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EXPERIMENTAL AND CLINICAL ASPECTS
OF THE BIOSYNTHESIS OF ANDROGENIC STEROIDS

By
f M. JULESZ

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

Two important milestones in the history of endocrinology relate to the
function of the testicles. Berthold discovered the endocrine nature of testic-
ular function more than one hundred years ago and the first use of androgens
for therapeutic purposes is linked with the name of Brown-Sequard.

Sudden upswings in scientific research are always connected with the
development of new methods. The new progress in biochemistry would have
been inconceivable without the chromatographic procedures and isotope tech-
niques. It is by these methods that we have gained insight into the successive
phases of steroid metabolism and that isolation, identification of the individual
products and their measurement in terms of nanograms have become possible.

The three-gonad theory formulated by the present author a few years
ago expresses the fact that each of the three endocrine glands has all enzyme
systems involved in steroid genesis at its command, in other words, that there
is no sharp functional demarcation between these organs.

First of all it has to be made clear what we understand biologically and
chemically by the term androgens. From the biological point of view, androgens
are substances stimulating the growth of the male reproductive organs (Bar-
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2 M. JULESZ

din and Mahoudeau, 1970). As regards their chemical structure, the andro-
gens are Cl19steroids. The bisexual function of LH is reflected by the close
relationship between the structures of the steroid hormones of the yellow body
and those of the interstitial cells of the testicles. The structural formulas
of the gonadal hormones, i. e., the two steroids of the female gonads, 17/?-oes-
tradioland progesterone, and the testicular steroid testosterone, are presented
in Fig. 2. It can be seen that progesterone is more closely related to testosterone
than to the other female hormone. Both progesterone and testosterone are
subject to LH-control, therefore it is not surprising that progesterone has a
virilizing effect. Progesterone administered during pregnancy produces viriliza-
tion of a female foetus.

Fig- 2

It is no longer felt by the present author that the endocrine hierarchy
is limited to the three central systems where his earlier theory has confined it.
In his present view, it extends far beyond these systems, upward to the
cortex of the psychoassociative sphere and downward to the totality of target
organs, tissues and cells, in brief to the periphery (Fig. 3). A closer study of
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BIOSYNTHESIS OK ANDROGENIC STEROIDS 3

the periphery is, therefore, not only of theoretical but also of clinical impor-
tance. The concept also implicates that all endocrine syndromes, irrespective
of their origin, invariably manifest themselves at the periphery. This makes it
our objective to follow up the various hormones formed in the individual
endocrine glands all along their pathways down to the target organs, as far
as the cellular and subcellular elements and to locate the individual cell struc-
tures—microsomes, mitochondria, cell membrane, nucleus—which may con-
stitute the site of action of the given hormone. The question whether there
exist any specific androgenophile receptors also belongs to this line of studv-

The main sources of androgens are the testicles, the ovaries, the adrenal
cortex and the placenta. There has been some uncertainty concerning the
question whether the biosynthesis of androgens is confined to the last-named
organs. On the evidence of our studies (Julesz et al., 1971) the human skin
is provided by all enzyme systems required for androgen synthesis. As regards
the site of production, we have two sources of information. Estimation of an-
drogens inthe r spective organs provide reliable evidence. Studies of the other
type are based on the hormone concentration in the plasma of effluent venous
blood of the organ. If it exceeds that of peripheral blood, the respective endo-
crine organ is presumably the site of production of the androgen in question.

The pathway of transport is the blood plasma. Transformation of andro-
gens begins as soon as they enter the blood stream, though at this phase itis
prevalently a binding to the plasma proteins rather than a radical transfor-
mation that takes place (Westfahl, 1970). The essential factor here is the re-
versibility of binding. Earlier, binding to proteins was regarded as part of the
transport function. The present view is that the binding of steroids to proteins
serves for the biological inactivation of the hormones. Release of the bonds
makes the reactivated hormone available at the necessary site at the required
time. The blood plasma is thus considered a reservoir of active steroids and
of other hormones.

Binding to protein weight also provides a protective barrier to the hor-
mone against chemical or enzymatic damage.

The question which now arises concerns the other end of the path. W hat
happens in the target organs? Our knowledge concerning this point is still
uncertain. We do not know whether itis the hormone which passes the nuclear
membrane and occupies the place of the receptor after its release from the
carrier-protein, or whether it is rather the carrier-protein which forms links with
the receptor-structures. Certain new facts may, however, furnish some clues
to the understanding of the problem. It has been found, for instance, that
testosterone administered in vivo to normal rats significantly stimulates lipid
biosynthesis in the mitochondria of the accessory sexual glands (Doeg, 1969).
Other authors (Tweter and Unhjem, 1969) noted a selective uptake of andro-
gens in a macromolecular fraction of the supernatant of ultracentrifuged
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4 M. JULESZ

homogenisates of seminal vesicles of rats treated with [1,2-3H] testosterone.
This fraction is regarded as an androgen-receptor. In other experiments in
which labelled testosterone was administered to castrated rats, 55% of the
total radioactivity of the prostate was demonstrable in the prostatic nuclei
and only 30% in the supernatant. The finding that the 11/3-hydroxylase-
system takes effect at the inner mitochondrial membrane subfraction of the rat
adrenal (Dodge et ah, 1970) shows that localization has indeed reached a high
degree of accuracy.

NORMAL NORMAL
PRODUCTION CLEARANCE

Fig. 4

Testosterone as well as precursors of minor androgenic activity pass
from the adrenal cortex, the testicles and the ovaries into the blood stream.
Conversion of the prehormones to active androgens may occur in addition
to these endocrine glands also in the target-organs. A purely static inter-
pretation would he inadequate to account for the height of the plasma testo-
sterone level which is determined, apart from the extent of production, also
by the amount of androgens extracted from the blood and utilized or inacti-
vated thereafter, in other words, by the norm ality of clearance. This is illustrated
by Fig. 4. From these considerations it follows that the production rate is
measurable by metabolic clearance techniques on the grounds of the equation,

PR = MCR X T,

where PR represents the production rate, T the plasma testosterone con-
centration and MCR the metabolic clearance rate, by which we understand
that plasma volume which is irreversibly cleared of the given steroid in the
unit of time (Tait, 1963).

In view of these facts it is understandable why the plasma testosterone
level remains normal in numerous virilized females. This can only occur at
the cost of an increased rate of testosterone metabolism (Southren et ah,
1969).

The part played by the binding of steroids to proteins in their metabolism
and inactivation has been referred to earlier. Testosterone binding /1-globulin
is identical with the oestradiol binding /3-globulin (Steena et ah, 1968). It is,
moreover, known that testosterone can be displaced from the /3globulin by
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BIOSYNTHESIS OF ANDKOGENIC STEROIDS 5

oestradiol. In other words, there is a competitive antagonism between the two
substances. Incidentally, androgens may attach to other plasma proteins
including albumin.

Discovery of the conjugation mechanisms has helped to gain a closer
insight into the metabolism of steroid hormones (Smith and Williams, 1970).

The fact that steroid sulphates are synthetized in active endocrine tissue,
is at variance with earlier theories and lends support to the hypothesis that
the steroid sulphates play a specific metabolic role. In fact, the sulphate esters
formed in the presence of sulphokinase need not split off the sulphate group
before being metabolized with considerable intensity.

Fig. 5

The specific enzymes play a primary part in the biogenesis of steroids
including androgens. Though the metabolites formed in the course of incubation
permit their indirect identification, it must be sought to bring direct proof
of their activity by histochemical methods. The importance of this is shown
by the following observation. It has been possible to show the presence of
dehydroepiandrosterone soon after embarking upon studies of the biosynthesis
of the androgens of human skin, and at the same time we were the first to
demonstrate /J53/?-hydroxysteroid dehydrogenase activity in human skin
by histochemical methods (Julesz and Horvath, 1963) (Fig. 5). If this finding
was to prove true, then androst-4-ene-3,17-dione was among the steroids re-
vealed by chromatography but not yet identified at that time. This proved
to be the case, indeed, on the evidence of later studies.
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The sequence of androgen biosynthesis is fairly well known. The question
will not be discussed here in closer detail; Fig. 6 merely serves to recall the
process.

DEHYDROEPIANDROSTERONE ~ DESOXYCORTICOSTERONE 170.-HYDROXY- URINARY
CORTICOSTERONE 17E-HYDROXY-11-DESOXY- ANDROST-h-ENE-3,17-DIONE testosterone
(glyco- and mineralo- - corticosterone (androgen)
-corticosteroid) (mineralocorticosteroid)
18- 11&-
* A
"1 och2oh “1 OHROH
' 0 oh
ho
aldosterone hydrocortisone estron ESTRADIOL-1713
(mineralocortico- (glucocorticosteroid) (oestrogen) (OESTROGEN)
-STEROID)

-H = HYDROXYLASE -HSD = HYDROXY STEROID * = METOPIRON a =amphenonb
DEHYDROGENASE

Fig. 6. Biosynthesis of adrenocortical steroids
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BIOSYNTHESIS OF ANDROGENIC STEROIDS 7

It is on the hasis of Fig. 7 that | have adapted the current haemodynamic
terms backward and forward failure to the present subject. Certain enzymes
are indispensable for a successive, uninterrupted sequence of steroid biosyn-
thesis in the direction of glucocorticoid synthesis. Congenital errors of metab-
olism or the presence of certain steroid analogues are liable to block these
enzymes. As a result, the production of cortisol is inhibited (forward failure),
the control of ACTH is lacking, the secretion of adrenal steroids is enhanced
up to the site of blockade, and the transformation of the steroid into the
successive stage is inhibited. Consequently, blocked steroids and their metab-
olites accumulate in the urine: backward failure.

URINARY
METABOLITES

[ A536-K"adxj)"

Il 21-CH3a>T7 s ufui/>

PREGNANETRIOL.
PREGNANEDIOL

” | . ]l' _Cl_ﬁ(ACyXA._lXE\lL&>Ot*A >uih

TthtAKqtIALecLiAoTU*co\Xibob

™ Ty THO

Fig. 7. Enzyme defects in congenital adrenocortical hyperplasia

Interesting facts have come to light in recent years (Reddy and Streeto,
1968). ACTH increases the intracellular amount of cyclic adenosine-3’,5’-
monophosphate (Haynes, Jr. 1958). This has been found to be due to an
intensification of adenylcyclase-activity. 3’,5-AMP penetrates the membranes
of adrenal cells, stimulates steroid genesis and, in some way, also the synthesis
of proteins. The results of other studies seem to support the hypothesis that
cyclic adenosine-3’,5’-monophosphate is actually the intracellular mediator
of ACTH (Farese et al., 1969).

Of the new substances of high biological activity it is in the first place
the prostaglandins which offer promising avenues of study. Gynaecological
research workers are well acquainted with the in-vitro effect of prostaglandin
in progesterone synthesis and on steroid genesis in general (Speroff and
Ramwell, 1970). PGF., closely resembles LH in its effect, only LH acts on
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the interstitial cells in addition to the yellow body. It might, therefore, be
rewarding to extend the lines of research to the biosynthesis of androgens.

Since we had become acquainted with the androgens, testosterone was
generally believed to possess the greatest androgenic activity of all these
substances and that its reduction products formed in the course ofits metab-
olism were of slighter biological activity. This, however, is not the case.
In recent years, several androgen metabolites have been identified which
proved superior to testosterone in their androgenic activity. Dihydrosterone
(17/?-hydroxy-5a-androstane-3-one) is regarded as the intracellular effector
of testosterone (Bruchovsky and Wilson, 1968; Mainwaring, 1969; Bashi-
relahi and Villee, 1970). Androstenediol (3/?,17/9-dihydroxyandrost-5-ene)
is also an androgen more active than testosterone.

The clinical aspects of androgen metabolism will be dealt with here
quite briefly. The adrenocortical enzymopathies are hereditary errors of
metabolism due to particular enzyme defects accounting for the failure of
the adrenal cortex to form steroids of normal pattern or in the necessary
amounts. This constellation is prejudicial to the normal feed-back mechanism,
in consequence, an excessive production of androgens and consequently
a virilization of the female ensues. (Feminization of males is less common.)

