A procedure is described for the determination of individual 17-ketosteroids
from human urine, excreted as unconjugated metabolites and as sulphate and glucu-
ronoside esters. For the isolation and separation partial hydrolysis, extraction and
subsequent paper chromatography, for the quantitative estimation micro Zimmermann-
reaction have been used.

In normal individuals, the unconjugatcd urinary fraction consisted prevalently
of etiocholanolone, 11-OH- and 11-kcto-etiocholanolonc, whereas in the sulphate frac-
tion dehydroepiandrosterone and 5a-steroids, and in the glucuronoside fraction the
5/J-reduced 11-oxy and 1l-deoxy metabolites predominated.

Changes in the spectrum of the urinary metabolites observed following adminis-
tration of corticotrophin, Metyrapone, testosterone or dehydroepiandrosterone are also
discussed.

The steroid hormone metabolites in urine are mainly sulphate and glu-
curonoside esters whereas the unconjugated steroids account only for a small
fraction. It is suggested that the hormonal and other biological effects are
attributed to unconjugated steroids. Sulphate esters are regarded as an inactive
reserve of the hormones, and glucuronosides appear to be end-products of
steroid metabolism [23, 27]. In the case of enhanced hormone production
primarily the excretion of sulphate esters increases, whereas in deficiency
syndromes the hormones are metabolized for a greater part to glucuronosides
[24]. Recently, in addition to the production, the extent and mode of
steroid conjugation have been considered in the assessment of the metabolism
and hormone action.

The 17-ketosteroids (17-KS) are products of complex metabolic pro-
cesses. Dehydroepiandrosterone (D), though having low androgenic activity,
is a source of potent androgens and oestrogens and is regarded as a “pre-
hormone” [1]. Its main metabolites, etiocholanolone (E) and androsterone (A)
as well as D itself, are excreted in the urine as sulphate and glucuronoside
esters and, in a small fraction, as unconjugated steroids. The 17-KS are present
in peripheral blood prevalently in the form of sulphates; the renal reabsorption
of glucuronosides is insignificant [3]. Further 17-KS, routinely determined
in urine, include 11-OH-etiocholanolone (HOE), 11-OH-androsteronc (HOA)
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and 1l1-keto-etiocholanolone (OE); they are metabolites of adrenal secretory
products.

The importance of a simultaneous estimation of D-sulphate and D-glu-
curonoside in urine emerges from the observations which demonstrated that
the measurement of the cumulative specific activity of these metabolites in
the urine after the intravenous administration of [4-14C]D and [7a-3H]D-
sulphate allows to study the characteristics of D and D-sulphate dynamics
(rates of secretion, production, conversion and of irreversible metabolism).

Based on these observations, a procedure suitable for the separation
and quantitative estimation of the individual esterified and unconjugated
urinary 17-KS has been elaborated. The method has been derived partly from
our procedure described earlier for routine 17-KS fractionation [9] and partly
from other methods [5, 6, 10, 26] suitable for a selective cleavage of the indi-
vidual steroid esters.

The procedure, normal values and results of control experiments and
of various function tests form the subject of the present report.

Material and method
Isolation offree steroids

A 50 ml aliquot of 24-hour urine was extracted twice with 50 ml benzene. The combined
extract was purified with 20 ml N NaOH and twice with 10 ml water. The aqueous phases
were pooled with the remaining urine for further processing. The benzene phase was dried
over anhydrous Na2504 and evaporated to dryness.

Isolation and hydrolysis of sulphates

In an amount corresponding to half volume of the aqueous phase, 20 g (NH42504
was dissolved and the pH adjusted to 1.0 with concentrated H2504. The steroid conjugates
(sulphate -J- glucuronoside) were extracted twice with 50 ml ethyl acetate and the residual
urinary phase was discarded. The pooled extract was incubated at 37 °C for 16 to 24 hours.
After solvolysis for cleaving sulphates, the extract was cooled to room temperature, alkalin-
ized with 1 ml concentrated NH40H and the glucuronosides were extracted with 20 ml
N NaOH and twice with 10 ml water. The residual organic phase was dried over Na2S04
and evaporated. The residue was dissolved in 0.5 ml benzene.

Hydrolysis and isolation of glucuronosides

To the aqueous phase, 10 ml concentrated HC1 and 30 ml benzene were added, and the
mixture was gently refluxed at 80 to 85 °C for 20 minutes. Then the mixture was shaken,
the benzene phase separated and the aqueous phase was repeatedly extracted with 30 ml
benzene. The combined extract was washed with 6 ml 10% NaOH, then twice with 5 ml water,
dried over Na2S04 and evaporated. The residue was dissolved in 0.5 ml benzene.

Separation and quantitative determination of steroids

Thé total amount of unconjugated steroids, the sulphates and glucuronosides in an
amount of 100 to 200 fig (0.1 to 0.3 ml, depending on the total steroid level), furthermore
A serving as reference standard in amounts of 10, 20 and 30 fig and methyl red as marker,
were applied on 2x56 cm strips of Whatman No. 1 paper. It was then impregnated with
a mixture of propylene glycol-methanol (30 : 70), thereafter equilibrated for 3 hours and chro-
matographed for 16 to 20 hours in a system of n-heptane-benzene-methanol (130 : 60 : 10).
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The chromatogram was developed by Zimmermann reaction according to our method described
earlier [10]. The steroid zones were eluted from the paper with 3 ml methanol-water (90 : 10),
and evaluated in a Spektromom-360 (MOM, Budapest) spectrophotometer at 520 nm in 1 cm
cuvettes using the corresponding calibration curve [10].

Comparative study of glucuronoside hydrolysis

To investigate the efficiency of mild hydrolysis performed under benzene layer, the
steroid glucuronosides were submitted to enzymatic hydrolysis [10] and to perchloric acid/
ether solvolysis [26]. For this purpose the free steroids and the sulphates were extracted from
100 ml urine samples by the method described above, and the residue was divided into four
parts equivalent to 25 ml of urine. One aliquot was submitted to benzene/HCI hydrolysis
and the other three were processed as follows.

(i) To a sample adjusted to pH 5.2 with concentrated acetic acid, 1000 U/ml /S-glucuro-
nidase (Reanal, Budapest) or ketodase (Godecke, Berlin) dissolved in 5 ml 1M acetate buffer
was added. The system was hydrolysed at 37 °C for 24 hours, cooled, and extracted twice with
50 ml benzene. The combined extract was washed with 20 ml N NaOH and twice with 10 ml
water, dried over Na2S04 and evaporated.

(i) In a sample of the same volume, 20 g (NH4)2S 04was dissolved, it was then adjusted
to pH 1.0 with concentrated 112504 and the glucuronosides were extracted twice with 50 ml
ethyl acetate. The combined extract was evaporated to dryness and the residue dissolved in
1% perchloric acid in 50 ml ether. This was incubated at 37 °C for 16 to 24 hours, cooled and
washed with 10 ml N NaOH, then with 10 ml water, dried over Na2S04 and evaporated.

(iii) The last aliquot was handled as (ii), except that 50 ml of 3% perchloric acid in
ether was used for solvolysis.

Control experiments with labelled dehydroepiandrosterone and dehydroepiandroslerone sulphate

Recovery experiments were performed with labelled 1) and D-sulphate which, prior
to use, had been purified by the following procedure.

Approximately 1 ,aCi of [4-14C] dehydroepiandrosterone (Amersham), specific activity
57.1 mCi/mM, was chromatographed on Silicagel G layer by a system of benzene-ethanol
(96 : 4). Pregnenolone-dinitrophenylhydrazone and cortisol-bis-dinitrophenylhydrazone served
as markers. After chromatography, the zone between the two references was removed with
an aspirator, eluted with freshly distilled chloroform, evaporated to dryness and dissolved in
10 ml absolute ethanol. The stock solution was checked for activity and stored at 16 °C for
not more than one month.

Approximately 5 pd of [7a-3H]dehydroepiandrosterone sulphate ammonium salt
(Philips—Duphar), specific activity 10 Ci/mM, and D-sulphate serving as reference standard
were chromatographed as above in chloroform-methanol-NH40H (80 : 19.8 : 0.2). After
chromatography, the reference substance was developed with concentrated H2SO ,, the corre-
sponding zone aspirated, eluted with chloroform methanol (80 : 20), and the eluate evaporat-
ed to dryness. Purification of the labelled steroid was repeated by chromatography on Silicagel
G layer in ethyl acetate-ethanol-NH40H (75 : 25 : 5). The labelled steroid was dissolved in
absolute ethanol and stored at 16 °C for not more than two weeks.

To the urine sample 2000 cpm [14C]D or 20,000 cpin [3H]D-sulphate, respectively, was
added. After processing of the urine, the labelled steroids were eluted from the chromatogram
with ether, the eluates evaporated to dryness and dissolved in 5 ml Liquifluor (NEN Chemicals,
USA; 4 g PPO + 50 mg POPOP -|- 1000 ml distilled toluene). Radioactivity measurements
were done on a Packard Tri-Carb Model 3314 liquid scintillation spectrometer operating at
a 24% efficiency for 3H and a 55% efficiency for 14C.*

Patient material

The normal values were obtained from inpatients of the Department with no evidence
of abnormal steroid metabolism and from healthy persons belonging to the staff. The measure-
ments were made from 24-hour urine samples collected (1) under basal conditions; (2) after the

* Institute of Experimental Medicine, Isotope Laboratory, Budapest.
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F

Patient,
age, sex

25 F

40 F*

= female, M =

Results of different hydrolytic proceduresfor the determination of 17-KS glucuronosides

Hydrolytic procedure

/~-glucuronidase, 1000 U/ml
perchloric acid, 1% ether
HCI, 20% benzene

/1-glucuronidase, 1000 U/ml
perchloric acid, 1% ether
perchloric acid, 3% ether
HCI, 20% benzene

/~-glucuronidase, 1000 U/ml
perchloric acid, 1% ether
HCI, 20% benzene

/’-glucuronidase, 1000 U/ml
perchloric acid, 1% ether
perchloric acid, 3% ether
HCI, 20% benzene

/~-glucuronidase, 1000 U/ml
Ketodase, 1000 U/ml
HCI, 20% benzene

/1-glucuronidase, 1000 U/ml
Ketodase, 1000 U/ml
HCI, 20% benzene

Table 1

HOE

0.3

0.4

0.3
0.3

traces

traces

0.6
0.7
0.5

0.5
0.5
0.3

HOA

1.0
0.4
18

0.6
0.3
0.5

0.9
0.2
0.6

0.7
traces

0.2

0.4
0.4
0.3

0.7
0.6
0.4

17-ketosteroids, mg,'24 h

OE

0.3
0.4
0.6

0.5
0.3
0.5

0.3
0.1
0.6

0.2

traces

unmeasurable due to chromogens

0.2

0.8
0.7
0.8

1.2
1.0
1.0

D

0.2
0.1
0.2

0.2
0.2
0.3

0.1
0.2
0.2

male, *from urine collected on the day of oral administration of 100 mg dehydroepiandrosterone

2.6
0.4
2.8

1.0
traces
0.5
2.0

8.2
0.2
8.3

1.2
0.2

1.3

3.2
3.4
3.5

2.8
2.9
3.3

A

2.8
0.7
5.0

0.8
traces
0.3

15

12.3
0.3
14.2

11
0.4

2.0

3.0
2.9
3.2

24
2.0
2.5

0€c¢
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intramuscular administration of ACTH (Exacthin, Richter, Budapest), 80 U being injected
twice on a day; (3) on the two days of Metyrapone administration in daily doses of 3 g; (4) on
the last day of intramuscular administration of testosterone-propionate (Androfort, Richter)
in doses of 30 mg daily for five days; (5) on the day and the day after the oral administration
of 100 mg dehydroepiandrosterone (Richter).

Results and discussion

Control of the procedure

After extraction of the urinary unconjugated 17-KS with a nonpolar
solvent [13], fractional hydrolysis was performed according to Baulieu and
Michaud [2]. First the sulphates were solvolysed by a modified procedure
of Burstein and Lieberman [5] then the glucuronosides hydrolysed. The
critical point of fractional hydrolysis was the splitting of glucuronosides for
which the common methods are enzymatic hydrolysis [5, 10], solvolysis with
perchloric acid [6, 26] or protected acid hydrolysis under benzene layer
[9, 10]. Comparative experiments were performed to control efficiency of the
three methods and the data obtained have been summed up in Table I. On the
evidence of results, the perchloric acid method has been found inadequate
to cleave the glucuronosides. Maximum amounts for E and A have invariably
been found with the HCl/benzene method. The D values were identical whether
mild acid hydrolysis with HC1 or the enzymatic procedure had been used.
As demonstrated earlier [10], the protected HC1 method involves a slight
breakdown of HOE and HOA. However, the chromatographic procedure

Table 11

Recovery of dehydroepiandrosterone-4-1iC
and of dehydroepiandrosterone-?a-rH sulphate from urine

No. Steroid, cpm Recovery, cpm Recovery, per cent
sar?\fple added to the sample D DS DG D DS DG
| D-C14 2050 1480 — — 72.6 - -
2 1860 — _ 91.2 — —
3 1650 — — 81.0 — —
4 " » 1695 — — 83.5 — —
5 DS-H3 23,200 70 20.029 140 0.003 86.5 0.006
6 > " 171 18.700 56 0.008 80.8 0.002
7 » " 22 17.133 237 0.001 73.8 0.01
8 > " 80 24571 207 0.004 105.2 0.009
9 » I’ 53 19.549 289 0.002 84.2 0.012
10 » ” 83 22.745 257 0.004 98.0 0.011

D dehydroepiandrosterone
DS dehydroepiandrosterone sulphate
DG dehydroepiandrosterone glucuronoside
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employed appears to be suitable for the separation and quantitation of the
breakdown products, as well. These considerations have made us to select
the HClIl/benzene procedure for glucuronoside hydrolysis.

For a further control, recovery experiments have been performed by
tracer [4-14C]D and [7oc-3H]D -sulphate or “cold” E. The results of the isotope
study have been summed up in Table Il. It can be seen that from the uncon-
jugated fraction [4-14C]D, and from the sulphate fraction [/<x-!H]D satisfac-
tory recovery ensured with no mutual contamination of isotopes between the
urinary fractions. Extraction of the unconjugated D (72.6 to 91.2%), further-
more solvolysis and extraction of the labelled sulphate ester (73.8 to 105.2%)
may be considered of adequate efficiency and selectivity. Moreover, on the
evidence of 12 experiments the mean recovery of 10 to 50 fig E was
81.6% (range 63.0 99.0%,), which is consistent with results of the isotope
study.

As to the sensitivity and specificity of the method, we refer to our earlier

paper [9].

Unconjugated 17-ketosteroids in urine

Data concerning the excretion of unconjugated 17-K.4 by normal males
and females have been summed up in Table IIl, in which only the mean and
limits of basal excretion are given. According to the observations, the urine
of males contained no free D and that of females only small amounts of the
steroid. There was a preponderance of 5/3-steroids (HOE, OE and E) in the
unconjugated fraction. For instance, excretion of HOA was confined to a
single case, and excretion of E was in excess of that of A. As a result, the
5/5/5<x ratio averaged 3.6 or 6.8, respectively, as opposed to the total steroid
values (unconjugated steroids -f~sulphates -f- glucuronosides) showing a ratio
of about 1.0 [11].

Contrary to the esters forming the prevalent part of 17-KS in urine,
free 17-KS were either absent or excreted only in minute amounts. According
to our knowledge, the presence of these steroids in urine may have the fol-
lowing causes.

1) A failure of conjugation mechanism in the liver or other tissues
known to occur under pathological conditions [14, 19] but to a certain
degree also under “normal” conditions.

2) Rehydrolysis of steroids, having been conjugated in the liver or in
other organs, may occur in vivo prior to their excretion in urine. It is known
that certain tissues have sulphatase [28] and the kidney has great glucuroni-
dase activity [25].

3) Since part of the steroids is excreted through the intestine and
the intestinal flora contains microorganisms of hydrolase activity [8], the
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Urinary excretion of 17-KS in theform of unconjugated steroids and ofsulphates and glucuronosides by healthy subjects

Age, years,

sex

16-38 F

n=

16

20-45

22-43 M

n=

Form of excretion

Unconjugated

Unconjugated

Sulphate

Glucuronoside

Sulphate

Glucuronoside

F = female, M = male, n =
— not detectable

+ réange
++ mean

range

24 hrs
" nrS

mg/24 hrs

HOE

0—45+
12++

0-65
26

0—0.2*

0‘1**

0.1-0.8
0.3

0-0.2
0.1

0.2—0.6
0.4

number of cases

Table LU

0—0.3
0.1

0—0.8
0.4

0-0.6
0.3

0.3—12
0.7

0-0.1

0.2—0.6
0.4

0-0.1

0.3-1.0
0.5

17-ketosteroids

D

0-22

0.1—1.6
0.8

0-0.4
0.1

0.4—3.2
15

0-0.2
0.1

0-60
22

0-0.5
0.2

1.1—-29
1.9

0-0.6
0.3

1.4—4.0
2.6

0-12

0—55

0.1—0.4
0.2

0.8—3.9
1.8

0.4-1.5
0.8

1.5-4.2
2.7

5/J/5«

2.1—>10
3.6

0.8->10
6.8

0.1—-3.0
11

0.8—2.6
1.4

0.1-0.9
0.4

0.8—1.3
1.0
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colon may well represent a site of steroid rehydrolysis. On the grounds of
recent evidence [7], certain steroid metabolites transformed by the intestinal
microorganisms may appear also in the urine.

According to our observations, the 5/5-steroids predominate in the urinary
unconjugated fraction. This suggests that the mechanism responsible for the
excretion (or formation) of unconjugated 17-KS must be 5/5-stereospecific.
Certain 5/5-steroids, such as E, 5/5-pregnanediols are known to have pyrogenic,
haemolytic or icterogenic, etc., effect [17], and syndromes with these features
may be accompanied by an increase of unconjugated 5/5-steroid level in the
blood [4, 12]. These aspects may give a significance to the simultaneous study
of unconjugated 5/5-steroid metabolites in blood and urine under normal and
pathological conditions.

17-Ketosteroid esters in urine

Values of the 17-KS sulphate and glucuronoside esters in the urine of
normal males and females have been summed up in Table IIl. Déhydro-
épiandrostérone, the main metabolite of the sulphate fraction, did not exceed
0.4 mg/24 hours in the glucuronoside fraction. The 17-KS metabolites in urine
of females were partly 5/5-, partly 5a-steroids, whereas those of males
were prevalently 5oc-steroids, hence the 5/5/5a ratio was found invariably less
than the unit in males. Quantitatively, glucuronosides formed the main frac-
tion. In both sexes, the 11-oxygenated metabolites and E were prevalently
glucuronosides, the relative amount of A in this fraction being less than that
of E. In the age group studied (from 21 to 43 years), no age related difference
was demonstrable in the distribution of steroids.

Dehydroepiandrosterone and its sulphate ester are produced mainly
in the adrenal. The biological half life of free D does not exceed about 60
minutes, that of D-sulphate amounts to 10 to 15 hours [3, 21, 22]. The D-sul-
phate by slow hydrolysis is converted in vivo into D which is transformed at
an excessive rate into various metabolites including E- and A-glucuronosides.
Unconjugated D, particularly in the case of high hormone levels, is retrans-
formed into D-sulphate, part of which is directly reduced to E- and A-sulphate
in the liver [3, 15]. Formation of the sulphates originating from the endocrine
organs, the liver and possibly also from other tissues, is unrelated to the detoxi-
cation mechanism, these steroids being convertible into unconjugated steroids
of hormonal activity [3]. This is consistent with the results of isotope studies
according to which the appearance of sulphates is slow and that of glucurono-
sides is rapid in urine [3, 22].

Since the unconjugated 17-KS are for the greatest part hormonally
inactive breakdown products of 5/5-configuration and their urinary excretion
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Table IV

Urinary excretion of unconjugated 17-KS and of 17-KS sulphate and glucuronoside esters
by healthy subjects before, during and after administration of ACTH,
Metyrapone and testosterone propionate

Ag».

years, sex Treatment
3B F _
Meto I
3B F —
ACTH
Meto |
Meto 11
26 F —
Testo

NC unconjugated

S
G

F

sulphate
glucuronoside

female

Form
of
excretion

NC
S

NC
S

NC
S

NC
S

NC
S

NC

NC

NC
S
G

Meto |

Meto 11
ACTH

Testo

17-ketosteroids, mg/24 h

HOE  HOA OE D E A S/l/5a
_ — - — 0.03 0.01 3.0
0.2 — — 0.5 — 0.3 0.7
0.2 0.4 0.3 0.1 1.9 2.0 1.0
— — 0.02 001 0.02 001 4.0
— — - 12 0.4 0.8 0.5
0.1 _ 0.3 _ 4.0 8 0.9
0.01 — 0.01 001 001 001 3.0
— 0.2 — 1.6 — 0.2 < 01
0.1 0.2 0.5 0.2 14 16 1.0
0.07 — 0.3 - 0.05 001 >10

0.2 0.5 0.1 34 0.4 0.6 0.7
0.3 0.6 1.8 0.2 3.0 29 15
0.02 — 0.01 — 0.04 0.02 3.5
— 0.1 — 19 0.5 0.3 1.3
0.1 — 0.3 0.1 2.4 2.5 11
— — 0.02 0.03 008 0.03 3.3
— — — 17 0.7 0.5 14
— _ 0.4 0.1 5.1 2.8 2.0
0.02 — — — 0.01 0.01 3.0
— 0.3 — 0.4 0.3 0.2 0.6
0.3 0.8 0.4 0.1 1.2 12 16
003 001 001 001 003 001 35
— 0.4 — 0.6 0.4 0.8 0.3
0.2 0.7 0.4 0.2 5.3 3.2 1.6

On the 1st day of administration of Metyrapone (3 g)

On the 2nd day of administration of Metyrapone (3 Q)

On the day after administration of ACTH (80 U
twice)

On the last day of testosterone propionate administra-
tion (30 mg daily for five days)
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Time of test

years, sex
35 M before D
during D
38 M before D
during D
40 M before D
during D
after D
21 F before D
during D
after D

NC unconjugated
S sulphate
G glucuronoside
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Table v

Urinary excretion of unconjugated 17-KS and of 17-KS sulphate and glucuronoside esters
by healthy subjects before, during and after administration of déhydroépiandrostérone

HOE

0.04

0.3

0.04
0.3

0.02
0.2
0.4

0.2
0.6

0.2
0.5

0.01
0.2
0.2

0.02

0.2

0.01
0.1
0.2

D
E
M

17-ketosteroids, mg/24 h

HOA OE D E A 55 5a
— 0.01 — 0.06 _ >10
0.1 — 3.1 - 0.6 < 01
0.4 0.3 0.2 1.4 2.1 1.0
- 0.05 — 0.10 — >10
1.0 — 9.6 - 2.9 < 01
1.0 0.9 1.9 3.8 2.9 1.4
— — — — — >10
0.6 - 0.7 0.5 0.4 0.5
1.2 0.6 0.2 1.5 1.5 1.1
— — 0.04 0.10 — >10
0.3 — 12.3 1.9 1.8 1.0
0.6 0.4 0.5 5.2 6.2 0.8
— - — — — >10
0.5 — 3.0 — 1.0 0.1
0.5 0.4 — 3.2 2.1 1.5
— — — 0.06 — >10
0.7 — 148 0.9 2.3 0.4
0.4 0.4 0.3 8.2 6.5 1.3
— — — 0.05 — >10
0.4 — 4.0 0.2 1.1 0.3
0.4 0.5 o-i 4.0 3.1 1.4
— — — 0.01 — >10
0.3 — 0.3 0.3 0.2 1.0
0.1 0.3 —m 138 1.6 1.4
— — 0.01  0.03 — >10
0.3 — 6.0 0.4 1.1 0.3
0.2 0.4 0.4 5.9 4.6 1.3
— — — 0.01  0.01 2.0
0.4 — 1.0 0.2 0.3 0.4
0.3 0.5 0.2 35 25 1.5

dehydroepiandrosterone, 100 mg

female

male
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is not related to the urinary level of the conjugates, the free fraction seems
to be no indicator of hormone production and must be attributed to other
metabolic factors. Since, on the other hand, the sulphate esters are transformed
into active hormones and the rate of their metabolism is slow, the steroid
sulphate excretion may be presumed to he one of the best “urinary indicators”
of hormone production, whereas the glucuronoside excretion seems to refer
on the activity of the inactivation mechanism.

17-Ketosteroid excretion following ACTH, Metyrapone, testosterone and
déhydroépiandrostérone administration

The relevant data are to be seen in Table IV. According to the observa-
tions, Metyrapone reduced primarily the amount of Il-oxy-17-KS sulphates
and increased the level of all 11-deoxy metabolites. In response to exogenous
ACTH, a relative increase in the excretion of sulphates was predominant,
and after the administration of testosterone it was only in the amounts of
E-glucuronoside, A-sulphate and A-glucuronoside where an increase was noted.

Dehydroepiandrosterone is postulated as a “preandrogen”. Its inter-
mediary metabolism has been studied recently by the use of tracers or by the
administration of the hormone in pharmacologic amounts. The latter has
recently been recommended as a function test [20] with the aim to gain infor-
mation on the biological role and the ways of transformation of the steroid.
The majority of these studies have been based on determinations of D, D-esters
and the sulphates and glucuronosides of D metabolites [3, 15, 22, 27].

The excretion of individual 17-KS metabolites following administration
of U is presented in Table V. As it can be seen, D-sulphate represents the chief
metabolite of exogenous hormone, the other metabolites comprise, in the
order of magnitude of their urinary level, E- and A-glucuronoside, and E- and
A-sulphate. Under physiological conditions, 10 to 20% of the exogenous D
appeared in the urine in the form of these metabolites, for, the greater part
on the day of intake. The amounts of unconjugated 17-KS and of the 11-oxy-
genated 17-KS esters were scarcely affected by exogenous D.

Our findings on exogenous D metabolism are in agreement with the
data of other authors [3, 18]. Observations performed by the present method
regarding D and D-sulphate metabolism as well as changes in the 17-KS
excretion in the form of sulphate and glucuronoside esters under pathological
conditions will form the subject of a further report.

We are indebted to Dr. L. csaki and Dr. E. Bsszormenyi for radioactivity measure-
ments and to Miss E. Poteczin and Mrs G. E. Javor for skilful technical assistance.
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TONOGRAPHIC STUDIES
IN FUCHS’S COMBINED CORNEAL DYSTROPHY

By

Gy. Imre

SECOND DEPARTMENT OF OPHTHALMOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL,
BUDAPEST

(Received April 22, 1971)

The tonographically determined rate of aqueous flow in 17 eyes affected by
Fuchs’s combined corneal dystrophy was found to be an average of 0.49 i 0.37 cu.
mm/min. This value is to be considered as decreased in spite of the errors of the method.
Decreased formation of the aqueous humour may indicate nutritional disturbances
to the cornea and it seems probable that the alteration of the posterior barrier (cornea
guttata) and the decreased formation of aqueous humour are complementary conditions
of the development of Fuchs’s combined corneal dystrophy.

Fuchs [5] was the first to describe in 1910 the combined corneal dystrophy
which was to be named after him under the term Dystrophia epithelialis
corneae. The primary nature of the endothelial abnormalities was first pointed
out by Kraupa [7]. The observations of this author were borne out by
later evidence (Duke-Elder and Leigh [4]). The aetiology of the process is,
however, still obscure.

The tonograpliic studies which form the subject of the present report
have been undertaken for the measurement of the rate of aqueous flow in
Fuchs’s dystrophy.

Material and method

Nine patients with Fuchs’s dystrophy were studied. The process was bilateral in all
cases but one. The rate of aqueous flow was calculated on the basis of the equation
F = (P0O— Pv) «C. P0 was determined by differential tonometry using a Schiétz tonometer,
on the basis of the 1955 nomogram of Friedenwald. In the majority of cases applanation tono-
metry was not practicable on account of the unevenness of the surface. The venous pressure
was considered to be 10 mm Hg. The Cvalue was determined by means of 4-minute tonography.

The studies were invariably performed in the morning hours.

Results

The results obtained in 17 eyes with Fuchs’s dystrophy have been
summed up in Table I.

Of the average values studied, those of F were distinctly below the
normal level. The differences between the values found in early or advanced
stages of the process were slight. The mean value of F was 0.58 ~ 0.40
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No. Age

| 65
2 70
3 64
4 59
5 78
6 62
7 45
8 64
9 75
Mean = SO

CY. IMRE
Table |
Sex Po (MM Hg) c F (cu.mm/min)
2 1 0.11 0.11
1 0.25 0.25
2 1 0.34 0.34
< 16 0.11 0.66
16 0.18 1.08
2 23 0.03 0.39
19 0.09 0.81
9 12 0.15 0.30
12 0.15 0.30
< 13 0.19 0.57
1 0.07 0.07
) 17 0.17 1.19
17 0.17 1.19
9 1 0.11 0.11
1 0.19 0.19
9 12 0.15 0.30
13 0.15 0.45
13.9+ 35 0.15 = 0.09 0.49 + 0.37

Stage
Advanced
Early
Advanced

Advanced
Early

Advanced
Early

Advanced
Advanced

Advanced
Advanced

Advanced
Advanced

Advanced
Early

Advanced
Advanced

cu.mm/min in the four early and 0.46 ~ 0.39 cu.mm/min in the 13 advanced
cases, the difference being not significant (p < 0.60). The process was con-
sidered to he in the early stage if a distinct cornea guttata was already asso-
ciated with slight central oedema of the corneal stroma and the other eye
revealed marked signs of Fuchs’s dystrophy.

70 9

Table |1
Side P, (mm Hg) c
Affected
(Fuchs’s dystrophy) 1 0.34
Unaffected 15 0.34
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In Table Il, the data for the affected and the unaffected eye of patient
No. 2 have been set out separately. It can be seen that the rate of aqueous flow
was definitely reduced in the affected eye.

Discussion

Becker, Keskey and Christensen [1] estimate the normal average
rate of aqueous flow at 2.3 cu.mm/min. In the view of Duke-Elder and
Gloster [3] the normal rate of aqueous formation, taking into considera-
tion the findings of the various authors and the sources of error of the methods,
ranges between 1 and 5 cu.mm/min. The present study yielded a mean of
0.49 i 0.37 cuumm/min in the eyes with Fuchs’s dystrophy, which value
may he considered as definitely decreased in spite of the errors of the tono-
graphic method.

On these grounds we feel justified in connecting Fuchs’s dystrophy
with a decreased formation of aqueous humour. Since the entire supply of
glucose to the cornea and the oxygen supply to the corneal endothelium
come from the aqueous humour, an impairment of aqueous formation may
interfere with the adequate nutrition of the cornea, particularly in advanced
age when the glucose concentration of the aqueous humour declines (Pohjola
[10]). This is consistent with the observation that cataract extraction or cyclitis
may adversely affect the process of Fuchs’s dystrophy. Thus Goldmann
[6], Miller, Keskey and Becker [9] and Lee and Trotter [8]
noted that cataract extraction or cyclodialysis was generally followed by a
prolonged hyposecretion of aqueous humour and this is very often the case
after cyclitis too. In the 17 eyes with Fuchs’s dystrophy examined in the
present study, the deterioration of the process had been preceded by cataract
extraction in 5, by iridencleisis in 1, and by iridocyclitis in 2 cases.

Six eyes of the present series exhibited a C-value below 0.15. According
to Becker and Shaffer [2] decreased formation of aqueous humour may
affect trabecular function.

Cornea guttata, the primary endothelial lesion in Fuchs’s dystrophy,
represents in itself mainly an involutionary process associated with ageing
which need not develop into Fuchs’s dystrophy in every case. This would
suggest that the conditions of Fuchs’s dystrophy are both the abnormalities
of the posterior barrier and the deficiency of nutrition caused by the decreased
formation of aqueous humour.
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THE TOTAL INTRAPANCREATIC PLASMA PROTEIN
SPACE IN RATS UNDER NORMAL CONDITIONS
AND IN ACUTE PANCREATITIS

EFFECT OF THORACIC DUCT LIGATION ON THE MORTALITY
IN ACUTE PANCREATITIS

By

M. Papp, L. Csaki and S. Ormai
INSTITUTE OF EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

(Received May 17, 1971)

The total intrapancreatic plasma protein space was studied by means of 5ICr
protein and 131l albumin in Wistar and CFE albino rats, and 3 hrs after intraductal
injection of trypsin and saline. Intraductal injection was also combined with thoracic
duct ligation and the dry residue of the pancreas was estimated. The mortality rate
was recorded after 24 hrs. The total plasma protein space of the intact pancreas was
found to correspond to 23 mI1/100 g wet pancreas tissue; this value was increased two-
fold by intraductal trypsin. The dry residue amounting to 27% in the untreated pancreas
was as low as 16% in the trypsin-treated organ. While in the saline-treated pancreas
3 hrs after thoracic duct ligation a significant expansion of the total intrapancreatic
plasma protein space was demonstrable, the mortality of the animals with trypsin-
induced pancreatitis showed a three to fourfold increase.