The syndrome in its simple form, is confined to virilization, due to an
incapacity of forming C2l-hydroxylated steroids. The complete failure of C21-
hydroxylation is associated with a salt-losing condition, production of 11-
deoxysteroids being likewise absent. An atypical form is marked by a deficient
/15-3/?-hydroxysteroid dehydrogenase activity and, as a result, by a failure
of ZI4-3-kotostcroid production.

One of the types of congenital adrenal hyperplasia is characterized
by arterial hypertension, attributable to an excessive production of 11-deoxy-
steroids (DOC or an abnormal mineralocorticoid) as a result of a congenital
11/3-hydroxylase defect.

A particular form of congenital adrenocortical hyperplasia is charac-
terized by febrile periods (Gonzales and Gardner, 1956; Kappas et al., 1957;
Segaloff et al, 1957) which have been connected with an excessive pro-
duction of etiocholanolone (Cohn et al.,, 1961).

The identification of enzyme defects allowed to make proper use of glyco-
corticoids for their management (Wiltkins, 1950) and helped to develop new
diagnostic procedures including the estimation of the trophormone reserves.

The significance of enzyme inhibitors has increasingly been recognized.
Numerous substances which would not have been expected to interfere with
steroid genesis, possess an activity of this kind on the evidence of recent
studies. For instance, the hypolipaemizing clofibrate (chlorophenoxyisobutyr-
ate) has been found to block the 11/1-hydroxylation of steroids (Mclntosh
et al., 1970).
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In 1950, Wilkins reported the case of a person who, despite being
in possession of testicles, had a feminine appearance with the absence of body
hairs and proved completely resistant to the virilizing effect of long-term
massive-dose testosterone and methyltestosterone treatment. From this the
author concluded that the responsible factor was a genetically determined
testosterone-unresponsivencss of the target organs rather than an inadequacy
of testosterone production. It has then been confirmed by other authors
that in testicular feminization the plasma testosterone level is normal. Still,
the patient fails to respond to long-term administration of androgens. It has
been demonstrated by Bruchovsky and Wilson (1968) that testosterone
remains inactive unless converted by the respective tissues to 5a-dihydro-
testosterone. These findings would seem to indicate that the cause of the re-
sistance to testosterone in testicular feminization lies in a genetically deter-
mined inadequacy of the cell system responsible for the conversion of testo-
sterone to dihydrotestosterone (Northcutt et al., 1969). According to other
authors, in testicular feminization the 5x-reduction of testosterone by the skin
is at fault (Mauvais-Jarvis et al., 1969a, 1969b).

As to our own experiments they have been centred on the issue of hirsut-
ism. This is decided in the skin and in its accessory structures. The female
develops hirsutism if the androgen-oestrogen proportion in the environment
of the hair follicles shifts to the profit of androgens. In roughly 40% of our
hirsute female patients, none of the potentially involved endocrine organs
displayed any abnormality. The syndrome is termed, on these grounds, idio-
pathic hirsutism. This suggested the possibility that the skin itself might be
a site of androgen formation. We indeed succeeded in demonstrating the pres-
ence of androgens in the skin anti subsequently to find out a variety of steroids
in large amounts, partly as sulphate ester conjugates, in the sweat of apocrine
glands. We also found the water-soluble sulphate esters to imbibe the hair
and to be extractable from there by simple soaking techniques. Via in vitro
incubation studies, we have been able to show with the aid of the reverse
radioisotope dilution method that in the presence of skin 11 to 15 metabolites
and testosterone are formed from the labelled steroid substrates studied.
It is a point of interest that steroids of poor androgenicity are transformed
into testosterone of potent androgenic activity. From the incubation studies
it also emerged that female or male skins have identical enzyme systems
at their command.The difference seems to be therefore merely quantitative.
In one of our cases, even the skin of an agonad completely hairless male of
the karyotype XY, was capable of testosterone synthesis.

On the evidence of these studies we feel justified in attributing idio-
pathic hirsutism, in a proportion of cases, to an enzymopathy of the skin.
Here, the use of antiandrogens (cyproterone acetate) seems to offer definite
therapeutic possibilities in the future, the inhibitory effect of the drug having
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been found to affect those tissues which contain androstenedione in substan-
tial amounts (Whaten et al.,, 1969). It has furthermore been demonstrated
that antiandrogens inhibit the DHA, A and T induced growth of the prostate
and the seminal vesicles in castrated rats (Walsh and Gittes, 1970).

In conclusion, it is seen that in the research team formed for the purpose
of steroid studies, the clinician has to become familiar with steroid chemistry
and the biochemist with the clinical aspects of endocrinology. However,
further investigations into steroid chemistry can no longer dispense with
protein and enzyme chemistry, thus exemplifying the old truth that there
is no such thing as standstill in science.
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EXPERIMENTAL AND CLINICAL ASPECTS
OF OESTROGEN METABOLISM

By
F. E. Szontagh
DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY, UNIVERSITY OF MEDICAL SCIENCES, SZEGED,
HUNGARY

1. History

Of all steroids the oestrogens have been known for the longest time and
studied the most closely. The relevant literature is too extensive to be summed
up in the framework of a brief report. Every account of this kind is, therefore,
necessarily subjective, reflecting the individual sphere of interest of its author.

Allen

Doisy ] Demonstration in ovaries 1923

Qgggziim j Demonstration in pregnancy urine 1927

g?\itseﬂandt Isolation ig%g

Marrian Separation 1930

Bntenandt Structure 1931
Fig. 1

In 1923, Alrten and Doisy showed that ovarian extracts induce the
appearance of anuclear cells, or rather, of clots (“Schollenzellen”) in the vaginal
smear of castrated rodents, a pattern identical with that of natural oestrus
(Fig. 1). A few years later, Aschheim and Zondek (1927) reproduced this effect
with pregnants’ urine from which Doisy et al. (1929) and, independently,
Butenandt (1929) succeeded in isolating oestrogens. Shortly thereafter (1930)
oestradiol and oestriol were isolated by Marrian, likewise from pregnants’
urine and the structural formulas of the substances were clarified by Bute-
nandt and Hildebrand in 1931.

1.1. Oestrogens of the human body

More than 20 oestrogens are known which occur in body fluids and
tissues and are extractable from them. The three most important substances
of this kind are 17-beta-oestradiol, the most potent oestrogen, oestrone and
oestriol. The last-named product is the least potent of all but occurs in the
largest amounts in urine (Fig. 2).

Ada Medico .icodentit Scicnliurum Hungaricae 29. 1972



12 F. E. SZONTAGH

Two other derivatives, 17-epioestriol and 15-alpha-oestetrol, the structural
formulas of which are also presented here will be dealt with in closer detail
later (Fig. 3). The other oestrogens so far identified and assumed to be of lesser
significance, will be merely listed here (Fig. 4).

Fig. 2
OH

Fig. 3

16-Epioestriol
16,17-Epioestriol

16 a-Hydroxyoestrone
16 /?-Hydroxyoestrone
15 a-Hydroxyoestradiol
16-Ketooestrone
16-Keto-17 "-oestradiol
2-Methoxyoestrone
2-Methoxyoestradiol
2-Methoxyoestriol
18-Hydroxyoestrone

11 /3-Hydroxy-17 /~-oestradiol
Equilenin

Equilin
6-Dehydro-oestrone
Lumioestrone

Fig. 4
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OESTROGEN METABOLISM 13

2. Chemical properties of the oestrogens

The oestrogens are compounds with a sterane nucleus of 18 carbon atoms.
They dissolve readily in organic solvents and in fats and belong to the steroids
which are particularly resistant to chemical and physical factors. This is due
to the aromatic nature ofring A which with its three double bonds typifies the
tendency to attain the lowest energy level which confers maximum stability
to cyclic compounds of this kind. They owe their reactivity to the phenolic
OH group at position 3.

The essential chemical characters of the three main oestrogens have
long been established. They are essential for the isolation and estimation
of these substances (Fig. 5).

m.p. °C @I> CIEII%H max - mi
Oestradiol ......... 178 + 81° Di -
Oestrone ... 260 + 163° Di 9.36 280 (2300)
Oestriol ....cc... 280 + 68° Al 9.11 —
Di = dioxane
Al alcohol

Fig. 5. Chemical properties of oestrogens

2.1. Nomenclature of the oestrogens

The oestrogens are called follicular hormones (folliculin), on the basis
of their site of production, oestrogens on the basis of their activity and phenol
steroids on the basis of the hydroxyl group at position 3 of the aromatic
ring A. The cyclopentane-phenanthrene ring system with 18 C atoms is the
oestrane-nucleus. The prefix “epi” indicates a R instead of the [-position, i. e,
a reverse configuration with respect to the given position (Fig. 6).

According to occurrence follicular hormone
According to effect oestrogen
According to aromatic (A/3 OH) phenol steroid

Oestrane-nucleus: a cyclopentano-phenanthrene nucleus of 18 C-atoms with a inethyl
group at C-13

EPI - R instead of /?, i.e., a reversed configuration
Fig. 6
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3. Occurrence of oestrogéne in the human body

The follicular production of oestrogens has been ascribed by many
authors to both the theca cells and the granulosa epithelium. McKay and
Robinson (1947), Diczfalusy and Lauritzen (1961) and others, however,
have been able to show that the sole site of oestrogen production within the
follicle is the theca, even in the case of granulosa-cell tumours (McKay et al.,
1945), though the presence of granulosa-cells also seems to be involved in
some manner (Fig. 7).

Theca folliculi (granulosa cells)
Sertoli cells (Leydig-cells)
Adrenal cortex
Chorion (syncytium)

Fig. 7
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Production of oestrogen in the testicles is confined, under normal con-
ditions, to the Sertoli-cells (Maddock and Nelson, 1951; Nelson, 1951);
in abnormal conditions, Leydig’s cells may also participate in oestrogen-
production (Berthrong et al., 1949).

Oestrogens are secreted by the adrenal cortex, too, but not to an extent
of any significance, at least not under normal conditions, in the absence of
enzymopathies.

The principal site of oestrogen production is the placenta, more precisely
the superficial epithelial layer of the chorion, the syncytium.

The steroid-forming capacity of the placenta is excessive, since, by the
end of pregnancy, secretion of oestrone and oestradiol attains 100 times, and
that of oestriol 1000 times, the normal values with a daily progesterone se-
cretion amounting to 100 mg (Fig. 8).

4. Biosynthesis and metabolism of oestrogens

The three main oestrogens are interconvertible, though only within
certain limits (Fig. 9). As illustrated by the diagram, if biosynthesis has ad-
vanced to the stage of oestrone, this can he transformed into oestradiol, or
conversely, and both can be converted into oestriol. On the other hand, reversal
or oestriol into oestradiol or oestrone is not possible. It is probably for this
very reason that oestriol accounts for the largest part of the oestrogens excreted
with urine.

Oestrone 17 [?'(Kstradiol

Oestriol
Fig. 9

According to present knowledge, oestrogens are built up from compounds
of lower C-number by enzymatic activity, the source of energy being provided
by ATP (Fig. 10).

The magnitude, direction and rate of local oestrogen production depends
on the genetically determined pattern of the enzymes of the endocrine organs
subject to neuro-endocrine control. However, the individual structures in-
volved in oestrogen production have particular enzyme systems, for instance,
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the gonads contain large amounts of 3-beta-hydroxy-dehydrogenase and
11-beta-hydroxylase.

The oestrogen constellation prevailing during pregnancy involves the
participation of the foetus, although the processes taking place in the foetal

Fig. 10

Enzyme system Placenta Foetus
3/?-01-Dehydrogenase .......ccenennes high low
Aromatization ..., high low
Sulphatase. .. high low
Sulphokinase. ..., low high
1/2-Hydroxylase ....cocomremreenrenneenn. 9 high
16a-Hydroxylase ... low high
17a-Hydroxylase ... low high
21-Hydroxylase ? high
17,20-Desmolase low high
Steroid synthesis from acetate........... low high

Fig. 11. Enzyme activities in placenta and foetus

organism are different from those of the placenta, the presence of enzymes
being restricted to individual sites of the foetal body (Fig. 11).