In acute pancreatitis vasoactive substances may be formed in the
pancreas fl, 2, 3] which are known to induce local vasodilatation [4—7] and
thus increase the amount of blood flowing through the pancreas [6]. They
induce histamine-type injury of the vascular endothelium resulting in an
increased permeability of the capillaries, venules and even ofthe arterioles [9].
Consequently, the plasma proteins gain access in excessive amounts to the
interstitial space and oedema of the pancreas develops. From the plasma
proteins invading the interstitium vasoactive substances are formed [10]
which further aggravate the inflammatory process. The progressively growing
oedema may compress the pancreatic vessels [11]. Impairment of local blood
supply involves further damage to the organ.

From the mechanism outlined above it follows that acute pancreatitis
must be accompanied by an expansion of the total intrapancreatic plasma
protein space. It seemed interesting to study this question in view of the lack
of knowledge concerning the volume of the total intrapancreatic plasma protein
space in normal conditions and in acute pancreatitis, and such data could
furnish information on the permeability of the vascular endothelium in the
pancreas [12 —15].

Local lymph circulation is an essential factor in the production of regional
oedema [16] as well as in the transport of proteins having gained access to
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the interstitial space [17]. In addition to proteins, enzymes and even sub-
stances capable of initiating inflammation are transported from the pancreas
by the lymphatics [18]. This raises the question whether the thoracic duct
ligation affects the expansion of the total intrapancreatic protein space
and increases the mortality in acute pancreatitis.

Material and method

Home-bred Wistar or CFE albino rats were used. The animals were grouped at random
care being taken to have an equal number of animals from each group for each experiment.
Acute pancreatitis was induced by intraductally injected 5 mg trypsin in 0.2 ml physiological
saline [19]. The animals serving as controls were subjected to intraductal injection of 0.2 ml
physiological saline or to laparotomy only. Each experimental group was divided into two
parts. In one part the thoracic duct was left unaffected, in the second its abdominal portion
was ligated [20] in order to block the lymphatic drainage from the pancreas.

A total of 329 rats of 250 to 300 g body weight, under intraperitoneal sodium pento-
barbital anaesthesia (4 mg/100 g body weight) was used in the present experiments, and we
studied the total intrapancreatic plasma protein space 3 hrs after the retrograde injection,
as well as the 24-hour survival of the animals.

1) The total intrapancreatic plasma protein space [12, 14] was estimated in 69 animals
by means of 5ICr protein prepared [21] in the Isotope Laboratory of our Institute, giving
0.4 /rCn/rat of 5ICrCI3 of 26.6 Ci/g or 74.0 Ci/g specific activity. The intrapancreatic albumin
space was estimated in 23 animals by means of 131l albumin supplied by the Hungarian Isotope
Institute (1 /(Ci/rat; specific activity 0.025 mCi/mg). The labelled protein or albumin was
injected into the inferior vena cava simultaneously with the intraductal saline or trypsin
injection or with laparotomy. Three hours after the intraductal trypsin the animals were Killed
by bleeding from the abdominal aorta. The pancreas was removed, weighed, homogenized in
5n NaOH and its activity was measured in a Siemens well-type scintillation detector, activity
of the labelled protein being determined in 1 ml blood plasma. In the pancreas homogenate
and in the plasma of a few animals, the protein-bound radioactivity was estimated after pre-
cipitation with 10% trichloroacetic acid, the residue was taken up in 5% NaOH. In the 51Cr
protein assays, in 1 ml plasma 70 to 90% of the activity was protein-bound; in 1 g pancreas
tissue, 70%; and in the 13ll-albumin assays, in 1ml blood plasma 90% was bound to protein.

To determine the dry residue of the pancreas, the organ samples were dried to constant
weight and homogenized in 5 n NaOH. Radioactivity of 1 g tissue was expressed in per-
centage of the radioactivity of 1 ml plasma. The total intrapancreatic plasma protein space
was given in terms of ml/100 g wet pancreas.

The total intrapancreatic plasma protein spaces of the trypsin-treated and the solvent-
treated pancreas were compared after analysis of variance by the method of orthogonal
contrasts. For statistical evaluation of the dry residue of 100 g pancreas tissue, analysis of
variance and subsequently Scheffé’s test was used.

2) Survival was recorded in 237 animals 24 hrs after the intraductal injection. The
mortality was evaluated by the %2-test and by Fischer’s hypergeometric test. The efficiency
of the treatment was checked at autopsy. While in the trypsin-treated animals pancreatic
oedema and haemorrhages, in many cases with ascites, were found, the changes in the saline-
treated animals were confined to a slight local oedema and in those subjected to thoracic
duct ligation only, to chymus extravasates involving the mesenterial root, the posterior abdo-
minal wall and the pancreas. Combination of treatment with thoracic duct ligation was found
to enhance the extent and intensity of the lesions described above, particularly in the trypsin-
treated pancreas.

Results

1) The values for the total plasma protein and albumin spaces of the
intact and trypsin-treated pancreas are shown in Table I.The 3-hour total plasma
protein or albumin space of the intact pancreas corresponded to 23 ml/100 g
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Tablv 1

Intrapancreatic 5ICr protein and 11/ albumin space 3 hours after intraductal trypsin injection

ml/100 g
11/100 g wet pancreas pancreas
dry residue
Group .
6,Cr protein spare m | albumin space 51Cr protein
n Total n Total Protein bound n Total
Trypsin -~ thoracic duct
ligation 14 34.6x3.9*a 4 455+ 73> 40.0x 7.2f 14 194+26"
Trypsin 14 48.8+3.9ca 5 446+ 15b 39.7+ 15 14 307x31“
Physiological saline -1
thoracic duct ligation 9 36.8+1.6° 5 328 I, 45 304+ 42C 9 195+ OQa
Physiological saline 7 19.5%1.6 — 7 93x10
Thoracic duct ligation 12 232%1.5 5 254 1 15 234+ 15 12 94 7
Intact 13 227373 4 229+ 115 20.0+ 10.08 13 92+33
a— p < 0.001 b—p < 0.01 ¢ p< 0.05 n — number of rats
*= mean = S. E.
J kL - 1 P<0,01
I 1 p<0,05
Fig. 1. Dry residue per 100 g wet pancreas tissue 3 hours after intraductal trypsin injection.
I. Intact pancreas. Il. Pancreas after intraductal injection of 0.2 ml saline. Ill. Pancreas

after intraductal injection of 5 mg trypsin in 0.2 ml saline.
Q No thoracic duct ligation, § thoracic duct ligation, () number of rats

wet pancreas. The highest value was observed after intraductal trypsin in-
jection. Thoracic duct ligation induced no further increase in it. Com-
bination of intraductal injection of physiological saline with thoracic
duct ligation resulted in a distinct increase in total intrapancreatic plasma
protein and albumin spaces, though to a significantly slighter extent than
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after intraductal trypsin. Neither intraductal saline, nor thoracic duct ligation
by itself increased the total intrapancreatic plasma protein space. The intact
pancreas was found to contain 27% and the saline-treated one 21%
dry residue (p < 0.05) (Fig. 1). The most extensive pancreatic oedema was
thus produced by intraductal trypsin (Fig. 1). The thoracic duct ligation caused
no oedema and did not increase the trypsin-or saline-induced oedema (Fig. 1).

2) The thoracic duct ligation resulted in a significant increase in the
24-hour mortality in trypsin-induced pancreatitis (Table 11).

Table 11

Mortality of rats 24 hours after intraductal trypsin injection

) Trypsin -f thora-  Physiological Physiological | Ligation
Treatment Trypsin cic duct ligation saline saline -f- thoracic  f thoracic duct Laparotomy
duct ligation
Number
of rats 45 47 20 51 37 37
Died 7 26> - 2 2 2
p* < 0.01

Discussion

Total equilibration of labelled protein or albumin with the complete
plasma protein or albumin pool in rats takes place within three hours [22].
The numerical values for the total plasma protein space of the intact pancreas
are in conformity with those of the 24-hour labelled intraorganic protein space
of the kidney or the lung [14]. The large total plasma protein space of the
kidney may he attributed to the practically free permeability to protein of
the medullary vessels [23]. On the evidence of ultramicroscopical studies the
permeability of the capillary endothelium to large molecules is slighter in the
pancreatic than in the renal vessels [24].

It has been shown earlier that in acute pancreatitis the local oedema is
extracellular aawell as intracellular [25]. In the present study pancreatic oedema
was quantitatively determined from the dry residue the reduction of which as
a result of oedema has been found to correlate well with the expansion of the
total intrapancreatic plasma protein space.

However, the question why thoracic duct ligation failed to increase
the total intraorganic protein space of the trypsin-treated, and the water
content of saline-treated pancreas, has yet to be answered. It may be alleged as
an explanation that the 3-hour interval may have been too short for the thora-
cic duct ligation to take effect.

The mechanism accounting for the expansion of the intrapancreatic
plasma protein space seems to have been clarified by the present observations.
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In view of the excessive leakage of methylene blue into the trypsin-treated
dog pancreas, acute pancreatitis induces an increase in local vascular perme-
ability [26]. We have shown earlier that in bile salt-induced acute pancreatitis
there is a direct injury to the vascular endothelium, and in sunflower oil-
induced pancreatitis, a separation of the junctions between adjacent endothe-
lial cells accounts for the increased vascular permeability [9]. Vascular leakage
of the histamine type [8] is suggestive of a local release of vasoactive products
in pancreatitis [1, 2]. Vasoactive substances induce, in addition to vascular
leakage an increase in pancreatic blood flow. In earlier studies we have shown
that histamine, serotonin or kinins injected into the arteries of the pancreas
increase the amount of pancreatic blood flow [27]; in other studies
we have demonstrated that bile and even saline injected into the pancreatic
duct have a similar effect [6]. The later stage of acute oedematous pancreatitis
is also associated with an increased local blood flow [28], and any increase in
local blood flow favours the passage of plasma proteins across the vascular
walls of increased permeability [12, 13].

The question why thoracic ductligation increases the mortality ofrats with
trypsin-induced pancreatitis is still unclear. Our earlier studies seemed to suggest
that the lymphatics of the pancreas fulfill the function of a safety valve, the
pancreatic lesions being aggravated in dogs by ligation of the thoracic duct [29].
In acute pancreatitis the enzyme content of the pancreatico-duodenal lymph
is higher than in the blood of the pancreatico-duodenal vein [30], and other
authors have shown substances produced by retention of excess pancreatic
secretion and capable of initiating inflammation, in the lymph of thoracic
duct [18].

We have to consider the possibility that intrapancreatic application of
active trypsin may promote the local formation of kinins [31]. Moreover,
the thoracic duct ligation may lead to an enhanced production of vasoactive
substances from the proteins retained in the pancreas and in the ascitic fluid,
in view of the fact that the thoracic duct ligation may promote the reten-
tion of proteins [10] in the pancreas by interfering with their transport by
the local lymphatic pathways.

We are indebted to Mr B. Hajtman and Mr G. For1y for statistical analysis of the
results; to Mrs J. Bognar, Mrs E. Boszormeényi, Mrs L. Gerber, Mrs J. Hegyi and
Mr L. Mmorinar for skilful technical assistance.
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PRODUCTION OF AUTOLOGOUS IMMUNE COMPLEX
GLOMERULONEPHRITIS IN RATS BY INJECTIONS
OF HETEROLOGOUS RENAL TUBULAR ANTIGEN

By
A. H. Nagi,* A. Z. Barabas,*™ F. Alexander®** and R. Lannigan**

DEPARTMENTS OF PATHOLOGY, *THE QUEEN’S UNIVERSITY OF BELFAST,
AND THE <UNIVERSITY OF CALGARY, ALBERTA, CANADA

(Received May, 19 1971)

Autologous immune complex (AIC) glomerulonephritis has been induced in
rats by repeated intraperitoneal injections of human renal tubular antigen. The devel-
oping renal lesion resulted in proteinuria and a kidney disease similar to that in the
experimentally induced (Heymann type) autoimmune nephrosis in the rat and to
human membranous nephropathy. A hypothesis is presented which might explain
the development of this progressive renal disease under the present experimental
conditions.

Introduction

The production of glomerular lesions in rats by the repeated intra-
peritoneal injections of autologous, isologous, homologous and heterologous
renal tubular antigens is well documented [1 5].

The amount of kidney antigen needed to initiate the disease is small.
Four injections of 2 mg mitochondrial preparation or a single injection of
3 fig, purified antigen is sufficient [6, 7]. Since the disease is progressive it is
thought that autologous antigens must contribute to the formation of immune
complexes in the glomeruli.

It was previously believed that the disease was initiated and maintained
by lymphoid cells since it appeared to be transferable to suitable recipients
by lymphoid cells obtained from rats with AIC glomerulonephritis [8, 9].
However, these early claims have not been substantiated [10 12]. Presently
it is believed that the renal lesion is produced initially by the injected antigen
and antibody formed against it [4] and in the chronic phase maintained by
immune-complexes made up of autologous renal antigen, autologous immuno-
globulins and complement [3, 13].

Edgington, Glassock and Dixon [14] and Heymann et al. [5] have
shown that not only autologous, isologous and homologous kidney preparations
but heterologous (human, rabbit and guinea-pig) renal antigens can also pro-
duce a morphologically similar renal disease in rats.

Since membranous nephropathy in the human resembles morphologically
and functionally the experimentally induced AIC glomerulonephritis in the
rat, a considerable amount of work has been done to discover the immuno-
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pathological processes which are involved in the initiation and progression
of this disease.

In previous experiments we have tried to elucidate those immunological
events which contribute to the pathogenesis of this experimentally induced
autoimmune kidney disease. The cellular immune system appears to play no
direct role in the maintenance of the condition [6, 10—12]. On the other
hand circulating and glomerular fixed anti-kidney tubular antibodies and
a renal tubular antigen appear to contribute to the pathogenic mecha-
nism [3, 15].

In the present experiment we induced AIC glomerulonephritis in rats
by repeated intraperitoneal injections of human azo-kidney mitochondrial
antigen in complete Freund’s adjuvant. An attempt is made to explain those
processes which lead to and result in this type of chronic progressive kidney
disease.

Materials and methods
Preparation of renal antigen

A fresh normal human kidney was obtained from a young donor who died in a road
accident. Mitochondrial preparation (F3) was obtained by differential centrifugation using
the method of Pinckara and w eir [16]. The mitochondrial fraction was chemically modified
by a method of voger [17] to obtain an azo-mitochondrial preparation. The protein concen-
tration was adjusted to 2.4 g per 100 ml.

Experimental procedure

Closely bred Wistar rats were used.

Test group. Twenty-five rats were injected intraperitoneally at weekly intervals for
six weeks with the azo-human kidney mitochondrial preparation. Each injection contained
3 mg protein in Freund’s complete adjuvant.

Control group. Ten rats were injected intraperitoneally at weekly intervals with bovine
serum albumin (BSA). The frequency of injections and the amount of protein administered
in Freund’s complete adjuvant were the same as in the test group.

Urinary protein analysis. Twenty-four-hour specimens of urine were collected from
each rat, in metabolic cages at regular intervals until the termination of the experiment at
20 weeks. The daily protein loss was determined by a modified Weichselbaum biuret tech-
nique [18].

Light microscopy. Blocks of kidneys were fixed in 4% formaldehyde in saline. 3—4 /i
thick sections were cut and stained with haematoxylin and eosin, periodic acid-Schiff and the
methenamine silver method.

Fluorescent microscopy. One kidney from each rat was wrapped in parafilm and stored
at —20 °C. 4 ft thick sections were cut on a cryostat, fixed in 4% phosphate buffered for-
malin pH 7.2, and then stained using mono-specific antisera to demonstrate rat immuno-
globulins, rat complement and BSA.

Electron microscopy. 1 cu.mm blocks of renal cortex were fixed in 1% osmic acid, dehy-
drated in ethanol and embedded in Epon. Ultra-thin sections were stained with uranyl acetate
and lead citrate and examined on an AEIl EM 6B electron microscope.

Results
Urinary protein analysis

In the experimental and control groups, a transient proteinuria was
observed around four weeks. In the experimental group (in all but 2 rats)
a second phase of proteinuria developed from 8—10 weeks onwards and
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became progressively elevated. The control group did not develop the progres-
sive second phase proteinuria.

A graph of the mean protein excretion for both groups of rats is shown
in Fig. 1.

Fig. 1. Mean daily protein excretion in experimental ( __) and control rats

Light microscopy

All test group rats except the two animals without proteinuria showed
moderate to severe thickening of the glomerular basement membrane at the
end of the experiment. In methenamine silver stained kidney sections, nu-
merous silver positive projections were noted on the outer surface of the glo-
merular basement membrane (Fig. 2). No cellular proliferation of glomerular
tufts was observed.

The proximal convoluted tubules showed an increase in the number of
hyaline droplets and many contained protein casts.

No histological abnormality was observed in any of the control animals
nor in the two test animals without proteinuria.

Fluorescent microscopy

In the kidneys of those proteinuric rats which wereki 1d <e the end o
the experiment, autologous gamma globulin and complement were demonstrated
in a beaded fashion in the glomeruli (Fig. 3). The aproteinuric rats had no such
glomerular localized components.

In the control rats there was no glomerular fluorescence when tested
lor the presence of BSA, autologous gamma globulin and complement.
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Fig. 2. Autologous immune complex glomerulonephritis. Portion of a glomerulus showing
irregularly thickened glomerular basement membrane with numerous silver positive pro-
jections on its outer aspect. Methenamine silver, XIIOO

Fig. 3. Autologous immune complex glomerulonephritis. Autologous gammaglobulin is
demonstrated along the glomerular capillaries in a beaded fashion. Fluorescent antibody
technique, X 460
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Fig. 4. Autologous immune complex glomerulonephritis. Portion of two glomerular capillary

loops (C) showing numerous osmiophilic deposits (D) on the epithelial side of the basement

membrane (BM). The foot-process layer is fused and the epithelial cell cytoplasm is osmio-
philic adjacent to the deposits. EM, X 13,000

Electron microscopy

In the test group rats easily recognisable glomerular changes were
observed. The glomerular basement membrane was irregularly thickened,
with projections towards the epithelial aspect. Large subepithelial electron-
dense deposits, partially or completely surrounded by basement membrane-like
material were visible around most of the glomeruli. The epithelial foot pro-
cesses were fused and the cytoplasm overlying the deposits appeared osmio-
philic, often to the same degree as the deposits themselves (Fig. 4).

The tubules contained numerous protein absorption droplets (Fig. 5)
and some of the mitochondria in the tubules were swollen. The tubular base-
ment membrane showed no abnormality.
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Fig. 5. Autologous immune complex glomerulonephritis. Portion of a proximal convoluted
tubule showing protein absorption droplets (Dr), cytosomes (C), and altered mitochondria (M)
EM, X 7000

In the kidneys of the two aproteinuric rats the only changes observed
were occasional deposits on the epithelial side of the basement membrane.
No ultrastructural change was observed in the kidneys of the control rats.

Discussion

AIC glomerulonephritis was induced in rats by repeated intraperitoneal
injections of azo-human kidney mitochondrial preparation in complete Freund’s
adjuvant. The developing renal disease, as far as the proteinuria and morpho-
logy allowed to judge, was similar to nephritis produced by homologous renal
antigen. The control rats manifested the temporary phase of proteinuria only
and did not develop nephritis presumably because no circulating anti-kidney
antibodies were induced by BSA.

It was shown by Edgington, Glassock and Dixon [14] that in hetero-
logous renal antigen induced AIC glomerulonephritis, autologous renal tubular
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antigen can be demonstrated in the glomeruli. Sometimes after the induction
phase, autologous nephritogenic tubular antigen becomes available. The
released antigen appears to be capable of initiating auto-antibody forma-
tion [19]. These auto-antibodies with the circulating nephritogenic antigen
can form immune complexes in the presence of complement on the epithelial
side of the glomerular basement membrane. It is likely that autologous renal
tubular material becomes a continuous source of nephritogenic antigen. The

H-K-Ag 5
\AZO-HU-K-Mit. /

PROTEINURIA

Fig. 6. Proposed pathogenic mechanism in autologous immune complex glomerulonephritis

induced by heterologous renal antigen in the rat. The Figure shows the primary events (--------- )

which lead to the release of autologous renal antigen. The cycle of events which maintain the

release of autologous antigen during the chronic progressive phase of nephritis, the production

of autoantibodies, and the formation of immune complexes in the glomeruli is shown on the
right-hand side of the Figure (--------- )

chronic progressive phase seems to be maintained by a cycle of events which
relies on autologous source of materials.

We have postulated that AIC glomerulonephritis is initiated and main-
tained by antibodies directed against the nephritogenic antigen in the proximal
tubular cytoplasm [4, 15]. The following events, in agreement with our earlier
assumptions, might contribute and eventually lead to the development of the
chronic progressive kidney disease.

The azo-human kidney mitochondrial preparation in complete Freund’s
adjuvant causes the production of antibodies. These antibodies together with
the circulating renal antigen produce a temporary phase of proteinuria early
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in the experiment at 3—4 weeks, possibly due to a serum sickness type of
lesion. During this period these cross-reactive antibodies (anti-human kidney
mitochondrial antibodies) are able to pass through the glomeruli. They are
either excreted or reabsorbed. Presumably some of the reabsorbed antibodies
come in direct contact with the nephritogenic antigen in the proximal con-
voluted tubules. This immunological event may lead to the intravascular
release of autologous tubular antigen. Auto-antibody may then be formed
against this antigen. Autologous immune complexes comprised of auto-
antibodies, auto-antigens, and complement might then be formed in the glo-
meruli. The cycle of events shown in Fig. 6 could maintain the release of
nephritogenic antigen, auto-antibody formation and the immune complex
deposition in the glomeruli.

The chronic progressive phase in membranous nephropathy in the
human might be maintained by a mechanism similar to the presented cycle
of events.
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The response of cerebral blood flow and cerebral metabolism to the intravenous
administration of 20 mg doses of ATP was studied in 30 subjects with cerebral ischaemia
associated with cerebrovascular disease. Cerebral blood flow was measured by the
counterflow-infusion, venous isotope dilution method with double puncture of the
internal jugular vein. ATP was found to induce a substantial rise in cerebral blood flow
with a fall in cerebrovascular resistance in a number of patients and a reduction in
cerebral blood flow with a slight rise in cerebrovascular resistance in 6 patients. In gener-
al, neither cerebral blood flow nor cerebrovascular resistance was significantly affected
by ATP. However, combined administration of ATP with noradrenaline in intravenous
drip infusion resulted in a significant rise in cerebral blood flow together with a signif-
icant fall in cerebrovascular resistance. ATP, whether administered by itself or in
combination with noradrenaline, failed to affect the cerebral uptake and utilisation
of 02 and glucose.

ATP plays a decisive part in cellular metabolism, being closely involved
in energy turnover and glucose utilisation. Cerebral anoxia is known to induce
a rapid fall in cerebral ATP concentration by interfering with ATP synthesis
[1, 2]. On the other hand, it is also known that administration of ATP results
in a vasodilation in various areas of blood supply. The data concerning the
influence of ATP on cerebral blood flow and on cerebrovascular resistance is
far from consistent. According to certain authors [3 6] in response to ATP
cerebral flow increases while according to some others [7, 8] it remains unaf-
fected. It has been shown earlier [9] that ATP administration is usually fol-
lowed by a transient fall in carotid resistance whereas, owing to a simultaneous
fall in blood pressure, carotid flow rises only transiently and to a slight degree.

In view of these facts it seemed rewarding to study the response of
cerebral blood flow and of oxygen metabolism in ischaemic cerebral disease
and to ascertain whether ATP could increase the reduced cerebral flow asso-
ciated with such diseases.

Material and methods

In the study 30 subjects between 30 and 68 years of age (mean, 51 years) were involved.
They all suffered from ischaemic disease of the brain (cerebrovascular encephalopathy, hyper-
tensive encephalopathy), the presence of which was ascertained on the grounds of the history
(transient spells of dizziness, visual disturbances, muscular paralysis, etc.) and the neurological
investigation including EEG, carotid angiography, study of CSF, etc.
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For the measurement of cerebral blood flow our counterflow, venous isotope-dilution
method with double puncture of the internal jugular vein [10] was used. Cerebral blood flow
was computed for one hemisphere, of the side of the punction. On the evidence of a large
number of measurements, cerebral blood flow, referred to one hemisphere, corresponds nor-
mally to 425 i 25 ml/min. Cerebral 0 2uptake was calculated from the quotient of cerebral
blood flow and cerebral arteriovenous oxygen difference. 0 2 in the blood of the femoral
artery and jugular vein was measured with a Kipp-oxymeter. Cerebral glucose uptake was
determined on the grounds of cerebral blood flow and cerebral arteriovenous glucose difference.
Glucose was estimated according to Somogyi with a Hilgar electrophotometer. The respiratory
quotient of the brain was determined on the basis of 0 22uptake and CO2release. 0 2and C02
content of the arterial and cerebral venous blood samples was estimated by Natelson’s micro-
gasometric procedure.

Arterial blood pressure was measured with Korotkoff’s on the arm. Mean arterial
pressure was calculated from the systolic and diastolic pressures, by Wiggers’s formula,
Pm= -Pd+ 1/3(PS- -Pd)- .

Vascular resistance of the cerebral hemisphere was calculated from the cerebral per-
fusion pressure and from the blood flow of the cerebral hemisphere. In the measurement of
cerebral perfusion pressure, cerebral venous pressure — internal jugular venous pressure —
was also taken into consideration: cerebral perfusion pressure = Puy Pjug-

The internal jugular venous pressure was measured in the bulb of the jugular vein with
a Moritz—Tabora apparatus.

Cardiac output was determined by the dye-dilution principle, using 50 mg Evans blue.

In the first part of the study, determination of the basal values was followed by the
intravenous administration of 20 mg ATP in not less than two minutes. Measurements of
cerebral blood flow were performed at 10 min. (culmination of the effect), those of cerebral
glucose, 0 2-uptake and the cerebral respiratory quotient 10 min. and 15 min., respectively,
after injection.

In the second part of the study the patients were given 20 mg ATP and 0.2 /ig/kg/mm.
noradrenaline in drip infusion, in 10 min. Measurements were made prior to and after comple-
tion of the infusion. For statistical analysis, Student’s two-sample (-test was used.

Results

Effect of ATP on cerebral blood flow

The effect of ATP on cerebral blood flow was studied in 11 cases of
cerebral ischaemia. While mean basal cerebral flow referred to one hemisphere
was very low, the vascular resistance was abnormally increased. Mean arterial
pressure —the majority of patients being hypertensive — exceeded the average
level. ATP induced a persistent reduction in blood pressure only in a few
cases. A transient hypotensive effect was noted in every case, then blood
pressure invariably returned to practically the initial value in a few minutes.
The response to ATP of cerebral blood flow as well as of cerebrovascular
resistance was inconsistent. While in five cases cerebral flow significantly
increased and cerebrovascular resistance diminished, in the other six it was
the cerebral flow which diminished while cerebrovascular resistance rose
somewhat. Mean cerebral flow increased slightly and mean cerebrovascular
resistance diminished slightly in response to ATP; these changes were not
significant statistically. The last-mentioned changes are shown in Fig. 1.

The graph presented in Fig. 2 compares the parameters of two patient
groups, one responding to ATP with an increase, the other with a reduction
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in cerebral blood flow. As it can be seen, the two groups exhibited distinct
differences in respect of the basal values for cerebral blood flow and vascular
resistance. In Patients responding favourably to ATP (A) the cerebral
blood flow was 270 ml/min., in those with an unfavourable response (B),
350 ml/min. It was remarkable to note the prevalence of symptoms indicative
of peripheral arterial disease intermittent claudication in group B.

Fig. 1. Pm — mean arterial blood pressure. CHBF — cerebral blood flow calculated to one

hemisphaerium. CHVR = cerebral vascular resistance calculated to one hemisphaerium.

rt= number of the examinations, p = probability level before and after ATP administration.
I = Standard error of the means

Cerebral 0 2 and glucose uptake, cerebral respiratory quotient and cere-
bral glucose/02quotient remained largely unaffected by ATP, with the excep-
tion of a slight non-significant reduction in the respiratory quotient
and an equally slight, non-significant rise in cerebral glucose/02-quotient
demonstrable at 10 min. after ATP-injection, but no longer present at 15 min.

Effect of ATP and noradrenaline on cerebral blood flow

The response of cerebral blood flow to the combined administration of
ATP and noradrenaline was studied in 11 patients. The essential results are
presented in Fig. 3. Mean arterial pressure remained unaffected and cerebral
blood flow increased from 350 ml/min. to 405 ml/min., a change attaining
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the level of significance in the same way as did the fall in cerebrovascular
resistance. No negative response was noted.

ATP failed to affect the cerebral metabolism of02and glucose, whether
administered by itself or in combination with noradrenaline. No significant
change in cardiac output was noted either in response to ATP itself or to its
combination with noradrenaline. The same applies to the internal jugular
venous pressure.

Discussion

It would be most desirable to be able to increase cerebral blood flow in
conditions associated with cerebral hypoxia. However, cerebral circulation
responds poorly to pharmacodynamic influences. This has two main causes:
(1) cerebral blood circulation has a high degree of auto-regulation; (2) the
cerebral vessels, compared to those of other regions, are sluggish to respond
to stimuli. ATP and its derivatives have been recommended for reducing
cerebrovascular resistance and to improve cerebral 0 2metabolism, the com-
pound being a vasodilator producing a transient fall in blood pressure as well
as vasodilation in the extremital and coronary vessels alike. Administration
of ATP to laboratory animals was followed by a slight rise in the carotid and
femoral flow despite a simultaneous, though slight, fall in blood pressure [9].
In our earlier human studies performed by the N20-method [9] we found that
ATP by itself has but a slight stimulating effect on cerebral blood flow, but
this effect was greatly enhanced if the accompanying transient fall in blood
pressure was counteracted by the simultaneous administration of some potent
vasoconstrictor.

In the present study noradrenaline was applied as the vasoconstrictor;
its combination with ATP seemed advantageous, not only because of its ca-
pacity to counteract the transient hypotensive effect of ATP, but also because
it has no direct influence on cerebrovascular tone. There is extensive experi-
mental evidence [11—22] that noradrenaline affects only the tone of extra-
cranial vessels while leaving cerebrovascular resistance practically unaffected.
According to our own observations [9] noradrenaline by itself has no influence
on cerebral blood flow.

The present study has yielded new evidence to the effect of ATP on
cerebral blood flow. ATP by itself had no acute effect either on cerebral blood
flow or on cerebrovascular resistance. However, if combined with noradrenaline,
it induced a significant rise in cerebral blood flow with a parallel significant
fall in cerebrovascular resistance.

A further point was the failure of cerebral 0 2 and glucose uptake and
utilisation to respond either to ATP orto ATP -|- noradrenaline. In syndromes
associated with cerebral ischaemia the metabolism of the brain is greatly im-
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paired as reflected by a poor cerebral 0 2uptake and by low values ofthe cerebral
respiratory quotient as well as of the glucose/02 ratio. The last mentioned
abnormalities are indicative of an impairment in the aerobic glycolysis of the
brain. Administration of ATP left the metabolism of the brain unaffected,
and even the enhancement of cerebral flow by ATP -f- noradrenaline failed
to produce any favourable response. This indicates that, other things being
equal, enhancement of cerebral blood flow by itself does not yet imply an
improvement of cerebral metabolism.

The observation that in certain cases of cerebrovascular disease, ATP
produces a prompt and marked fall in cerebral blood flow also deserves notice.
The data presented in Fig. 3 would seem to suggest that cerebrovascular
resistance fails to respond to ATP unless its original level has been excessively
high. This is, however, at variance with the results obtained in the ATP -f nor-
adrenaline group where cerebrovascular resistance was not excessive, cerebral
flow increased in response to the drug combination. It seems more probable
that the frequent negative cerebral response to ATP is connected with its
vasodilator property. ATP induces a transient fall in blood pressure and
a general vasodilation, which often goes hand in hand with a reduction in
cerebral flow. Tfcoexisting abnormalities of other vascular areas, e.g. peripheral
vascular disease, interfere with the production of general vasodilation, ATP
may enhance cerebral blood flow.

The present results illustrate that the regulation of cerebral flow is
inseparable from the general haemodynamic response and point to the possible
benefits of the simultaneous administration of drugs affecting cerebral circu-
lation from different sites of .action.
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UNTERSUCHUNGEN DER NICHT VERESTERTEN
FETTSAUREN BEI EXPERIMENTELLER
HYPERTONIE AN DER RATTE

Von

M. L. MICHAILOV

DEUTSCHE AKADEMIE DER WISSENSCHAFTEN ZU BERLIN, INSTITUT FUR KORTIKO-VISZERALE
PATHOLOGIE UND THERAPIE (DIREKTOR: PROF. DR. R. BAUMANN), BERLIN-BUCH
(Received May 25, 1971)

Es wurde eine gaschromatographische Analyse des Musters der freien, nicht
veresterten Fettsduren (FFS) im Blutplasma bei zwei Modellen der experimentellen
Hypertonie (nephrogen und neurogen-interorezeptiv) an der Ratte durchgefihrt, und
die Ergebnisse wurden mit denen gleicher normotoner Tiere verglichen. Bei hypertoner
Belastung verdnderte sich das FFS-Muster in charakteristischer Weise:

1. die gesdttigten FFS, besonders die Palmitin- und Stearinsdure, erhdhten sich;

2. die ungeséattigten FFS verminderten sich diametral zu den gesattigten,
namentlich die Ol-, Palmitolein-, Linolsaure.