The normal succession of enzyme-directed steroid production requires
an organic integration of the enzyme systems within the mitochondria and
an adequate induction of the reactions by the trophormones. If these pre-
requisites are satisfied, the biosynthesis of oestrogens proceeds as follows:
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Acetate is converted through cholesterol to pregnenolone and progester-
one (Fig. 12). The subsequent stages comprise the 17-hydroxy derivatives
of these compounds and DHA or androstenedione, respectively, each formed
by the agency ofthe appropriate enzymes (Fig. 13). Finally, 17-beta oestradiol
and oestrone are formed as a result of aromatization involving the activity

CHjCOOH
Acetic acid (acetate)

©

J

A Ciji steroid synthesis

CH, CH3
|
c 0 c=o0
17 <¢livdroxvlase Y 17a-hydroxylase
Fig. 12

of 17-heta-ol dehydrogenase (Fig. 14). Dimethylation is rapid, as confirmed
by Meyer (1955) who obtained oestrone in good yield from androst-4-ene
3,17-dione of 19 C-atoms in the presence of placenta or of corpus luteum.
Oestrone is still more readily formed from 19-hydroxy-androstenedione under
the action of human placenta.

Placenta perfused with labelled acetate has been found to form oestro-
gens (Levitz et al., 1955). Conversion of testosterone to oestrogens was noted

2 Ada Mcdica Academiae Scientiarum Hungaricae 29, 1972



18 F. E. SZONTAGH

under similar conditions by Baggett et al. (1956). The profound involvement
of cholesterol in oestrol and oestradiol synthesis was confirmed by Werbin
et al. (1957). Having administered 38 mg 3-uC-cholesterol (87.4 /tC in 6 days)
to a pregnant woman, they noted the excretion of labelled oestrone. Conver-
sion of progesterone to oestrone has also been proved by experimental evidence.

®

Pregnenolone Progesterone

17 c*-hydroxylase 17 cx-liydrowlase

HO

17 <-hydroxy pregnenolone 17 cx-hydroxyprogesterone

(%2l === steroid synthesis C:i—->"Ci9 steroid synthesis

Fig. 13

In this manner, all essential steps of oestrol-oestradiol synthesis have been
verified experimentally. It must be added that, as emerged from subsequent
investigations, this pathway of synthesis applies to the foetoplacental system

only with certain modifications.
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OH 0

Fir. 14

4.1. Conjugation of oestrogens

The oestrogens of poor water solubility are conjugated (Szegs and
Wolcott, 1954) after their binding to proteins so as to be suitable for ex-
cretion.

The water-soluble compounds are sulphate or glucuronate esters but
double conjugations are also possible. The reaction occurs generally, though
not necessarily, at position 5 or 16. This is exemplified by the structures of
oestradiol glucuronide and of oestrone sulphate shown in Fig. 15. The studies
of Goebelsmanis and Jaffe (1971) have thrown new light on the conjugation
of oestriol. Women in the second third of pregnancy were subjected to 3H-
oestriol and uC-oestriol-16 glucuronide infusion over 6 hours. The metabolites
excreted in the urine were isolated, identified and measured (Fig. 16). Ninety
per cent of the tritiated compound and 98 per cent of the 4C-compound were
recovered from the 48-hour urine. Only conjugated steroids were demonstrable
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in the urine, prevalently bound to glucuronide at positions 16 and 3, whereas
the sulphate and mixed conjugations were of minor significance in the case

of urinary oestriol.
OH

COO Na*

Oestriol glucuronide

Oestrone sulfate
Fig. 15

Formed from Formed from

Derivative agé?eiter:gl, é_%&g@igrﬁ%&
Oestriol-16-glucuronide ........ 63 N T2
Oestriol-3-glucuronide .......... 29 ~25
Oestriol-3-sulphate-16-

glucuronide ...coovviiiiiiiine ~5 — 3
Oestriol-3-sulphate.....cccc.... ~3 negligible

Oestriol-17-glucuronide ........ — —

Fig. 16. Conjugation of oestriol after perfusion with 3H-oestriol and 4-14C-oestriol-16
glucuronide

4.2. Steroid synthesis ude novo” in the foetoplacental system

Hormone metabolism of the foetoplacental unit has been most closely

studied by Diczfalusy (1969).
The infusion apparatus constructed by Lerner and Diczfalusy (1968)

is suitable for the perfusion of the surgically delivered foetus together with the
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placenta, allowing thus a separate collection of metabolites of the intervillous
maternal and those of the foetal circulation. By means of this system Telegdy
et al. (1970a, 1970b, 1970c) have established the following facts concerning
the de novo synthesis from labelled acetate.

In the second trimester of pregnancy, the placenta is unable to trans-
form acetate into cholesterol but it does have the capacity of synthetizing
placental squalcne and lanosterol. This, however, is not converted to choles-
terol. In contrast, the foetal liver, adrenals and testicles are capable of syn-
thetizing cholesterol from labelled acetate.

pregnenolone(3 /S-hydroxy-pregn-5-ene-20-one)

progesterone (pregn-4-ene-3,30-dione)

20 a- and /?-dihydroprogesterone (20 a and 20 /3-hydroxy-pregn-4-ene-3-one)
17 a-hydroxy-pregnenolone (3 R, 17 a-dihydroxy-pregn-5-ene-20-one)
dehydroepiandrosterone (3 /9-hydroxy-androst-5-ene-17-one)

17 /?-oestradiol (oestra-1,3,5(10)-triene-3,17 /?-diol)

Fig. 17

Perfusion of the placenta with 3H-7a-cholesterol and 14C-acetate yielded
the labelled steroids listed in Fig. 17. With the exception of pregnenolone
and progesterone, all steroids were found in small amounts in the perfusion
fluid. 14C-steroids were absent, as a sign that no metabolite of this type had
formed from acetate. Foetuses from the second trimester of pregnancy were
found to synthetize prevalently pregnenolone and dehydroepiandrosterone
(the two products accounting for 95% of the total production), 14C and 3H
atoms being equally represented in the compounds. The foetal organism is
thus capable of de novo synthesis from acetate, the products of which process
contain oestrogen precursors. The placenta forms oestradiol which is readily
converted to oestrone, while for the production of oestriol foetal factors too
are necessary.

4.3. The part played by dehydroepiandrosterone
sulphate in oestrogen biosynthesis

From the evidence outlined above and from the studies of Ryan (1959)
it emerges that the placenta converts primarily the C-19 steroids to oestrogens
with a substantial yield and at a high rate.

Of all C-19 derivatives it is dehydroepiandrosterone, a steroid pre-
valently of foetal origin, which constitutes the most important source. Since
the rate of foetal dehydroepiandrosterone sulphate excretion is not known,
reliable calculations concerning the yield cannot be made.
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We (Mirhom and Szontagh, 1971) have succeeded in showing that
early placental tissue forms 7-oxygenated derivatives from (4-14C)-dehydro-
epiandrosterone in vitro in the following order: 7-oxo-DHA > 7x-hydroxy-
DHA > 7/1-hydroxy-DHA. Fig. 18 illustrates the process of one of the assays
and Fig. 19 its evaluation.

Interesting facts have emerged from our experiments in which early
trophoblast tissue was incubated with (4-14C) DHA for various periods. At
the end of the experiment we were able to isolate DHA, androstenedione,
testosterone and androsterone in a radiochemically pure state. At 5 minutes

0 20 30 50 50
Tube No.

Fig. 18
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Steroid Carrier Chemical - TLC H S A Total ., gpm
identified P reaction Derivative system value  dpmuim . 9PM incorp/g
' incorp./g
7-keto-
DHA 108.3 — 7-keto-DHA Lishoa “E” 052  30.640
— 7-keto-DHA “E” 0.60 25.783
Acetylation  7-ket-DH A- “la” 0.41 15.668
acetate 5.497 0.35
Hydrolysis  7-keto-DHA Lisboa “E”  0.52  15.033
7/7-0H-
DHA 67.2 — 7/7-OH-DHA Lisboa “E”  0.48
7/7-OH-DHA “E” 0.46  15.425
. 3.072 0.20
Acetylation  7/7-011-1) 11A- “la” 0.49  14.052
diacetate
Hydrolysis  7/7-OH-DHA Lisboa “E” 050  13.779
7a-0Oll-
DHA 84.0 7a-Oll-DHA Lisboa “E”  0.44
7a-OH-DHA “E” 0.33 14491 » 776 0.18
Acetylation  7a-OH-DH A- “1a” 0.49 9.940
diacetate

Hydrolysis  7a-OH-DHA Lisboa “E”  0.43  10.180

Fig. F> Isolation of 7-keto-DHA, 7/i-OH-1)IIA and 7a-OH-DHA alter incubation of
placental tissue homogenate obtained from 15-year-old woman with 1,559,000 DPM [4-14C]-
DHA for 5 minutes

45%, at 10 minutes 71%, and at 30 minutes 99% of the DH A was completely
metabolized. Androstenedione was formed at a higher rate (peak at 5 minutes)
and in 6.5 times larger amounts than testosterone (peak at 10 minutes), hut
was also utilized more rapidly. This indicates that androstenedione is a more
prevalent intermediary product in the biosynthesis of oestrone and oestradiol
than is testosterone (Fig. 20).

We were the first to demonstrate the presence of 3a-reducing enzymes
in the placenta and were able to isolate small amounts of androsterone which
basically follows the pathway of testosterone. Its formation may he ascribed
to the inactivation of those small androgen quantities which have escaped
aromatization.

On the other hand, from the study by Lehmann et al. (1971) it also
emerges that placental biosynthesis substantially changes its enzymatic
pattern in the course of pregnancy. Incubation with 4-uC DHA of placental
microsomal fractions obtained in the mid-term and terminal stages of preg-
nancy showed that the mature placenta was capable of metabolizing the pre-
cursors into oestrogens four times as rapidly as did the mid-term placenta.
It was furthermore demonstrated that conversion of DHA into oestrogens
by the placenta of diabetic or toxaemic women, was far less intensive than
by the placenta of healthy women. There is a definite relationship between
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100,00-f

Fig. 20 O—O DHA, « —+ Androstenedione, [ — [ Testosterone, m—m Androsterone

placental incompetence of this kind and the inadequate activity of A4—A5
isomerase, 3-beta-hydroxysteroid dehydrogenase, as well as ofthe aromatizing
enzyme system.

4.4. Oestetrol

In 1965, Hagen et al. isolated a new oestrogen metabolite from the urine
of newborns. The substance, named oestetrol was synthetized by Fishman
and Guzik in 1967. Gurpide ct al. (1966) also identified the substance by
means of intravenous or intra-amnionic injections of labelled oestradiol (1966).

Studies of the metabolism of 16ac-hydroxy-C-19 steroids revealed in
the urine a labelled steroid which was of greater polarity than oestriol and
on the grounds ofits chemical character could be identified likewise as oestetrol.
Younglai and Solomon (1968) studied the in vivo metabolites of neutral
steroids and found that these substances are metabolized into 15sc-hydroxy-
oestrogens, a process in which the foetal liver is closely involved.

The intricate oestrogen metabolism of the foetoplacental unit requires
highly elaborate methods of investigation (Fig. 21). The possibilities are il-
lustrated by the model, where \ MF represents the rate of passage of the sub-
stance from mother to foetus; VFM, the passage from foetus to mother; Q,
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the uptake of the substance by the maternal and foetal circulation; and VF
and VM, the final output of the substance. It must be noted that e.g., VFM
represents all the pathways through which a given substance may pass from
the foetus to its mother, and QF, the figure of de novo passage of a given
substance into the foetal circulation, thus from other sources than the maternal
circulation. For instance, in the case of oestriol, QF obviously represents the
amount of hormone passing from the placenta into the foetal circulation.

Fig. 21

Gurpide and van de Wiele (1968) infused the 3H and 14C-labelled
forms of the same substance simultaneously into the maternal and the foetal
circulation. In (Fig. 22). P represents the rate of infusion and a the specific
activity, The results obtained after injection of the two types of labelled
17/J-oestradiol showed that the production of oestetrol (E4) was confined
to the foetal organism (Fig. 23).

Foetal circulation Maternal circulation
11 B3 TWme ot = (VEM + VR)agH Vem aBH = (Vmf + VM)aM
"C o Vmf a)ic = (Vfm + VF)aF*C PmC+ Vhm aFC = (VMF+ VM)aféc
Endogenous .... Qf + Vmf = VPM + VF Qm + VPM=Vmf + Vm
Fig. 22
Specific activity (cpm///g) Rates of secretion
. and metabolism of E2 Precursors of urinary E3
Metabolite uH uc (mg/doy)
e 2 123 30 Qf < 18 E 2in foetal circulation < 5%
ed 660 negligible Qm > 35 E 2 in maternal circulation = 10%
E3 36 2.8 VEm < °-'7 Other sources > 85%
Vmf = 0
Fig. 23
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5. Mode of action of the oestrogens

The metabolic aspects of the production and excretion of oestrogens
are still far from completely understood. This is primarily due to methodo-
logical difficulties.

Investigation of the various metabolic processes through which the
specific activity of oestrogens takes effect, poses still greater difficulties.
W ithin the limits of this report only a brief reference can be made to the
present lines of investigation concerned with this problem which arc directed
at the target cell, down to its subcellular structures, and rely on various
elaborate methods such as tissue culture, ultracentrifugal analysis, radio-
cytography, cytochemistry, cytophotometry, microfluorometry, etc.

It is known that while the peptides act on the cellular surface, the site
of action of the steroids is intracellular.

The first essential question concerns the receptor, the most appropriate
definition of which has been given by Baulieu et al. (1971). In a general sense,
this is a molecular unit which comprizes a receptor and an effector site, the
two being linked by a coupling mechanism. The first phase of steroid activity
takes effect at the receptor site through which the hormone imparts its in-
formation to the cell. However, attachment of the hormone to the receptor
need not result in a hormonal effect. The criteria of the receptor are hormone-
specificity, tissue-specificity, high affinity and saturability.

W hat happens to the oestrogen molecule while imparting its information
to the receptor? This is the other essential question. In radioisotope studies
with :iH-oestradiol, the molecule remained chemically unaffected, while the
ten times less potent oestrone molecule was converted to oestradiol within
the receptor cell during the production of its effect.

Radioautographic studies and cell fractionation have made it possible
to locate the :IH-oestradiol retained in endometrial receptor cells to the nucleus.
It has been demonstrated by Sephadex-chromatography that the hormone
attaches to a cytosole macromolecule (Stumpf and Roth, 1966; Jensen et al.,
1967 :Taltwar etal., 1964), the sedimentation coefficient of which has been estab-
lished by Toft and Gorski (1966). Moreover, Baulieu et al. have confirmed
its high affinity to the oestrogen-molecule and its saturability with oestradiol.

These have been merely a few illustrative data chosen from the great
wealth of experimental facts which still leave us with a great many unanswered
questions. It is not known for instance, what happens at the effector site
of the receptor apparatus during the production of the hormonal effect.
The advances in endocrinology since the discoveries of Arten and Doisy
to the present day are non the less immense, and further progress will doubt-
lessly add increasing evidence to our knowledge of oestrogens. However, the
clinician’s ultimate aim is action. To him, knowledge is only a means to this
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end. What he seeks hy studying the various processes and the ways and means
of influencing them is the benefit of the patient.
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IN MINERALOCORTICOID RESEARCH
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E. Graz
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Among the adrenocortical hormones containing 21 carbon atoms,
aldosterone which owes its name to the presence of an aldehyde group at
position 18, is regarded today as the most important mineralocorticoid hor-
mone. In fact, aldosterone is essential in the maintenance of fluid and electro-
lyte balance, i. e., for homeostasis and it is closely involved in the aetiology
of various clinical syndromes.

The site of aldosterone production is the zona glomerulosa of the adrenal
cortex, whereas the other two zones, the zona fasciculata and zona reticularis,
form no aldosterone under normal conditions. Steroid production of the in-
dividual zones is determined by their different enzyme contents. Since of the
three zones it is only the zona glomerulosa which possesses 18-hydroxylase,
an enzyme essential to the biosynthesis of aldosterone, the production of this
mineralocorticoid is obviously confined to this area.

The schematic representation of a steroid secreting cell reproduced from
the monograph of Christensen and Gittim (1969) is seen in Fig. 1. The 18-
hydroxylase enzyme-system is localized to the mitochondria, at the site of aldo-
sterone production. The significance and specificity of the 18-hydroxylase
enzyme in aldosterone biosynthesis is convincingly illustrated by observation
to its deficiency, as in the case of selective hypoaldosteronism (Utick et al.,
1964), where aldosterone production is practically absent. In other cases, e. g.,
in Conn’s syndrome, the surgically removed adenoma shows an increased 18-
hydroxylase activity. In these cases the microscopic appearance of the aldo-
steronoma was reminiscent of the zona fasciculata, indicating that under
abnormal conditions not only the zona glomerulosa but also the other zones
of the adrenal cortex are forming aldosterone, probably as a result of enzym-
atic alterations of the tumour tissue.

Daily aldosterone secretion ranges from 50 to 250 fig in normal indi-
viduals. In comparison with the daily secretion of other corticosteroids which
attains several mg, this quantity, however, is not negligible in consequence
of high biological activity of aldosterone, which is emphasized by the fact that
only 50 to 60 per cent of its total amount is bound to plasma proteins (Siegen-
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thaler et al. 1964), mainly to albumin as opposed to the 90 per cent for the
glycocorticoids. Actually, it is the free hormone concentration which deter-
mines the biologically active hormone level.

Though aldosterone has well-defined glycocorticoid properties, its main
activity concerns the metabolism of minerals, particularly of sodium and
potassium, this activity forms the subject of the present study in view of its
prime importance in human pathology.

plasma cholesterol

acetate or other
substrates

cortisol,
corticosterone,
{aldosterone

progesteronej!
androgens.
estrogens

Fig. 1. Schematic representation of a steroid-secreting cell. From Christensen and Gitlim
(1969)

Fig. 2 demonstrates the mineralocorticoid effects of aldosterone and
of the other corticosteroids as compared with DOC. Although the various
methods yield different indexes expressing the ratio of activity of the given
hormone to that of DOC, it stands beyond doubt that the sodium retaining
capacity of aldosterone is approximately 25 to 50 times that of DOC. Research
concerned with mineralocorticoid hormones has revealed interesting facts
in recent years. It has been demonstrated that DOC, regarded earlier essen-
tially as an intermediary product of corticosterone and aldosterone biosyn-
thesis, is secreted in excessive amounts in pathological conditions of the ad-
renal cortex associated with certain enzyme defects, as well as in the case
of ACTH-secreting tumours and that, similarly to aldosterone, its hypersecre-
tion may give rise to arterial hypertension and to grave hypopotassaemia
(Biglieri et al., 1966, 1968; Nolten et al., 1968; Brown and Strott, 1971).
Recently, Brown and Strott (1971) have developed a highly sensitive pro-
cedure based on competitive protein binding, suitable for the estimation
of DOC concentrations in the blood of normal individuals. The figures thus
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suvva of SNy ROSees  raon  Theld of seni
eet%rgized ei?gﬁ{}?'ea toad bladder
g rat dog rat dog rat preparation
DOC ..o 100 100 100 loo loo 100 100
Aldosterone ... 2500 2500 3900 500 2900 10 000 2000
11-dehydro-
corticosterone 14 10.3 10 7
Corticosterone . 14 0.5 15 14 weak
Compound S .. 3.0 15 8
Cortisol ........... 7 0.03 24 4 10 weak
Cortisone......... 2.5 0.01 14 1 21 25  no effect
18-OH-DOC .. 6 8** 6 8 weak
18-OH-cortico-
stemne ... substantially

milder effect
than with aldo-
sterone

* Data arc referred to the effect of DOC (= 100).
** Birmingham et al. (1965, 1968) have found the sodium retaining activity of 18-OH-
DOCA(!) considerably greater, i.e., 25 to 50% of that of DOC.

Fig. 2. Comparison of the mineralocorticoid effects of some corticosteroids (after Wolff,
1959; Kagawa and Pappo, 1962; Gaunt and Chart, 1962; Sharp and Leaf, 1964).* From
Glaz and Vecsei (1971)

obtained (5 to 10 ng/100 ml) largely correspond to the normal plasma con-
centration of aldosterone. It has moreover been demonstrated that the mi-
neralocorticoid activity of 18-hydroxy-DOC, regarded earlier as negligible,
amounts to 25 to 60% of that of DOC (Birmingham ct al., 1968; Porter
and Kimsey, 1971). Melby et al. (1967) showed 18-OH-DOC to be a product
of the human adrenal cortex by identifying the compound in the blood of
the adrenal vein obtained by percutaneous catheterization from a patient
with mineralocorticoid hypertension. The findings of Melby et al. (1971)
have revealed that the secretion of 18-OH-DOC in healthy individuals is not
far below that of aldosterone and of DOC, its normal range being between 50
and 120 pg/24 hrs, though Kuchel (1971) gives a value of approximately
200 /ig/24 hrs. The biosynthesis of 18-OH-DOC is assumed by Melby et al.
(1971) to take place in the zona fasciculata of the adrenal cortex according
to the scheme presented in Fig. 3, where the pathway of aldosterone biosynthe-
sis can also be seen. The zona fasciculata may well be the site also of a process
involving no 17-alpha-hydroxylation which would account for the biosynthesis
of this steroid. As illustrated by Fig. 4, it is assumed that, similarly to the
relationship of 18-OH-B to aldosterone, 18-OH-DOC may well represent
a precursor of a potential mineralocorticoid which is more potent than aldo-
sterone. The precursor was termed 11-deoxy-aldosterone (Fig. 4).
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Zona glomerilésa

Angiotensin
Cholesterol-/f-C--T-t'J--lf-+> Progesterone —»DOC — Corticosterone —»18-OH-B —»Aldosterone
Zona fasciculata
17a-0H-Preg “m17a-OH-Prog —»11-Deoxycortisol —»Cortisol

ACTH
Cholesterol ------------ > Pregnenolone -> Progesterone —DOC 18-0H-DOC

Fig. 3. Pathways of aldosterone and 18-O0H-DOC biosynthesis. From mei1ny et al. (1971)

GLOMERULQSA
o CHxXH
w mralZH
18-OH-B ALDOSTERONE
FASCICULATA
nCHIOH 0 CHXH
Hr(l vc- oh HC C-0
Hc
18-0L-
DEHYDROGENASE
18-0H-DOC -OEOXYALDOSTERONE

Fig. 4. Chemical structure of aldosterone, 18-OH-B and 18-OH-DOC and of 11l-deoxyaldo-
sterone. From mei1ny et al. (1971)

On these grounds, as far as the mineralocorticoids of the human or-
ganism are concerned, we have to take into account, in addition to aldosterone,
the production and mineral effects of DOC and of 18-OH-DOC.

The site of action of the mineralocorticoid hormones is best understood
on the basis of its effect on one of its effector organs, the renal tubule. By its
action on the distal tubules, aldosterone increases the reabsorption of Na+
and CIl- and stimulates the excretion of K+, H+ and NH4 ions. However,
we are still ignorant of how aldosterone acts; in other words, how its min-
eralocorticoid mechanism works. The existence of a special mineralocorticoid
receptor or receptors, in the effector organ is an old problem. Some light
has been thrown on the question by the studies of Fanestil and Edel-
man (1966) who identified 3H-d-aldosterone in the subcellular fraction of
the tubular cells after injection of the labelled substance into adrenalectomized
rats. Sharp and Leaf (1965) and later Edeiman (1968) demonstrated that
aldosterone enhanced Na-uptake by increasing protein synthesis through
the DNA-dependent RNA, as seen in Fig. 5 reproduced from the study of
Edelman et al. (1964). It has also been shown that actinomycin D and puro-
mycin, both RNA-blocking substances, thus also inhibitory to protein syn-
thesis, block the effect of aldosterone on Na-transport at the level of the cell
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Fig. 5. Theoretical pathway of the mechanism of action of aldosterone. From Edelman
et al. (1964)

Fig. 6. Schematic representation of the factors involved in the regulation of aldosterone
secretion. From Venning and Solomon (1964)

3 Acta Medica Academiae Scientiarum Hungarian' 29, 197-}



34 E. CLAZ

membrane. Though the involvement of aldosterone in certain oxidative pro-
cesses has been confirmed by Losert et al. (1967), the successive steps of
this process are not yet known. The theory represented by Edelman’s dia-
gram (Fig. 5) also rests on incomplete evidence.