Die Verdnderungen waren deutlicher bei dem nephrogenen Hypertoniemodell,
annehmlich infolge der intensiveren Teilnahme des Renin-Angiotensin-Mechanismus.

Es ist bekannt, dal die nicht veresterten, freien Fettsduren (FFS) im
Plasma eine -wesentliche Rolle als energetisches Substrat bei akuten und chro-
nischen Belastungen im Organismus spielen. Die Kinetik der FFS-Freisetzung
aus den Fettdepots in das Blutplasma, ihr Transport und die Oxydation ver-
laufen verschieden bei normalen physiologischen Bedingungen sowie bei
Belastungen verschiedener Art, z. B. physischen und psychischen Stressoren
wie auch bei chronischen Belastungen des Organismus auch im Sinne eines
arteriellen hypertonen Syndroms. Es dominiert die Auffassung, daBunter die-
sen Bedingungen der beschleunigte Umsatz der FFS meistens mit einer AKkti-
vierung des sympathischen Nervensystems einschlieBlich einer erhdhten
Produktion von Catecholaminen gekoppelt ist, welche eine stimulierende Rolle
auf die Adenylcyclase und 3’,5’-AMP ausihen.

Neuere Untersuchungen von Oré und Mitarb. [12], Hodge und Mitarb.
[7], Vassalle u. Mitarb. [14], Gebber und Snydler [6] u. a. zeigen, daB die
Freisetzung von Catecholaminen teilweise ein Teil eines arteriellen interorezep-
tiven Baroreflexes ist. Eine elektrische Stimulation verschiedener submedul-
larer Hirnstrukturen, vorwiegend kreislaufaktiver Areale mit pressorischen,
kardiovaskuldren Reaktionen fohren zu einer Inhibition von vagalen Kompo-
nenten und einer Stimulation des sympathischen Nervensystems. Man spricht
von einer »Catecholaminerh6hung unter vagaler Kontrolle«. Es ist auBerdem
bekannt, dall eine erhdhte Lipolyse bei Elektrostimulationen des Sympathikus
oder Hypothalamus unter einer koordinierten Kontrolle des Kortex von-
statten geht.
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Methodik

Die heutigen chromatographischen Methoden sind imstande, die einzelnen FFS-Frak-
Monen im Plasma exakt zu trennen. Wir bedienten uns dabei der routinem&Rigen Dinn-
schichtchromatographie und Gasflissigkeitsverteilungschromatographie (Giede-Gaschromato-
graph mit dem Flammenionisationsdetektor mit entsprechender Reproduzierbarkeit), durch
welche eine Untersuchung der einzelnen Fraktionen auch in minimalen Mengen mdglich ist.
Die gaschromatographischen Bedingungen waren folgende: S&ulenabmessung 3m X 4 mm.
stationdre Phase 20% Athylenglykolsuccinatpolyester auf Chromosorb W, 60—80 mesh,
Séulentemperatur 180°C—190°C, Schleppgas Stickstoff, DurchfluR 2,6 1/Std., Empfindlich-
keit 10- 910. Die Extraktion der Lipide aus dem Blutplasma erfolgte nach dem Chloro-
form-Methanol-Verfahren, ihre Fraktionierung mit Hilfe der Dunnschichtchromatographie,
ihre Veresterung mit BE3Methanol. Es wurde die gaschromatographische Analyse des
Fettsduremusters im Plasma bei verschiedenen Hypertoniemodellen an der Albinoratte
(Stamm Waistar, ménnliche Tiere von derselben Generation, 10 Monate, ca. 220 g) vor-
genommen, wobei wir folgende Modelle praktizierten: das nephrogene Zellophankapselmo-
dell (eine Modifikation von Meier u. Zbinden [10] nach der Methode! von Page
[13]) und ein neurogen-interorezeptives Carotissinusmodell (nach Krieger [9]), und zwar
jeweils an 20 Tieren. Als Kontrolle diente eine gleiche Anzahl normotoner Ratten.
Der Blutdruck der normotonen Tiere zeigte 110 d: 9,5 mmHg, der der nephrogen hyper-
tonenTiere war 165 £ 125mmHg und der der neurogen hypertonen 180 di 12,5 mmHg. Die
Messung des systolischen Blutdruckes erfolgte unblutig nach der Methode von Friebel und
Vreden [5]. Nach 12stindiger Nahrungskarenz wurde den Tieren mittels Herzpunktion bei
konstanten Versuchsbedingungen Blut entnommen. Als Antikoagulant verwendeten wir Na-
triumfluorid. Zur statistischen Verifikation unserer Ergebnisse benutzten wir den t-Test nach
Student und die Korrelationspriufung.

Ergebnisse

Tabelle | zeigt die Reihe der langkettigen geséttigten und ungesattigten
Fettsduren aus dem Gesamtspektrum. Deutlich erkennbar und statistisch
verifiziert ist der Unterschied der summarischen Verdnderungen der geséattig-
ten Fettsduren, die bei experimenteller Hypertonie eine starke Erhdhung
zeigen. Die ungesdttigten Fettsduren zeigen eine diametrale Verschiebung,
die ebenfalls signifikant ist. Bei dem nephrogenen Hypertoniemodell sind
diese Unterschiede ausgeprdgter, mit hoheren Werten. Betreffs der einzelnen
Glieder des Musters der FFS im Plasma bei verschiedenen Hypertoniemodellen
konnten wir charakteristische gleichsinnige Verdnderungen im Vergleich zu
den Kontrollgruppen finden. Die gesattigten FFS sind erhdht, besonders
die relativ kurzkettigen FFS, wie Laurin- und Myristinsdure, welche bei den
normotonen Tieren in geringen Mengen zu finden sind. Das Niveau der bio-
logisch wichtigen Palmitinsdure steigt an. Ebenfalls eine ausgeprdgte Erho-
hung zeigt die Stearinsdure. Die Verminderung der ungesdattigten FFS be-
trifft vor allem die Olsdure wie auch die Palmitoleinsdure und die essentiellen
Fettsauren.

Besprechung

Unsere Untersuchungen zeigten, daf bei Energiebedarf vorwiegend
die ungesattigten Fettsduren, insbesondere die Olsaure, und sekundar die
hochgesdttigten, verwertet werden. Bei schweren Belastungen spielen bei
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Tabelle 1
i i Neurogen-interorezeptive
C.zahl Nom;otonle Nephrogen% Hypertonie gHype oot p
% % °
%
I. Geséttigte Fettsduren

C12 (Laurinsaure) 1.0 +0,2 48 +1,1 (p < 0,01) 3,8 +0,9 (p< 0,01)

C13 (Tridekansdure) — 2,4 0,6 1,0 +0,2
Ci4 (Myristinséure) 35 0,5 86 +1,4 (p< 0,01) 74 +1,2 (p< 0,01)

C15 (Pentadekansdure) — 25 0,4 2,3 +0,4
CIG (Palmitinsdure) 352 3,9 40,6 +3,8 (p< 001) 411 =+4,0 (p< 0,01)

CI7 (Margarinsaure) — 1,7 +0,3 19 0,4
C18 (Stearinséure) 48 0,7 11,8 +£2,1 (p < 0,01) 88 +1,7 (p < 0,01)
C20 (Arachinséure) 1,2 0,2 21 x0,5 (p > 0,01) 2,0 +0,5 (p > 0,01)

E= 45,7% 74,5% 68,3%
1. Ungesattigte Fettsauren
Cidu (Myristoleinsdure) 15 0,4 — —
Cil¢1 (Palmitoleinséure) 96 *1,6 46 +1,0 (p< 0,01) 55 +1,4 (p < 0,01)
c181 (Olsdure) 246 +2,2 133 #1,9 (p< 0,01) 151 *2,0 (p < 0,01)
C182 (Linolsaure) 9.2 413 41 +£1,0 (p< 0,01) 58 +1,2 (p< 0,01)
C183 (Linolensaure) 61 411 25 {06 (p < 0,01) 3,8 0,6 (p < 0,01)
Cro:i (Arachidonsdure) 33 0.6 1,2 +0,4(p 0,01) 15 i05(p” 0,01)
r = 54,3% 25,5% 31.7%

dem energetischen Metabolismus die leichter mobilisierbaren und leichter
synthetisierbaren gesdttigten Fettsduren eine Rolle. Das entspricht nach s 1o cn
[IJundw avemboure o. Mitarb. [15] der Annahme, daB fir das Leben im all-
gemeinen die Ungesadttigtheit nicht entscheidend ist. Die Analyse des Musters
der FFS bei experimenteller Hypertonie unterscheidet sich von den Verdnde-
rungen der FFS bei Noradrenalininfusion nach s .»:. und Mitarb. [2],
bescomps u. Mitarb. [3], bei welcher eine Zunahme der biologisch wichtigen
Fettsauren, Palmitin- und Olsaure, im Vordergrund steht. Die Stearinsaure,
die wir bei unseren Modellen erh6ht fanden, entspricht den Untersuchungs-
ergebnissen von saw«y U. Mitarb. [8], Fere UNd scajnerova [4], welche die
gleichen Ergebnisse bei hypoxdmischen Zustdnden gefunden haben.

Die Resultate der Spektralanalyse der FFS im Plasma bei experimentellen
Hypertoniemodellen fiigen sich in das komplexe Problem des hypertonen
Zustandes ein, wobei Kortex und Subkortex, die Catecholamine und andere
neurohumoralc und genetische Faktoren beteiligt sind. Bei der biokybernetischen
Interpretation der Hypertonie als vermaschter Regelkreis der Blutdruckho-
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moostase (nach Nitschkoff [11]) mit seinen Adaptations-, Kompensations- und
Entgleisungsmechanismen spielen die FFS als Energielieferant eine Rolle.

Die Kinetik der Mobilisation und Utilisation der FFS, die verschiedene
Lénge ihrer Ketten und die verschiedenen Grade der Sé&ttigung, zeigen eine
gesetzmdRige Reaktion sowohl bei der normotonen Kreislaufsituation als auch
bei den verschiedenen Formen der Hypertoniemodelle. Die graduellen Unter-
schiede der experimentellen Hypertoniemodelle zeigen deutliche pathologische
Verdnderungen in dem Gleichgewicht des Metabolismus, insbesondere bei der
nephrogenen Hypertonie, bei welcher der Renin-Angiotensin-Aldosteron-Mecha-
nismus von besonderer Bedeutung ist und in den Fettstoffwechsel eingreift.

Das gaschromatographisch analysierte Spektrum der FFS im Plasma
bei experimenteller Hypertonie zeigt charakteristische Verdnderungen, deren
Wechselbeziehungen und deren Dynamik eng mit dem Gesamtstoffwechsel
verbunden sind und die in Abhdngigkeit zu der Belastung und den kompen-
satorischen biologischen Reaktionen des Organismus stehen.
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The effect of phenylbutazone on thyroid function has been studied by estimation
of the coefficients of iodine uptake and mobilisation reflecting the iodine kinetics.

1. Sustained levels of the drug were found to produce a dose-related, but inva-
riably significant inhibition of thyroid function.

2. Phenylbutazone applied as preliminary treatment left thyroid iodine metab-
olism unaffected.

3. In view of the absence of any increase in thyroid weight, it is not an enhanced
TSH-production which accounts for the inhibitory effect.

4. Administration of the drug after completion of radio-iodine uptake results
in a mobilisation of a “pseudo”-hyperthyroid type which, however, on the evidence
of plasma activity studies expresses only the iodine released by the thyroid and thus
the ratio of active to inactive fraction in the serum.

The phenylbutazone derivatives owe their world-wide use in rheumatic
diseases and in other fields of medicine including gynaecology, to their anti-
pyretic, analgesic and anti-inflammatory properties. They are believed to act
as anti-inflammatory agents in a cortisone-like fashion by inhibiting the break-
down of cortisone [7, 8]. In view of the close interrelations between the various
endocrine organs this activity cannot be restricted to any particular gland
but possibly involves any other endocrine organ including the thyroid [12],
as indeed there is clinical evidence that phenylbutazone derivatives inhibit
the uptake of iodine by this organ [4, 11]. According to certain authors, the
anti-inflammatory effect of the drug fails to assert itself in case of previous
thyroidectomy, an observation pointing to the close involvement of the thyroid
in the production of the effect [2, 14, 15, 16]. The analgesic effect of phenyl-
butazone is attributed by some other authors to the thyrostatic properties
of the drug [1, 5].

The aim of the present study has been to ascertain to what extent phenyl-

butazone interferes with iodine metabolism and how this inhibition takes
effect.

Material and method

The response of iodine metabolism to various factors is estimated on the basis of the
changes in iodine-binding (a) and the mobilization (a) coefficients.

In euthyroid subjects the value ofa is roughly 0.1 h-1, and that ofa, 0.005 h—, depend-
ing on the iodine content of food and of drinking water [3]. Both coefficients increase in the
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case of hyperthyroidism and decline in hypothyroidism. The two coefficients can be computed
from the ascending (iodine uptake) and from the descending (iodine mobilization) limbs,
respectively, of the iodine retention curve on the basis of the differential equation [9, 10]

ciT
dt asS oT
where T represents thyroid activity, S that of blood, a and a the coefficients of uptake and
mobilization, respectively.
Since the organic iodine binding coefficient can be only derived from that section of
the iodine-retention curve where I13lI-mobilization is still negligible (a = 0), the above equation
has been referred to a by utilizing the values for 2, 4 and 6 hrs uptake [10] as follows

(Tt- T)» (Tt~ 1)
2(r,- Tty T. J]lg <r.- T4

where c represents a constant of 1.151 h_1.
On similar grounds the mobilization coefficient of the retention curve can also be derived
from the data of the descending limb of the curve where a is a negligible quantity

where, Ta and represent thyroid activity estimated at two arbitrary times (ta and th), of the
mobilisation phase of the iodine retention curve.

In the studies, male albino rats of 200 g average body weight, kept on Remington’s
iodine poor diet were used. Four groups of 30 to 40 animals each were formed. They were
treated with phenylbutazone intraperitoneally. In each group 10 untreated animals kept other-
wise under identical conditions served as controls. The active substance was administered
in amounts ranging from therapeutic to toxic doses.

For determination of the coefficient

1) iodine retention curves were prepared by the use of carrier-free m 1 on the basis
of the values found in vivo 2, 6, 24, 48 and 72 hours after administration, using a scintillation
detector counter [6];

2) the amount of m | released into the blood plasma was estimated and, within this
evalue, the ratio of organic to inorganic 131l of serum iodine was determined. For serum iodine
estimation the TCA-precipitation method was used and activity was measured in a well-type
scintillation counter.

Results

In Group I, phenylbutazone was administered in doses of 50, 100 and
150 mg, each dose to 10 animals, the first dose being given simultaneously
with 131 and three further doses at 24 hr intervals. This scheme provided
for sustained blood levels. The results are shown in Fig. 1 where the average
iodine uptake curves of the animals are presented. The coefficients were then
derived from these curves, with due consideration to the scatter.

Fig. 1 shows that prolonged phenylbutazone administration produced
a dose related reduction of iodine uptake and mobilization in the animals.
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—————————— control

o}

o 50 mg/kg/day

Fig. 1. 1311 retention curve of thyroid under sustained phenylbutazone level

This was also reflected by the differences of the a and a values from the
controls:

= 0.081 h ] 9© = 0.0057 h"1
*(50) 0.063 h 1 I8 = 0.0052 h_1
(100 = 0.050h-1 AMioo = 0.0045 h-1
«1s0) = 0.038 h 1 @) = 0.0022 h-i
The reduction was significant statistically in every case (p < 0.01),
with the exception of where 0.05 >p >0.01.

The question whether the inhibitory effect of iodine uptake was due to
a reduced formation of TSH or it was the consequence of an enhanced TSH-
production representing a secondary effect of the drug as in the case of thia-
mazole, has been approached by two series of experiments.

1) Group Il had a preliminary phenylbutazone treatment with doses
of 25, 50, 100 and 150 mg daily for seven days and it was on the eighth day
that they received the same intraperitoneal dose of 131l as the others serving
as controls. The iodine retention curve subsequent to treatment is shown
in Fig. 2; it shows that the pretreatment did not influence the turnover of
iodine, either in its uptake or in its mobilization phase, to an extent that
might have affected 1311 uptake 24 hours later, i.e. at the time of 131l admin-
istration. The toxic dose, which in 24 hours reduced the iodine retention
capacity, induced convulsions in 50% of the animals.

2) In order to rule out a possible involvement of an inhibitory mecha-
nism of the thiamazole type, the animals of Group Ill were given A: phenyl-
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O

control

Fig. 2. 13l-uptake after phenylbutazone pretreatment

butazone, B:thiamazole, C: the combination of these two drugs. After three
weeks treatment, the thyroid was removed and the masses were compared.
Results are summarized in Table I.

From the two series of experiments it clearly emerged that, unlike in
the case of thiamazole, it was not an enhanced secretion of TSH which ac-
counted for the inhibitory effect of phenylbutazone. This was confirmed first

Table |

Changes induced in thyroid weight by phenylbutazone, thiamazole
and their combination

Animal groups thyrﬁi\iier\?v%eight, Scr:;t;er, 1 p
mg
Untreated 17.90 +1.17 — —
Phenylbutazone 13.66 +0.32 7.72 0.001
Thiamazole 50.92 +7.15 13.99 0.001
Phenylbutazone -(- thiamazole 39.94 +8.55 8.90 0.001

by the fact that at the end of the seven day pretreatment the intensification
of iodine turnover consequent upon the increase in TSH secretion was not
of a degree which could have led to a hyperfunction persisting even after
the termination of treatment, and, second, by the absence of any increase in
thyroid mass which would have resulted from an increased TSH secretion,
an increase which, as illustrated by Table I, was in fact significant in the case
of thiamazole treatment.
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In the animals in Group IV treatment was begun 24 hours after the
injection of 131l and administration of the doses was repeated every 24 hours.
In this group it has been studied how this treatment affected the steepness
of the mobilization phase of the iodine retention curve, i.e. its a. Fig. 3 com-
pares the mobilization phase of the retention curves of the treated animals
with that of the controls.

Fig. 3. Phenylbutazone induced modifications of the mobilization phase of the iodine retention

curve
ad) = 0.00475 h"1 () = 0.00695 h*1
a(@ = 0.00505 h*“1 a(50) = 0.00720 h"1
ff(i25) = 0.00625 h*“1 4(75) = 0.00800 h*1

Although the differences of the individual cr-values were not significant
statistically, their increasing tendency was indicative of hyperfunctioning of
the thyroid.

Since the results seemed to be at variance with the inhibitory effect
noted in the other phenylbutazone series, the plasma 13l level and the ratio or-
ganic to inorganic iodine was estimated in the sacrificed animals. Results
are summarized in Fig. 4, which shows that as a result of treatment, the
total plasma 131l content diminished and the ratio organic to inorganic
iodine underwent a dose related shift towards the inorganic phase. Thus,
in contrast to the increase indicative of hyperfunction, the latter observation
pointed to an inhibition of thyroid function.
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control

4x12.5 mg/kg

Fig. 4. Modifications of plasma 131l and the ratio organic to inorganic iodine as a function of
phenylbutazone treatment. CO= plasma 13U in the controls; Cr= plasma lall in phenyl-
butazone treated animals

Discussion

From the inhibition of iodine uptake by the thyroid as well as from the
reduction in total plasma iodine and in its organically hound iodine compo-
nent, it may be inferred that phenylbutazone interferes with iodine turnover.
This inhibitory effect asserts itself in the stage of iodine uptake, a having been
significantly reduced. The low iodine uptake was followed by an impaired
mobilization, as reflected by the significant reduction in a. This type of inhi-
bition may accompany a fall in the TSH-level. Since phenylbutazone exerts
its cortisone-type effect by interfering with the breakdown of cortisone,
it induces an increase in the cortisone level. The high cortisone level, on its
part, then affects pituitary ACTH secretion. In view of the fact that the TSH
is also produced by the pituitary, it may be assumed that, together with the
production of ACTH, that of TSH is also inhibited, thus accounting for the
changes in the uptake and mobilization coefficients characteristic of an
impaired function, an interpretation supported by the results obtained in
Groups Il and II1I.

Inhibition of the mobilization phase ensued even if treatment was not
started until iodine uptake had been complete. In this case, the inhibitory
effect of the drug was obviously confined to the uptake of inactive iodine
and the ratio active to inactive iodine shifted in favour of 131l. This was,
however, certainly independent of any drug induced alteration of iodine
metabolism.
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It may be assumed that, as a result of treatment, the 131l liberated in

the course of breakdown of the iodine hormones having attained the periphery,
is excreted through the kidney instead of being resynthetized into iodine hor-
mones. This interpretation would be consistent with our figures concerning
plasma 131l and the ratio organic to inorganic iodine. The finding that the
plasma 131l levels exhibit a dose dependent fall may likewise be connected
with an inhibition of resynthesis.

CoNOOAWNE

Klara G. Bartha,
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HAEMODYNAMIC STUDIES
IN POLYCYTHAEMIA YERA

Il. RESPONSE OF PERIPHERAL BLOOD FLOW
TO SYMPATHO- AND PARASYMPATHOMIMETIC AGENTS

By

P. Daré6czy, Gy. Nagy and J. Szegedi

DEPARTMENT OF DERMATOLOGY, AND FIRST DEPARTMENT OF MEDICINE,
UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received June 18, 1971)

The response of peripheral blood flow to sympatho- and parasympathomimetic
agents has been studied in 40 subjects with polycythaemia vera. The majority of
the patients, regardless whether in remission or in relapse, revealed a vasospastic
susceptibility with an increased reactivity to adrenaline. The change responds poorly,
if at all, to therapeutic factors, unless the primary disease is treated with success.

It has been shown earlier [1, 2,4, 5] that the reaction to vasodilators and
to exposure to cold was changed in patients with polycythaemia vera. These
studies have revealed profound haemodynamic alterations involving the entire
cutaneous vascular system in the periods of remission and recurrence alike.
The present study has been concerned with the effects of sympathomimetic
and parasympathomimetic agents on the blood flow of the limbs and on the
microcirculation of the skin in polycythaemia vera.

Material and methods

Studies were made in 40 patients with polycythaemia vera (18 males, 22 females,
average age 52.4 years, the youngest being 34, and the oldest 76 years old). In 15 of the 40
patients the investigations were carried out once, in 20 twice and in 5 three times, thus making
up a totality of 70 investigations which form the basis of the present evaluation. Fifty of the
70 investigations were performed during periods of relapse and 20 during remissions. The
red blood cell count of the patients averaged 6,380,000/ml in the periods of relapse and 4,350,000
in those of remission.

Control values were obtained from 28 healthy individuals (15 males, 13 females).

The patients as well as the control subjects were examined at 23 °C room temperature.
The tonoscillogram was recorded on the upper limbs with a Flesh-apparatus, subsequently
a tracing was made with a finger-plethysmograph with the aid of a direct-writing cardiograph
adapted to this purpose. The vessels of the nail fold and the rate of capillary flow were examined
with a Leitz capillaroscope. Skin temperature was measured on the flexor surface of the fore-
arm with a thermistor skin thermometer with 0.1 °C accuracy. Evaluation of the results was
based on the mean of the figures thus obtained. The reaction to direct exposure to cold was
studied by the procedure of Burckhardt; the forearm of the side to be examined was immersed
in a water bath of 15 °C for five minutes after which the time necessary for rewarming was
measured [7],i.e. the interval between the termination of the cold bath and the return to
+ 25 °C of the skin temperature. A susceptibility to arteriolar dilatation was indicated if the
rewarming time was shorter than 9 minutes and a susceptibility to arterial contraction, if it
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was as long as 21 to 30 minutes. To examine reactive hyperaemia, the upper arm was raised
and a pressure slightly exceeding the systolic arterial pressure was applied to it by means ofa
manometer cuff, then the limb was lowered to the horizontal position and 5 minutes later the
pressure was released. Under normal conditions the skin of the contracted limb became bright
red within five minutes. In patients with blood flow abnormalities this time was prolonged by
some minutes.

The tests were repeated after subcutaneous injections of 0.5 mg acetylcholine, 0.5 mg
adrenaline, 0.5 mg noradrenaline, 0.05 g ephedrine and 0.06 g synephrine, respectively. After
drug administration, the arteriogram, the rate of capillary blood flow and skin temperature
on the forearm of the examined side were checked at 5 minute intervals over 30 minutes,
then the oscillation tests were repeated and rewarming time after direct cooling as well as the
time of reactive hyperaemia were again determined.

Results

The tonoscillograms of subjects with polycythaemia vera in remission
revealed diminished amplitudes as compared with those of healthy controls.
A further reduction in amplitude as compared with those found in remission,
was demonstrable in the periods of relapse (Fig. 1). None of the drugs studied
had any significant effect on the oscillatory amplitude.

Similarly to the amplitudes on the tonoscillogram, those of pulse plethys-
mogram also exhibited a moderate reduction during remissions and a major
one in the periods of relapse. Pulse-plethysmography, being a far more sen-
sitive procedure than tonoscillography, is better suited for the demonstration
of blood flow disorders affecting the most distal parts of the limbs (Fig. 2).

In an earlier report [4] we have described the distinctive features of the
capillary bed in polycythaemia vera. However, to gain an overall view of the
condition of the vessels in the present series and to be able to compare the
capillaroscopic findings of the polycythaemic patients with those of healthy
subjects, we have to use higher magnifications (Figs 3a, 3b). The microphoto-
graphs are of X100 enlargement. In the periods of relapse of polycythaemia
vera the arterial and venous portions of the capillaries are far more apart
than under normal conditions and have nearly equal lumina. In the periods
of remission these abnormalities subside for the greatest part. A continuous
follow-up allowed to note an excessive slowing of the flow so that some of the
capillaries became packed with stagnant red blood cell masses. This explains
why acrocyanosis, persistent sensation of cold and, at lower temperatures,
acroparaesthesis and pains in the distal part of the limbs are prevalent in
polycythaemia vera. Injection of acetylcholine left the parameters of capillary
flow unaffected. Administration of adrenaline resulted in a distinct, that of
noradrenaline in a marked reduction in the flow rate, noradrenaline even
brought the flow to a transitory standstill in the greatest part of the capillary
bed. Ephedrine had scarcely any effect on capillary flow. Slowing of the cir-
culation of the intracapillary blood column consequent upon the administra-
tion of synephrine was similar to that produced by noradrenaline.
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Fig. |

Fig. 2. a) Pulse plethysmogram of healthy subject, b) Pulse plethysmogram of patient with
polycythaemia vera in relapse, ¢) Pulse plethysmogram of patient with polycythaemia vera
in remission
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Fig. 3a. Capillaroscopic picture of polycythaemic patient in relapse

Fig. 3b. Capillaroscopic picture of polycythaemic patient in remission

Skin temperature, in comparison with that of normal subjects, was
greatly reduced in every ease of polycythaemia vera, in its periods of remission
and recurrence alike. It remained unaffected by acetylcholine and was not
significantly affected by ephedrine. However, it exhibited a significant fall
in response to adrenaline, noradrenaline or synephrine.
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Table |

Bloodflow, skin temperature and reivarming time in healthy controls and in patients with polycythaemia vera in periods of relapse and remission
after subcutaneous injection of vasoactive drugs

Patients with polycythaemia vera

Controls
In relapse In remission

Rate of Skin i Rat Ski i Rat skin. i

blood flow temp. ReWarming ¢ p1ood flow fomp. REWAIMIng o blood flow temp. Rewarming

cm/sec °C cm/sec °C cm/sec °C
No drug 0.05 329 15'40" 0.005 28.4 37/10" 0.009 28.6 26'19"

+0.01 +0.1 + 32" +0.001 +0.1 + 1 +0.001 +0.3 + 45"
0.5 mg acetylcholine 0.05 329 15' 0.005 274 37'5" 0.009 28.6 26" 4"

+0.01 +0.1 T+ <0 -0.002 +0.1 + 55" +0.002 +0.2 + 19"
0.5 mg adrenaline 0.03 31.2 16'55" 0.003 27.0 43' 0.007 27.2 29'

-0.01 +0.3 + 37" = 0.001 +0.1 + 2 +0.002 +0.1 + 1
0.5 mg noradrenaline 0.03 30.7 17'12" 0.002 26.1 51' 0.005 26.9 36'

+0.01 +0.4 + 25" +0.001 +0.5 + 1 +0.001 +0.4 + 1
0.05 g ephedrine 0.04 32.1 15'55" 0.004 28.0 37'40" 0.009 28.0 25'55"
0.06 g synephrine 0.04 30.6 16'18" 0.002 27.6 58'49" 0.007 27.3 36'50"
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Rewarming of the limb after direct exposure to cold was protracted
in polycythaemia vera, and after administration of the drugs under study,
particularly of noradrenaline, it was several times as long as normally. The
changes in capillary flow rate, skin temperature and in the rewarming time
consequent upon direct exposure to cold are shown in Table I.

Fig. 4. Appearance and termination of reactive hyperaemia. | i Controls. Polycythaemia in
relapse am ; in remission I/////l. 1 = No vasoactive drug; 2 = 0.5 mg acetylcholine; 3 = 0.5
mg adrenaline; 4 = 0.5 mg noradrenaline; 5 = 0.05 g ephedrine; 6 = 0.06 synephrine

Reactive hyperaemia appears slower and terminates later in patients
with polycythaemia vera than in the controls. In the periods of recurrence
of the disease the protraction is still more marked. While remaining unaffected
by acetylcholine, it is greatly delayed both in production and course by adre-
naline and ephedrine, and to an even greater extent by noradrenaline and sy-
nephrine, particularly in the periods of exacerbation of the disease (Fig. 4).

Discussion

The results of the present study indicate that polycythaemia vera is
associated with a reduction in the rate of peripheral blood flow, as reflected
by clinical signs such as acrocyanosis, low skin temperature, reduced ampli-
tudes of tonoscillogram and pulse plethysmogram, slowing of capillary blood
flow, protracted rewarming time, abnormal pattern of reactive hyperaemia
as well as by subjective symptoms such as acroparaesthesis, pains in the distal
part of the limbs etc. R atscnow [6] @S well @S w civmayer [3] refer to the
occurrence of erythralgia in association with polycythaemia vera which is
certainly a clear sign of abnormal vasomotor function.

The overreactivity of polycythaemic subjects to noradrenaline and syn-
ephrine also confirms the presence of vasomotor disturbances, in particular
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of an angiospastic, less frequently of a vasodilatory susceptibility and accounts
for the phenomena arising in response to variations of temperature, or to
mechanical factors (overexertion or hanging of the hands), reactions which
are demonstrable, though in an attenuated form, also during the periods of
remission. The reduction in the rate of blood flow results from an increase in
blood volume and viscosity. An adequate control of these abnormalities
requires efficient therapeutic measures directed at the primary disease.
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LIPID FRACTIONS OF SERUM
AND LIVER AFTER X-RAY IRRADIATION
OF THE LIVER WITH 4000 R

By

L. So1tesz and Gizella Gottwald

DEPARTMENT OF RADIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received June 24, 1971)

The lipid fractions in blood serum and in the liver have been studied after local
administration of 4000 R to the liver. While in the first week after irradiation no signif-
icant change in the serum lipid components was demonstrable, the cholesterol concen-
tration in the liver showed a significant decrease. This, however, proved reversible,
the normal values being restored by the 42nd day. The phospholipids and esteri-
fied fatty acids remained unaffected in the liver, while in the serum the phospholipids
increased significantly from the 7th, the estcrified fatty acids from the 10th, and choleste-
rol from the 28th day onward. The fall in liver cholesterol during the first 42 hours after
irradiation may be attributed to a direct injury to the organ. The rise in the serum
lipid level at later stages suggests an involvement of additional factors.

Massive ionizing radiation induces changes in the serum lipid levels in
mammals [8, 9, 11, 23]. The alterations of the individual lipid fractions have
been found to vary from species to species. A fall in serum cholesterol has
been noted in goats after fractional irradiation [14] and in rabbits after whole-
body irradiation [24], while rats [15], guinea-pigs and dogs [6] exhibited an
initial rise of the cholesterol levels.

From these divergent observations derived from whole-body irradiation
of different animal species it would scarcely be possible to identify the tissue
or organ the injury of which might be held responsible for the change in the
serum lipid composition. In the present study, local irradiation of the liver
was performed, i.e. ofthe organ which plays a decisive part in lipid metabolism.
The aim was to ascertain whether such irradiation produced quantitative
changes in the lipid fractions, and also to examine the changes in the tissue
lipid level in the irradiated liver. Since the liver’s radiosensitivity is a contro-
versial issue and the organ has been considered radioresistant by certain
authors [4, 13], we found it preferable to administer doses as large as 4000 R.

Material and methods

A total of 186 male Wistar rats weighing 280 + 30 g was used. The radiation source
was a THX 250 apparatus for depth therapy with a half value layer of 0.9 mm Cu, a focal-
skin distance of 50 cm, and a dose rate of 97 R/min. The total dose was 4000 R measured
on the skin surface. The field size of the area corresponding to the liver surface was 2.5 by
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2.5 cm, with the exception of a part of its left lobe overlying the anterior surface of the stomach.
In order to protect the stomach, this area of the liver together with the other parts of the body
was shielded with 3mm lead. Measuring the scattered radiation by means of CaS04: Mn thermo-
luminescent dosimeters, it was found to represent 1 to 3% of the direct radiation.