The extrarenal mineralocorticoid activity of aldosterone, though like-
wise of great significance, is outside the scope of the present paper.

The organism adjusts the aldosterone level to its continuously changing
demands through a highly intricate regidatory mechanism even under physio-
logical conditions, and still more so in abnormal states (Graz, 1970). As
it emerges from the diagram in Fig. 6, reproduced from the monograph of
Venning and Solomon (1964), though this mechanism involves numerous
factors such as the changes in the circulating blood volume, shifts in potassium
and sodium balance, ACTH, the renin-angiotensin system, the central nervous
system, none of them in itself is responsible for the regulation of mineralo-

ACTH Angiotensin 11
Acetate
| Bartter
Cholesterol (1965); Lommer and
Lommer and W olff (1965
Wolff (1965);
| Miller (1966); Miller (1966) Bartter
Pregnenolone Yudaev and (1965,
Dronjinina 1968)
(1967)
Progesterone
i
DOC
1. .
Corticosterone Vecsei et
al. (1966)
Marusic Glaz and
18-OH-cortico- and Sugar
sterone Mulrow (1965)
(1967) Vecsei
Vecsei et al.
et al. (1966)
Aldosterone (1966)

Fig. 7. Schematic pathway of aldosterone biosynthesis and the sites of action of the essential
factors involved in this process. From Giaz and Vecsei (1971)

corticoid hormones (Fig. 6). The scheme in Fig. 7 represents the pathway
of aldosterone biosynthesis (G1az and Vecsei, 1971). The sites of action of
some of the regulatory factors for the biosynthesis of corticosteroids are also
presented in Fig. 7.

It is not possible to deal with all these factors within the scope of the
presentreport, therefore we have to confine ourselves here to a few examples of
the renin—angiotensin system and ACTH-effects for the illustration ofthe highly
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complicated mechanism of mineralocorticoid hormone regulation. The diagram
in Fig. 8, reproduced from the study of Stollerman (1969), represents the
feedback mechanism asserting itself in the renin—angiotensin—aldosterone
system under physiological conditions. However, it is not only the effective
blood volume, and the pressure prevailing in the renal artery, which regidates
the secretion of renin by the JGA, but also the intrarenal, i.e., intratubu-
lar, concentration of sodium at the level of the macula densa (according to
the theory of Thurau), furthermore the sympathetic nervous system and
the potassium concentration in the blood of the renal artery, to name only
some of the most essential factors. The part played by the renin—angiotensin
system — has been substantiated by ample clinical observations and experi-
mental evidence. There are none the less certain points which require some
comments, first of all the mechanism and specificity of the angiotensin effect
as regards the stimulation of aldosterone production. Angiotensin II, just as
ACTH, affects the early phase of steroid biosynthesis by stimulating the
conversion of cholesterol into pregnenolone, as illustrated in the diagram.

— » Intra-arterial
Pressure

Effective
Blood
Volume

\
\

Sodium
Reabsorption |~

Fig. 8. Schematic representation of the feedback mechanism of the renin—angiotensin—aldo-
sterone—system. From Stollerman (1969)

Despite this similarity, there are some differences in the mechanism of action
of the two hormones, as, on the evidence of the studies of Kaplan (1965),
angiotensin, in contrast with ACTH, does not augment the phosphorylase
activity of the adrenal cortex. Furthermore, the effects of ACTH and of
cyclic-3’,5°-AMP on corticosteroid biosynthesis are not additive, whereas
ACTH and angiote nsinll as well angiotensin Il and cyclic-3’,5’-AMP do po-
tentiate each other’s effects. Similarly to ACTH, angiotensin Il administered
in pressor doses stimulates, in addition to the biosynthesis of aldosterone,
that of cortisol and corticosterone, whereas the activity of its subpressor doses
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36 E. GLAZ

is confined to aldosterone biosynthesis in man (Rayyis and Horton, 1971).
However, in certain animal species the compound has no stimulating effect
on aldosterone biosynthesis unless administered in pressor doses, as it has
been confirmed by our earlier experiments in the rat (Gi1az and Sugar. 1962)
(Fig. 9). It is a characteristic feature of angiotensin activity that its aldo-
sterone-stimulating effect is potentiated by sodium depletion.On the other hand,
ACTH primarily stimulates the secretion of cortisol and of corticosterone,
though there is evidence that in opposition to the earlier view it considerably
enhances the production of aldosterone. Dissimilar as the two hormones
are in their mechanisms of action, there is none the less a close relationship
between them, at least as far as the human organism is concerned. On the
evidence of the recent studies of Rayyis and Horton (1971), blocking of
endogenous ACTH by dexamethasone results in a significant suppression
of the angiotensin Il-induced elevation of the plasma aldosterone level even
if pressor doses of angiotensin Il have been used, as a sign that production
of maximum angiotensin 1] effect requires a normal production of cortico-
trophin by the pituitary gland.

Angiotensin I microgram

Fig. 9. Stimulating activity of increasing doses of angiotensin Il on aldosterone biosynthesis
in the rat. From Giaz and Sugar (1962)

The long-term use of angiotensin Il confronts us with particular prob-
lems in respect of aldosterone production. While in man and in the dog
its stimulating activity remains unaffected even for long periods (Laragh
et ah, 1964;, Urquhart et ah, 1963), in sheep (Brlair-West et ah, 1962) and in
rats (Cade and Perenich, 1965) it disappears within a few hours. Conversely,
in humans it is ACTH which loses its stimulating activity on aldosterone
production when used over longer periods, probably because, as suggested
by Newton and Laragh (1968), the ACTH-induced hypersecretion of cortisol
and cortisone produces a distinct mineralocorticoid effect, i.e., sodium retention,
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which by a feedback mechanism leads to a suppression of aldosterone secretion.
The reduction in the secretion of aldosterone attained by the use of exogenous
glycocorticoids in clinical cases (Newton and Laragh, 1968) seems to fit in
with this interpretation. The results of rat experiments—by examining the
corticosteroid biosynthesis in the presence of H:pregnenolone (Giraz etal.,
1971) —are in conformity with these findings: instead of the ACTH-induced
characteristic reduction in aldosterone specific activity indicative of an en-
hanced production of non-labelled aldosterone (Fig. 10), an increase in specific
activity of aldosterone, as a sign of reduction in its absolute amount, was
noted in case of long-term use of dexamethasone in rats aimed at the suppres-
sion of endogenous ACTH secretion (Fig. 11).

Specific activity

JPM/mg in per cent
of the controls

Aldosterone Corticosterone  Aldosterone  Corticosterone

Control.....cccoecriecinnnne. 364.83 374.65 100 100
ACTHI**' (Synac-

then) . 126.72 98.57 60.88 71.66
ACTHI'*8 (Humac-

thid) 104.05 101.72 68.97 - 69.46

Fig. 10. Effect of synthetic ACTH on aldosterone biosynthesis by the rat adrenal, in the
presence of :IH-pregnenolone. From Glaz et al. (1971)

The correlations between angiotensin Il and aid sterone level also pose
interesting problems. In the studies of Fraser et al. (1965), during the intra-
venous infusion ofangiotensin lithe aldosterone level was increased. A fter the in-
fusion the level of aldosterone returned to its initial value in 30 min, i.iaccordance
with the biological half-life of aldosterone. This observation would seem to he
suggestive of a close correlation between the two factors, the recent studies
by Brair-West et al. (1971), however, indicate that the said effect too is
closely connected with the sodium balance prevailing in the body, these
authors having been able to reduce the increased aldosterone level in sodium-
depleted sheep by the administration of sodium in a stage when the plasma
angiotensin Il level was till high. A dissociation between the levels of aldo-
sterone and renin and of aldosterone and angiotensin 11, has been confirmed
by clinical studies of other authors as well (Stater etal., 1969; Chinn et ah,
1969; Veyrat et ah, 1967). Despite this evidence, with the exception of par-
ticular situations, there are intimate correlations between the activity of the
renin—angiotensin system and the production of aldosterone.

Attention must be directed to the changes effected by the above dis-
cussed regulatory factors in the secretion of DOC which also has an important
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Control animals/100 mg adrenal weight

Control animals /animal

Dexamethasone treated animals /100 mg adrenal weight
Dexamethasone treated animals /animal

» W N
Ooo o

Fig. 11. Effect of dexamethasone treatment on aldosterone and corticosterone biosynthesis
by the rat adrenal in the presence of *H-pregnenolone (Glaz et al.)

mineralocorticoid effect. On the evidence of the studies of Brown and Strott
(1971), a low-sodium diet, in the same manner as angiotensin Il infused over
one hour in pressor doses, fails to increase the plasma DOC level in man.
In opposition to this, the infusion of ACTH as well as the enhanced ACTH
secretion in the ectopic ACTH syndrome induced a significant rise in the plasma
DOC level. These data fit in with earlier observations of the increased produc-
tion of DOC in congenital adrenocortical hyperplasia in 11-beta, or in 17-
hydroxylase enzyme defects (Goldsmith et al.,, 1967; Biglieri et al., 1968), or
in adrenocortical carcinoma inducing Cushing’s syndrome (Crane and Harris,
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1966). From these facts it clearly emerges that, while ACTH plays a definite
part in the production of DOC hypersecretion, angiotensin Il lacks any stim-
ulating activity of this kind. This is consistent with clinical observations
relative to syndromes associated with secondary hyperaldosteronism where
in spite of the activity of the renin-angiotensin-aldosterone system is signif-
icantly enhanced, the DOC level is unchanged (Brown and Strott, 1971).

The release of 18-OH-DOC, the third steroid of mineralocorticoid acti-
vity, has closely been studied in human pathology by Meiby et al. (1971)
and Kuachetl (1971). In the studies of Melby et al.,, the 18-OH-DOC level,
while remaining unaffected by angiotensin 11 as well as by a high sodium
intake, definitely increased in response to ACTH administration, and the
potentiating effect of sodium depletion on the secretion of 18-OH-DOC was
shown by Kuchel.

These facts clearly indicate that, together with the renin-angiotensin
system, ACTH secretion plays a decisive part in the regulation of aldosterone
and of other mineralocorticoids.

Hypertensive conditions
Essential hypertension
Malignant hypertension
Renovascular hypertension
Acute renal disease
Robertson’s syndrome (renal haemangiopericytoma)
Pheochromocytoma
Coarctation of the aorta
Conditions associated with oedema
Nephrotic syndrome
Congestive heart failure
Portal cirrhosis accompanied by ascites
Idiopathic oedema
M iscellaneous conditions
Pregnancy
Diabetes insipidus
Bartter’s syndrome (.JGA-hyperplasia)
Pseudo-Bartter’s syndrome
(excessive use of cathartics, diuretics)
Anorexia nervosa
K, Na losing renal disease
Pyloric stenosis
Acute blood loss

Fig. 12. Conditions associated with increased renin angiotensin activity and with high aldo-
sterone level

We shall now attempt to discuss the practical significance of the renin-
angiotensin—aldosterone system in some clinical syndromes. Actually, the
increased activity of the renin—angiotensin system shows a parallelism with
the elevation of the aldosterone level in various pathological conditions and
clinical syndromes associated with hyponatraemia, hypovolaemia, hyper-
tension or oedema (Fig. 12).
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Hypotensive conditions
Selective hypoaldosteronism
idiopathic
congenital (18-hydroxylase and 18-dehydroxylase deficiency)
iatrogenic (therapeutic use of heparin and heparinoids: block of 18-hydroxylase)
Diffuse adrenocortical failure
Addison’s disease
Adrenalectomy (bilateral)

Fig. 13. Conditions associated with increased renin-angiotensin activity and reduced aldo-
sterone level

Fig. 13 lists the syndromes or conditions, where the fall in the level of
aldosterone or of other mineralocorticoids is accompanied by an excessive
activity of the renin—angiotensin system (absence of feedback effect). These
include bilateral adrenalectomy, Addison’s disease, hypoaldosteronism or
hypomineralocorticism. Recent observations have made us more familiar with
the states of hypoaldosteronism. A new type of hypoaldosteronism has been
described by Biglieri et al. (1966), by Stockigt et al. (1971) and by Perez et
al. (1971). In the presence of the typical signs of hypoaldosteronism, they
found a surprisingly low plasma renin activity instead of the high values
to be expected on the basis of earlier experience. Even the level of angiotensin I,
as determined by radio-immunoassay, was extremely low and failed to respond
to the conventional renin-stimulating factors, i. e., salt-deprivation, diuretics,
erect posture, etc. The normalization of hyperpotassaemia by means of sub-
stitution therapy of hypoaldosteronism also left the renin—angiotensin values
unaffected. It was assumed on these grounds that the hypoaldosteronism
consequent upon an atrophy of the zona glomerulosa was due to an impaired
production of renin.

However, in syndromes accompanied by excessive production of aldo-
sterone or of other mineralocorticoid hormones (Fig. 14) the activity of tin;
renin—angiotensin system is gravely affected and its response to the usual
stimulation is poor or absent (feedback effect as e. g., in Conn’s syndrome).
Recent studies have offered closer insight into many aspects of Conn’s syn-
drome, but the present discussion will be confined to its problems relative
to the morphology of the adrenals. As it is seen in Fig. 15 (classification of
Hypertensive conditions

Primary aldosteronism (adrenocortical adenoma)

Pseudo-primary aldosteronism
congenital aldosteronism (adrenocortical hyperplasia)
aldosteronism of adult-age onset (micro- and macronodular hyperplasia of adrenal
dexafr?gtt?]);)sone-responsive type

Tertiary aldosteronism associated with renal disease

Cushing’s syndrome

Adrenogenital syndrome (11-, 17-hydroxylase deficiency)*
* Increased aldosterone levels are uncommon in adrenogenital syndrome of this type.

Fig. 14. Conditions associated with a reduced renin-angiotensin activity and increased aldo-
sterone level
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Dhom and Stadtler, 1968), an “aldosteronoma” of the adrenal cortex is not
the only possible cause of primary hyperaldosteronism; micronodular hyper-
plasia, even diffuse hyperplasia of the adrenal cortex may also be responsible
for it (Fig. 15). From our material (Fig. 16, 17, 18) a case of solitary adenoma
and one of micronodular hyperplasia as the primary cause of hyperaldo-
steronism is presented (Dr. E. Konyar, and Dr. J. Mohéacsi, of the Second
Institute of Pathology Univ., Budapest). It must he noted that in these cases,
in addition to the production of aldosterone also that of cortisol was excessively
high. This was, however, only to he expected in view of the microscopic
structure of adenoma, reminiscent of the zona fasciculata rather than of the

zona glomerulosa.

() Adenoma of the cortex:
(a) solitary
(b) multiple, unilateral or bilateral
(c) solitary, associated with micronodular hyperplasia of the remaining cortex
(d) multiple with micronodular hyperplasia
(2) Bilateral micronodular hyperplasia of the cortex:
(a) congenital hyperaldosteronism
(6) hyperaldosteronism of the aged
(3) Adrenal carcinoma
(4) Adrenocortical hypoplasia (aberrant aldosteronoma)
(5) Adrenal cortex without morphological abnormality

Fig. 15. Adrenal morphology in primary aldosteronism. From Diiom and Stadtler (1968)

/

Fig. 16. Gross appearance of an adrenocortical adenoma causing Conn’s syndrome (Glaz
et al.)

The poor, unresponsive, renin activity in lIn* presence of* high or even
normal aldosterone levels not only confirms the diagnosis of the classical
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Fig. 17. Microscopic appearance of the adrenocortical adenoma shown in Fig. 16

18. Microscopic appearance of nodular adrenocortical hyperplasia causing Conn’s
syndrome (Graz et al.)
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Conn's syndrome, but also allows to recognize definite cases of oligosympto-
matic endocrine hypertension due to adrenocortical hyperplasia thus offering
a procedure for the screening of essential hypertension. On the evidence of
our observations (Graz etal., 1970,1971) (Fig. 19) the hypertension as a sign of
oligosymptomatic adrenocortical disease was proved in a considerable number
of cases. Correct diagnosis makes it possible to introduce an aetiologic therapy.

Estimation of plasma aldosterone and plasma renin activity under
basal conditions and after salt withdrawal and administration of diuretics
allows to diagnose the endocrine type of hypertension at a stage where other

Number of patients examined: 169 °(
Essential hypertension ..., 9 5.3
Progressive hypertension . 6 35
Forme fruste Cushing’s disease ... 76 45.0
Cushing’s syndrome ......cnnieinneenes 8 4.7
Oligosymptomatic adrenocortical hypertension 61 36.1
CoNN’s SYNAIrOME oo 9 5.3
(surgical evidenCe)..nincieneeeeeeee 4)

Fig. 19. Patients with endocrine hypertension due to oligosymptomatic adrenocortical hyper-
function in a clinical series investigated for the aetiology of hypertension. Final diagnosis
in hypertension patients of suspected adrenocortical origin (Gi1az et al., 1970, 1971).

signs of adrenocortical disease are still absent. As Fig. 20 shows, in patients
with essential hypertension the plasma aldosterone level increased nearly
by 170 per cent and the plasma renin level by 64 per cent in response to the
usual stimuli. The difference is remarkable since the elevation in the group
of endocrine hypertension was of the order of 20 to 25 per cent only. The re-
sponse to stimulation of renin and aldosterone in endocrine hypertension
is of the same pattern as in Conn’s syndrome (Fig. 20).

In the literature of recent years we find references to cases of hypertension
regarded as “essential” hypertension despite the unresponsiveness ofrenin activi-
ty, on the grounds that surgical exploration of the adrenals for suspected Conn’s
syndrome had revealed no adenoma (Kaplan, 1967; Ledingham et al., 1967;
Fishman et al., 1968; Laragh et al.,, 1970). This would seem to cast doubt
on the diagnostic value of the unresponsiveness of the renin system, at least
under certain conditions. It should, however, be borne in mind that, while
on the one hand, apart from a solitary adenoma, a micronodular hyperplasia
of the adrenal cortex, accessible only to microscopical diagnosis, may also be
involved in the aetiology of Conn’s syndrome, on the other hand an excessive
uptake of sodium — very common in hypertensive subjects as well as of
potassium may suppress renin activity in true hypertensive disease (Veyrat
etal., 1967). New light has been thrown on the problem by W oods et al. (1969),
who were able to reduce the blood pressure in subjects with “essential” hyper-
tension with suppressed renin activity by the therapeutic use of amino-
glutéthimide, a substance inhibiting the biosynthesis of steroids, thus also of
aldosterone. Spironolactone, a drug of antialdosterone-activity, was also used
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PLASMA RENIN ACTIMTY
Essential hypertension . n=10
ng/100ml Ig Otigo(s?/mptomatic
adrenocortical
hypertension
— — Connus syndrome
10000- ——a— Conn’s syndrome
after “surgery..............

T {

Fig. 20. Plasma renin activity and plasma aldosterone concentration in hypertension of
various causes (Glaz et al.)

with benefit by Crane and Harris (1970) in hypertensive patients of a similar
type. These observations also emphasize the diagnostic and aetiologic signif-
icance of suppressed renin activity in hypertensive patients.

The therapeutic results obtained in our hypertensive material are con-
sistent with the observations of the above mentioned authors. Fig. 21 presents
the values for five patients with oligosymptomatic endocrine hypertension
where the plasma aldosterone and renin level proved less responsive than
in the cases of essential hypertension. After unsuccessful rauwolfia and methyl-
dopa treatment, spironolactone induced a considerable fall of blood pressure.
Combination of this treatment with aminoglutéthimide resulted in a further
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Fig. 21. Effect of aminoglutéthimide in patients of oligosymptomatic adrenocortical hyper-
tension (Glaz et al.)

decline of arterial pressure parallel with a significant reduction in aldosterone
secretion. It is known from various studies including those of Fishman et al.
(1967) and of our observations that aminoglutéthimide is one of the most po-
tent inhibitors of aldosterone biosynthesis. Fig. 22 demonstrates the steroid
biosynthesis by the rat adrenal under chronic aminoglutéthimide treatment.
It can he seen that the conversion of labelled pregnenolone, a precursor of
aldosterone, as well as the absolute aldosterone production, were signifi-
cantly reduced as compared to the controls. This reduction did not affect
corticosterone production.

Fig. 23 sums up the pathological conditions and clinical syndromes
associated with a suppression of renin—angiotensin activity and also of aldo-
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Fig. 22. Effect of aminoglutéthimide on the aldosterone and corticosterone biosynthesis in
rat adrenal cortex (Glaz et al.)

sterone secretion in consequence of an overproduction of mineralocorticoids,
but not of aldosterone. As a result, the levels of renin—angiotensin Il and also
of aldosterone are low.

The evidence furnished by the recent studies of me1by et al. (1971) is
highly relevant to this issue, these authors having found an abnormally high
urinary excretion of 18-OH-tetrahydro-DOC in the presence of low or normal
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Hypertensive conditions
Biglieri’s syndrome
(17-hydroxylase defect: hypersecretion of 11-desoxycorticosterone and cortico-
sterone)
Congenital adrenocortical hyperplasia
(11-beta-hydroxylase defect: hypersecretion of 11-desoxycortisol and 11-desoxy-
corticosterone)
Pseudo-Conn-syndrome (excessive use of glycyrrhizic acid)
Renal tubular cell defect
Liddle’s syndrome
Other conditions
Nephrectomy (bilateral)
Parkinson’s disease

Fig. 23. Conditions associated with a reduced renin-angiotensin activity and low aldosterone
level

aldosterone and DOC-plasma levels in patients with suppressed renin activity.
A high secretion rate of 18-OH-DOC was demonstrated by Kuchel (1971)
in patients of the same type. In view of the moderate mineralocorticoid activity
of the substance in question further observations are needed for bringing
these findings in harmony with the aetiology of hypertensive disease accom-
panied by reduced renin and aldosterone levels.
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ROLE OF GLUCOCORTICOIDS
IN CONTROLLING PITUITARY-ADRENAL FUNCTION

By
E. Endréczi

CENTRAL RESEARCH DIVISION, POSTGRADUATE MEDICAL SCHOOL, BUDAPEST, HUNGARY

The control of pituitary-adrenal function by plasma corticosteroid con-
centration has been recognized years ago and widely discussed in the light of
the recent investigations (see reviews by Harris, 1955; Guillemin, et al., 1958;
Lissak and Endréczi, 1965; Yates, 1967, etc.). An importance of the free as
opposed to the bound corticosteroid in the negative feedback signalization
has been suggested by numerous authors (see review by Fortier, 1966). Thus,
the corticosteroids are distributed in three compartments of the plasma;
the free, the albumin-bound and the transcortin-bound fractions. An equi-
librium of the three compartments as the function of dissociation constants
was estimated by Staunwhite and Sandberg (1959), and the protein-bound
fraction was found to be inactive in testing corticosteroid activity. On the other
hand, it was found that the thyroid and ovarian hormones exert a significant
influence on the plasma transcortin level and induce a shift of the free fraction
which is followed by an excess activation of pituitary ACTH secretion (see
review by Fortier et al., 1970). Obviously, if someone studies the role of plasma
corticosteroid concentration as a controller of pituitary-adrenal function, he
must be aware of the dynamics of the equilibrium between free and bound
compartments of the plasma corticosteroids. Moreover, the factors involved
in the control of the transcortin level show a marked species difference, and
observations from animal experimentations are not necessarily valid for
humans.