The animals were irradiated under pentobarbital anaesthesia (30 mg per kg body weight),
and received normal rat chow and water ad libitum during the entire period from radiation
until 48 hrs before processing, with the exception of the animals sacrificed on the first day,
from which food was withdrawn 24 hrs before irradiation.

The individual groups were worked up 1,2, 3,5, 7, 10, 14, 21, 28, 42 and 63 days,
respectively, after irradiation. Blood was withdrawn by heart puncture, likewise under pento-
barbital anaesthesia.

A group of animals subjected to anaesthesia only was used as control, as it was found
in preliminary tests that pentobarbital anaesthesia leaves the serum lipid fractions unaffected.

For estimation of the lipid fractions of the liver, specimens were taken from the middle
part of the right lobe. The estimations were made at the same time of the day. Values were
referred to 1 g wet weight, concentration of serum lipids was expressed in terms of mg per 100 ml.
For evaluation of the results, Student’s t-test was used.

E 100
é\_/' @0 @O ©)O)3)®) Q0] (5)03)

| | | | |
d 10 14 21 28 42 63

L 02
Fig. 1. A cholesterol; B phospholipids; C fatty esters in serum after local application of

4000 B to the liver. 1: Test group (anaesthesia and irradiation). 2: Control group (anaesthesia
only). *: significant change (Student’s t test)
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The serum lipid fractions were estimated directly, those of the liver were extracted with
chloroform-methanol (2 : 1) and the extract was salted out with 0.05 N KC1 solution for the
elimination of non-lipid components. Cholesterol was determined by the colorimetric method
of Zak [25] by sulphuric ferrichloride. For the determination of phospholipids the method of
Baginszki and Zak [3] was used. The samples were treated with nitric acid or evaporated
and the anorganic phosphate was estimated by colorimetry according to Fiske and SubbaR ow
[10]. Fatty acid esters were determined in the form of hydroxamic acid as ferrihydroxamate,
by means of Connerty’s [5] hydroxylamine reagent used for ester linkages. The colour reac-
tion thus produced lends itself for colorimetry.

Results

Serum. The cholesterol level remained unaffected until the 21st day
after irradiation. From the 28th day to the end of the study there was a sig-
nificant rise. The phospholipid concentration exhibited a significant increase
on the 7th day and remained high until the 42nd day. By the 63rd day the

d 1 2 3 5 7 0 14 22 28 42 63

s: * * * * * *

Fig. 2. Cholesterol content of liver after its local irradiation with 4000 R

value had normalized. The esterified fatty acids were found to increase at
a relatively early time and the values remained high throughout. It was here
that the fractions showed the highest elevation (Table I, Fig. 1).

Liver. The changes in the hepatic fractions were confined to cholesterol.
From the 3rd to the 28th day, there was a fall in its concentration attaining
its maximum between the 7th and 10th days. No change in the two other
fractions was demonstrable at any time (Table Il, Fig. 2).

Discussion

The pertaining data in the literature have mostly been obtained after
total body irradiation.

Serum. A substantial increase in the cholesterol and phospholipid levels
has been found after 1000 R whole body irradiation in rabbits [7]. A similarly
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Day

10

14

21

28

42

63

Group

c
Rtg
C
Rtg
C
Rtg
C
Rtg
C
Rtg
C
Rtg
C
Rtg
C
Rtg
C
Rtg
c
Rtg
C
Rtg

(@)
(15)
@)
(12)
@)
(10)
©)
(©)
3)
)
©)
W)
©)
@)
()
(8)
0)
)
(4)
(©)

®)
(13)

Serum lipid fractions after local application of 4000 R to the liver (mg/100 ml)

Cholesterol

X

79
84
94
92
82
85
102
110
97
107
85
97
113
122
99
115
70
99
115
146
103
127

Rtg: anaesthetized and irradiated group
SD: standard deviation

SD
+ 4
+11 n.s.
+ 3

+ 4 ns.
+ 6

+ 6 ns
+ 6

di 8 ns
+ 9

+ 8 ns
i 5
+10 n.s.
+10

+ 8 n.s.
+15
+12 n.s.
+ 7
+16 s.
+22
+14 s.
+ 9
+18 s.

C: control group (anaesthesia only)

Table |

©)
(16)
O]
©)
M
)
©)
®)
©)
(6)
©)
(6)
©)
(6)
©)
O]
4)
O]
©)
©)
®)
(11)

Phospholipids

X

106
102
93
101
90
92
103
113
97
120
87
119
91
125
88
122
85
126
111
144
81
90

s.. significant change (p < 0.05)

sD

+16

+14 n.s.

n:

n.s.:

™
(22)
®)
(13)
4)
)
@)
©)
®)
(6)
@)
O]
4)
©)
(6)
(6)
®
(6)
4)
©)
(%)
(13)

E Verified fatty acids

X

196
222
209
214
150
157
191
308
202
252
237
344
267
360
282
419
249
417
198
326
152
202

number of animals
non-significant

sD

+23
+58
+23
+37
+11
+24

I+
o

+71
+17
~55
+30
+40
+35
+62
+48
+92
+47
+126
+40
+60
+34
+46

. mean

n.s.

n.s.

n.s.

n.s.
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10

14

21

28

42

63

Rtg

Rtg

Rtg

Rtg

Rtg

Rtg

Rtg

Rtg

Rtg

Rtg

Rtg

Liver lipid fractions after local application of 4000 R to the liver (ingig wet weight)

©)
(6)
O]
(20)
M
(12)
®)
)
@)
®)
@)
®)
@)
©)
4)
©)
©)
©)
®)
(10)
®)
(14)

Cholesterol

X

5.1
4.5
6.3
5.7
6.0
5.1
55
4.7
5.2
3.3
4.7
3.3
5.3
4.5
4.6
3.9
4.1
3.2
5.3
4.5
5.1
4.9

D

+0.7
+0.6
+0.6
i0.9
+0.5
+0.4
+0.6
+0.3
+0.6
+0.5
+0.6
+0.4
+0.3
+0.4
+0.1
+0.2
+0.6
+0.3
+0.2
+0.5
+0.4
+0.2

Table M

n
®)
n.s. a7)
Q)
n.s. (19)
0]
S 9)
©)
S ®)
®)
8. a7)
(©)
s M
(©)
. ®)
4)
s ®)
4)
S. 9)
(®)
n.s. (10)
@)
n.s. (14)

Phospholipids

39
35
38
37
39
38
39
31
38
37
33
35
27
29
30
28
34
29
40
34
28
27

D

+5 n.s.

+5 n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

5 n.s.

n.s.

4)
(15)
4)
(15)
™
(12)
@
©)
©)
®)
@)
®)
©)
™
4)
9)
4)
)
®)
(10)
®)
(14)

Esterified fatty acids
x D
46 +4
43 +4 ns.
48 +
45 +3 n.s.
47 +2
46 +2 ns.
47 +2
45 +2 ns.
45 +3
42 i4 ns.
51 +2
45 +7 ns.
55 +4
48 i4 ns.
39 +3
33 i3 ns.
37 +4
36 +3 ns.
58 +2
54 +5 n.s.
45 +4
42 +5 n.s.
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significant rise was noted after 850 R whole body irradiation in rats [21].
Study of the fat depots has shown that fatty acids are successively released
from them after whole body irradiation of rats [1].

Liver. An increase in the total lipid content has been reported in mice
after 650 R whole body irradiation; the concentration of cholesterol and
phospholipids remained unchanged [22]. On the other hand, a rise in the
cholesterol contents has been noted in rats after 850 R whole body irradiation.
1000 R left the cholesterol level in rabbits unaffected while an increase was
noted in phospholipids and neutral fats [7]. The central part played by the
liver is indicated by the observation that the rise in the serum cholesterol level
ensuing two days after whole body irradiation with 1000 to 2000 R in mice
fails to appear after hepatectomy [17]. 14C studies revealed an enhanced
synthesis of cholesterol, phospholipids and neutral fats in the liver of animals
after whole body irradiation [12, 19, 20].

After local irradiation, during the period from the 3rd to the 28th day
it was only the liver cholesterol level which showed a decline, while the serum
cholesterol was unaffected. The other lipid fractions failed to reveal any signif-
icant change until the 7th day after irradiation. No change in the phospho-
lipid and fatty ester fractions was noted during the entire period of study.

The reduction in the cholesterol content of the liver must have been
due to a direct radiation injury which, however, left the serum lipid fractions
unaffected in the early stage. The changes in the serum lipids, thus the increase
of the fatty esters on the 10th and of cholesterol on the 28th day are signs
of a delayed reaction which, by lacking any parallelism with the changes in
the liver lipids, does not seem to be the result of a direct radiation injury to
the organ, though an enhanced lipid synthesis in the liver may well have been
involved in the alterations.
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NEUROTOXIC EFFECT
OF METHOXY-ETHYL-MERCURY-CHLORIDE

By

Kornélia Lehotzky, S. Bordas,* J. Seb6k and llona A. Batskor

STATE INSTITUTE OF OCCUPATIONAL HEALTH, AND SECTION
OF PATHOLOGICAL ANATOMY, POSTGRADUATE MEDICAL SCHOOL, BUDAPEST, HUNGARY

(Received July 7, 1971)

The nervous effects of methoxy-ethyl-mercury-chloride have been studied in
albino rabbits. Conduction velocity of the sciatic nerve was determined in 18 unanaesthe-
tized rabbits placed in stocks. Following the oral administration of 6.0 and 0.6 mg/kg
of MEMC daily over periods of 8 and 10 weeks, the conduction rate of the sciatic nerve
was depressed to 57% and 40% of the control values, respectively. This was associated
with a demyelination of the fibres of the sciatic nerve as revealed histologically.

Organic mercurial compounds, similarly to mercury and inorganic mer-
curial substances, are nephrotoxic and cause at the same time severe central
nervous symptoms [1]. The histological observations of Hay et al. [8] and
Hunter et al. [9] have shown that the cerebellar Purkinje cells as well as the
spinal motoneurons undergo vacuolar degeneration following ethyl-Hg-chloride
and methyl-Hg-phosphate intoxication in man; these changes might be re-
sponsible for the characteristic clinical features of poisoning, the so-called
Minimate Disease, described by Takeuchi [17], Tsubaki [18] and Kurland
[11]. The mechanism by which organic mercury compounds (first of all
methyl mercury) affect the central nervous system has not so far been elu-
cidated [15, 16].

A characteristic compound of this group of substances is methoxy-ethyl-
mercury chloride (MEMC), the fungicidal seed disinfectant. Observations from
this laboratory [2] have shown that in the rat the compound, in addition to
its nephrotoxic effect, causes characteristic central nervous signs such as
tremor, ataxia, occasionally palsy of the hindlimbs. Also, MEMC has been
shown to affect conditioned reflex activity in the rat [12].

To clarify the mechanism of the central nervous effects of MEMC,
electromyographic studies were undertaken in rabbits.

Methods

A total of 86 experiments was undertaken in 18 full-grown male albino rabbits weighing
2.5 to 3.0 kg, by the method of Kaeser and Lambert [10], using the stimulation technique
described by Eaton [3]. Conduction rate of the sciatic nerve was determined in the unanaesthe-
tized rabbit, using a DISA 2-channel electromyograph. The nerve was stimulated through the

* Present address: Agrartudomanyi Egyetem, Novényvédelmi Tanszék, Keszthely
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intact skin, using bipolar electrodes and a DISA Ministim equipment, with supramaximal
stimuli of 1 c¢/s, 0.2 msec; action potentials were recorded from the gastrocnemius muscle using
needle electrodes. To eliminate the error due to synaptic delay, stimulation was performed
at two points, at a distance of at least 1 cm, according to the method of Eaton. The distance
was measured with an accuracy of 1 mm, and conduction velocity was calculated from the
difference, in the latency of the two action potentials obtained when stimulating the two
points.

Prior to the experiments, a study was made to reveal whether an injury of the sciatic
nerve arising as a consequence of stimulation through the skin or the resulting tissue reaction
affected the conduction rate in the nerve. Therefore in 6 rabbits the conduction rate was meas-
ured six times atweekly intervals, and after killing the animals the sciatic nerve was subjected
to gross and microscopic examination. Within this period, no tissue reaction occurred, and
there was no change in the conduction rate. Then the effect of daily 6.0 mg/kg of MEMC given
orally in a capsule on the conduction rate of the sciatic nerve was studied. This treatment was
continued throughout a period of 8 weeks, during which the conduction rate was determined
every second week on the basis of 160 or 250 measurements of latency. The data are subjected
to statistical analysis, using Student’s t-test. In the second series of experiments, one-tenth
of the above dose, 0.6 mg/kg, was given to 6 rabbits daily over a period of 10 weeks.

The animals were observed throughout the entire period of experiments and the appear-
ance of toxic symptoms was recorded; survivors were killed by a blow on the nape. Mercury
levels in the tissues were determined by the dithizone method and expressed in g per 100 g
wet weight. In addition to the usual histological techniques, luxol-fast-blue, Nissl and osmium
tetroxide staining were used to reveal the changes brought about in the central and peripheral
nervous systems.

Results

Conduction velocity. Maximum conduction rate in the control rabbits
and in the experimental rabbits prior to the administration of MEMC ranged
from 23 to 25 m/sec. Latency varied between 1.1 and 2.0 msec, the amplitude
of the action potential attained 0.5 to 2.0 mV (Fig. 1).

Conduction rate of the sciatic nerve was significantly depressed in the
fourth week of treatment in the group receiving 6.0 mg/kg of MEMC daily,
the average being 10 m/sec (p </ 0.05). The shape of the action potential deflec-
tion did not change. However, the stimulus threshold was significantly in-
creased, in some cases from 3 5 mV to 10 —12 mV. Four animals of the group
died of the poisoning. Thus, the conduction rate was estimated in only two
rabbits in the 8th week of treatment. Characteristic neurological symptoms
were not seen in any of the animals; a significant loss of weight was recorded.
The administration of daily 0.6 mg/kg of MEMC resulted in a gradual decrease
of conduction rate, which was 125 m/sec in the I0Otlx week of treatment
(p <C 0.02; Fig. 2). The animals remained free of neurological symptoms and
showed a normal gain in weight.

Mercury in tissues. As compared to those of the controls, the organs
treated contained substantial amounts of mercury, irrespective of whether
the animals had died spontaneously or had been killed at the end ofthe experi-
ment. Even the brain of these rabbits contained mercury, while in the controls
not even traces of mercury could be revealed in this organ (Table I).

As expected, the highest amount of mercury was found in the kidneys,
the average in the third group amounting to 5.8 mg/100 g.
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Fig. 1. Evoked muscle potential, photographed from oscilloscope. Rabbit No. 11/1, 10 weeks

MEMC treatment. Top tracing, experimental

animal,

Lower tracing, control animals, 25 superimposed deflections

No. Doses mg/kg
1711 5 control
12* 6
1/4» 6
/1 6
11/6 6

11/ 0.6
11/2 0.6
11/3 0.6
11/4 0.6
111/5 0.6
111/6 0.6

* died

Table |
Mercury, mg/100 g

Blood

0.002

0.02
0.02

0.012
0.012
0.012
0.012

0.014
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Brain

0

0.064
0.04
0.062

0.06
0.12
0.086

0.086
0.042

Liver

0.00t

2.80
1.76
0.96
0.60

0.80
0.40
0.40
0.42
0.40
0.34

Kidney

0.015

10.0
13.04
144
154

4.48
5.20
8.80
4.96
8.80
3.08

25 superimposed action potentials.
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6mg/kg/die p.o. 0.6 mg/kg/diepn.
3 p< 0.05 % p<0.02
30 30
25 25
6]
*20 S2
15
10
5
L
4 6 4 6 10
weeks weeks

Fig. 2. Conduction velocity, as measured by the method of E aton, following administration
of MEMC in two different doses. Abscissa, time from the onset of treatment (weeks). Ordinate,
conduction rate (m/sec)

Histological studies. Both longitudinal and cross sections of the sciatic
nerve showed marked demyelination with luxol-fast-blue and osmium tetroxide
staining (Figs 3,4). The other histological changes of the nervous system
included degenerative alterations in the cerebellar Purkinje cells and spinal
motoneurons (Figs 5, 6).

Discussion

Depression of the maximum conduction rate of the sciatic nerve in
animals was recorded in polyneuritis caused by diphtheria and in lead and
acrylamide poisoning [5, 6, 13, 14]. A decrease of the conduction rate was
recorded also following acute thallium and phenol poisoning [7, 10] and
exposure to mercury vapour [4]. In these experiments the change in the con-
duction rate of peripheral nerves was attributed to axonal degeneration and
to demyelination. According to the observations of Kaeser [10] fibres with
a higher conduction rate showed signs of degeneration much earlier than fibres
with a low conduction rate following acute thallium poisoning and in Wallerian
degeneration dueto transection of the nerve; nevertheless, it has been found
that as far as a nerve can still be stimulated, it retains its conduction rate at
almost normal values. In the present experiments, MEMC caused a significant
depression of the conduction rate in the sciatic nerve of rabbits. When giving
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Fig. 3. Five-micron cross section of sciatic nerve, stained with osmium tetroxide. Contre

Fig. 4. Five-micron section of sciatic nerve, stained with osmium tetroxide. Rabbit No. 11/6,
10 weeks MEMC treatment
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Fig. 5. Degenerative changes in cerebellar Purkinje cells. Nissl stain, X400

Fig. 6. Degenerative changes in anterior root of spinal cord. Nissl stain, X 450
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doses of 0.0 mg/kg daily over a period of 8 weeks, the diminution of the con-
duction rate amounted to 57%, however, this dosage gave rise to toxic
manifestations in some of the animals. Administration of 0.6 mg/kg daily,
on the other hand, did not effect normal development and toxic symptoms
failed to ensue during the 10-week treatment, despite the significant (40%)
decrease of conduction in the sciatic nerve. Histological examination of the
nerve has unequivocally shown that the change is due to a demyelination of
the fibres in response to MEMC treatment.
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EXTRACELLULAR AND INTRACELLULAR
FLUID COMPARTMENTS IN DOGS WITH INDUCED
RENOVASCULAR HYPERTENSION

By
A. Fekete, A. Fazekas and A. Rényi-Vamos

INSTITUTE OF PHYSIOLOGY, UNIVERSITY' MEDICAL SCHOOL, BUDAPEST

(Received July 26, 1971)

Ligation of one renal artery and leaving the other kidney intact induces reno-
vascular hypertension in the dog. The condition may be regarded as an analogue of
the human clinical condition by sharing some of its essential features. In the chronic
stage of this renovascular hypertension, thiosulphate space as well as plasma and blood
volumes are significantly reduced. The reduction of the extracellular and intravascular
fluid spaces is attributed to a maladjustment of the volume-sensitive receptors charac-
teristic of the chronic stage of the condition.

As reported previously, ligation of one renal artery in the dog with the
other kidney intact, arterial hypertension was induced (Fekete 1967, 1970a),
a condition which on the ground of its morphological features and various
manifestations may be regarded as an analogue of the clinical syndrome of
renovascular hypertension in humans. The experimental procedure allowed to
study the syndrome in a species fairly close to the human being, moreover,
to provide information concerning the unmanipulated kidney, since the isch-
aemic kidney ceases to function in 3to 4 months as a result of progressive
atrophy.

In chronic hypertension consecutive to ligation of one renal artery in
the dog, a gradual restriction of the functional parameters of the unmani-
pulated kidney, arteriolar sclerosis and atrophy of the renal tissue ensue.
In this condition, salt loading elicits abnormally high sodium losses and the
venous blood of the operated as well as of the unoperated kidney exhibits
an enhanced pressor activity, which the unmanipulated kidney maintains
for a considerable period even after removal of the operated kidney (rcxece
et al. 1970a, b, 1971a, b).

In view of the close involvement of renin production in the regulation
of fluid and electrolyte balance and of the fluid compartments under normal
conditions (peare 1965, cross et al. 1965, 1 hurauv and sconnerman 1965,
Vanaer 1967, 1970, w inanager 1968, pcssina 1970) an attempt was made
to study in the dog the extracellular and intravascular compartments in reno-
vascular hypertension accompanied by an increased renin activity and by
a susceptibility to sodium loss. It was found that in the chronic phase of
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experimental renovascular hypertension, at least 8 to 9 months after its pro-
duction, both the extracellular and the intravascular compartments are sig-
nificantly reduced.

Material and method

In the experiments, a test group of 24 mongrel dogs of either sex was used, and a group
of 16 normotensive dogs (Group A) served as controls. In 24 dogs under pentobarbital anaesthe-
sia from a midline incision the right renal artery was ligated, care being taken completely
to suppress renal blood flow. The left kidney was left intact. The abdominal wound was closed
under sterile conditions.

Measurement of blood pressure. Mean arterial pressure was measured directly by per-
cutaneous puncture of the femoral artery with the aid of a mercury manometer in the alert
state of the animals, these having been familiarized with the intervention. Arterial hypertension
ensued in a few days after ligation of the renal artery. Blood pressure of these animals was
checked at 20 to 30-day intervals throughout the entire period of observation.

Test groups. Since it has been noted in earlier studies that the individual parameters
of renal function begin to decline when hypertension has been in existence for 6 to 8 months
the fluid spaces were studied in 8 dogs (group B) in the 6th to 7th months, in 13 dogs (group C)
in the 8th to 9th months and in 3 dogs (group D) in the 15th to 16th months of the state of
hypertension. On every occasion the thiosulphate and intravascular spaces were determined,
at least two estimations being made in each animal at intervals of 6 to 8 days.

The extracellular compartment was estimated on the basis of the thiosulphate space,
by a single injection without collection of urine (Batint 1958). In alert dogs having been
familiarized with the procedure, under local anaesthesia, a plastic cannula was tied into the
saphenous vein of one side. After withdrawal of a control blood sample, into a frontal leg vein
10 g sodium thiosulphate in 20 ml physiological saline was infused in 3 to 4 minutes so as to
avoid the emetic effect of the substance (Ross 1956). Blood samples were withdrawn 1, 5, 10,
15 and 20 minutes later and after centrifugation the plasma thiosulphate concentration was
determined iodometrically. From the value thus obtained the spaces prevailing at the times

of withdrawal (V) were determined on the basis of the equation V P ,Where | represents

the thiosulphate concentration of the injected solution, P that of the blood plasma in mg/ml
and Vthe volume of injected fluid in ml. In view of the rapid elimination of thiosulphate, the
spaces measured at successive intervals showed an increasing tendency.

Plasma volume estimation. 20 min. after the administration of thiosulphate, 2 ml of
a 0.5% solution of Evans blue was administered through the indwelling venous cannula. Blood
samples were withdrawn four times at 10 min. intervals, centrifuged and the colour of the
plasma was estimated by photometry. The logarithms of the plasma extinction values thus
obtained were plotted on a coordinate system and from the value extrapolated for 0 min.
the plasma volume, and with reference to the simultaneously determined haematocrit value
the total blood volume was computed (Batint 1958).

After completion of the measurements under local anaesthesia, the cannula was removed
and the wound was closed under sterile conditions. The hypertensive animals as well as the
controls were kept on the same normal standard diet supplemented with kitchen scraps.
During the entire 7 to 16 months period of observation no changes in body weight were noted.
For statistical evaluation of the results the two-sample i-test was used (Fischer 1946).

Results

The figures and standard deviations (x N sx) obtained in the 24 dogs
with hypertension and in the 16 normotensive animals serving as controls
have been summed up in Table I.

Blood pressure. Mean blood pressure was 126 ~ 3 mm Hg in the controls,
183 4 mm Hg in group B, 175+ 6 mm Hg in group C, 176 ~ 5 mm Hg
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Number of animals

Number of experiments

Blood pressure, mm Hg

Body weight, kg

1 min.
0 5 min.
'™
n
3
S -
é 10 min.
]
a,
N
L||3 1) min.
20 min.

Number of estimat
volume

Plasma volume

Haematocrit

Blood volume

liter

per cent
body weight

liter

per cent
body weight

liter

per cent
body weight

liter

per cent
body weight

liter

per cent
body weight

ions (n) of plasma

liter

per cent
body weight

liter

per cent
body weight

Tabic |
Norrrel
Gop A
16
32

126 £ 3
14.2

3.09 £ 0.10

221 104

3.63 £ 0.10

26.1 + 0.6

4.26 + 0.10

304+ 0.6

4801 0.10

345+ 0.7

5.46 + 0.20

39.0 + 0.8

35

0.85 £ 0.02

6.0+ 0.1

41

1.43 + 0.04

10.1 + 0.2

Guop B

17
183+ 4
17.4

355+ 0.14

20.7 £
p<

0.7
0.1

4.16 + 0.20

244 +
p<

0.8
0.1

4.97 £ 0.30

28.6 £ 0.9

0.1

5.44 + 0.20

325+
p<

0.9
0.1

6.77 £ 0.40

38.6 £
p <

1.40
0.9

18

1.13 + 0.10

6.4+ 05
p< 0.1

38

1.82 £ 0.09

103+ 0.3
p< 05
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Hypertersive
Gup C Gowp D
13 3
26 6
175+ 6 176 + 5
16.2 14.3
328+ 013 323+ 0.20
202+ 0.6 223+ 0.9
p < 0.01 p< 01
387 + 0.16 3.44 % 0.20
239+ 0.7 240 = 1.2
p < 0.02 p<o01
445+ 020 3.83 % 0.20
273+ 0.8 26.7+ 15
p < 0.01 p < 0.02
510+ 024 434+ 031
31.3+ 0.9 302+ 19
p < 0.01 p < 0.02
582+ 025 4.94+ 0.40
353+ 080 34.4+ 2.00
p < 0.01 p < 0.02
25 6
0.84+ 0.04 0.76 £ 0.07
51+ 0.2 53+ 0.3
p < 0.001 p <: 0.05
44 39
149 + 0.07 1.26+ 0.13
9.1+ 0.3 8.7+ 0.6
p< 0.01 p < 0.05
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in group D. The values for all test groups, as compared with those for the
controls, were significantly increased (p < 0.001).

Thiosulphate space in group B with 6 to 7 months hypertension did not
differ from the control. In group C with 8 to 9 months hypertension standing,
the thiosulphate space was significantly less than in the controls (p < 0.01)

Fig. 1. Thiosulphate space in normotensive (empty column) and hypertensive (full column)
dogs, in per cent of body weight, at 1, 5, 10, 15, and 20 min. after the thiosulphate administra-
tion. (The graph shows the data of groups A and C)

at each estimation. In group D comprising three animals with 15 to 16 months
hypertension standing, the thiosulphate space was comparable with the control
value at 1 and 5 min., but all subsequent measurements revealed significantly
reduced values (p < 0.02), in absolute values as well as in the percentage of
body weight.

Plasma and blood volume. Compared with the controls, plasma volume
remained unaffected in group B and was significantly reduced in groups C
and D. Total blood volume computed with reference to the simultaneously
measured haematocrit value remained likewise unaffected in group B and was
reduced in the more advanced groups.

Fig. 1 shows the result of 26 measurements of thiosulphate space at 1
to 20 min. in the 13 animals of group C (full columns), compared with the
32 measurements in the 16 animals of the control group A (empty columns).
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The animals with chronic hypertension showed a significant reduction of thio-
sulphate space at all points of time.

Fig. 2 presents the values for blood pressure, plasma volume, liaematocrit
and blood volume of the same animal groups. In the hypertensive animals
plasma and blood volume was significantly reduced as compared with the
normotensive controls.

O Ws5ta C=Iho°d LU L, re

Fie. 2. Plasma and blood volumes and liaematocrit value in normotensive and hypertensive
dogs (groups A and C)

Discussion

In contrast to the plasma volume and the total fluid compartment which
represent well-defined anatomical and physiological entities, the limits of
the extracellular fluid compartment are not sharply defined. There are numer-
ous substances, inulin, thiosulphate, mannitol, etc., which, on examination
at suitable times, are found to be distributed over compartments of the body
considered extracellular; the space thus estimated corresponds to 16 to 24%
of body weight. However, more and more substances of this kind are
found to be able to pass into the cells. Since the objective of this study has
been to compare the particular fluid compartments, no reliable estimation of
the extracellular space has been attempted.

Thiosulphate, a substance of prevalently extrarenal excretion, is partic-
ularly suited for experiments in dogs in view of its involving a single injection
and no collection of urine. The thiosulphate space was found by Cardozo
and Edelman (1952) to correspond to 24.4%, by Becker and Joseph (1954)
to 24.1%, by Frank and Carr (1955) to 22.5% and by Raisz et al. (1953)
to 24.7% of body weight. Similar values were obtained in the present study
at 1 and 5 min. after thiosulphate administration.
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For the estimation of plasma volume, Evans blue, a dye first recom-
mended by creoersen et al. (1950) was employed. The normal values range
normally from 48 to 64 ml per kg body weight in dogs; ¢ recgersen and
steware (1939) and coureice (1943) obtained 56 ml/kg. = ccve (1947)
pointed to species-related variations. In the present study, the procedure
yielded plasma volumes of 60 ml/kg in normal dogs, a figure consistent with
those quoted above. Since the haematocrit in the dog corresponds to that
found in humans, the figures for total blood volume calculated on this basis
are in general of the order of 100 ml/kg body weight.

As to the fluid compartments in hypertension, a 12% reduction in total
blood volume has been noted by r o cn1:n et al. (1959). A reduction in plasma
volume was observed by ¢ o raon etal. (1967) in hypertensive human subjects.
Greene @N0sapirscein (1952) ruled out the possibility of an expansion of
plasma volume and of the extracellular space. r o»:an (1960) found that the
extracellular space was unaffected in patients in the 3rd to 5th months of
hypertension. w in.. (1958) reported normal findings in respect of all fluid
compartments. conway (1967) and Lcaingnanm (1953) noted in dogs with
induced renal hypertension a transitory expansion of extracellular space which
then normalized in 14 days. crot1i1man anNd snaviro (1953) demonstrated an
increased extracellular space in Goldblatt-type hypertension, i.e. in dogs
with a single kidney of restricted arterial flow.

In the present study the unilateral constriction of the renal artery,
leading to a progressive atrophy of the organ, was followed by arterial hyper-
tension. The changes were of a degree to involve a condition which then
became stable in the course of three months following the intervention. After
this period, the blood supply to the kidney, the intact tissue of which had
shrunk to 10% of its normal substrate, was restricted to 10% of its original
value (rfewxecee 1967). Parallel with the development of hypertension, the
unmanipulated kidney becomes involved in vascular lesions of degenerative
character related in degree to the duration of hypertension and resulting
finally in a narrowing of the arteriolar lumen and rigidity of the vascular wall,
the renal tissue lacking any capacity of compensatory hypertrophy under
these conditions. Gradual impairment of glomerular filtration rate, isosthenuria
and compensatory polyuria ensue (rfexeee 1970a, Fexere. et al. 1971a).
Though no permanent sodium loss of major degree was demonstrable in the
dogs with induced renovascular hypertension, the presence of continued
though slight sodium losses must be none the less assumed in view of the
functional impairment of antinatriuretic and antidiuretic nature on salt and
water loading (rewx ... et al. 1970b, 1971b).

The changes described in the foregoing became manifest around the
eighth month of the chronic stage of hypertension. In order to determine
whether these changes are associated with changes in the fluid compartments,
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wc have grouped the animals in a manner allowing to estimate these compart-
ments prior to the manifestation ofthe other functional abnormalities (group B)
as well as parallel with their progress (groups C and D).

It has thus been shown that in chronic hypertension, as long as no other
functional abnormalities are present (i.e. for some 6 to 7 months following
ligation of the renal artery), no change is demonstrable in the extracellular
and intravascular fluid compartments. In the subsequent stage (group C) the
thiosulphate space as well as the blood volume undergo a significant decrease
(Figs 1 and 2) and, after hypertension had prevailed for 15 to 16 months
(group D), parallel with the stabilization of hypertension and restriction of
renal function, the hypovolaemia becomes permanent, the plasma is iso-0s-
motic, and its electrolyte composition corresponds to the normal values.

According to present knowledge, regulation of the electrolyte and fluid
compartments falls to the kidney which copes with this task by various
regulatory mechanisms, and the homeostatic mechanisms are mediated in all
probability through the renin-angiotensin-aldosterone system (¢ ...« and
Henry 1963, T hurau @Nd sciinerman 1965, vanaer 1967, w inanager 1968).

It is generally known that renovascular hypertension leads to electrolyte
and fluid disturbances which find their most manifest expression in an increased
sodium and water excretion by the kidney (coccier et al. 1958, e isinger 1966,
Lowitz et al. 1968, sircHaLL et al. 1958, 1lanenson et al. 1963, secikure
et al. 1965). The water and salt losing tendency is attributed by v v mann
et al. (1965) to the vulnerability of volume regulation in the hypertensive
organism, by marcino and earicy (1967) to a direct effect of perfusion
pressure, by v ickerson and sueeer (1964) to an angiotensin-induced decrease
in plasma volume, by v.na.. (1963) to a direct inhibitory effect of angio-
tensin on tubular reabsorption, by o ... et al. (1966) to the DOC “escape”
phenomenon, by = cc«o . et al. (1968) to the formation of a substance inhibitory
to tubular electrolyte absorption, by co.-a0n et al. (1967) to a decrease in
plasma volume connected with sympathetic hyperactivity characteristic of
chronic hypertension, by rcx.«. et al. (1971a) to an increased renin activity
exhibited by the venous blood of the operated and the unoperated kidney alike,
by cirnae and ocnwaace (1969) to the enhanced medullary blood flow pro-
ducing a fall in the osmotic gradient.