Time patterns of pituitary ACTH
and adrenal corticosterone production in the rat

An increase in the plasma corticosterone concentration on ACTH ad-
ministration or on an increase of endogenous ACTH production in response
to various stressors has been observed in many laboratories. The time pattern
ot the two variables has been also assumed although a minute-by-minute
comparison is lacking in the relevant literature. By using the conditioned
tear as a constant stimulus we have studied the changes of plasma ACTH
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and corticosterone concentration in the rat. Conditioned fear was established
in a box and the animals were given, through an electrified grid serving as the
floor of the box, 10 electrical shocks in 10 consecutive days. No escape was
allowed and the situation itself meant the conditional fear stimulus. On the
11th day the rats were placed in the box and killed in different intervals for
determination of the plasma ACTH and corticosterone levels. Plasma ACTH
estimation was performed according to the ultramicro technique of Sayers
et al. (1970) and corticosterone was determined fluorometrically by the method
of Guirttemin et al. (1958).

min

Fig. 1. Effect of conditioned fear on plasma ACTIlI and corticosterone concentration in the
rat. Each bar corresponds to the mean and standard error of six animals killed in different
intervals after exposure to the test situation

The plasma ACTH concentration showed a rise within 4 to 5 minutes
following exposure of the animals to the conditioned fear situation hut this
increase was followed by a transient decrease in a minimum of 12 to 14 mi-
nutes and a subsequent increase in the further observation period. In contrast,
plasma corticosterone showed an increase somewhat later and reached the
maximum level after 12 to 15 minutes (Fig. 1). These observations led us to
assume that an intermittent increase of pituitary ACTH secretion under the
influence of a constant stimulus pattern cannot be attributed to the change
of the plasma corticosterone level as a supposed controller and a fluctuation
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of the ACTH release reflects some changes of the central nerv ous excitatory
states involved in the activation of corticotropin producing elements. A repe-
tition of the investigation in rats with chronically implanted electrodes
revealed that a release of pituitary ACTH occurs in 10 to 12-minute periods
and is usually preceded by an EEG arousal reaction (Fig. 2). A fluctuation
of the arousal state of rats in a situation with constant stimulus pattern or
in the absence of motivation stimuli has been described in electrophysiological
studies (see review by Lissak and EndrOczi, 1965). The present data clearly
demonstrated a correlation between the onset of EEG arousal and pituitary

ACTH (U%

Fig. 2. Correlation between EEG arousal and the fluctuation of plasma ACTH level by rats
in a conditioned fear situation. Each bar shows the mean and standard error of 5 to 8rats
killed in different intervals after beginning the EEG recording

ACTH release in the conditioned fear situation. However, there were no data
about the fluctuation of ACTH secretion in a non-motivated state when a
periodical shift of the alert and non-alert states is still observable in the
electrocorGeographic records.

A different time pattern in the secretion of pituitary ACTH and adrenal
corticosterone has been observed when rats were exposed to 10 electrical
shocks within 1 minute and the animals were killed in the 8th or 20th minute

4* Acta Medica Academiae Scientiarum Hungaricae 29, 1972



52 E. ENDROCZI

for determination of the plasma ACTH and corticosterone levels. It was found
that the daily repetition of shocks resulted in a decrease of the ACTH level,
although the rise of plasma corticosterone concentration did not change
during the observation period (Fig. 3).

)
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Fig. 3. Effect on pituitary-adrenal function of repetition of 10 electrical shocks on con-
secutive days. Ten shocks were given daily and the animals were killed in the 8th and 20th
minutes for determination of the plasma ACTH and corticosterone concentration

Corticosterone binding property of the central nervous structures,
corticosterone adjusted behaviour

Chemosensitivity of the central nervous structures for corticosteroids
in term of the control of pituitary ACTH secretion has been recognized by
implantation (Endréczi, 1969), deafferentation (Harasz et al.,, 1962)
and electrophysiological studies (Fetdman et al., 1961; Endréczi, 1969).
The use of iontophoretic déxaméthasone phosphate application into the cells
of the hypothalamus and thalamic nuclei revealed that the majority of cells
responded by a decreased firing rate (Ruf and Steiner, 1967). Moreover,
both electrophysiological and behavioural experiments revealed that the
brainstem and hypothalamic connections are sensitive to hydrocortisone and
both facilitatory and inhibitory influences have been reported (see review
by Endréczi, 1969; DcWied and Weijnen, 1970).

The use of labelled corticosterone clearly demonstrated that the hippo-
campal cells can accumulate much greater amounts of this steroid than do
other parts of the brain (McEwen et al., 1969). It was also found that the
corticosterone uptake of an adrenalectomized rat cannot be suppressed by
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the previous administration of hydrocortisone or dexamethasone which ste-
roids are not species-specific for the rat. A selective accumulation of the septal-
hippocampal unit merits considerations in the light of the findings that
both rostral septal lesions destroying the fornix and hippocampectomy led
to failure of the organization of corticosterone-adjusted behaviour. Moreover,
it seems that the hippocampus is a specific receptor structure not only for
corticosterone but also for triiodothyronine and in a lesser extent for oestradiol
(Dupont et al.,, 1970, 1971).

I'ig. 4. 3H-corticosterone uptake by the different parts of rat brain 24 hours after adrenal-
ectomy and 60 minutes following intravenous injection of the steroid. All data are expressed
on the basis of the DNA content

Rats with rostral septal lesions or hippocampectomy were kept under
23-hour water deprivation for 5 days and water was provided only in the
experimental box. On the 6th day drinking attempts were associated with
electrical shocks for 20 minutes. This passive avoidance learning showed an
exponential character and the learning rate could be expressed by a plot of
the logs of consecutive intertrial intervals on the sequence of trials (Figs 4
and 5). Intravenous injection of 200 /Lg/100 g corticosterone one hour prior
to the experimental session produced a significant increase of the learning
rate in the adrenalectomized rat. This facilitatory influence could be prevented
by hippocampal ablation or rostral septal lesion (Fig. 6). On the other hand,
dexamethasone remained effective after hippocampectomy.
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TRIALS
Fig. 5. Effect on the learning rate in adrenalectomized rats of 200 /tg/100 g corticosterone

given intravenously one hour prior to the experimental session, x = physiological saline,
e corticosterone administration

3 4 5 6
TRIALS

Fig. 6. Effect of 400 //g/'100 g corticosterone on learning rate of sham-operated and septal
lesioned animals. The figure indicates a lack of the response following septal lesion
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The exploratory activity of both hippocampectomized and rostral
septal lesioned rats Avas higher than that of the sham-operated controls. Cor-
ticosterone resulted in a suppression of the exploration, when injected in an
amount of 400 /tg/100 g subcutaneously 3 hours prior to the exploratory test
in sham-operated hut adrenalectomized rats. In contrast, the rats Avith septal
lesion showed a marked resistance to the suppressive effect of corticosterone
on the exploration, although dexamethasone resulted in a decrease of the ex-
ploratory scores of both groups (Fig. 7). In vieAV of the increased resistance
to corticosterone of septal-hippocampal lesioned rats, which could he observed

E*F SPogES:

SALINE 400 gg /100 g 500 pg/100 g
3 hours 3 hours

Fig. 7. Effect of corticosterone and dexamethasone on the exploratory activity of sham-

operated and septal lesioned rats (black columns). Exploratory activity was tested in a

12-cell maze; scoring was made on the basis of the crossings of gates during a 10-minute
observation period

in both the exploration and the passive avoidance conditioning, Awe may
assume that the natural glucocorticosteroid as corticosterone exerts an in-
fluence on the brain and behaviour relationship through the septal-hippo-
campal unit.

A primary involvement of the septal-hippocampal unit in the cortico-
sterone-adjusted behaviour is supported by the finding that corticosterone
administration produced a suppression of the hippocampal theta rhythm,
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which is in accordance with the suppression of exploratory activity (Endréczi
and Nyakas, 1971).

The above findings led us to assume that corticosterone exerts an effect
on the brain through the specific binding sites of the hippocampus and other
glucocorticoids like hydrocortisone or dexamethasone produce changes through
non-specific receptors of the hypothalamus and the brain stem. This view is
supported by the electrophysiological finding in that hexamethasone ionto-
phoresis did not induce changes in the firing rate of hippocampal cells hut
markedly changed the wunit activity in broad areas of the hypothalamus
(Ruf and Steiner, 1967; see review by Endréczi, 1971). On the other hand,
hydrocortisone or dexamethasone administration results in behavioural
changes very similar and frequently more powerful than corticosterone. This,
however, does not mean that species-specific and non-specific steroids are
acting at the same neuroanatomical substrate.

Interactions between the pituitary-adrenal
and the pituitary-thyroid and gonadal functions

Endocrine control of the pituitary ACTH release in the sense of a closed
loop feedback regulation (Yates, 1967) depends primarily on the plasma
corticosterone concentration. Other endocrine factors exert an effect through
the changes of the corticosteroid-binding capacity of the plasma compartment
or by changes of the corticotropin releasing factor acting on the hypothalamus
or the ACTH release directly at the pituitary level.

Recently, we have been interested in studying the involvement of
pituitary-thyroid function in the oestradiol-induced activation of the pituitary-
adrenal axis. The compensatory hypertrophy of the adrenals following thyroid-
ectomy is markedly suppressed, and the role of thyroid hormones in the main-
tenance of normal pituitary-adrenal function is supported by numerous ob-
servations (see review by Fortier, 1966). Moreover, it was also assumed
that the oestradiol-induced adrenal hypertrophy is mediated through an
increased TSH secretion (Fortier et al.,, 1970). Such a regulatory process
seems, however, operating only under limited physiological conditions.

Implantation of 4.5 /rg oestradiol into the median eminence produced
a significant compensatory adrenal hypertrophy in thyroidectomized rats
(Fig. 8). Thyroidectomy was performed 3 to 4 weeks prior to steroid implan-
tation; one group received cholesterol implants and other groups oestradiol
plus 1 juUg triiodothyronine daily for 12 days. The compensatory hypertrophy
was expressed as per cent of the initial wet weight. These observations clearly
demonstrated that oestradiol increases ACTH secretion in the absence of a
concomitant increase of pituitary-thyroid secretion.
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Fig. 8. Effect of oestradiol implantation on the compensatory hypertrophy of adrenals in

thyroidectomized rats. Cholesterol implantation was performed in the Tx (thyroidectomized

group), and daily 1/;g triiodothyronine was given in the second and third groups. The fourth

group received oestradiol implants without substitution therapy. Each column shows the
mean and standard error of 6 animals

Discussion

Recent data on the control of pituitary-adrenal function have revealed
that a short-term control by the changes of plasma corticosterone concentration
as postulated by the “closed loop feedback theory” of Yates (1967) or its
modification by several authors is not consistent with numerous experimental
findings. Thus, a rise of the plasma corticosterone concentration failed to
induce a suppression of pituitary ACTH release in response to either nervous
or humoral stressors, and an inhibition has been observed after 3 to 16 hours
when corticosterone output had returned to the resting level (Smelik, 1963).
This time lag of the inhibition may be attributed to those changes which occur
at the central nervous level during the course of a feedback action of cortico-
sterone and the inhibition seems to be of nervous origin. The participation
of the septal-hippocampal unit in controlling both the sensory input of the
hypothalamus and pituitary ACTH secretion is known from earlier studies
(see reviews by Lissak and Endréczi, 1965; Endréczi, 1969, 1970; and
Endréczi and Nyakas, 1971). A selective accumulation of corticosterone by
the hippocampal cells is also suggesting an important role of the septal-hippo-
campal unit in the organization of the corticosterone-adjusted behavioural
reactions and in the control of daily variations of the pituitary-adrenal activity
under the synchronizing influence of light and dark periods. By all means, we
must be aware that these conclusions derived from studies with species-
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specific glucocorticosteroid such as corticosterone, and the use of other gluco-
corticosteroids does not exclude their effect on the endocrine and behavioural
processes through other receptor structures of the hypothalamus and brain-
stem. Moreover, there is no doubt that the hippocampus is one of the structures
which stores the greatest amount of corticosterone but other parts of the brain
also contain cells with a similar property.
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Synthesis and release of hormonal steroids are controlled by adreno-
corticotrophic and gonadotrophic hormones. One of the most important
factors in the regulation of secretion of these pituitary hormones is the feed-
back action of hormonal steroids. Experimental data accumulated in the last
two decades support the assumption that the feedback action of gonadal and
adrenocortical steroids is mediated, at least partly, through multiple neuronal
elements situated in various parts of the brain, especially in the hypothalamus.
This is termed now as indirect or neuro-hormonal feedback.

Data concerning the control of the production of adrenocortical steroids
will be presented during this meeting in the Symposium on the Regulation
of ACTH secretion. Therefore, | limit my presentation to the role of hypotha-
lamic structures in the control of pituitary-gonadal function by feedback of
gonadal steroids.