Assessment of the actual or possible involvement of the factors reviewed
above allows to form a conception of the mechanism responsible for the volume
relationships in renovascular hypertension. The enhanced production of renin-
angiotensin in the early stage of hypertension maintains an increased arterial
pressure due to vasoconstriction. The receptors of volume regulation situated
in the vascular walls send out signals corresponding to a state of plethora
(Tovian 1960) as a result of which the body gradually adjusts itself to the
salt-losing condition. Impairment of tubular absorption associated with chronic
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hypertension manifests itself in spontaneous polyuria as well as in a fall in
the [/osm/Posra ratio and goes hand in hand with a reduction in glomerular
filtration rate (Fekete 1970a). Though excessive sodium excretion under
basal conditions (i.e. in the absence of any extra load) is not characteristic
of this stage (Cottier 1958), the osmotic performance of the kidney is reduced
to 50% (Brodsky and Graubarth 1953) and loading with hypertonic saline
solutions elicits excessive losses of water and sodium. Arteriolar sclerosis
resulting from the continuous hypersecretion of renin-angiotensin is an addi-
tional source of hypovolaemia. The contraction of the intravascular compart-
ment provides a renewed impulse for the production of renin, moreover, the
arterioles on their part further increase their tone as a sign of adaptation to
the diminished intravascular space. In a given stage, the permanent hyper-
tension results in a contraction of the extracellular and intravascular fluid
compartments, primarily as a result of a maladjustment of the extrarenal
volume-sensitive receptors. The disturbances of sodium equilibrium are still
masked by the readjusted homeostasis (Friedman et al. 1955). The spon-
taneous death ensuing after some length of time in dogs with chronic hyper-
tension is attributed to haemodynamic factors resulting in a collapse of this
compensatory homeostatic mechanism.

*

We are indebted to Mrs A. Spitzar for skilful technical assistance.
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ANTIBODY NATURE
OF THE LONG-ACTING THYROID STIMULATOR
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AND ISOTOPE LABORATORY OF JANOS HOSPITAL, BUDAPEST

(Received August 9, 1971)

A procedure suitable for the partition of antigen-antibody complexes was
found to leave the activity of LATS-1gG unaffected. This is inconsistent with the claim
that LATS is an antigen-antibody complex in nature.

While antibodies formed against the microsomal fraction of thyroid epithelial
cells are more prevalent in LATS-positive than in LATS-negative cases, their titre
in the blood plasma is unrelated to the plasma LATS level. Using column-chromato-
graphy for the separation of the slow and the fast 1gG-fraction, LATS and CF were
found only in the former whereas antithyroglobulin antibody in both fractions. This
indicates that the various antibodies belong to different subfractions. The fact that
LATS and microsomal antibodies belong to the same subfraction accounts for the diffi-
culty of their separation.

The long-acting thyroid-stimulator (LATS) contained in the plasma of
patients with Graves’ disease is a substance identical with or strongly attached
to 1gG [13]. Its antibody character has, however, not been ascertained and
there are indications that it may represent an antigen-antibody complex [11].
This has prompted us to study LATS under experimental conditions bringing
about a dissociation of antigen-antibody complexes, and, should LATS prove
to be an antibody, to examine its relationship with the antibodies to other
thyroid antigens. It was also intended to examine the quantitative distribution
of LATS and of the other antithyroid antibodies in the chromatographically
separable, individual 1gG fractions of different electrophoretic mobility.

Material and method

The antigen-antibody nature of the LATS-1gG complex was studied under experimental
conditions which are known to cause the dissociation of immune complexes [18]. The separated
LATS-IgG was dissolved in physiological saline and dialyzed for 24 hours at -j-4 °C against
a 0.1 M glycine-HC.l buffer pH 3.0, a procedure which results in an antigen-antibody disso-
ciation without the risk of affecting the antibody. After centrifuging, the supernatant was
dialyzed against 0.15 M NaCl at -f-4°C for 24 hours by this procedure.

Four series of experiments were carried out in order to examine how far the thyroid-
stimulating effect of LATS, in its untreated condition and after dialysis against the glycine-HCI
buffer would be affected by activated charcoal. Assuming LATS to be an antigen-antibody
complex, the antigen released during the dialysis would have to be bound by charcoal, in which
case LATS would lose its thyroid-stimulating capacity. Therefore, in all four series, dialysis
was followed by the addition of 20 ml of a suspension of 100 mg activated charcoal to the LATS-
containing medium and incubation for 15 minutes. Otherwise the procedure was as described
above. A similar test with LATS-1IgG which had not been dialyzed served as control.

For the separation of slow and fast 1gG, chromatography on DEAE-Sephadex-A-50
prepared according to Baumstark et al. [1] was used [6]. 5.75 M ammonium sulphate was
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added successively to 50 ml plasma at room temperature under continuous stirring up to
a final concentration of 1.6 M. The mixture was left to stand at +4 °C for 1 hr, then centri-
fuged at 3500 r.p.m. for 30 minutes at —4 °C for the separation of the precipitate which was
then dissolved in 3 ml distilled water and dialyzed against 200 ml distilled water for 48 hours
while changing the water several times. Subsequently, dialysis was continued against 0.02 M
phosphate buffer pH 6.6 for 24 hours. The precipitate was removed and the pseudoglobulin
containing supernatant was transferred on 36x2.5 cm DEAE-Sephadex-A-50 columns pre-
treated with 0.02 M phosphate buffer. For the separation of the nonabsorbable slow IgG, elution
was started with 0.02 M phosphate buffer pH 6.6 and 5 ml fractions were collected (Fraction 1),
then continued with 0.05 M phosphate buffer pH 6.5 for the separation of the absorbable
fast 1lgG (Fraction I1). For the estimation of protein in Fractions | and Il an Unicam Spectro-
photometer (280 m/t) was used. Then, the IgG-containing eluate was again dialyzed against
distilled water for 24 hours and lyophilized. Before the estimation of LATS and of the antibody,
the lyophilized protein was dissolved in physiological saline pH 7.0.

The 1gG content of Fractions | and 1l was checked by immunoelectrophoresis.

LATS was estimated by the modified procedure of McKenzie [4, 12]. The experimental
data were analyzed on the basis of geometrical means. The reaction was considered positive
if in the animals having been injected with the IgG-containing extract the blood radioactivity
estimated 8 hours later exceeded 150% of the activity in the blood of the control mice having
been given a 5% solution of albumin, and if the lower fiducial limit was in excess of 150.

The complement fixation test (CF) suitable for the demonstration of antimicrosomal
antibodies and Boyden’s passive haemagglutination test (TRC) for the demonstration of
antibodies formed against thyroglobulin were described earlier [19]. The assays for antithyroid
antibodies were regarded as positive if CF yielded a positive reaction at titres of 1:6 and
TRC at 1:2500 or higher.

Results

Table | shows that the activity of LATS-1gG remained unchanged after
dialysis against glycine-HCI buffer pH 3.0 and was not affected by activated
charcoal (Table I1).

Table 1
Antigen-antibody nature of LATS

Examination of the thyroid-stimulating effect of LATS-1gG after dialysis against glycine-HCI
buffer pH 3.0 and without this procedure. In brackets, the 95% fiducial limits

Serial number Name LATS-I1gG LATS_IQSCif glycine-

| P.E. 299 251
(277—323) (233—271)

2 J.K. 439 410
(415—463) (388—434)

3 J.U. 173 170
(165—181) (161—178)

4 M.D. 613 571
(562—668) (523-622)

5 AT. 273 258
(266—280) (251—264)

LATS Standard 314 283
0.010 U (288—341) (260-308)

Acta Medica Academiae Scientiarum Hungaricae 28, 1971



number

ANTIBODY NATURE

Table 11

Thyroid-stimulating effect of LATS-1gG dialyzed against glycine-

315

HCI buffer pH 3.0

and non-dialyzed, in the presence and in the absence of activated charcoal

Name LATSIgG
Cz.l. 225
(216-234)
B.E. 424
(410-438)
D.E. 302
(293-312)
G.R. 298
(284-313)

LATS-gG 1 charcoal

225
(216-234)

416
(402-430)

309
(299-318)

267
(254- 280)

LATS-IgG 1 buffer

229
(219-238)

415
(401-429)

300
(291-309)

281
(267-295)

LATS-IgG 1 buffer

- Charcoal
223
(214 233)

411
(397-425)

297
(288-306)

266
(253 -279)

The CF reaction serving for the demonstration of microsomal antibodies
was positive in a significantly larger number of LATS-positive than of LATS-
negative cases (P <( 0.1%). No such difference was found between the LATS-
positive and negative groups with respect of TRC (Table Ill). On the other
hand, no relationship between the plasma LATS level and the CF titre was
demonstrable, as shown in Fig. 1.

700-
600-

500-

~ 400-

_

300-
200-

100

1.6 112 1:24 148 1%
CF

Fig. 1. Correlation between plasma LATS level and CF titre in patients with Graves’ disease
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Table 111

Plasma LATS and thyroid autoantibody level in Graves’ disease

CF TRC
positive ! negative positive negative
LATS
positive 69 30 39 13 56
LATS
negative 70 10 60 13 57
Table IV

LATS and thyroid antibody contents of slow (Fraction 1) and fast ( Fraction I1) IgG-fraction

Serial ) ) Fraction | Fraction 11

number Neme plaanosts LATS CF TRC LATS CF TRC
I V.Gy. Hashimoto lieg. 1:96 1:2500.000 neg. neg.  1:2500,000
2 L.N. Y neg. 1:24 1 25,000 neg. neg. 1 25,000
3 B.F. " neg. 1:48 1:2500,000 neg. neg. 1:2500,000
4 N.S. Graves’ pos. 1:12 1: 2500 neg. neg. 1: 2,500
5 H.J. " pos. 1: 6 1 25000 neg neg. 1 2,500
6 K.B. . pos. 1:12 1 2500 neg. neg 1 2,500
7 P.A. " pos. 1:12 neg. neg. neg. neg
8 B.J. », pos. 1:12 neg. neg.  neg. neg
9 Sz.S. » pos. 1:12 neg. neg. neg. neg.

10 N.I. Y neg. 1: 6 neg. neg. neg. neg.

1 Gy.O. . neg. 1:12 neg. neg. neg. neg

12 ILL . neg 1: 6 neg. neg. neg. neg

13 J.1L. Y pos. hneg. 1: 25000 neg neg. 1: 2,500

14 V.0. " neg. neg. 1: 25000 neg. neg. 1: 2,500

15 K.A. " neg. neg. 1: 2500 neg. neg. 1: 2,500

16 Al neg. neg. 1: 25000 neg. neg. 1: 2,500

17 V.E. » neg. neg. neg neg. neg. neg.

18 T.M. . neg. neg.  neg. neg. neg.  neg

19 G.M. » neg. neg. neg. neg. neg. neg.
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Table 1V illustrates the presence of LATS and thyroid antibodies in
the slow IgG I, and in the fast IgG Il fraction. The first was eluted with 0.02 M
(pH O.b), the second with 0.05 M (pH 6.5) phosphate buffer. LATS and CF
were detectable in Fraction 1 only. TRC was present in both fractions, though
in Fraction Il in slightly smaller amounts (Table IV).

Discussion

Since LATS cannot be separated from IgG, it is assumed to be an anti-
body directed against thyroid antigen [2]. It has also been suggested that it
constitutes a complex formed by a product of thyrotrophic hormone character
with 1gG which accounts for its LATS-activity [11]. Antigen-antibody com-
plexes are known to dissociate upon dialysis against buffers of low pH (pH 3.0).
Since this procedure has been employed with success for the separation of
insulin-antibody complexes [7, 10], we have studied its effect on the activity
of LATS-1gG. The thyroid stimulating effect of LATS-1gG remained unaffected
after dialysis against the glycine-HCI pH 3.0 buffer, a result which agrees
well with the recent findings of Ochi and DeGroot obtained by a different
procedure [16].

Our results may be interpreted as follows, a) LATS-IgG is not an antigen-
antibody complex and therefore not dissociable; b) the procedure has failed
to dissociate the antigen-antibody complex; c) the dissociation by the glycine-
HCI buffer of the antigen-antibody complex may have been followed by its
recombination before the estimation of LATS, an interpretation which does
not tally with the finding that after dialysis the activated charcoal left the
LATS unaffected, in other words it failed to bind the antigen which had been
released from the complex.

Should LATS-1gG represent an antibody, its relationship to the other
thyroid antibodies must be worth examining, the more so as on the evi-
dence of earlier studies [5] positivity of LATS and CF often occur together,
an observation confirmed by the present findings.

According to Torrigiani and Roitt [20] the antibodies formed against
thyroid antigens belong to the 7S globulins and the overwhelming majority
of the antithyroglobulin antibodies may be found in the IgG fraction [20].
These authors found antibodies of IgA type too in a small number of cases but,
with the exception of one case, failed to demonstrate IgM antibodies. On the
other hand Cruchaud and Juditz [3] noted various types of antibody (IgG,
IgA, IgM) against thyroid cells in a diversity of combinations. LATS is insep-
arable from 1gG, though its antibody nature has yet to be ascertained. It is
an essential question how the antibodies formed against the individual thyroid
antigens are distributed in the heterogeneous IgG.
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Immunoelectrophoresis of IgG gives a precipitation band deeply extend-
ing into the zone of beta-globulins, as a sign that it combines various protein
molecules different in mobility but identical in antigenic structure. Chromato-
graphy on DEAE Sepbadex A-50 is well suited for the separation of the hetero-
geneous IgG-molecules [17]. Immunoelectrophoretic analysis of the chromato-
graphic fractions shows that the IgG-fractions eluable from the DEAE-column
with eluents of low molarity are of slighter mobility than those obtained with
buffers of higher molarity. The electrophoretic heterogeneity of the IgG
molecules shows a physiological heterogeneity too, since it seems that
each of the individual 1gG groups plays a particular part in the immune
mechanisms. In the absence of cysteine, the fast component is fairly resistant
to papain, in contrast to the slow component which is readily digested by
papain [8]. The former group comprises the prevalent part of proteins belonging
to the subfractions 1gG2 and 1gG4 and the latter group those of subfraction
1gG 3 [9]. The proteins of subfraction IgG, have been found heterogeneous
under such treatment.

It has been shown earlier [6] that the LATS-containing, non-absorbable
IgG obtained by chromatography on Sephadex A-50 was of an electrophoretic
mobility different from that of the other IgG, it being localized nearer to the
cathode (slow fraction). This result was in conformity with that of Miyai
and Werner [14] according to which IgG of substantial LATS content differs
in respect of electric charge from the other IgG. On the evidence of our recent
studies, while LATS and antimicrosomal antibody occur only in the slow
fraction, antithyroglobulin antibody is demonstrable in the slow as well as
in the fast fraction. This would seem to indicate that LATS and antimicrosomal
antibodies prevalently belong to subfraction 1gG3, possibly to 1gG,, whereas
the antithyroglobulin-antibodies are distributed over all four subfractions.
Though LATS and antimicrosomal antibodies are often found together in
Graves’ disease and both seem to belong to the same IgG subfraction, yet
it is certainly not against the same antigens that they have been formed.
In Graves’ disease, too, positive LATS and CF reactions are often dissociated,
and in Hashimoto’s disease antimicrosomal auto-antibody is usually demon-
strable although LATS is absent from the plasma. The results of our studies
none the less confirm the close relationship existing between antimicrosomal
antibody and LATS, a relationship which follows from the fact that both
belong to the same IgG subfraction. This might explain the difficulty of their
separation. And, our findings indicate that the practical difficulty in identifying
LATS by the radioimmune procedure based on a competitive binding [15]
must be sought in a contamination with antimicrosomal antibody of the
LATS-1gG containing fraction.
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ZUM KLINIKUM DER LAKTAZIDOSE
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Il. MEDIZINISCHE ABTEILUNG (VORSTAND: DOZ. DR. MED. P. SCHWARCZMANN)
DES INSTITUTS FUR ARZTLICHE FORTBILDUNG, BUDAPEST

(Eingegangen am 9. August 1971)

Die Laktazidose ist eine Form der metabolischen Azidose, gekennzeichnet neben
liberméRiger Erhdhung des Milchsdurespiegels, durch Zunahme der Brenztraubensdure-
konzentration im Blute, Erhédhung des Milchséure/Brenztraubenséurequotienten, und
haufig mit einer Verminderung des Bikarbonatgehaltes und des pH im arteriellen Blute.

Die Verédnderungen der Milchsdure-Brenztraubenséure- sowie der S&ure-Basen-
werte im Blute wurden in 230 Féallen untersucht.

Die beobachteten Laktazidosefélle waren in der Mehrzahl mit einer bekannten
Crundkrankheit verbunden. Die klinischen Erscheinungen, die erst jenseits eines Lak-
tatspiegels von 5 niAg/l zur Beobachtung kamen, waren von Stérungen der Atmung
und des BewufRtseins beherrscht. Ein im Verhéltnis zu den Na- und K-Werten niedriger
Cl-Plasmaspiegel gilt als Vorzeichen einer Laktazidose. Die Laktazidose schweren
Crades spricht auf die Behandlung kaum an, ihre Prognose ist ungunstig.

Die Milchsdure ist ein Zwischenprodukt der anaeroben Oxydation der
Kohlenhydrate. Ihre pathologische Anh&ufung im Blute fuhrt zu klinischen,
mit biochemischen Verédnderungen verbundenen Erscheinungen, deren Bedeu-
tung erst in den vergangenen 10 Jahren, seit dem Erscheinen von Huckabees
Arbeiten erkannt wurde [21 24]. In klinischer Hinsicht werden zwei Haupt-
typen der Laktatanhdufung unterschieden:

1) Die Laktazidose, deren Kriterien weder beziglich der Hohe des
Laktatspiegels, noch des Grades der Azidose einheitlich sind. Einzelne Autoren
sprechen von Laktazidose bereits Uber 2 mAg/1, andere hingegen erst im Falle
einer Milchsidurekonzentration (ber 7 mAqg/l. Auch die pH-Werte missen
nicht vermindert sein: in Tranquadas Féllen war die Pufferkapazitidt des
Organismus selbst bei einem Milchsdurespiegel Gber 7 mAg/l zur Kompen-
sation der Azidose ausreichend [39, 42, 43].

Die Laktazidose kann a) sich sekunddr einem KrankheitsprozeR bekann-
ter Atiologie hinzugesellen, oder b) als idiopathisches Krankheitsbild in
Erscheinung treten. So z. B. wurde sie bei Alkoholvergiftung, wéhrend
PhenforminBehandlung, bei Leuk&mie, bei Gierkescher Krankheit, bei aze-
tondmischer diabetischer Azidose sowie bei extrakorporealem Kreislauf beob-
achtet [2, 7, 8, 10, 13, 20, 26-29, 36, 38, 40, 44].

Die idiopathische, primdre oder spontane Form, von der neuerlich ange-
nommen wird, daf sie eine mit latenten Kreislaufstérungen oder Prdschock-
zustdnden verbundene Stoffwechselstérung ist, die zum Tode fuhrt, bevor
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sich die Erscheinungen der Grundkrankheit entfalten konnten [15, 16, 21,
31, 32].

2) Unter Hyperlaktatdémie wird eine méRige Erhdhung des Milchsdure-
spiegels ohne Azidose verstanden. Ihre Ursachen sind: Muskelarbeit, Hyper-
ventilation, Andmie, Hypoxie, Adrenalin-Einspritzung sowie Glukose- und
Bikarbonat-Infusion [1, 4, 5, 12, 19, 30, 35, 36, 39, 41, 43]; das pH ist normal
oder in Richtung der Alkalose verschoben.

Die mit einer pathologischen Erhdhung des Milchsdurespiegels einher-
gehenden Zustédnde lassen sich auch aufgrund des Verhaltens des Milchsdure—
Brenztraubensdure-Quotienten (L/P) differenzieren. Erhdhung des L/P Quo-
tienten, ein »lactate excess«, kommt in der Mehrheit der priméren und sekun-
déren Laktazidosen sowie bei den mit akuter Hypoxie und Adrenalinverabrei-
chung verbundenen Laktatdmien vor, wéahrend bei den Ubrigen Formen der
Laktatdmie der Quotient normal bleibt.

Die Erkennung einer Laktazidose ist nur unter Anstaltsbedingungen
maoglich. Wenn bei metabolischer Azidose die Bikarbonat-Konzentration
niedrig, das Serum-Cl normal oder vermindert ist und sich fir die Sdure—
Basenstérung keine Ursache finden 14R8t, ist stets die Mdglichkeit nach-
zuprifen, ob sich hinter dem scheinbaren Anionmangel eine Laktaterhdhung
verbirgt, die auch fir die pH-Verminderung verantwortlich ist.

Die den Gegenstand der gegenwdrtigen Mitteilung bildenden Unter-
suchungen wurden vor 2 1/2 Jahren begonnen. Aus dem bei Bettruhe ohne
Stauung entnommenen vendsen Blut wurde die Milchsdure nach der modifi-
zierten kolorimetrischen Methode von sarker UND summerson, und die
Brenztraubensdure nach der Methodik von s ricamann UNd 1 awoen bestimmt
[3, 14, 25]. Insgesamt wurden 230 Kranke wuntersucht. Eine Laktatdmie
mittleren Grades (3—5 mAqg/1) lieR sich bei 44 Féallen feststellen, bei weiteren
9 Patienten war eine ausgeprdgte Laktazidose (iiber 5 mAg/1) vorhanden.
Resuszitierte F&lle mit extremen Werten wurden bei diesen Untersuchungen
nicht beriicksichtigt. Die Vielfdltigkeit des Bildes der Laktazidose geht auch
aus den im weiteren anzufihrenden Beobachtungen hervor.

Die 9 Patienten, bei denen eine ausgeprdgte Laktazidose vorlag, lassen
sich in 3 groRe Gruppen einteilen: je nachdem, ob die Laktazidose mit einem
chronischen respiratorischen ProzefR, einer akuten kardiovaskuldren Episode,
oder einer chronischen Leberkrankheit verbunden war. Die klinischen Erschei-
nungen der Milchsdure-Azidose waren nicht spezifisch. Eine Hypertachypnoe
verschiedenen Schweregrades lieR sich bei sdamtlichen Kranken, und eine
Zyanose bei den Patienten Nr. 1, 2und 9 beobachten. Als Beschwerden wurden
in jedem Falle allgemeine Schwé&che, Niedergeschlagenheit und Atemnot
angegeben. Mit Ausnahme des Falles Nr. 8 war das BewuRtsein in sdmtlichen
Féllen beeintrdchtigt; gewdhnlich lieBen sich Lethargie, Somnolenz, in Féllen
Nr. 1, 2 und 4 sogar Stupor bzw. Koma beobachten. Die Pulsfrequenz war er-
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hoht, Rhythmusstérungen kamen bei F&llen Nr. 2 und 6 vor. Bei Myokard-
infarkt und Pulmonalembolie war der Blutdruck herabgesetzt. Eine ausge-
prégte Hypochlordmie war nur bei den Féllen Nr. 2 und 6 zu beobachten (80
bzw. 82 mAq/l). Azotdmie oder Azetonurie kam nie vor.

Die Laktazidose war stets mit einer Verschlechterung der Grundkrankheit
verbunden. Auch der Brenztraubensdurespiegel zeigte in jedem Falle eine
Zunahme, doch nicht in dem Grade wie der Laktatspiegel, darum blieb der
L/P-Quotient stets hoher als 10 (Tab. I).

Tabelle 1
Alter, Blutbrenz- .

Fall Geschlecht mAg/1 traubensaure Lp Diagnose

| 72 8 0,27 28,8 Emphysem, Kyphoskoliose,
$ Cor pulmonale ehr.

2 69 12,2 0,86 14,1 Embolia pulmonum
1

3 42 6 0,37 16 Leberzirrhose
@

4 62 71 0,56 12,5 Leberzirrhose
<?

5 63 6,88 0,30 22,8 Leberzirrhose, Herzinfarkt
c?

6 64 9,1 0,41 21,6 Herzinfarkt
<

7 69 53 0,27 19,5 Herzinfarkt
<Q

8 43 57 0,24 23,7 Herzinfarkt
<Q

9 48 53 0,22 24 Herzinfarkt
a .

Eine dekompensierte metabolische Azidose war in F&llen Nr. 2 und
6 nachweisbar. Eine Verminderung der Bikarbonat-Konzentration — mit
negativem BE — lag bei einem Kranken, und ein geringfugiger Basismangel
bei 2 Patienten vor (Tab. Il). Eine pathologische Hyperventilation — mit
niedrigem pCO02 und respiratorischer Alkalose lie sich bei den Kranken
Nr. 3,4, 7,8 und 9 nachweisen und bei einem dieser (Fall Nr. 7) war die respi-
ratorische Alkalose mit kompensierter metabolischer Azidose verbunden.

Die hdufigste Abweichung bei unseren laktazidotischen Kranken war
die Hypoxie. In 8 der 9 Félle kam sie in sehr schwerem, mittelschwerem bzw.
leichterem Grade zur Beobachtung.
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Tabelle 11

Fall pH S%}%ﬁ; Basren'Aqu/iesS rrﬁ’r%lglg m?r?Hg
| 7,375 23,1 -0,9 42 61,5
2 7,24 17,6 -9,2 47 37
3 7,45 21,2 —3,8 315 86
4 7,44 22,6 —1,6 315 90
5 7,38 22,1 —2,1 38 68
6 7,21 12 —17 32 70
7 7,41 18,6 7,4 22 49
8 7,44 21,1 —3,8 25,5 85
9 7,43 22,6 —1,9 28,5 78

Aufgrund unserer Beobachtungen und der Angaben des Schrifttums ist
hei Laktazidose die pathologische Hyperventilation oder die Hypoxie selbst
beim Fehlen einer systematischen Azidose stets nachweisbar [6, 37]. Die
Ursache der bei passiver oder pathologischer Hyperventilation erfolgenden
Milchsdure-Anhé&ufung ist unbekannt, es I4Rt sich aber annehmen, dall die
Aktivitdt der Pyruvat-Karboxylase durch die intrazellulire Hypokapnie
beeintrachtigt wird und darum die Reduktion der Brenztraubensdure zu
Milchsdure nur auf anaerobem Wege mdglich ist. Eine andere Erkl&drung wére,
dalR die Leber bei intrazellularer Alkalose infolge der verminderten Perfusion
weniger Laktat aufnimmt.

Bei sdmtlichen Laktazidoseformen fallt der Leber eine zentrale Rolle zu
[9, 17]. Die Aufnahmeféhigkeit der Leber fur Milchsdure ist aber weit groRer
als die von den extrahepatischen milchsdureproduzierenden Geweben erzeugten
Mengen, deshalb kann es sich bei Laktazidose um keine einfache Uberproduk-
tion an Milchsdure handeln, sondern es mull eine mangelhafte Verwertung
infolge der krankhaften Vorgénge in der Leber oder der Durchblutungsstérun-
gen im Splanchnicusgebiet vorliegen.

Die in Begleitung einer Hypoxie kardiovaskuldren oder respiratorischen
Ursprungs auftretende Laktazidose ist von prognostischer Bedeutung: nach
p.reoc: Dleiben bei einer Milchsaurekonzentration unter 4,3 mAg/1 100%,
zwischen 4,4—8 mAqg/l 33%, iber 88 mAq/ jedoch nur 15% der Kranken
am Leben [33].

Auch im gegenwdrtigen Material wurde nur eine Laktazidose méfRigen
Grades (unter 6 mAg/l) Uberlebt bzw. von Besserung gefolgt. Die Kranken
Nr. 7und 9 starben spéter an einer anderen Komplikation der Grundkrankheit.

Eine Laktazidose in Verbindung mit Versagen des Kreislaufes oder der
Respiration kam nur bei akuten Episoden bzw. akuten Ruckféallen zur Be-
obachtung, z. B. bei frischen Myokardinfarkten, Pulmonalembolien oder bei
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Exazerbationen des chronischen Cor pulmonale. Bei chronischen Hypoxie-
zustadnden lieR sich keine bedeutende Laktazidose nachweisen.

Die Laktazidose ist eigentlich eine Stoffwechselstdrung, die intrazellul&r
in Gang gesetzt wird; so ist sie keiner quantitativen Bestimmung zugénglich,
auch durch die Therapie werden nur ihre sich auf den Extrazelluldérraum proji-
zierenden Verschiebungen erfaf3t.

Die Grundlagen der Behandlung sind:

1) Elimination des Laktat-Uberschusses mittels Wiederherstellung des
peripheren Kreislaufs,

2) Korrektion der Azidose mit alkalisierenden Lésungen und

3) Bindung des zirkulierenden Laktats auf pharmakologischem Wege,
d. h. mittels Methylenblau, — oder seine Beseitigung auf mechanischem Wege,
mittels Dialyse.
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Continued administration of heterogenic blood (HB) and of phytohaemag-
glutinin (PHA) by the intravenous route to rabbits resulted in typical changes of all,
peripheral and central, lymphatic organs, characterized by a shift in the size distri-
bution of the lymphocyte population with a prevalence of large lymphocytes, formation
of blast cells and appearance of dividing forms. This response may be regarded as a
counterpart in vivo to the reactions exhibited by lymphocyte cultures to mitogenic
stimuli, and corresponds in its cytologic features to some pathologic lymph node changes
by humans characterized by the prevalence of large lymphocytes and the formation
of blast cells, with individual specific alterations. On these grounds it is suggested
that the cytological changes arising in response to lymphocyte stimulation represent
an adequate reaction of lymphocytes.

In addition to these changes involving the entire lymphatic system there may
be particular, organ-related responses which are probably specific to the individual
organs. Reactions of this kind, such as extramedullary haemopoiesis in the spleen and
thymus or mastocyte reaction in the thymus, may possibly involve a further prolif-
erative capacity of blast cells.

The discovery of Nower1r [19] that phytohaemagglutinin (PHA) induces
in lymph cell cultures the transformation of small lymphocytes into large,
active cells capable of cell division has opened up new aspects in research
relating to the lymphatic system. It has been established that the small lympho-
cytes represent a quiescent cell form of the lymphatic system, capable of
further development rather than the end stage of cell transformation [29].
In the last years, the literature on the subject has become too vast to be kept
in evidence. Here we only refer to the monograph of Ling [12] and to the
papers of Astarai et al. [2, 3] and of Lozzio [13].

The effects of PHA in vivo have failed to attract general interest. Apart
from clinical trials of questionable outcome in aplastic anaemia [7, 10, 11],
the effects of PHA on the lymphatic organs have received limited attention
in the literature [5, 8, 18, 21, 24, 25, etc.].

The aim of the present study has been to clarify the effect of PHA on
the living organism, particularly on the lymphatic organs, by comparing its
effects with those of other antigens, on the one hand, and with its own effects
in vitro, on the other. In addition, the cytological response to the experimental
stimulation of the lymphatic organs has been compared with the cytological
features of diseases of the lymphatic organs in humans.
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Material and methods

Rabbits weighing approximately 2.0 kg, of random sex and breed, were used. They
were kept on dry synthetic food for four weeks before and during the period of study. Several
groups were set up, each including ten test animals and two controls.

The antigen used was heterogenic blood (HB), Rh negative human group O blood being
injected in doses of 1.0 ml/kg daily into the marginal ear vein for 21 days. The animals were
sacrificed and processed histologically and cytologically, on the 21st day. The organs and
tissues studied included the spleen, lymph nodes, thymus, appendix, bone marrow and liver.
Individual animals of each group were occasionally sacrificed earlier or later than the 21st
day, according to the purpose of the experiment.

PH A (Difco P) was injected intravenously in doses of 0.1 mg/kg daily, likewise for
21 days. Processing was the same as in the HB-treated groups.

The HB-treated animals appeared to be in poor health and failed to increase in weight
during treatment, there were, however, only occasional deaths. In the groups allowed to sur-
vive, regeneration was rapid and control body weight was regained in two or three weeks. The
PHA-treated animals had a normal appearance with normally ascending weight curves during
the entire period of treatment. There were a few occasional deaths, mostly unrelated to the
treatment.

Results

Before describing the abnormalities of the lymphatic organs in detail,
we have to outline the main abnormal cytologic features of the peripheral
blood. This question has been dealt with in detail in an earlier study [23].
The differential blood count was checked twice weekly during the entire
period of study, the last test being performed on the morning of the animals’
sacrifice.

Apart from a transitory leukocytosis the blood counts revealed, as the
most characteristic feature, a striking increase in the number of large lympho-
cytes attaining 80% or even more of the total lymphoid cell population by the
end of the experiment. The population of large lymphocytes contained numer-
ous cells of bizarre configuration similar to glandular fever cells but there
were also clearly recognizable blast cells and dividing forms. In general the
cytology of peripheral blood was reminiscent of that associated with infectious
mononucleosis, in the HB- and PHA-treated animals alike, with the only
difference that in the PHA-group the leukocytosis was of lesser degree.

The gross appearance was characterized by an enlargement of the lympha-
tic organs which, however, revealed different features according to the stimulus
applied. In the HB-treated animals the spleen was considerably enlarged,
weighing in general 5.0 g, in some cases even more than 10.0 g, the normal
range in the control animals being between 0.5 and 1.0 g. The mesenteric
lymph nodes formed huge conglomerates weighing several grams. The thymus
was moderately enlarged in some animals, completely atrophied in some
others.

In the PHA-treated animals the spleen was smaller, weighing between
2.0 and 3.0 g. The mesenteric lymph nodes were similar in size to those of the
HB-treated series. The thymus was considerably larger than in the other group
and there was scarcely any atrophied organ in this series.
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The most important cytological changes concerned the proportion
between the small and the large lymphocytes. In normal untreated animals
the distribution of small and large cells in the lymphocyte population cor-
responds to 70 : 10. The HB-treated animals examined at the end of the first
week still showed the same distribution, while at the end of the second week
the proportion of large lymphocytes was 30% and continued to rise, attaining
by the end of the experiment 50 to 60%. In addition, numerous blast cells
were seen. In respect of morphology, the transition from the small lymphocytes,
through the large ones, to the blast cells was unbroken.

It is to be mentioned that the term “large” lymphocyte is used in a
collective sense to denote all lymphocytes once having moved in any direction
from the quiescent state represented, according to the general view, by the
small lymphocytes. The use of the term “medium-sized” lymphocytes is being
refrained from. It must be emphasized that from the end of the second week
onward numerous cells of different sizes were noted among the large lympho-
cytes in the spleen of the HB-treated but also of the PHA-treated animals.
There was a practically unbroken transition from the small lymphocytes to
the blast cells, in other words, the cytological response in vivo was of the same
pattern as in PHA-treated lymphocyte cultures.

The spleen of HB-treated animals exhibited a marked plasmacellular
reaction, the plasma cells in various stages of maturity accounting for 15 to
20% of the entire population of nucleated cells by the end of the experiment.
This was accompanied by an intensive myelopoiesis in the spleen; the myeloid
cell population was prevalently formed by young promyelocytes and myelo-
cytes, apart from numerous normoblasts.

In the spleen of the PHA-treated animals the changes were of the same
character as in the former group with the only difference that the plasmacellu-
lar reaction as well as myelopoiesis appeared of lesser intensity. However,
in respect of the shift in the ratio of small to large lymphocytes, the response
in the PHA-group differed neither quantitatively nor qualitatively from that
exhibited by the HB-group, the predominance of large lymphocytes and the
presence of numerous blast cells by the end of the experiment being typical
for both groups (Figs 1, 2).

Nothing could be more illustrative of the profound cytological changes
taking place in the spleen than the fact that not only has the organ multiplied
its original size, its cell population being many times that of the original
number, but it has been completely reorganized in respect of its cellular sub-
strate, the myeloid elements and plasma cells, normally few in number, ac-
counting for approximately one third of the entire nucleated cell population.

As mentioned before, the mesenteric lymph nodes were significantly
enlarged in both groups to nearly the same extent. No significant difference
was found in the cytological pattern either. The essential feature was a shift
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Fig. 1. Spleen of HB-stimulated animal. 22nd day. May—Griunwald—Giemsa stain, x 800

Fig. 2. Spleen of PHA-stimulated animal. 22nd day. May—Grinwald—Giemsa stain, X800

in the ratio of small to large lymphocytes; by the end of treatment the cell
population was prevalently formed by large lymphocytes. In addition, there
were numerous blast cells, amounting in the PHA-group to 5% and in the
HB-group to 6.2%. The cytoplasm of these cells exhibited a marked pyronin-
ophilia upon methylgreen pyronine staining. Here again, an unbroken transi-
tion from small lymphocytes (quiescent form) to large lymphocytes and blast
cells was demonstrable. In consideration of the additional finding of numerous
dividing forms, the cytological pattern must be regarded as strongly reminis-
cent of that exhibited by PHA-stimulated lymphocyte cultures (Figs 3, 4).
As regards the other cell elements, there was a moderate increase in the number
of plasma cells attaining 1 to 2% and occasional normoblasts were found.
The number and activity of macrophages was increased, there were numerous
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Fig. 3. Lymph node of HB-stimulated animal. 22nd day. May—Grinwald—Giemsa stain,
X 800

Fig. 4. Lymph node of PHA-stimulated animal. 22nd day. May—Grinwald—Giemsa stain,
X 800

cells with phagocyted erythrocytes and leukocytes. It could be established
from the pseudoeosinophilic granulations that these granulocytes were auto-
genous. The reticular cells were also increased in number. The number of the
non-lymphocytes none the less failed to attain 5% of the cell population.

On comparison of the lymph nodes of HB-treated with those of PAH-
treated animals, the two types of stimulation were found to affect the lymph
nodes in the same manner.

It seemed of interest to confront this evidence with the findings derived
from lymph node biopsy in human diseases. A few illustrative cases are shown
in Figs 5 to 11.
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Fig. 5. Mrs. S. J. Infective hepatitis. Cervical lymph node biopsy. May—Grinwald__Giemsa
stain, X800

Fig. 6. V. J. Non-specific lymphadenitis. Cervical lymph node biopsy. May—Grinwald—
Giemsa stain, X 800

Giemsa stain, X800

The material obtained from human cases shown in Figs 5 to 11 reveals
a striking resemblance of the changes to those of the experimentally stimulated
lymph nodes. Here too, aside from the possible specific alterations, there is
a conspicuous predominance of large lymphocytes and blast cells. These
changes which are analogous with those exhibited by stimulated lymphocyte
cultures, seem to accompany the specific lesions in human lymph nodes and
even precede them in time.

As regards the central lymphatic organs it is the thymus which we have
to discuss first. The part played by the thymocytes is still a subject of contro-
versya inrdidh acabibbgrastiengaruhtHisgacitad reee sbyfor instance, that lymphopoiesis of the
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Fig. 7. Mrs. Sz. G. Tuberculous lymphadenitis. Cervical lymph node biopsy. Tubercle. X350

Fig. 8. Same as in Fig. 7. /1 portion, farther away from the tubercle. X800

thymus is independent of any antigenic stimulation [17] or that the thymo-
cytes are not directly involved in any reaction directed against foreign antigens
[16]. According to Metcalf [15], the thymocytes are antigen-unresponsive.
Correspondingly, plasma cells are practically absent from the thymus. On the
other hand, various authors including Marshall and White [14] noted a
regular immune reaction in laboratory animals with the appearance of ger-
minative centers and numerous plasma cells in response to a direct intrathy-
mic injection of the antigen.

In the present study, HB as well as PHA stimulation was found to induce
an enlargement of the thymus which was j'arficularly marked in the PHA
group. The essential microscopic features were similar to those discussed
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Fig. 9. Z. R. Toxoplasmosis. Cervical lymph node. x800

Fig. 10. P. J. Lymphogranulomatosis. Axillary lymph node. X800

earlier in respect of the other lymphatic organs, namely a prevalence of large
lymphocytes and blast-cell transformation. This reaction seems to take a
similar course in the thymus as in the peripheral lymphatic organs (Figs
12, 13). In addition to the changes described above, sporadic plasma cells
were also detectable. The appearance of young myeloid elements was fairly
common which seems to support the view of those regarding the thymus as
a haemopoietic organ [28, 20]. A marked mastocyte reaction, interpreted
by Toers [27] and by Csaba [4] as a nonspecific response of the thy-
mus, was also demonstrable. In this contextwe have to mention the finding,
though without the intention of drawing any far-reaching conclusion from it,
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Fig. 11. Mrs. N. C. Breast cancer. Axillary lymph node free from métastasés. X800

Fig. 12. HB-stimulated rabbit. Thymus. May—Grinwald—Giemsa stain, X800

that the peripheral basophile count was 6 to 9% in the PHA-group and 4
to 6% in the HB-group at the end of treatment.

The other central lymphatic organ is the bursa of Fabricius in birds.
Its counterpart in mammals is still unidentified but it must be presumably
sought in the lymphoepithelial structures scattered along the entire gastroin-
testinal canal, from Waldeyer’s ring down to almost the rectum, provided the
function of the bursa should be confined in mammals too to any single organ
instead of being taken over by the entire system.

Turba [26] called attention as early as 1921 to the presence of numerous
lymph follicles in the vermiform appendix and in the adjoining sacculus rotun-
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Fig. 13. PHA-stimulated rabbit. May—Griinwald —Giemsa stain, X800

Fig. 14. HB-stimulated rabbit. Appendix. X800

dus in rabbits. In the view of Farkas [6] it would be tempting to regard the
vermiform appendix as a central reactive lymphatic organ of the same biolo-
gical properties as the tonsils. In fact, it has been shown by Archer étal. [1]
that not only does the vermiform appendix of rabbits closely resemble
the bursa of Fabricius in morphological and embryological respects but it
also plays the same part in the immune mechanisms and now it is generally
accepted that the vermiform appendix in rabbits corresponds to the bursa of
Fabricius. In view of this fact the cytology of this organ has also been ex-
amined in the present study.

Macroscopically, the vermiform appendix in rabbitsisan 8 to 10 cm long,
15 to 2 cm wide structure lined with a thick, velvety mucous membrane.

Acta Medica Academiae Scientiarum Hungaricae 28, 1971



STIMULATION OP THE LYMPHATIC ORGANS 337

Fig. 15. PHA-stirmilated rabbit. Appendix. X800

Fig. 16. U. L. aged 12. Tonsil. Chronic tonsillitis X800

The cytological pattern largely corresponds to that of other lymphatic organs,
with the only possible difference that here the number of large lymphocytes
is higher. There is a fair number of giant cells of epitheloid type to which the
surrounding lymphocytes seem to adhere. Changes of similar kind were found
sporadically in the thymus, too, and are common in smears of human tonsils.

The appendix of the stimulated animals exhibited practically the same
changes as did the other lymphatic organs, i.e. a shift of the lymphocyte
population toward the large lymphocytes. The ratio of small to large
lymphocytes was significantly reduced. In addition to the predominating
large lymphocytes there were numerous blast cells. No plasmacellular reaction
was noted. Only sporadic plasma cells were detectable (Figs 14, 15).
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We have yet to refer briefly to the tonsils in human which in their struc-
ture as well as in their evolution and regression are reminiscent of the thymus
and may be regarded, if not as the sole representative, at any rate as a member
in the system of lymphoid organs and structures which are considered the
equivalents of the bursa of Fabricius in humans.

Smears of tonsils removed for chronic inflammation were examined.
The microscopic finding was marked by numerous large follicles and from the
cytological features it clearly emerged that the tonsillar lymphocytes respond

Fig. 17. M. E., aged 27. Tonsil. Chronic tonsillitis X800

to stimuli (in this case probably bacterial antigens) in the same manner as
does any other lymphoid tissue. The overwhelming majority of the lymphocyte
population was made up of large lymphocytes; dividing cells and particularly
blast cells were present in large numbers. Plasma cells were by no means rare,
even plasmacellular syncytia and islets were seen. It was interesting to note
peculiar connections between the giant cells and the lymphocytes; the latter
cells were found to adhere firmly to the giant cells and even to intrude into
their cytoplasm where they were for the greatest part destroyed (Figs 16, 17).

Discussion

It was observed that in short-lived cell-cultures the small lympho-
cytes start growing, dividing and undergo transformation into blast cells on
exposure to PHA, antigens, foreign leukocytes and even to physical, e.g.
ultrasonic, stimuli. This has prompted us to examine whether the lymphocytes
of the living organism would respond to similar stimuli in a similar manner.
If so, we proposed to examine whether this reaction involved the cells of the

Acta Medica Academiae Scientiarum Hungaricae 28, 1971



STIMULATION OF THE LYMPHATIC ORGANS 339

entire lymphatic system, consideration being given to the cells of the
central lymphatic organs which distinctly differ in their types of response
from the peripheral organs.

The present results showed that stimulation with PHA or HB elicits
an identical pattern of response of the entire lymphatic system including the
central organs of lymphoepithelial structure such as the thymus, the vermiform
appendix and human tonsils. The essential features of the reaction include
a significant enlargement of the lymphatic organs and a shiftin the proportion
of the lymphocyte population towards a prevalence of large lymphocytes,
numerous blast cells and dividing forms. This response basically corresponds
to that exhibited by stimulated lymphocyte cultures.

On confrontation of this material with the cytological findings character-
istic of human lymphoglandular diseases we find their basic features strikingly
identical. Prevalence of large lymphocytes and blast-cell transformation were
invariably demonstrated side by side with individual specific changes. This
response not only occurs in diseases caused by lymphotrophic viruses where
this kind of reaction would be typical [9], but practically in every disease
involving the lymphatic system.

In view of the facts that (1) lymphocytes in cultures are equally respon-
sive to specific and nonspecific mitogens as well as to simple chemicals or to
physical factors; (2) the lymphatic system is likewise responsive to these stimuli
in vivo and (3) human diseases involving the lymphatic system exhibit similar
cytological features, it is safe to assume that the changes arising in response
to the stimuli, i.e. formation of large lymphocytes, blast-cell transformation,
mitosis, actually represent adequate reactions of the lymphocytes to any stim-
ulus that may affect them.

While the type of response dealt with in the foregoing involves the entire
lymphatic system, there are certain organ-related additional reactions depend-
ing on the character of the individual organ, such as extramedullary haemato-
poiesis in the spleen and thymus, plasmacellular metamorphosis in the spleen
and tonsils, generation of mastocytes in the thymus. A further transformation
of blast cells resulting in various other cell groups may well provide the cyto-
logical basis for reactions of this kind.
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Evidence indicating that the immune deposits of granular type formed on the
glomerular basement membrane are connected in the majority of cases with infection
presumably of streptococcal origin, in contrast to the deposits of linear character reveal-
ing no relationships of this kind, has been substantiated by the present study on the
grounds of the morphological features and the clinical course of the process. In the
younger age groups (10—29) immune deposits of the linear type were significantly
more frequent than in more advanced age, a finding which seems to suggest that glome-
rulonephritis occurring at this time of life is prevalently of nephrotoxic origin. On the
other hand, over 40 years of age the incidence of granular type immune deposits was
significantly higher than that of the linear ones and over 50 years of age the gamma-
globulin and complement formed on the glomerular basement membrane were exclu-
sively granular in type. These morphological relationships suggest that glomeruloneph-
ritis occurring later in life is mostly consecutive to upper respiratory tract infection
presumably of streptococcal origin. As far as membraneous glomerulonephritis is concerned
morphological signs of chronicity were found in a larger number of cases with granular
type deposits which suggests that nephritis after respiratory tract infections presum-
ably of streptococcal origin is more liable to chronic transformation than is nephro-
toxic nephritis.

The genesis of human glomerulonephritis cannot be reduced to one pathogenetic
factor. More factors may have a role. The aim of the present study has been to ex-
amine whether and how far the morphological features of renal biopsy material can
be related to the primary factor initiating the process.

There has been mounting evidence in recent years that the pathogenesis
of human diffuse glomerulonephritis involves immunological factors. The
increasing use of renal biopsy has improved the understanding of renal disease
by allowing to study its clinical manifestations in the context of morphological
features, and to follow up the course of the process in its earlier phases instead
of having to rely on postmortem findings marking the terminal stage. Immuno-
histological and electronmicroscopical investigations also helped to clarify
the pathogenesis of the individual types of nephritis.

Experimental glomerulonephritis provides an important source of infor-
mation on the pathogenesis of human glomerulonephritis by sharing many of
its morphological and clinical features. The experimental models of this kind
may thus give a closer insight into the evolution of human glomerulonephritis.
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One of the methods for inducing in the laboratory animal morphological
and clinical manifestations similar to those of human glomerulonephritis
is the experimental antigen-antibody complex-nephritis when foreign protein
such as horse serum administered in massive single doses or in multiple
small doses [4, 13] results in glomerulonephritis which is characterized by
gamma-globulin and complement deposits of granular type on the basement
membrane, and its ultramicroscopical pattern by an electron-dense material
on the epithelial site of the basement membrane. These features are typical of
experimental antigen-antibody complex-nephritis as well as in the majority
of cases of human glomerulonephritis developing after streptococcal infection.
Similar changes have been described in SLE-nephritis as well [2, 5, 10, 11].

The other type of experimental nephritis which has similar clinical and
morphological features as human nephritis is Masugi’s nephritis. The immu-
nohistological features of this type of nephritis of nephrotoxic pathomech-
anism is marked by a linear type IgG and C’ localized on the glomerular
basement membrane [1, 3, 16, 17], whereas it is on its endothelial site
electronmicroscopically that the electron-dense deposit appears. Since in this
type of nephritis the circulating antiglomerular antibody reacts with the glome-
rular antigen, it is actually the antiglomerular antibody which accounts for
the changes. Certain types of human glomerulonephritis display morpho-
logical features of similar character, suggesting that here an antiglomerular
antibody is responsible for the process [7].

The aim of the present study has been to ascertain on the basis of our
renal biopsy material whether and how far the clinical history and the morpho-
logical features allow to draw any valid inference on the pathogenesis in a given
case of nephritis. The age-relationship ofthe morphological features of nephritis
has also been studied.

Material and method

Needle biopsy of the kidney was performed with the aid of X-ray television screen
by the method of knuk and Bdenger [6], using a Franklin—Vim—Silverman needle.

The renal tissue thus removed was fixed immediately in 4 °C ethanol and embedded
by the method of sainte-Mmame [14], for light microscopy sections of 4 n were prepared and
stained with haematoxylin-eosin, Jones methenamine silver, PAS, Hart and Congo red dyes.
For immunofluorescence studies the sections were incubated with antihuman gamma glo-
bulin, complement, fibrin and gamma-M (C. Hyland Travenol International GMbH) conju-
gated to fluorescein-isothiocyanate (FITC). Specificity of the process was checked by means
of inhibition.

The light-miscroscopic and fluorescence-microscopic studies were performed with an
OPTON microscope, using a HBO 200 W Osram lamp. The photographs were made with an
automatic camera attached to the microscope.

For electronmicroscopy, the biopsy specimens were fixed in osmium after short
fixation in cold glutaraldehyde and embedded in Araldit. Ultra-thin sections were prepared
by a Reichert ultramicrotome, contrasted with lead citrate and examined partly with a
Philips, partly with a Hitachi-Hu-10 electronmicroscope.
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Results

The present study concerns 180 cases of needle biopsy. The oldest in-
dividual was 60, the youngest 11 years old. Average age was highest in the
group of nephropathy associated with scleroderma (Table I).

Table |
_ _ _ _ N ) ) No. of Sex Age (years)
Histological diagnosis Clinical diagnosis cases i
female ] male average youngest oldest
Membraneous Nephrotic syndrome 120 64 56 29.2 li 60
glomerulonephritis Acute nephritis
Proteinuria
Orthostatic albuminuria
Haematuria
Chronic nephritis
Pyelonephritis
Membranoproli- Nephrotic syndrome 12 7 5 24.2 15 30
ferative glomerulo-  Acute nephritis
nephritis Proteinuria
Chronic nephritis
Subacute Subacute 2 2 325 23 42
glomerulonephritis glomerulonephritis
Chronic glomerulo- Nephrotic syndrome
nephritis Acute nephritis
Chronic nephritis 14 4 10 31.6 17 52
Focal glomerulo- Nephrotic syndrome 7 6 1 27.7 14 36
nephritis
Lupus nephritis SLE 6 5 1 37.3 30 46
Scleroderma with Scleroderma 4 3 1 38.2 26 50
renal involvement
Amyloid nephrosis Amyloid nephrosis 4 2 2 27 21 34
Nephrotic syndrome
Yascular Chronic nephritis 1 6 5 32 16 48
nephropathy Hypertensive disease

Proteinuria

90.8% of the 548 nephritis patients making up the material of the Second
Department of Medicine in the last four years were under 50 years of age, 5%
between 50 and 60 and 4.2% over 60. The reason why renal biopsy was
scarcely ever carried out beyond the sixth decade was because most of these
patients were uraemic.

A total of 120 cases of membraneous glomerulonephritis have been
analyzed in order to gain closer insight into the pathogenesis of glomerulo-
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nephritis. Histological and immunohistological studies were performed in every
case and additional electron microscopical investigations in 49 cases.

Light microscopical analysis revealed a diffuse thickening of the glo-
merular basement membrane in all of the cases and it had a similar morpho-
logical appearance regardless of age. However, in 9 cases vascular changes
in the form of lamellar hyperelastosis of the interlobular artery were also

Fig. 1. Gamma-globulin of granular type on glomerular basement membrane in membraneous
glomerulonephritis. (The section has been incubated with anti-human gamma-globulin con-
jugated to FITC)

demonstrable. In the cases with vascular involvement the average age was
41 years. There was no correlation between blood pressure and these changes.
However, the history of several patients included earlier treatment for arte-
rial hypertension or acute nephritis.

In 28 of the 120 cases of membraneous glomerulonephritis initial signs
of transformation into the chronic stage were noted, i.e. glomerular hyalini-
zation and adherence of the loops to Bowman’s capsule, changes confined to
one or two glomeruli, as also a simultaneous diffuse thickening ofthe basement
membrane in the other glomerular areas. Mean age in these cases was 33.6
years.

On the evidence of immunohistological studies, in 58 cases the gamma-
globulin and complement deposits onthe glomerular basement membrane were
of granular type (Fig. 1). In a few cases, the basement membrane of the tu-
bules also revealed fluorescence, in contrast to the tubular epithelial cells and
the vessels which displayed no fluorescence. Specificity was confirmed by
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Fig. 2. Electronmicroscopieal

findings:

the glomerular

basement

membrane forms multiple spinelike

projections bulging toward the epithelial site. At the sites of these projections there is an electron-dense

precipitate on the basement membrane (x 56,000) Abbreviations:

Epithelial cell.

End =

Endothelial cell.

Bm = Basement membrane. Ep =

Lu = Lumen. P = Precipitate
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the inhibition test which failed to reveal fluorescence on the glomerular base-
ment membrane in any instance. On the evidence of electron microscopy,
the electron-dense material was found to appear on the epithelial surface of
the basement membrane (Fig. 2). The epithelial cells revealed occasional cyto-
plasmic lipid droplets and microvilli.

In 54 cases, the gamma-globulin and complement deposits on the glo-
merular basement membrane were linear type (Fig. 3). Here too, while the

Fig. 3. Membraneous glomerulonephritis. Immunohistology revealed gamma-globulin of linear
type on glomerular basement membrane. (The section has been incubated with anti-human
gamma-globulin conjugated to FITC)

tubular basement membrane revealed fluorescence, the tubular epithelial
cells and vessels failed to do so. No fluorescence was demonstrable by the
inhibition test, as a sign of the specificity of the process. The electron-dense
material was found on the endothelial surface of the basement membrane
(Fig. 4). The basement membrane was thickened and an occasional fusion
of the foot processes was noted.

In a few cases of membraneous glomerulonephritis, sparse deposits of
fibrin of granular type were also demonstrable, partly on the basement
membrane, partly in the mesangium. In addition, the glomerular basement
membrane revealed IgM too in a few cases.

In eight cases, IgG and C’ appeared in a focal form, too sparse to be
identified as linear or granular type.

As mentioned earlier, the appearance of granular type immune deposits
on the glomerular basement membrane is regarded by numerous authors
as being typical of glomerulonephritis following streptococcal infection,
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Fig. 4. Electroninicroscopical findings: the thickened basement membrane forms spine-like projections
to the endothelial site of the basement membrane. On the endothelial site of the basement membrane
there is an electron-dense precipitate. The foot processes are fused at many sites (x9000)
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contrary to the linear type deposits which arc ascribed to antibody formed
against the glomerular basement membrane. Under these aspects it seemed
to be interesting whether in the case of granular type immune deposition
we could find data in the anamnesis regarding streptococcal infection and
in the case of linear deposition, some indication of nephrotoxic factors, respec-
tively. in fact, in 43 out of 58 cases with granular type deposition a con-
nection between the kidney disease and some previous infection presumably
of streptococcal origin could be found. In 23 out of the 43 cases glomerulo-
nephritis began after an upper respiratory tract infection and in 20 cases the
history revealed recurrent tonsillitis, or tonsillectomies. It is a point of
interest that in four cases nephritis was connected with pregnancy. SLE
could be ruled out in these cases all throughout and forms a separate group
which has been set out in Table I.

Immunoglobulin forming linear deposition on the basement membrane
was shown in 54 cases. Here, however, only in three cases an upper respira-
tory tract infection could he detected in the anamnesis, i.e., in a significantly
lower number than in the case of granular deposition. Statistical analysis by
the X2 test revealed that there is a correlation between granular deposition
and respiratory tract infection (p < 0.001). In 14 cases of linear deposits
there were recurrent episodes of tonsillitis in the history and in three cases
the process was connected with pregnancy. No other indications of a possible
nephrotoxic mechanism were noticeable.

In addition, it seemed of interest to examine the morphological types
of immune deposits on the basement membrane according to age groups
and the connection between the pathogenesis of glomerulonephritis and age
groups.

Table Il sums up the types of immune deposit according to age
groups. The prevalence of the linear types of immunoglobulin deposits
occurs significantly more frequently between 10 to 29 years of age, a finding
which indicates the role of the antibody formed against the glomerular base-

Table 11

Immunohistological findings in membraneous glomerulonephritis

Granular type Linear type
Age group (years) of 19gG of I1gG
per cent per cent
10-19 10.7 16.2
20—29 125 17.8
30-39 9.8 11.6
40—49 14.3 2.6
50- 4.4 —
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ment membrane for the majority of cases of glomerulonephritis occurring in
this age group. In the 30 39-year age group the incidence of linear depo-
sits was slightly higher than that of granular deposits, whereas over 40 years
of age the granular type predominated (p <T 0.05). Beyond 50 years of
age the deposits were exclusively of the granular type; this would seem to
suggest that with advancing age probably the pathogenesis of glomerulo-
nephritis after streptococcal infection plays a role.

The question then arose whether in the cases of membraneous glomerulo-
nephritis the morphological signs of chronicity were related in any way to the
pathogenesis.Therefore, we examined in every case with early signs of chronicity
whether the immune deposit was of the linear or of the granular type. It was
granular in 19 and linearin 9, displaying a significant difference (p < 0.05), in
other words membraneous glomerulonephritis with signs of chronicity carries a
significant prevalence of immune deposition of the granular type. This woidd
implicate that the cases of glomerulonephritis connected with upper respiratory
tract infections and a substantial number of those with streptococcal infection
are more liable to chronic transformation than those of nephrotoxic origin.
In fully developed chronic glomerulonephritis the immune deposits were too
sparse to allow a reliable differentiation between linear or granular types.

Discussion

The investigations ofo i« o et al. [2] in antigen-antibody complex nephri-
tis have been concerned with the factors determining the transformation of glo-
merulonephritis into a chronic form or its acute course ending with recovery.
Their results indicated that the renal changes induced in rabbits were deter-
mined by the antibody-forming capacity of the animal. In the case of a poor
antibody production, each injection of antigen will result in an antigen-
antibody complex with a prevalence of antigen. This complex finds access
through the blood stream to the kidney thus producing glomerulonephritis.
In such animals the amounts of antigen administered daily were sufficient for
the neutralization of the circulating antibody. In this manner, protein ad-
ministration leads to a progressive subacute or chronic glomerulonephritis,
regardless whether or not the administration of the antigen is continued.
If, Jlowever, the rabbits are powerful antibody producers, the experimental
glomerulonephritis assumes an acute form with rapid recovery despite the
continued administration of the antigen, since in the antigen-antibody complex
formed by these animals it is the antibody which predominates and the pre-
valence of antibody makes the complex far less nephritogenic than that of
antigen. From these facts s.... [15] inferred that abundance of proteins in
the diet promotes the chronic transformation of glomerulonephritis. The ques-
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tion then is whether in man, too, the chronic transformation of glomerulo-
nephritis may be related in any way to a poor antibody production in strep-
tococcal infection. It is the aim of further studies to examine this possibility.

The role of streptococcal infection in the development of human glome-
rulonephritis has long been known. Recent investigations have, however, still
contributed to our understanding of the part played by streptococci in the
pathogenesis of this process. In particular, Markovitz et al. [8] have shown
that there isacommon antigen of the basement membrane of human glomeruli
and the nephritogenic type 12 of haemolytic Streptococcus A.

On these grounds the antibody formed as a result of streptococcal infec-
tion may well give rise to nephritis by cross-reacting with the antigen of the
basement membrane, an assumption consistent with the results of experiments
in which glomerulonephritis has been produced in monkeys by injection of
streptococci together with human glomerular basement membrane anti-
gen [8, 9].
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Il. SIGNIFICANCE OF ISOLATED PROTEINURIA
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(Received October 13, 1971)

1) Compulsory screening tests may greatly contribute to the detection of mono-
symptomatic proteinuria.

3) On the evidence of renal biopsy and clinical observations of 39 patients with
inonosymptomatic proteinuria, persistent proteinuria must be regarded as a sign of
renal disease. Even orthostatic proteinuria is mostly indicative of such a condition.

3) Orthostatic proteinuria in the light of observations extending to several
decades carries a favourable prognosis, in contrast to persistent proteinuria, partic-
ularly in the case of intermittent and inconspicuous pathologic signs in the urinary
sediment. Diagnostic studies must therefore include, in addition to renal biopsy, repeated
tests of the urinary sediment even if it has been found normal at first.

4) The diagnosis of an immunohistologically active glomerulonephritis involves
the necessity for clinical observation in order to ascertain its progressive or regressive
tendency. In many cases, biopsy must be repeated after 3 to 4 months. In the case
of a progression marked by an increase in proteinuria, the appearance of haematuria
or a deterioration of the histological signs, immunosuppressive therapy should be
attempted.

Until recently an incidental finding of isolated proteinuria in apparently
healthy individuals had no particular diagnostic significance. It was only
major proteinuria which posed a diagnostic problem unless it was associated
with the nephrotic syndrome, diabetes, cardiac failure, hypertensive disease,
impairment of renal function, abnormal urinary sediment or urographie find-
ings or if there was no indication of renal disease in past history. Though transi-
tory proteinuria may occur in healthy individuals under particular conditions
such as physical exercise, mental stress, fever or major lordosis, evidence accu-
mulating as a result of the common use of renal biopsy none the less indicates
that proteinuria, however slight, is often due to renal disease even in the
absence of any other sign of renal abnormality.

The pertaining data in the literature make it by no means easy to assess
the clinical significance of isolated proteinuria. One of the major sources of
confusion is the inconsistency of terminology. Proteinuria of apparently healthy
individuals has been qualified as “asymptomatic”, “juvenile”, “benign”,
“cyclic”, “physiological”, “minimal”, “idiopathic”, “interm ittent”, “postural”
“orthostatic”, “constant” or “persistent” by the various authors. These terms
are inadequate, not only because they admit of aetiological or prognostic
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interpretations lacking any proof but also because the diagnostic criteria on
which they are based are inaccurate, all relevant factors such as the urinary
sediment, renal function, etc., with the only exception of proteinuria, being
disregarded.

There is general agreement that it is expedient to divide the cases of
proteinuria into two main groups, i.e. persisting (permanent) and orthostatic
(intermittent) proteinuria. The analysis of our cases has also been based on
this classification.

Material and method

The data expected to throw light on the question to be studied were derived from
patients with monosymptomatic persistent or exclusively orthostatic proteinuria, renal biopsy
having been performed with success in all of them. Only patients with normal 24-hour Addis-
counts of leukocytes and erythrocytes (below 2,000,000) were included in the study.

Thirty-nine out of 289 patients were found to meet these requirements. The orthostatic
group (Table 1) comprised 14, the persisting group (Table 1) 25 patients. Asregards the history,
attention was paid to the preliminary circumstances under which proteinuria had been detect-
ed. Consideration was given to the possible factors pointing to some earlier process of the
urinary tract. It also seemed of importance to include all those cases in which occasional
urinary samples revealed 1 to 4 erythrocytes per high power field though the 24-hour Addis-
count was within the normal range. Urinary samples of this kind were generally obtained
after walking or physical exercise. A transitory slight elevation of blood pressure as well as
observations of oedema in the late phase of the study have also been included in the tables.

Histopathological evaluation of the biopsy material was based on light-microscopic
and immunofluorescent studies (Beregi and Varga 1971).

Results

In the orthostatic group (Table I) the proportion of males was predom-
inant (73.3%), mean age was 17.5 years, the upper age limit, 25 years.
In more than 50% of the cases, detection of proteinuria was incidental, i.e.
connected with screening or with routine investigations in connection with
illness of some kind. In 6 cases there were indications of earlier disease of the
urinary tract in the history. Slight microscopical haematuria after forced
physical exercise was confined to two patients and three patients were found
slightly hypertensive for a short period. Renal function was normal all through-
out. However, it was in scarcely more than one third of the patients that the
histological study failed to reveal any abnormality. In fact, membraneous
glomerulonephritis was found in 6 cases. Slight microscopic abnormalities
demonstrable in two cases did not fit in with the conventional histological
classification (Nos 5 and 12) and in one case vascular abnormalities associated
with hypertensive disease were present.

In the group of persistent proteinuria (Table Il), mean age was 29.3
years, the upper age limit, 59 years. Female patients accounted for 60% of
this group where proteinuria had been detected in most cases in the course
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of investigations in connection with definite signs suggestive of some disease
of the urinary tract. The group included patients with massive proteinuria
(3.43 g/24 hours) and also the appearance of oedema was noted in the course
of the observation period of 18 months following biopsy. In 28% of the cases,
repeated studies of the urinary sediment revealed occasional microhaematuria.
An impairment of the glomerular filtration rate was found in one case (No. 5).

In none of the cases of this group was the histological finding compatible
with that of an unaffected kidney. In four cases (Nos 16, 20, 29, 38) angiopathic
lesions of the hypertensive type were demonstrable in the absence of other
renal abnormalities, the blood pressure being either normal or slightly elevated.
In other respects the histological findings were similar to those noted in the
orthostatic group; glomerulonephritis with signs of immunological activity
was found in 72% of the patients.

Discussion

In the present biopsy material the figure for monosymptomatic pro-
teinuria seems strikingly low (13.7%), in view of the fact that Hankiss (1971)
found orthostatic proteinuria in 9.5% of 2846 schoolchildren. It must be
emphasized that our biopsy material does not reflect the population with
renal disease, not only because it includes no children, but also because biopsy
had been primarily prompted by the therapeutic possibilities of the case,
in other words it had been applied only for diagnostic purposes. This excluded
the cases of advanced chronic glomerulonephritis, nephrosclerosis, Kimmel-
stiel Wilson syndrome, or multiple myeloma from the study.

On review of the entire series it was striking to find that in 46% of the
patients the detection of proteinuria had been due to screening or routine
tests of some kind (schoolchildren, athletes, drivers), or to clinical examinations
for some disease. This emphasizes the significance of compulsory screening
tests, and also permits to measure the contributions of the health services,
as illustrated by the fact that in none of the cases in the whole series has the
diagnosis of proteinuria come from a tuberculosis or diabetes clinic. The other
point of significance is the fact that the development of proteinuria is often
insidious. On the other hand, orthostatic proteinuria may persist even af-
ter the cure of acute nephritis as illustrated by the history of two patients
in the series (Nos 3, 7). In the cases of persistent proteinuria there were indi-
cations of a diffuse renal disease in the history and in this group the fortu-
itous discovery of proteinuria was rarer than in the orthostatic group.

A striking fact emerging from the histological study was the presence
of organic renal disease in all of the cases of persistent, and in two thirds of
those of intermittent proteinuria. It was in three cases only (Nos 5, 13, 28)
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18

16

17

19

25

Nature and time
of study leading to
detection of proteinuria

examina-
one month

Clinical
tion
earlier

Screening
one year

(school)
earlier

Clinical examina-
tion four months
earlier

Clinical examina-
tion one year
earlier

Clinical examina-
tion five years
earlier

Screening
11 years

(school)
earlier

History, symptoms

upper respiratory

catarrh, low-back
pain one month
earlier

recurrent tonsillitis

facial oedema,
hypertension,
proteinuria four
months earlier

hypertensive
symptoms one
year earlier

low-back pain,
hypertension five
years earlier

Orthostatic proteinuria

Table 1

Sign of renal disease

Orthostatic
proteinuria

heavy pre-
cipitate

slight opal-
escence

slight opal-
escence

opalescence

slight opal-
escence

heavy pre-
cipitate

Intermittent
erythrocyturiaj

21t 3
erythro-
cytes

lto 2
erythro-
cytes

Oede-
ma

Hyper-
tension

170/100

Histological evidence

Histology

negative

negative

negative

nephroan-
giopathy

focal
glomerular
hyalinosis

membra-
neous glo-
merulo-
nephritis

Immuno-
histology

not
performed

not
performed

negative

negative

not
performed

linear 1gG

Note

at time of biop-
sy, 7 yrs. later
persistent pro-
teinuria, in se-
diment 5to 6
erythrocytes,

blood pressure
170/100mmHg

‘e 18 VOUVA



T/6T ‘87 9eoleBUNH UINIBRUSIDS SBIWI|IRIY BIILSIN BV

7 16
M
8 20
M
9 16
M
10 17
M
11 21
M
12 15
M
13 17
M
14 15
M

Clinical examina-
tion three years
earlier

Accidental finding
six years earlier

Accidental finding
six years earlier

Accidental finding
five months earlier

Routine blood do-
nor tests five
months earlier

Accidental finding
four years earlier

Accidental finding
six years earlier

Clinical examina-
tion two months
earlier

facial oedema,
hypertension,
proteinuria three
years earlier

microhaematuria,
persistent protein-
uria four years
earlier

recurrent tonsillitis

opalescence

opalescence

opalescence

heavy pre-
cipitate

slight opal-
escence

heavy pre-
cipitate

opalescence

opalescence

150/90

150/90

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

negative

focal
interstitial
fibrosis

negative

1. Orthostatic proteinuria denotes positivity of sulphosalicylic test obtained after walking.

2.

Intermittent erythrocyturia refers to the maximum number of erythrocytes per high power field upon physical exercise with a normal

Addis-count, the urinary sediment having been negative at least on two previous occasions.

3.
4.

In the column “Hypertension” only the elevated blood pressure values have been given.

Immunohistology denotes the character (linear or granular) of Ig and complement deposits.

linear 1gG
and C’

linear 19gG
and C

granular
IgG and C’

sparse 1gG
and C

granular
IgG and C’

negative

negative

negative

urography in
the erect pos-
ture: marked
nephroptosis
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Age

44

51

28

35

45

59

30

Nature and time
of study leading to
detection of proteinuria

Accidental finding
two vyears earlier

Clinical examina-
tion two years ear-
lier

Routine medical
test for driving
licence

Clinical examina-
tion one year ear-
lier

Clinical examina-
tion five months
earlier

Clinical examina-
tion four months
earlier

Accidental finding
six months earlier

Table 11

Persistent proteinuria

Sign of renal disease

. Hyper-
History, symptoms . tension
Orthostatic Intermittent Oede-
proteinuria erythrocyturia ma
haematuria, pro- slight opal- 140/90
teinuria two years  escence —
earlier
crural oedema, heavy pre-
fatigue two years cipitate - + —
earlier
heavy pre-
— cipitate — —
signs of acute opalescence  1to 3eryth-
nephritis one year rocytes -
earlier
dysuria five months slight opal- 2to 4 eryth- 150/90
earlier escence rocytes —
genaralized oedema heavy pre- 150/90
fourmonths earlier  cipitate - +

opalescence

Histological

Histology

diffuse

proliferative
glomerulo-
nephritis

nephroan-
giopathy

diffuse

proliferative
glomerulo-
nephritis

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

nephroan-
giopathy

focal glo-
merulo-
nephritis

evidence

Immuno-
histology

not
performed

not
performed

not
performed

scanty 19G

granular
19G

negative

fibrin

Note

Ccr: 27.5 ml/min
Se. cr.255mg°0
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46

25

28

15

34

15

25

35

Clinical examina-
tion 16 years ear-
lier

Clinical examina-
tion six months
earlier

Clinical examina-
tion six months
earlier

Clinical examina-
tion two weeks
earlier

Accidental finding
one month earlier

Clinical examina-
tion four months
earlier

Routine sports
medical examina-
tion nine years
earlier

Routine medical
tests for driving-
licence one year
earlier

toxaemia of preg-
nancy 16 years
earlier

low-back pain six
months earlier

oedema six months
earlier

low-back pain, head-
aches, subsequent
to tonsillitis two
weeks earlier

episodes of tonsil-
litis, cystitis two
years earlier

tonsillitis four
months earlier

recurrent tonsil-
litis

0.192 g
0.500 g 1to 3eryth-
rocytes
0.840 g
0.264 g
0.155 g
0.410 g
opalescence
1.020 g 2to 3eryth-
rocytes

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

150/100 membra-
neous glo-
merulo-
nephritis

145/90 membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

focal glome-
rular hyali-

— nosis, inter-

stitial
fibrosis

145/95  nephroan-
giopathy

patchy
deposits
of 1gG
and C’

linear 1gG
and C

granular
IgG and C’

linear 1gG
and C

linear 19G
and C

linear 1gG,
C\ deposits
of fibrin

negative

negative
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32

16

26

18

16

14

Nature and time
of study leading to
detection of proteinuria

Pregnancy test five
years earlier

Screening (school)
three months ear-
lier

Clinical examina-
tion two months
earlier

Clinical examina-
tion two years ear-
lier

Routine sports
medical examina-
tion two  years
earlier

Clinical examina-
tion one year ear-
lier

History, symptoms

toxaemia of preg-
nancy five years
earlier

low-back pains two
months earlier

low-back pains,
dysuria two years
earlier

signs of acute
nephritis one year
earlier

Table Il (cont.)

Sign of renal disease

Orthostatic
proteinuria

1.160 g

1.169 g

1.129 g

0.520 g

0.203 g

0.928 g

Intermittent
erythrocyturia

1to 2eryth-
rocytes

1to 4 eryth-
rocytes

1to 2 eryth-
rocytes

Oede-
ma

Hyper-
tension

09€

Histological evidence

Histology

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

Note
Immuno-
histology

granular
IgG and C’

linear 1gG
and C

linear 1gG
and C

e 19 VOUVA

linear 1gG
and C

linear 19gG
and C

linear 1gG
and C '
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21

27

21

18

1. 24-hour urinary excretion of protein on the basis of biuret-reaction.

Clinical examina-
tion two months
earlier

Accidental finding
five years earlier

Clinical examina-
tion two years ear-
lier

Clinical examina-
tion eight vyears
earlier

2. 3. and 4. see Table I.

signs of acute neph-
ritis two months
earlier

crural oedema two
years earlier

gross haematuria
eight years earlier

2.500 g

3.420 g

2.640 g

0.154 g

membra-
neous glo-
merulo-
nephritis

membra-
neous glo-
merulo-
nephritis

nephroan-
giopathy

membra-
neous glo-
merulo-
nephritis

linear 1gG
and C’

patchy
deposits of
IgG and C’

negative

linear 19G
and C
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that the changes found did not fit in witli any of the well-established types
of renal disease. The interstitial fibrosis and focal-segmental hyaline degener-
ation of glomeruli demonstrated in these cases may have represented residual
lesions after some previous infectious or toxic damage, or of cured glomerulo-
nephritis. The histological findings in all other patients were consistent with
some well-defined condition such as membraneous or proliferative glomerulo-
nephritis, focal nephritis, interstitial nephritis or vascular nephropathy. The
data in the literature on the results of biopsy in this kind of proteinuria are basi-
cally consistent with the present observations; in addition, they mention the
possibility of myeloma and of amyloidosis (Pollak et al. 1958, MutH 1965,
Antoine et al. 1966, Robinson et al. 1961, Phillippi et al. 1966, Morel-
Maroger et al. 1967, Thompson et al. 1970).

As to the relationship between the type of proteinuria and that of renal
lesion, it is found that both types of proteinuria under study may be asso-
ciated with the same type of lesion. The angiopathy group deserves none the
less particular attention, it being characterized by a lamellar elastosis of the
preglomerular vessels. Lesions of this type were confined to a single case of
orthostatic proteinuria (No. 4), where this finding was amply accounted for
by a long hypertensive episode experienced by the patient at least one year
before biopsy, and reflected by typical changes in the eyegrounds. All other
cases with histological evidence of nephroangiopathy revealed massive pro-
teinuria with a normal blood pressure (Nos 16, 20, 29 38). Morel-Maroger
et al. (1967) found intimai proliferation and hyalin and fibrin depositions in the
arteries with no light-microscopical evidence of glomerular damage in one
third of their cases of monosymptomatic proteinuria, none of the patients being
diabetic or hypertensive, similarly to those of the present series. All that seems
to support the observations of Szinay et al. (1963) and that of Goeméri et al.
(1968) thatthe severity of vascular changes ofthe affected kidney is often unre-
lated to the duration of hypertension. Recently, Takebayashi et al. (1971) have
suggested the possibility of an immune pathomechanism for the interpretation
of the vascular lesions of the kidney. It adds to the problems that the rela-
tionship between the arterial lesions and the pathomechanism of proteinuria
is not clear. Electronmicroscopic examinations might perhaps throw light on
the nature of glomerular lesion.

Before discussing the clinical significanc of monosymptomatic protein-
uria, it must be stressed that the histological changes found in our group
of orthostatic proteinuria show a far higher figure than those noted by
Robinson et al. (1961). The difference may be due to the fact that in the first
period of the study we abstained from biopsy in those cases where urography
performed in the erect posture revealed a distinct nephroptosis. As a result,
a number of the cases of proteinuria resulting from actual venous congestion
may have been excluded from the series. On the other hand, the percentage
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of organic renal disease found in our group of persistent proteinuria corre-
sponds to the figures of other authors (Pollak et al. 1958, Phirtippi et al.
1966, Morel-Marogeh 1967), with the exception of McLaine and D rummond
(1970) who found no renal disease in their series of proteinuric children.

Predictions of the clinical course and survival on the ground of the
histological appearance are fraught with difficulties, since it is hardly ever
possible to tell whether a given lesion is progressive, static or regressive. This
gives particular significance to long-term observations.

We owe the first well-documented report on a follow-up of patients
with orthostatic proteinuria over a period of five years to Lecocq et al. (1966).
At the end of this period proteinuria was still present in 70% of the cases
without any sign of functional impairment of the kidney. However, slight
changes in the urinary sediment of a few patients (microhaematuria, casts)
made the authors cautious in their prediction as to survival. The same patient
material at the end of a ten-year period provided more satisfactory evidence
(Thompson et al. 1970); though proteinuria of the orthostatic or persisting
type was still present in 40% of the cases, none of these patients displayed
any clinical or laboratory evidence of progressive renal disease. Antoine et al.
(1966, 1969) reported on a still longer follow-up of patients with persisting
proteinuria. Despite definitely abnormal histological findings, signs of func-
tional impairment were confined to two cases known to be proteinuric for 15
and 18 years, respectively. Basically the same results emerge from the obser-
vations of Levitt (1967) pursued over still longer periods, though without
biopsy, in 185 college students with proteinuria. Their reexamination 37 to
45 years later allowed the conclusion that, in the absence of other signs of
renal disease, intermittent proteinuria is a harmless condition not leading to
renal failure. If, however, proteinuria is permanent or associated with a patho-
logic urinary sediment, the outcome is unfavourable, death from renal failure
having occurred in 57% of the cases.

Though the data derived from the present material give little insight
into the possible changes of the process in time, we may none the less allege
in support of the harmless nature of monosymptomatic proteinuria that in
the orthostatic group we had an instance of proteinuria dating 11, and in the
persistent group one dating 16 years back without any clinical sign of functional
impairment of the kidney. On the other hand, in case No. 5 the histological
changes were slight and indistinct, yet the diagnosis of orthostatic proteinuria
which had been justified seven years earlier, was no longer tenable in view
of the constant proteinuria found in association with a pathologic urinary
sediment and with arterial hypertension at the time of biopsy. No improve-
ment was noted in the cases of nephroangiopathy during the two years period
of observation. On the contrary, oedema appeared in three cases, arterial
hypertension of minor degree was found in case No. 29 at the end of one year,
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and the renal function had been affected at the very outset in case No. 20.
The final outcome of proteinuria accompanying nephroangiopathy is obviously
less favourable than that of other isolated protein-losing conditions.

As in any diffuse renal disease, in renal disease associated with isolated
proteinuria the possibility of immunosuppressive therapy must be considered.
This obviously does not apply to pyelonephritis or focal nephritis or to renal
conditions of indistinct morphological pattern which may represent irrever-
sible sequelae of some earlier infection, in particular of glomerulonephritis.

From the observations published it can be concluded that, while in
the prospect of ten to fifteen years, carefully selected cases of monosymptom-
atic proteinuria carry a favourable long-term prognosis, a pathologic urinary
sediment, however inconspicuous, may have a grave prognostic significance.
In the present material the majority of patients with intermittent micro-
haematuria, though still inside the limits of a normal Addis-count, had an
immunohistologically active, membraneous glomerulonephritis. In glomerulo-
nephritis associated with similar morphological changes, immunosuppressive
therapy is considered imperative. Obviously, it needs more than a single ex-
amination to know whether the histological changes represent a regressive
post-nephritic condition, or a progressive glomerulonephritis still in the early
latent stage. In some cases clinical observation for a period not longer than
two weeks may be sufficient to motivate a therapy of this kind (increase in
proteinuria, stabilisation of microhaematuria). Other cases may require an
observation period as long as 3 or 4 months, as a persistent, even though
diminishing, proteinuria and the decision for immunosuppressive therapy rests
on the evidence of repeated biopsy and immunohistological studies.

The poor understanding of the pathogenesis of vascular nephropathy
makes immunosuppressive therapy unsuited for this type of renal disease.
Closer studies into the nature of the process are expected to open up new
therapeutic possibilities.
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PE3IKOME

N3YHEHWE TPOMBOJ/IACTOIPAPUHECKOIO TMOKASATE/IA B CTAAUAX
OBOCTPEHNA W PEMUCCN WCTUHHOW MNOJNVLUNTEMUNA

[. HAb, M M/C, B. LLMPO u A. CEMEAM

Y 55 60/1bH bIX UCTUHHOW MOMNLMTEMUEA MPOBEAEH aHa/M3 TPOMB03NacTorpagmueckoro
MOKa3aTens 1 ero KOMMOHEHTOB, a Takue akTUBHOCTU (ubpuHou3a. B cTagmm o6oCcTpeHns nou-
TV BCE MCCeA0BaBLUMECS MapaMeTpbl MOKa3au MaToornyeckoe vsMeHeHve. B dase pemuccuy
3TW OTK/OHEHWS! YMEHbLUA/IMCb WM OTYacTM HOPMaU30BanvChb. PesynbTaTbl UcCneA0BaHWiA
HaxofsATCA B MO/IHOM COrflaCuM C Hab/loAEHMEM, COFIaCHO KOTOPOMY B CTafuu OBOCTPEeHUs
3a60M1eBaHMA YacTo Hab/IOAA0TCSA BACKYAPHbLIE OCMOXHEHNS, B TO BPEMS Kak B (hase pemmccum
OHW TOMbKO OYeHb PEAKO BCTPEYAOTCS.

NEYEHWE WUCTUHHOW MOSMUUTEMUM MPU MOMOLLW HOBbLIX BEHIEPCKWX
NINTOCTATUHECKUX CPEACTB

O, HAb, 4 bAJTAXK 1 [, NMETPAHBA

B TeueHve 6onee YeM TPEXNIETHOTO MeproAa HabMHAeHUS aBTOPbI MPUMEHSIN ANS ede-
HMA 26 60/bHLIX UCTUHHOW nonvumTeMmein Muenobpomon, a y 34 60MbHbIX — LiyTocTon, npu
KpaTKOBPEMEHHOM fjade 60NbLUMX [03. B nepsoii rpynne y 23 13 26 60/bHbIX, @ BO BTOPOA rpyrn-
ne y Bcex 34 60/bHbIX YAan0ch AOCTUrHYTH MOMHOW pemuccun. B AByX ciyyvasx Habmoganm 06-
paTVMOe OC/IOXHEHME, KOTOPOe MOXHO 6bU10 MPUBECTM B CBSA3b C Teparveil. PesynbTaTbl Co-
MOCTaB/IeHbl C pe3ybTatamu, MoyYeHHbIMA B CBS3W C MpUMeHeHreM 3P, U NOAbITOXMBAKOTCS
PYKOBOZALLME MPUHLMMbLI NEUYEHUS WCTUHHON MOAMLUTEMUN.

N3YUEHWE BEHTPUKYJIAPHOIO TMPOBEAEHNA PA3OPAXEHUA METOAOM
BEKTOPKAPOVNOIPA®UN Y BOJIBHbIX C NMIMNAHTUNPOBAHHBLIM
ANEKTPOCTUMYNIATOPOM CEPALIA

N KEHEON

BekTopokapamorpagmueckoe MccnefoBaHne GoMbHLIX C UMMMaHTUPOBAHHLIM 3/1EKTPO-
CTUMY/ISITOPOM SIBISIETCA

1. npurogHbIM METOOM ANsi CPABHEHUS BEKTOPOKAPAMOrPadiuecknx CUCTEM;

2. TIpV ero MoMOLLY MOXHO MOPOGHO M3yuaTb WMCKYCCTBEHHOE PasfpaXKeHUe;

3. TOYHO OMpede/UTb JIOKAM3ALMIO Pa3dpaXKatoLLero 9MeKTPoAa;

4. OTKPbIBAETC BO3MOXHOCTb /151 9M1EKTPOMM3NOIONYECKOro aHanmsa MpoBefeHus
pa3fpaxeHnsi B OMbITe Ha YesIOBEKe.



ONPEAENEHWNE OTAENbHbLIX HEKOHBIOIMMPOBAHHbBIX, CYJ/IbOATHbLIX W
MMIOKYPOHO3NAHBIX 30UNPOB 17-KETOCTEPOUAOB B YE/IOBEYECKOWM MOYE

T. PEXEP

CoobLaeTcsi MeTof, ANS ONpefeneHns OTAeNbHbIX MeTaboMToB 17-KETOCTEPOUAOB B
HEKOHBLIOTMPOBAHHOM (hopMe Mnv B hopMe admpa cynbgata MAM MUOKYPOHO3MAA B Yenose-
ueckoli mode. locne YacTUYHOrO rMAPOM3a W 3KCTPaKLUW pasfeneHne OTAebHbIX MeTabonu-
TOB NPOBOAWMIOCH METOAOM Xpomartorpajmu Ha Gymare, U KOMMYECTBEHHOE OMpefeneHve mnpu
MOMOLLM MMKpOpeakuun LiuMvepmaHa.

CornacHo pesy/bTaTam WUCCMefoBaHUs 340POBbIX UL, B HEKOHBIOrMPOBAHHOW (hpakLimu
MOYM FOCTOACTBYHOT F/1aBHbIM 06pa3oM 3TMOX0MaHoMoH, 11—OH- 1 11—KeT0-3TUOX0MaHOMOH,
B (hpakuun cynbhaTa — AeAMIPOSNMaHAPOCTEPOH U B GOJIbLLIEM COOTHOLLEHWM 5 a-cTepounspl, a B
(hpakummn rIHKypoHo3uaa — 5 fi-Mpon3BoaHble 21-0Keu- 1 11-[e30KcMMeTaboInToB.

Coo6LIAtTCA TakXKe W3MEHEHUs! BblENEHNs HEKOHBHOMMPOBaHHBIX 3(MPOB M 3(hMpoB
cynbgata u rKypoHosuga nocne BeefeHuss AKTE, MeTonMpoHa, TeCTOCTepOHa W Aeruapo-
3MMaHApPOCTEPOHa.

TOHOIPA®UVYECKOE WNCCNEAOBAHWE TNIA3 C KOMBVIHNPOBAHHOW
ONCTPOD®UEN POIrOBULIbI ®YKCA

[, MPE

Ha 17 rnasax ¢ KOM6WHMpOBaHHOW AucTpodmeli porosuubl dykca npy onpeseneHun
TOHOr pagM4eckunm METOélOM CpeaHss BeMMYMHa MUHYTHOrO 06beMa KaMepHOIA Bflarn cocTasnsna
0,49 + 0,37 MM3MUH. BOMpPeKn UCTOYHMKAM OLLMOOK MEeTOAA 3Ty BE/INYMHY MOXHO paccMaTpu-
BaTb KaK MpPU3HaK BbIP&XKEHHOIO YMeHbLUeHWs. TOHMXeHHOe ~06pa3oBaH/ie KamMepHO Bnaru
MOXET MPUBECTU K HapyLUEHWIO MUTaHWA POrOBULbI, U OYeHb BEPOSITHO, YTO COBMECTHOE Hasni-
yme U3MeHeHWa 3aaHero Gapbepa (cornea guttata) 1 NOHWXeHUA 06pa3oBaHWA KaMepHOli Biaru
06yCnaBnMBaloT pasBUTHE KOMOMHMPOBAHHOW AMCTPO(N POroBuLIbl DyKca.

PA3MEP MPOTEMHOBOIO MPOCTPAHCTBA B HEBPEAMMOW MOOXENYAOYHOW
XENE3E N MNP OCTPOM MNMAHKPEATUTE ¥ KPbIC

Iﬂ,ei/'ICTBVIe NINTNpoBaHUA TPyAaHOro npoToka Ha CMEPTHOCTb OT MaHKpeaTuTa

M MNArMn, /1. YAKA un LI OPMAH

Ha 6GenbIx Kpbicax nopofsl BbicTap nim wramma CFE 6bI10 M3yueHO NpOTeMHOBOE Npo-
CTPaHCTBO B MOKENYAOUHOM Kenese Mpu nomMowp MedeHoro Cral mpoTemHa wam Y 13-anb-
6YMM1Ha, 1 ONpefieNIeHO COfepXKaHMe Cyxoro BeLLECTBa B MOKeNy/A04HOM Xenese Yepes TpK vaca
rocne BBeAEHWS B rpyAHON NPOTOK 5 MF TPUMNCUHA UM pacTBOpUTENs. VIHbEKUMS Oblia KOMOW-
HUpOBaHa TaKXKe NATMPOBaHMEM TPYAHOrO MPOToKa. CMEepTHOCTb XKMBOTHBIX M3yuasnach uepes
CYTKW MOC/Ne yKa3aHHbIX BMELLATENbCTB. BblI0 YCTAHOB/EHO, YTO MeYeHoe MPOTeMHOBOE Mpo-
CTPaHCTBO HeBpeauMOli MOMKeNyA0UHOM Jenesbl cocTaBnseT 23 mMn/100r BnaxHoii nomkeny-
[J0YHOM >Kenesbl. %aqa TPUMCMHA NOBbILLAET 3Ty BENYMHY [0 ABYKPATHOTO MCXOJHOIO 3Haye-
Hus. Be3 BmewaTenbcTBa B 100 r BAKHOW MOmpkenyaouyHON dKenesbl Cyxoe BELIeCTBO CO-
CTaBnseT 27%, nocne BBefieHUs TpuncyHa B 100 I BNaXKHOFO MaHKpeaca COAepKaHMe CyXoro
BeLLeCTBa MOHWKaeTcs A0 16%. Yepes 3 yaca mocne UFMPOBaHUs FPYAHOTO NPOTOKa He Ha-
6ntofaeTcs M3MEHeHNs pa3mepa oTeka MoDKeny0uHOM Xenesbl, a Noc/e BBEAeHUs PacTBOPH-
TeNsl MeuyeHoe MpOTeVHOBOE MPOCTPAHCTBO MaHKpeaca yBenuumBaeTcs Ha 150%. Mo ucteueHum
24 4acoB MOf, BNVSHUEM ITUPOBAHWS TPYAHOTO NPOTOKA CMEPTHOCTb XKMBOTHBIX, MOYYMBLIMX
TO/MbKO TPUMCKH, MOBLILIAETCH HA TPOX-UYETbIPEXKPATHOE UCXOLHOM BEMMUMHBI.



BbI3BBAHVE ABTOJIOTMYHOIO MMMYHHOIO  KOMIMJIEKCHOIO
FMOMEPY/IOHE®PUTA TPU NMOMOLWN MHBEKUW TETEPO/TOIMYECKOIO
MOYEYHO-TYBEYNAPHOIO AHTUIEHA

A H HArM M b, b C, A 3. BAPABALL, ®. AJIEKCAHAEP v P. TAHHTAH

ABTOMOMMYHBIA  UMMYHHBIA KOMMeKcHbIn  (AVK) rnomepynoHedput 6bl1 BbI3BaH Yy
KpbIC MpY MOMOLY MOBTOPHBLIX BHYTPUOPIOLIMHHBIX WMHBLEKLUMIA YENOBEYECKOTO MOYeUHO-TY-
OYNSPHOr0 aHTUreHa. Pa3BUTKE MOPaXKEHUs MOYEK MPUBENO K MPOTEMHYPUM U 3ab60MEBaHIO
MeyeHn, MogobHO TOMY, KaK W MpU 3KCMEPUMEHTa/IbHO BbI3BAHHOM aBTOMMMYHHOM Hethpose
(Tvna TelimaHa) y KPbICbl M NPW YeNOBEYECKON MeperoHYaToin Hedponatun. Bbiagsuraetcs
rMnoTes, GbITb MOXET, OOBACHSIOLLMIA Pa3BUTUE 3TOTO NPOrPECcCHPYIOLLEro 3a60/1eBaHNS MOYeK
B YKa3aHHbIX 3KCMepUMEHTaNbHbIX YCN0BUSX.

JEVICTBUE AOEHO3MHTPUGOCHATA - AT® - HA LIEPEEPAJIbHOE
KPOBOOBPALWLEHNE N HA OBMEH BELWIECTB MO3rA TP MILEMWYECKUX
11ATONOIMMYECKINX 11POLIECCAX

® WOV, [, XAOVEB, 3 BUTYEB 1 . HAb

ABTOpaMKn 6bl10 M3yYeHO AeicTBMe afeHo3nHTpugoctata (20 Mr, BHYTpuBeHHO) B 30
cnyvasix LepebpaibHOM uilleMun LiepebpoBacKyspHOr0 NPOMCXOXAEHNS, OKasaHHOe Ha Kpo-
BOOOpalLieHMe M Ha OOMeH BeLIeCTB TOIOBHOFO MO3ra. B aKcrepuMeHTax Mo OnpeaeneHno
Liepebpa/ibHOro KpoBOOGPALLIEHNS! aBTOPbI MCMO/b30Ba/IM METOA, BOVHOM MYHKLMM BHYTPEHHel
APEMHOV BeHbl 1 METOf, BEHO3HOM AW/IOLMM M30TOMNAa NpY MOMOLLWM NpOTMBOTOKa [locse gauu
AT® B 4acT CNy4yaeB CyLLECTBEHHO Bo3gocno LiepebpanbHoe CocyauCcToe COMPOTUBIIEHME,
B 06LLEM OIHAKO HM LigpebpanbHOg KPOBOOOPALLIEHWE, HU COCYAMCTOE COMPOTVBHEHME MO3ra He
MOKasanu [OCTOBEPHbIX M3MeHeHU. [locne coBMeCTHOro BBefeHVst AT® + HopagpeHaiMHa —
B (hopmMe BHYTPVBEHHOIO KarenbHOrO BAMBaHUA — OAHAKO, LiepebpanbHoe KpoBoobpalleHne
[0CTOBEPHO MOBbICUMIOCh, @ COCYAMCTOE COMPOTMB/IEHWE MO3ra [JOCTOBEPHO MOHM3WAOCH. [o-
[NOLLEHME W MUCMONb30BaHME [/IFOKO3bl 1 O» B MO3re He MOKAa3aM W3MEHEHUs, HU MOA BNUS-
Hem AT®, HM nocne OAHOBPEMEHHOro BBefeHWst AT® + HopagpeHaIMHa.

M3YHYEHWE HESCTEPUONLMNPOBAHHbLIX XWPHbBIX KWUC/OT
MNPV SKCMEPUMEHTAJIbHOW TUMEPTOHNN Y KPbIC

M J1. MUXAAIOB

PUCYHOK ra3oBOro XpomaTtorputMyeckoro aHann3a cBo6oaHbIX, HeaCTEPURHLIMPOBAHHBIX
XMPHBIX KucnoT (CXKK) B nniasvie KpoBM Obln M3ydeH Ha [BYX MOZENAX IKCTepUMeHTabHOM
TMNEPTOHUN KPbIC — HE(POTEHHOW U HEMpOreHHO-UHTEPOLIENTUBHON TUMEPTOHMN — U Pe3y/ib-
TaTbl 6bUIM COMOCTABNEHbI C JaHHBIMM YXMBOTHbIX C HOPMOTOHMEN. [pW FMNEPTOHMK PUCYHOK
CXXK MoKa3bIBaeT XapaKTepHble M3MeHeHUs.

1 CogepaHue HacbllLgHHbIX CXKK MOBbILLIAETCS, FNaBHLIM 06pa3oM cofepXKaHue Masb-
MUTUHA U CTEAPUHOBOI KUCTOTHI;

2. CopepyaHue HeHacblleHHbIX CXKK yMeHbLUAeTCs avaMeTpanbHO MPOTUBOMONOXHO
COZePXaHMI0 HachIlLieHHbIX CXKK, 0C06EHHO KOHLIEHTpaLMA OeNHOBOW KMC/IOTbI, NanbMUTUHO-
BOW KWC/OTbl W JIMHONEBOW KWCOTbI.

Ha wmogenn HE(DDOFGHHOM TMNEePTOHNN N3MEHEHUA, YKa3biBalolle Ha MNOBbILLEHHOE
y4yacTthe mMexaHusma peHWH-aHrMOTEeH3NHa 6binn 6onee BbIPa>KEHHBIMA.



W3MEHEHUE KUHETUKW NOAA B OPFAHW3ME MO/ B/VIAHVEM BBEAEHWA
PEOMPUHA

K  BAPTA

ABTOPOM 6bI10 M3YYeHO AefCTBYE PeonMpMHA Ha (DYHKLMIO LLWTOBMAHOM XXenesbl MmyTem
onpegeneHns KO(-)dJ(bI/ILgIeHTa MOT/IOLWEHNA N MOBUIN3aLMIA 1A0fja, XapaKTepHbIX /1A  AO[HOIA
KMHETUKWN opraHu3Ma. PesynbTaTbl UCCef0BaHWiA CreaytoLme:

CToMKuin ypoBeHb MevKaMeHTa B 3aBUCMMOCTU OT MPUMEHSIEMOIA [103bl, BCeraa A0CTOBep-
HO TOPMO3HET (DYHKLMIO LUATOBUAHOW dKenesbl.

MpeaBapuTenbHOE NpUMEHEHME (DEHNOYTa30Ha He BNNSAET Ha MOAHbIA 0OMEH LLIMTOBUAHOWA
Xenesbl.

VHrMbnTopHOe [eiicTBME HENb3s MpUMUcaTb MOBbILLEHNHD BBeAeHWMS TSH, Tak Kak He
Hab/1I0aN0Ch MOBBILLEHNS BECa LUMTOBUAHON dKenesbl.

Korga feicTBytoLlee BeLLUECTBO MOMafaeT B OPraHM3M Mocne OKOHYaHWA MOr/IOLLEHUs
pagvoiiofa, TO HabMHOAAeTCs MHUMas TMNepTMpeoTUYeckas mMobunmnsaums. OfHako Mo cBufe-
TENbCTBY [AaHHbLIX OMPEAENIEHNA aKTUBHOCTW Ma3Mbl 3TO XapaKTepHO TO/bKO A8 BbICTyra-
IOLLEro 13 LUMTOBMAHON >Xenesbl Moja Wi AN COOTHOLLEHWS aKTUBHOrO-HEaKTMBHOIO Moja
B CbIBOPOTKE.

N3YHYEHUE ®YHKUMN KPOBOOBPALLEHWSA Y BOJIbHbIX WCTUHHOM
MONMUUTEMUMEN

11 [leiicTBMe CMMMATMKO M MapacyMMNaTUKO-MUMETUYECKUX BELLECTB Ha Mepudepuueckoe
KpoBOO6palLLieHe

M JAPOLIA, 4. HAb, u 9. CEFEAN

ABTOpaMU/ 6blI0 M3y4YeHO [EIACTBME CUMMATUKO- W MapacuMMaTUKO-MUMETUYECKMX Be-
LLECTB Ha Mepudepuyeckoe KpoBooGpallieHne Y 40 60MbHbIX WCTUHHOM mommumTeMmeit. Bbino
YCTaHOBNEHO, YTO Y GOMbLUMHCTBA 6GO/bHBIX MOMLMTEMMEN MOXHO BbISBUTE CKOHHOCTb K
COCYAMCTbIM Cra3MamM NPy MOBbILIEHHOW YyBCTBUTENLHOCTM K HOpadpeHanuHy. Y 60MbHbIX
NoNMLMTEMMEN 9TV SIBNEHUS BbISBISIEMb KakK B CTaauy 0GOCTPEHUs, TakK 1 B CTaauM PEMUCCUM,
M OHW efBa MofaatoTcs nedeHnto. CriefoBaTeNbHO NpeKpalleHue Xanob GorbHbIX 3aBUCUT OT
YCMELLIHOrO /IeYeHNs OCHOBHOW GOME3HMU.

W3MEHEHWA NUMNOUAHBLIX ®PAKLUWIA CbIBOPOTKU W MEYEHN Y KPbICHI
MOCNE MECTHOIO OBJIYYEHWA NMEYEHW 0O30W 4000 p

N. LWOATEC n I TOTTBAJIbA,

rocne MecTHoro 06/ydeHMs nedeHn Kpbicbl 4000 p Gbin U3yUeHbl U3MEHEHUs NNNona-
HbIX (DPaKLMiA CbIBOPOTKY 1 NeueHW. B TeueHUe NepBbIX cemy Hei noce 06/1yUYeHns HU B OfHOW
13 IMNOMAHBIX (hPaKLMIA CbIBOPOTKM He Habnoaanock OCTOBEPHOrO U3MeHeHMs. B To e Bpems
B MEYEHW B CYLLECTBEHHOV Mepe MOHM3U/IOCh COZEP)KaHMe XOMecTepuHa. 10 M3MEeHeHVe oKasa-
N0Cb OGPAaTUMbIM U OHO HOPMA/M30BaNOCh B TeueHue 42 AHell. dpakuum hochopnnomaos
3CTEPUMLIMPOBAHHOI XMPHOI KUCMOTbI MeYeHr He MoKasany u3MeHeHus. HaunHas ¢ cebMoro
AHA nocne 06ny4YeHNst KOHLEHTpaLms (ochopMnonaos, Mo UCTEUeHUN [eCHTb fHE KOHLieH-
TpaLms acTepUPULMPOBAHHON YKUPHOIA KUCMOTbI M MOCNE 28-F0 AHSI KOHLEHTpaLyst XonecTepiHa
[OCTOBEPHOr0 MNOBLICUNNCL. TTOHIKEHUE XONecTepuHa B MeYeHl, HabnofaeMoe Yepes 72 Jaca
rocne 061y4YeHUs MO3BONAET CAeNaTb BbIBOZ O HEMOCPEACTBEHHOM MOPAKEHUM 3TOTO OpraHa.
Ha noBbILLEHVE KOHLIEHTPALMM CbIBOPOTOUHBIX /IMMOWUA0B, Hab/IH0AaeMOe NO3XKe, MOryT BAINSTL 1

apyrve (akTopbl.



9KCMEPUMEHTA/IbHOE W3YYEHUE HEWPOTOKCUYECKOIO AENCTBUSA
METOKCU-3TUN-MEPKYPU-XTOPUOA

K JIEXOUKW, LU BOPOALL, A LUEBEK n U BATLLKOP

ABTOpaMU 6bIM0 U3Yy4EHO Ha GefbiX KpbiCax HEMpPOTOKCUUECKOE fEVCTBIE METOKCU-3TUN-
MepKypu-xnopuaa (MIMX). Y 18 HeHapKOTU3MPOBAHHBIX, MMMOBMM3NPOBAHHBIX B KOMOAKAX
KPO/IMKOB aBTOPbI OMpPeaenisi/in CKOpocTb MPOBEAEHWS MMMy/bCa B CEAIMLIHOM Hepse. [log
BAVSIHMEM [03bl 6 mi MAMX Ha Kr Beca Tefia B fieHb, BBEIEHHOI Ha NPOTSXKEHWN AECATU Hefenb,
CKOPOCTb MPOBEAEHUS UMMY/bCa B CEAAMILHOM HepBe YMeHblanach Ao 57% wnu 40% KOH-
TPONbHbIX BENNYMH. TOHIKEHNe CKOPOCTM NPOBEAEHNS MMMYNbCa COMPOBOMXAAETCH XOPOLLO
BbIPKEHHO JeMUIMHM3aLMEN HepBa. V13MoXKeHHbIe pe3y/bTaTbl NPefoCTaBNsioT AalbHeWLlve
3KCMEPUMEHTa/bHbIE aHHbE O HEMpPOTOKCUYECKMX [EMCTBUSX OPraHWMUecKUX —COeavHEHNI
pTyTA.

OBBbEM BHEK/IETOYHOIO /1 BHYTPUCOCYANCTOrO MNPOCTPAHCTB XNAKOCTU
Y COBAK C PEHO-BACKY/NAPHOW TUMNEPTOHUEW

A ®EKETE, A ®A3EKALLI » A PEHb/—BAMOLL

Y cobaK, nocnie OfHOCTOPOHHEr0 NFMPOBaHNA MOYEUHOV apTepim — NpU HeBpeaUMOi
MoYKe MPOTUBOMO/OXHOM CTOPOHbI — GblNa Bbi3BaHA PEHO-BACKY/SIpHas TMNEpPTOHMS, KOTopast
Ha OCHOBe psiaa 0COGEHHOCTEI NOAOGHA Ye/IOBEYECKOMY 3a60/1eBaHMIO. Bblo YCTaHOB/EHO, UTO B
XPOHWYECKOM MepMofe TMMEPTOHUI JOCTOBEPHO YMEHbLLIEHbI Kak MPOCTPaHCTBO pacnp%AeneHMﬂ
THocy b(hata, Tak M 06bEM Ma3Mbl M KPOBM, TIO CPaBHEHMIO C KOHTPO/bHbIMU COBaKaMu C
HOPMOTOHWe. HabniogaeMoe yMeHbLUEHVE 06beMa BHEKNETOUHOO ¥ BHYTPUCOCYAUCTOrO Mpo-
CTPaHCTB aBTOPbl PacCMaTPMBAIOT KaK MOCNeACTBME XapaKTePHO AN TUMNepTOHNYECKOro Co-
CTOSIHWS| NEPECTPOVKI BOCMPUSITUS 0BbeMa.

N3YUYEHWE MPUPOAbI AHTUTEN MPOTUB LONG-ACTING THYROID
STIMULATOR (LATS)

A. ®EMbAEL, N MAKO, 4 BAH u E MECTELLA

Mpy NPYMEHEHWUM METOAVKY, CyXallel %};ﬂ OTeNeHNs KOMMNeKCa aHTUreH-aHTUTENo,
elictBue LATS—IgG ocTaeTcs HeusMeHHbIM. JTO Hab/ofeHue roBOpUT MPOTMB  NPUPOfb
KOMMsieKca aHTureH-aHtuteno LATS—IgG.

MpoTuBoTENa, 0Opa3oBaBLUMECS MPOTUB MUKPOCOMAIbHOM (hpakumm 3nuUTennanbHbIX
KNETOK LLUWTOBUAHOW dXenesbl BcgjeqaroTcn B Ciy4Yasx LATS-NoNOXWMTENbHOCTM Yalle, Yem B
LATS-oTpuuatenbHbIX cnyvasx. BTo e Bpems Mexay cofepxaHvem LATS B niasme v TUTPOM
MWKPOCOMa/bHbIX MPOTUBOTEN He Habnogaetcs cBAasW. [lpy npumeHeHW xpomaTorpaguu Ha
cTon6e, MPUrogHon A 060C06eHNs TaK Has. «MeffieHHbIX» U «bbicTpbix» 1gG, LATS n CF
MPUCYTCTBYIOT TOMbKO B «MefyileHHOM» Tune 1gG, B TO BpeMs Kak MpoTuBOTesa, 06pa3oBaBLUmMecs
NpOTWB TUPEOrn06yNNHaA, NPUCYTCTBYIOT B 0boMX TUNax 1gG. 3tot peséanaT KasblBaeT Ha To,
YTO pasnuyHble NPOTMBOTENA OTHOCATCA K pas/iMuHbIM nofknaccam I1gG. ToT dakT, uto LATS 1
MUKPOCOMa/IbHble MPOTKBOTENIA OTHOCATCA K OJHOMY W TOMY >Ke nogknaccy 1gG, 06bsiCHSET,
noyeMy 060Co6/1eHMe 3TUX NPOTMBOTEN SBASETCSA TAKON TPYLHOI 3adaqeil.

KMNMHNKA NAKTALIMAO3A

2 XONNEHAEP

JNakTaT-aunao3s ABnseTcsa 0AHON popMoli METaboNMUECKUX aLnao30B, 419 KOTOPO Haps-
[y C YBE/IMYEHNEM COLEPXKaHNSI MOJIOUYHO KUCNOTbI B KPOBW XapaKTEPHO MOBbILLEHUE KOHLEH-
Tpauum NUPOBMHOTPaJHON KUCNOTbI M KO3(hMLMEHTA MO/OYHAsA KWCNOTa/MMPOBUHOTpagHas
KVCNOTa, 1 YacTo TaKXKe MOHWKEHVE cofepXXaHus bukapboHaTa 1 pH apTepranibHON KpoBMU.



M3MeHeHVs Be/IMUYMH MOJIOYHOM KICMOTbI, MUPOBMHOrPAdHON KHCMOAB! M KUCMOTHO-LiC-
JIOYHOrO PaBHOBECKS! KPOBM OblM M3yueHbl B 230 ciydasx. JlakTaumao3 npucoeauHucs K
3BECTHOMY, MO GO/BLUMHCTBE C/y4YaeB TSHKEJIOMY OCHOBHOMY 3a60/eBaHWIO. KMHUYecKue
CMMITOMbI HaG/MoaNNCh MpK YPOBHE MOMIOYHONM KMUCNOTLI BbIWLE 5 MIKB/M. Ha nepegHem nnaHe
K/MHWYECKO KapTWHbI HAXOAWINCh HapyLIeHUs AbIXaHUs 1 CO3HaHMs. Kak CUMMTOM, YKasbl-
BAOLLMIA Ha NMaKTaumao3, aBTOpP PacCMaTpPUBaeT CPaBHWUTENbHO 6071ee HU3KYHO KOHLIEHTPALo
Xn0pa B nia3me, YemM MOXKHO NonaraTb Ha OCHOBE BEMIMUMH COAEPXKaHUS HaTpUs U Kanus. Tsxe-
bl MONIOYHOKWCbIN aLMz03 — COCTOsIHWE, TPYAHO MOAJAROLLEECs TEPaneBTUYECKOMY BIMSHWIO,
“ VMEET M/IOXOI MPOrHO3.

CTUMYNNPOBAHVE NNM®ATUYECKMX OPrAHOB IN VIVO

L. CAC

Y KpONMKOB MPOMOHTMPOBaHHbIM BHYTPUBEHHLIM BBeAEHWEM reTeporeHHol kposu (IK)
1 thuToreman MtoTUHWHA (PCA) yaanoch Bbi3BaTh XapaKTepHOe M3MeHeHVe Bcex (nepudepnye-
CKUX W LUEHTPa/IbHbIX) AMM(ATUYHECKMX OpraHoB. CYLUHOCTb M3MEHeHUs CrieayHoLLee: U3MeHeHWe
acnpefeneHs nMMGOLMTOB MO pa3MepaM, MepeBec KPYMHbIX NIMMGOLMTOB, 06pa3oBaHmMe
NacTOB W MOSIB/IEHNE MUTO30B. 3TO M3MEHEHMe COOTBETCTBYET W3MEHEHUIO, BosHMKarou.l,eM?;l B
KynbTypax IMMAOLMTOB MOZ B/MSHWEM CMeLMMUYECKX U HEeCreLM(UYECKNX MUTOreHoB. 13-
MEHEHME in Vivo MOXHO MOCTaBUTb B Mapannefb C KapTUHaMK W3MEHEHUIA NUMQATUYECKNX
Y3/10B, M3BECTHbIX U3 YENIOBEUYECKON MaToNorn, B KOTOPbIX KPOME CreUmntmyecknx M3MeHeHui
TaKXXe BWUAHO NpeoGnafaHne KpymnHbIX MMMABOLMTOB U 06pasoBaHme 61acToB. M3 BCEro ckasaH-
HOTO MOXXHO CcenaTb BblBOA, YTO M3MeHeHMe, BO3HMKAtOLLlee B pesynbTarte CTUMYNMPOBaHWS
nMAQOoLMTOB, COBCTBEHHO FOBOPS, ABNSETCSA peakuyein nMMgoLuToB.
Hapsgy c yKaszaHHbIM Bbille M3MeHeHWeM, HabniogaeMbIM BO BCEX MMGATUHECKUX opra-
Hax, NOSIBNANTCS U TaKMe U3MEHEHMS, KOTOpble, NPeANONoXNTENbHO, CBA3aHbI C 0COOEHHOCTAMM
OTAeMbHbIX OPraHoB. TaKUMM M3MEHEHNSMU SIBMISIKOTCA FEeMOM033 B CEME3eHKE M B MUHAANIMHAX,
TYYHOK/IETOYHAs peakumMs B 306HOM >Kenese. TN M3MEHEHUs, ObITb MOXET, CBS3aHbl CO CrO-
COBHOCTLIO 6/1aCTOB K AasibHeNLLel nponmgepaLmm.

KNMMHWNYECKNE N TWUCTOMATONIOTMYECKNE WCCNEOOBAHUA
MNP TEPAMNEBTUYECKMX MOYEYHbLIX BOJIE3HAX

I. HekoTopble BOMPOCHI B3aMMOCBS3M MaToOreHesa roMepy/ioHe(puTa U Bo3pacTa

3 BEPEIMM u . BAPTA

MoabITOXMBAs MOMYUEHHbIE HaMK Pe3yNbTaTbl, MOXHO KOHCTATVPOBATh, YTO B XO4€ Ha-
LMX MCCNefoBaHMIA Ha OCHOBaHWUM MOPMONOrMYECKOl KapTUHbI 1 JaHHBIX aHaMHE3a Mbl MOXEM
MoATBEPAUTb Te flaHHbIE, KOTOPbIE YKa3bIBAtOT Ha TO, UTO NOSBASIOLLEECS Ha GasasibHOl NepenoH-
Ke KyOOYKOB MMMYHHOE OT/IOXEHME 3EPHICTOTO XapaKTepa B 3HAUMTE/bHO YacTu Clyyaes
303HUKAET B pe3y/bTaTe UHQEKLW, MPEANONoXUTENIbHO CTPEMTOKOKKOBOI MH(IEKLIMM,B TO BpeMs!
KaK B C/lyuyae OT/IOKeHUs IMHEMHOro XapaKTepa HeMb3s GbI0 BbISBASTL Takou CBA3W. Hapsay ¢
3TUM MOXKHO 6bII0 KOHCTATUPOBATL, YTO B MO/IOZOM Bo3pacTe (0T 10 /0 29 NeT) A0CTOBEPHO Yaille
HabG/Mt0AaN0Ck UMMYHHOE OT/IOXEHWE, MOSIBNSBLLEECS B IMHEMHOM (hopMe, UTO YKasbiBao Ha To,
YTO HEe(PUT B 3TOM BO3pacTe B GO/BLUMHCTBE C/ly4aeB HOCUT He(hpoTOKCMUeckUi xapakTep. B
Gonee NOXWnoM Bo3pacTe (cTapiue 40 neT), B MPOTUBOMONOXHOCTL 9TOMY [OCTOBEPHO Yallle
MOXHO 6bI/10 BbISIBASTb UMMYHHOE OT/IOXEHME 38PHUCTOrO XapaKTepa Ha 6a3asibHoi NepenoHke
KyGOUKOB, YeM OT/IOXKEHWS TIMHEHOTO XapaKTepa, B TO BpeMsi Kak 8/ 6orbHbIX cTapLue 50 net
Ha 6a3asbHOM MepenoHKe KyGOUKOB OBHAPYXKMBAIMUCL FaMMa-TIoGYIMH 1 KOMIIEMEHT 3ep-
HWCTOrO XapakTepa. B CBA3M™ C 3TUM MOPO/iOrMUeckyM Hab/lofeHeM BO3HIKAET BOMPOC, YTO
B 60/siee MOXM/IOM BO3PacTe Yalle MMEeET MeCTO MH(EKUMS BEPXHUX AbIXaTeNbHbIX MyTel W
BO3HMKAIOLLMIA -BEPOSTHO MOC/e CTPENTOKOKKOBOM MHMEKLMM rioMepynoHedput. Mopdonoru-
ueckue HabMoAEHNS YKasbIBalOT, HapsAdy C 3TUM, Ha TO, YTO MPX MEMBPAHO3HOM ToMepy/io-
Hebp1Te MOP(ONOrnUeckme NPU3HaKax POHMYHOCTI MPOLECCa BCTPEYaIMCh Yallie B Cy4ae oT-
NOXEHMUS 3ePHUCTON0 XapakTepa, YTO YKasblBaeT Ha TO, UTO HE(PWT, BOSHMKaLOLWIA mocne



VHAEKLMIA BEPXHUX [bIXaTeNbHbIX MyTeid, NPeanonoXMTeNbHO CTPEMTOKOKKOBOrO XapakTepa,
6oriee CKMOHEH K MEepexofy B XPOHUUECKYO (DOPMY, YEM He(pUT HEPOTOKCMUECKOI STVOMOMUN.

BO3HMKHOBEHWE UYENOBEYECKOTO [NIOMEPY/IOHE(PIUTA He MOXKET 6biTb CBEAEHO K OfIHOMY
NMWb (PaKTopy, BEPOSITHO B €0 BOSHUKHOBEHWM POSib UrpaeT psj (hakTopoB. Llenbto HacTos-
LLeli paGoTbl GbINO YKasaTb Ha TO, Kakasi BOSMOXHOCTb MMEETCs 13 MaTepuana 61orncum Ha OcHo-
BaHMM MOP(O/IONUECKO KapTWHbI AenaTb BblBOAbI OTHOCUTENbHO (BaKTOpa, MHAYLMPOBABLUErO
rpoLiecc.

KNIMHNYECKWME U TUCTOMATOIOMMYECKME WCCNELOBAHUA
MPN TEPATMEBTUYECKWMX TMOYEYHbIX BOJIESHAX

1. O 3HaYeHUM W30/IMPOBAHHOI NPOTEUHYPUN

W BAPTA, O BEPEIM/ n b. KEHES3

1. B fene pacno3HaBaHUs M30/IMPOBaHHOM NPOTENHYPUM GOMbLLYIO POSb CMOFYT UrpaThb
06s13aTe/IbHble MacCOBble MPOKMNIAKTUYECKME 06C/Ef0BaHNS.

2. Tlo AaHHBIM TCTONATONONMYECKOro (MoueyHast 61oNcKs) UCCNEfoBaHNS U KIMHWYe-
ckoro o6c¢reaoBaHns 39 60/bHbBIX U30/IMPOBAHHON MPOTENHYPHKEA, NOCTOSHHOE BblgeneHe 6eka
MOXET pacCMaTpuBaTbCs MOYEYHOM GO/e3Hbio. OpTOCTaTMUecKas MPOTEMHYPUS TaKXe SnLLb
B MeHbLLIEIn YacTy Cly4yaeB SBNSeTCs 6e3BpedHbIM COCTOSIHUEM.

3. CornacHo paboTam, OCHOBBLIBAIOLLMMCS Ha A/IMTENbHbLIX HaGMIOAEHNSIX NPOrHO3 OpTo-
CTaTWYEeCKO MPOTENHYPUM B MEPCTIEKTUBE HECKOJbKUX AeCATUNETWIA 6naronpusTHbIA. Ecim
XK€ MPOTeNHYPUs MOCTOSIHHAA, OCOBEHHO EC/IM B OCAAKE MOYM BPEMsi OT BPEMEHU MMEIoTCs
He3HauUMTe/bHbIe MaTONOrMuYeckue SBMEHKS, MPOrHO3 HebnaronpusTHbIA. MoaToMy, Hapsgy
MpoBeAeHeM GUOMCKN, BaXKHO TLLATENLHOE, MOBTOPHOE WUCC/EfOBaHWe OCafKa MOYM U B TOM
CMyyae, ecii Npu NepBOM MCCEf0BAHWM Pe3yNbTaT OTPULIATE/bHBIN.

B cnyyae VMMYHOTMUCTO/IOTMYECKM aKTUBHOTO TNIOMepY/IoHe(pMTa Ha OCHOBAHWN K-
HWYECKOrO0 HADMIOIEHWS WM Ha OCHOBaHMM pesynbTaTa MOBTOPEHHOW Yepes 3 4 Mecsua
Groncun [ienaeTcs BbIBOZ OTHOCWTENIbHO PErpeccUBHONO WMAW MPOT PECCUBHOMO U3MEHEHMUS Mpo-
Lecca. B cnyuyae ycuneHVst NpoTerHypUW, MOSIBNIEHWS FeMaTypui WM yXyALIEeHUs TUCTOMNOMM-
UecKoii KapTUHbI HYXHO MOMbITAaTLCA C MMMYHOCYNPECCUBHBLIM NEUeHIieM.
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The programme for this Symposium, the fourth to he organized by the
International Atomic Energy Agency in the subject field, will cover all aspects
of the scintigraphic technique and its applications, but will give particular
attention to new advances in technique, in particular the introduction of new
radiopharmaceuticals such as those labelled with short-lived radioisotopes,
the further refinement of instrumentation and the use of computers for data
processing and analysis.

Further information, participation forms and forms for submission
of a paper intended for presentation at the Symposium may be obtained from
national authorities for atomic energy matters. Abstracts of such papers must
be submitted through these authorities so as to reach the International Atomic
Energy Agency before 26 May, 1972.

CHIRURGENKONGRESS MIT INTERNATIONALER BETEILIGUNG
12. —14. Juli 1973, Bratislava

Tschechoslowakische Gesellschaft fiur Chirurgie der Tschechoslowakische
Medizinische Gesellschaft J. E. Purkyné

Themen:
1. Chirurgie der akuten und chronischen Pankreatisis
2. Polytraumatismus (lebensgeféhrliche Verletzungen)
3. Angiochirurgie
4. Varia
Sekretariat:
Slowakische Medizinische Gesellschaft
Kongressbhiiro

Bratislava, Mickiewiczova 18, CSSR



SECOND INTERNATIONAL SYMPOSIUM ON
CANCER DETECTION AND PREVENTION

Bologna (ltaly), April 9—12th, 1973

The Second International Symposium on Cancer Detection and Prevention, promoted
by the International Study Group on Detection and Prevention of Cancer (De P Ca), under
the auspices of the International Union against Cancer (UICC) and of the International
Agency for Research on Cancer (IARC) of the World Health Organisation, and organized by
the Istituto di Oncologia “F. Addarii” and Bologna Cancer Centre, will be held in Bologna
from April 9 to 12, 1973.

The objectives of the Symposium are the discussion and the evaluation of the most
recent knowledge and results in the field of cancer prevention and detection.

The program includes:

1. Lectures on:

— Cancer prevention by environmental control
— Occupational carcinogenesis
— Host factors in oncogenesis
Recent advances and perspectives of automation in cytology
— Aspects of experimental carcinogenesis related to cancer prevention
— Evaluation of cancer control measures (Report from the Sheffield UICC Meeting)
— Carcinogenic hazards from drugs
— The possible importance of nitrosamines as carcinogens in humans

2. Panels on:

A) Scientific bases and possibilities of detection and prevention of:
— Cancer of the breast

— Cancer of the lung

— Gastric cancer

— Cancer of the colon and rectum

— Cancer of the urinary tract

— Uterine cervix carcinoma

B) Public Health aspects in Cancer Control

C) Recent advances on tumours with particular racial and geographic distribution (oral
cancer, Burkitt’s lymphoma, nasopharyngeal cancer, esophageal cancer, liver cancer).

3. Preferred paper sessions on the same topics as those of panels and on other fields
of cancer detection and prevention.

Workshops for registered participants are planned the two days after the Symposium
(April 13 and 14) on: Epidemiological techniques, cell pathology, thermography, testing of
environmental carcinogens, cytogenetics, needle aspiration cytology, gastric cytology.

Official languages: English and French

Secretariat:

2nd International Symposium on Cancer Detection and Prevention INSTITUTO DI ONCO-
LOGIA “F. ADDARII”

Viale Ercolani 4/2 — 40138 BOLOGNA, Italy. Phone 051 — 390417 Cable DEPCA —
BOLOGNA



J. SOS, T. GATI, L CSALAY AND I DESI

PATHOLOGY OF
CIVILIZATION DISEASES

The book is concerned with the definition, classification
and main causes of civilization diseases. A detailed treat-
ment is given of harms due to chemical agents, to factors
of traffic and habitation; possible pathogenic circumstances
originating in the food industry and the consequences of
taking medicaments unneccessarily, are discussed. Cancer,
hypertension and coronary disease as spreading harms
due to civilization are pointed out. The role of the age of
life and of alimentary factors is dealt with, too. Statistics of
gastric ulcer inthe last decades and the connection between
sports and ulcer are analyzed. The importance of neuro-
logic examinations in the prevention of civilization dis-
eases is pointed out.

In English m173 pages « 98 figures 16 tables 17x25 cm mCloth

VIZ!IZIZ L’Ul'jLJ
AKADEMIAI KIADO

PUBLISHING HOUSE OF THE HUNGARIAN ACADEMY
OF SCIENCES BUDAPEST



IN spasm of the smooth muscles
of the urinary tract, in lithiasis

GAPONA

ampoules, tablets

A combination of
Gastrixon — parasympatholytic
Halidor — spasmolytic
Benactyzine — minor tranquillizer

The three components act as

synergists in producing effect,
antagonists regarding toxicity.

EGYT Pharmacochemical Works . Budapest

exported by

Medimpex Hungarian Trading Company for Pharmaceutical
Products ¢ Budapest, 5 « P.O.B. 126 « Hungary



VINBLASTINE

Vincaleucoblastine

Alkaloid of Vinca rosea. By the inhibition of cell-division
it exerts a cytostatic action directed mainly to the leuko-
cytes and tumour cells. Applied in therapeutic doses, it
does not influence significantly red blood cell and platelet
count and the haemoglobin content in erythrocytes. In-
dicated in generalized forms of lymphogranulomatosis
(Hodgkin’s disease), lympho- and reticulosarcoma, chronic
myeloses resistant to other chemotherapeutics or irradiation

Powder ampoules

Produced by Chemical Works of GEDEON RICHTER Ltd. = Budapest

Exported by MEDIMPEX < Budapest, 5 « P.O.B. 126 « Hungary



Recent Progress in the Study
of Disorders of the Colon
and Rectum

Proceedings of the 4th International Congress of
Hedrologicum Conlegium — June 1970 Budapest —
Hungary

Edited by S. Drobni and M. Fehér

This volume, containing 96 papers read at the Congress,
treats the history of the diseases of the colon, lesions
of the colon and rectum, congenital anomalies and their
treatment, diagnostic and experimental problems, the
malignant and benign growths and the inflammatory
processes. The part on plastic surgery after colectomy,
the interposition of an antiperistaltic intestinal segment,
the preparation of intestinal reservoir, respectively the
construction of artificial rectum may arouse interest.
A significant section touches upon the problems of
proctology that are discussed by experts known all over
the world.

In English « Approx. 450 pages <« Cloth

AKADEMIAI KIADO

Publishing House ofthe Hungarian Academy of Sciences
Budapest



Fettsucht

Von Prof. Dr. med. habil. WERNER RIES
Medizinische Klinik der Karl-Marx-Universitat Leipzig
1970. 628 Seiten mit 300 Abbildungen und 85 Tabellen
Leinen 84,— M

Die Fettsucht ist keinesfalls ein bloBer Schénheitsfehler, sondern sie ist eine
Krankheit und nur allzuoft ein schweres Schicksal. Deshalb ist die Intensivierung
der Adipositasforschung sehr dringend. Herr Prof. Dr. Ries hat in diesem Buch
das gesamte Problem auf der Basis eigener Vorstellungen und Resultate unter
Berlicksichtigung der Weltliteratur erldutert. Dabei wurden auch chemische,
physikalische, physiologische, psychologische, anthropologische und soziologische
Gesichtpunkte herangezogen, da sie fir die Auswahl und Durchfihrung der
Untersuchungsverfahren von Wichtigkeit sind. Gleichzeitig hat der Autor die
in der ganzen Welt verbreitete Literatur Uber die Fettsucht zusammengestellt

Bestellungen an den Buchhandel erbeten

JOHANN AMBROSIUS BARTH LEIPZIG



Printed in Hungary
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The Ada Medico publish papers on medical science in English, German, French and
Russian.

The Ada Medico appear in parts of varying size, making up volumes.

Manuscripts should be addressed to:

Acta Medico
Budapest VIII., Szigony un. 43. 9 P.O.B. 67

Correspondence with the editors and publishers should be sent to the same address.

The rate of subscription is $ 16.00 a volume.

Orders may be placed with “Kultdra” Foreign Trade Company for Books and News-
papers (Budapest I., F6 utca 32. Account No. 43-790-057-181) or with representatives abroad.

Les Acta Medico paraissent en francais, allemand, anglais et russe et publient des
mémoires du domaine des sciences médicales.

Les Acta Medica sont publiés sous forme de fascicules que seront réunis en volumes.

On est prié d’envoyer manuscrits destinés a la rédaction a I’adresse suivante:

Acta Medica
Budapest VIII., Szigony un. 43. 9 P.O.B. 67

Toute correspondance doit étre envoyée a cette méme adresse.

Le prix de I’'abonnement est de S 16.00 par volume.

On peut s’abonner a I’Entreprise du Commerce Extérieur de Livres et Journaux
«Kultlra» (Budapest I., F6 utca 32. — Compte-courant No. 43-790-057-181) ou a I’étranger
chez tous les représentants ou dépositaires.

«Acta Medica» Ny6nMKylOT TpakTaTbl M3 0671aCTV MEAULMHCKUX HayK Ha PYcCKoM,
HEMELIKOM, aHT/IMACKOM M (DPaHLLy3CKOM Si3blKax.

«Acta Medica» BbIXOAAT OTAEMbHLIMM BbINyCKamy pas3Horo o6bema. HeckonbKo Bbiny-
CKOB COCTaBNStOT OfMH TOM.

MpeaHasHaYeHHble AN My6AMKaUMM PYKOMUCU criefyeT HanpaBnsaTb Mo agpecy:

Acta Medica
Budapest VIII., Szigony u. 43. 9 P.O.B. 67

Mo aToMy e afpecy HanpasnATb BCAKYK KOPPECMOHAEHUMIO AR pefjakuun U agMu-
HucTpaumn. MognucHaa ueHa —$ 16.00 3a ToMm.

3akasbl MPUHUMaeT MNPeAnpuUATME MO BHeLUHeld TOProBfe KHWM K raseT «Kultdra»
(Budapest 1., F6 utca 32. Tekywmin cueT Ne 43-790-057-181) nnn ero 3arpaHuuyHble npeacta-
BUTENLCTBA U YNOSIHOMOYEHHbIE.



Reviews of the Hungarian Academy of Sciences are obtainable
at the following addresses:

ALBANIA FINLAND JAPAN
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