It was as early as 1932 that Hohlweg and Junkmann (1932) suggested
that the ovarian hormones might influence gonadotrophic functions through
a hypothetical “sexual centre” located somewhere in the brain. It was dem-
onstrated later by Sawyer et al. (1949) and by Everett and Sawyer
(1949) that the effects of oestrogen and progesterone in enhancing the spontane-
ous release of luteinizing hormone (LH) could be eliminated by neural blocking
agents. This clearly showed the neural character of the “positive” (stimulating)
feedback action of ovarian steroids on the secretion of gonadotrophic hormones.
The first experimental evidence of the existence of a “negative” (inhibiting)
neurohormonal feedback in the control of gonadotrophin secretion has come
from our laboratory.

In 1954, our attention was especially attracted by the effect of an an-
terior hypothalamic lesion resulting in persistent vaginal cornification and
polyfollicular ovaries in the rat (Flerké, 1954). Hirttarp (1949) and Greer
(1953) who at that time confirmed the effect of the anterior hypothalamic
lesion resulting in polyfollicular ovaries first described by Dey (1941), were
of the same opinion as Dey (1941) in that this effect might primarily reflect
a deficiency in LH secretion, while the follicle-stimulating hormone (FSH)-
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oestrogen component of the pituitary-ovarian interplay was presumably
spared. It was suggested that a discharge of LH insufficient for ovulation
should be ascribed to the destruction of an LH-mobilizing centre localized in
the anterior hypothalamus. Especially on the basis of the pioneer experiments
of Markee, Everett and Sawyer (1952), which have clearly shown the
existence of a neural LH-releasing mechanism somewhere in the hypothalamus,
we could agree with this explanation. Keeping in mind, however, the principal
interplay of gonadotrophic and ovarian hormones, we realized the difficulty
in accepting this explanation based merely on the destruction of a hypo-
thalamic LH-releasing mechanism. The principal inconsistency of the ex-
planation arises from a neglect of the well-known fact that the secretion of
FSH was also inhibited by the continuous action of oestrogens on the pituitary.
Simultaneously with the presence of the clear-cut signs of continuous oestrogen
secretion (enlarged pituitary, cystically dilated endometrial glands, persistent
vaginal cornification, etc.), the ovaries of rats with anterior hypothalamic
lesion contain normally growing follicles indicating a normal release of FSH.
Dey's (1941) and Hirtrarp’s (1949) explanation for the anterior hypothalamic
lesion effect failed to answer the question why the continuous oestrogen
action, present in these lesioned animals, should not inhibit the secretion of
FSH? In order to eliminate this contradiction nee assumed a nervous mecha-
nism in the preoptic-anterior hypothalamic area indispensable for the inhibitory
action of physiological amounts of oestrogens upon FSH secretion. We and
others were able to substantiate this assumption in a series of experiments
in the late fifties.

The inhibitory effect of oestrogen (1 /tg/day) on the castration-induced
rise in FSH output could considerably be diminished hy electrolytic lesions
placed in the anterior hypothalamus of juvenile rats, as revealed in parabiosis
experiments (Frerk©, 1956, 1957a). — Ovaries of juvenile rats given 1 fig
of oestrogen daily and bearing anterior hypothalamic lesions contained a larger
number of corpora lutea than did ovaries of oestrogen-treated rats without
anterior hypothalamic lesion. The poor luteinization or its complete absence
in ovaries of oestrogen-treated intact juvenile rats have been explained hy
lack of FSH. These ovaries contained a smaller number (if any) of follicles
capable of being luteinized than did ovaries of rats with anterior hypothalamic
lesion (Fierico, 1957b). — Oestrogen released from small fragments of ovarian
tissue autotransplanted into the anterior hypothalamus inhibited FSH se-
cretion. Similar ovarian implants in the adenohypophysis and in the posterior
hypothalamus failed to produce this effect (Fierko and Szentagothai,
1957). — Testosterone (500 fig per day) failed to cause intrasplenic ovaries
to involute in spayed adult rats with anterior hypothalamic lesions, although
it did in control animals with intrasplenic grafts but without hypothalamic
lesions (Firerkos and tirrei, 1957). IN Hohtweg and Daume’s (1959) ex-
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periment, oestrogen when injected into the anterior hypothalamus of rats,
had an antigonadotrophic effect 125 times more intensive than if administered
subcutaneously. — Uninhibited FSH-oestrogen secretion following anterior
hypothalamic lesions brought about an increase in pituitary weight resembling
to cytological changes similar to those observed after oestradiol treatment
(Frerké and Bardos, 1960). The nuclei of nerve cells in the preoptic-
anterior hypothalamic area showed a consistent decrease in size when the blood
sexual steroid level was increased or decreased (Flerko, 1962).

On the basis of the above experimental results we (Flerké and Szent-
Agothai, 1957) assumed that there are oestrogen-sensitive neurons in the pre-
optic anterior-hypothalamic area, through which FSH release is inhibited
by a slight (physiologic) elevation of the oestrogen level in the blood. On the
other hand, the absence of compensatory ovarian hypertrophy following
hemispaying of animals with anterior hypothalamic lesion (D’Angelo and
Kravatz, 1960; Flerkso and Bardos, 1961a) supported the idea that anterior
hypothalamic oestrogen-sensitive neurons play a role also in the mechanism
by which the decrease in the blood oestrogen level enhances FSH release.

The postulate that oestrogen-sensitive neurons are present in the pre-
optic-anterior hypothalamic area was later supported by the experimental
results of Littlejohn and de Groot (1963), Fendler and Endréczi (1965 —
1966), Koves and Halasz (1969) as well as by the findings that individual
neurons in this part of the brain accumulate oestrogen (Michael, 1962;
Attramadal, 1964; Stumpf, 1968), and the anterior hypothalamus, including
the preoptic area, takes up and retains oestradiol in the same way as do the
peripheral oestrogen-reactive tissues (Eisenfeld and Axelrod, 1965; Kato
and Villee, 1967; Filerkos et al., 1969). Concerning progesterone, Ralph
and Fraps (1959, 1960) and Barraclouch and Y rarrazaval (1961) were
the first to show that the anterior and ventral hypothalamus in the hen,
and the medial preoptic area in the rat, are specific sites at which this
hormonal steroid acts in the sense of a “positive” feedback facilitating
ovulation.

In a brilliant series of experiments (see Halasz, 1968, 1969), Halasz
et al. have shown that the medial-basal part of the rat hypothalamus, termed
“hypophysiotrophic area” (HTA) by Harasz et al. (1962), contains the neu-
rons which produce the hypothalamic releasing and inhibiting factors, among
those the follicle-stimulating and luteinizing hormone-releasing factors (FRF
and LRF). According to Szentagothai’s (1962, 1964) investigations, these
neurons build up, at least partly, the tractus tuberoinfundibularis or hypo-
thalamic parvicellular neurosecretory system. The fibres of this system origi-
nate mainly from the small cells of the arcuate nucleus and of the supra-
chiasmatic region of the hypothalamus. They enter the pituitary stalk and
terminate on or in the immediate neighbourhood ofthe capillary loops emerging
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from the hypothalamo-hypophyseal portal system and penetrating the median
eminence.

Depression of the activity of the LRF-producing neurons of the HTA
hy continuous oestrogen action appeared to be an important factor in evoking
the anovulatory condition following anterior hypothalamic lesion. When
the continuous negative oestrogen feedback on the LRF-producing neurons
was greatly reduced or eliminated, these neurons stimulated again the anterior
pituitary to release LH sufficient for luteinization. In this way, we have suc-
ceeded in inducing formation of corpora lutea in the formerly polyfollicular
ovaries ofrats made anovulatory hy anterior hypothalamic lesions (Frerké and
Bardos, 1961b). It seemed therefore reasonable to assume that the FRF- and
LRF-producing neurons ofthe HTA are also influenced directly by the gonadal
hormones in the sense of a negative neuro-hormonal feedback. This assumption
was supported by the experimental results of Lisk (1960, 1962, 1963), David-
son and Sawyer (1961a, 1961b), Arai (1962; 1963), | fft (1962), McCann (1962),
Kanematsu and Sawyer (1963a, 1963b; 1964), Kobayashi et al. (1963), Hil-
liard et al. (1964), Ramirez et al. (1964), David et al. (1965), Davidson and
Smith (1966), Kobayashi et al. (1966), Kobayashi and Farner (1966),
Piacsek and Meites (1966) and Pasteels (1970). All these experimental re-
sults indicated the presence of oestrogen and testosterone sensitive neurons
in the medial-basal part of the hypothalamus. Further support for this as-
sumption came from the findings that a considerable number of neurons in
the medial-basal part of the hypothalamus, especially in the arcuate nucleus,
accumulate oestradiol (Stumpf, 1968), and this part of the brain showrs a
pattern of uptake and retention of tritiated oestradiol which is similar to the
pattern found in the uterus and anterior pituitary, i.c., in the peripheral
oestrogen-reactive tissues (Flerkos et ah, 1969).

It may be assumed with considerable certainty that the sensitivity or
responsiveness to oestrogen of the neurons in the preoptic-anterior hypo-
thalamic area is not identical with that of the neurons in the HTA ,i.e.,in the
medial-basal part of the hypothalamus. Ovarian compensatory hypertrophy
was blocked in animals with a frontal cut behind the anterior hypothalamic
area, but this deafferentation did not interfere with the pituitary response
to castration (Koves and Halasz, 1969). Similar observations have been
reported in animals with complete deafferentation of the HTA; ovarian com-
pensatory hypertrophy did not occur in these rats, but at the same time
pituitary LH content increased and castration cells developed in the anterior
pituitary after bilateral ovariectomy (Halasz and Gorski, 1967). These
findings suggest that the neurons in the preoptic-anterior hypothalamic area
are more sensitive to changes in the Mood oestrogen level than are the ele-
ments of the HTA-pituitary complex. This may account for the fact that
HTA by itself is not able to maintain the cyclic secretion of gonadotrophic
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hormones (tonic mechanism of trophic hormone secretion). To do this, the
tonic mechanism, i.e., the FRF and LRF-producing neurons in the HT A, needs
afferent impulses from the more sensitive steroid-receptor neurons of the pre-
optic-anterior hypothalamic area (cycle mechanism of gonadotrophin secre-
tion). According to the varying oestrogen level in the blood the steroid re-
ceptor neurons modulate (i.e., enhance or inhibit) the tonic activity ofthe
FRF- and LRF-producing neurons and, in this way, secure the cyclic release
of FSH and LH. If the sensitivity or responsiveness of the neurons of the cycle
mechanism is greatly reduced like in the male (Petrusz and Flerko, 1965)
or in the androgen-sterilized female rats (Petrusz and Nagy, 1967), — the
tonic mechanism by itself can maintain only the non-cyclic, tonic release
of FSH and LH, characteristic of the male pattern of gonadotrophin secretion.

In an attempt to clarify the mechanism by which perinatal androgen
action results in reduced responsiveness, and hence in diminished functional
capacity of the hypothalamic oestrogen-sensitive neurons, a preliminary
experiment (Frerko and Mess, 1968) has revealed that the oestradiol-binding
capacity of the pituitary and the uterus of androgen-sterilized rats was sig-
nificantly reduced as compared to controls without early postnatal androgen
treatment. This raised the possibility that perinatal androgen action might
disturb the synthesis of the oestrogen-receptor proteins and in this way inter-
feres with the oestradiol uptake and/or retention by the pituitary and the
uterus. Jensen et al. (1967), King (1967) and others have suggested that
uptake and retention of oestradiol occurs at receptor sites that are specific
for oestrogens. The specificity of action of oestradiol on the oestrogen-respon-
sive tissues has been explained by the ability of these tissues to take up and
retain oestradiol in an unconverted form for a few hours. Since the experi-
mental results, mentioned before, indicated that the anterior and middle hypo-
thalamus contain oestrogen-sensitive neurons, one might postulate that the
perinatal androgen action might damage the specific trapping mechanism
in these neurons. If so, the oestradiol-binding capacity of the hypothalamic
areas containing oestrogen-sensitive neurons should be reduced in the andro-
gen-sterilized rat. We have succeeded in showing this in 1968 (Flerko etal.,
1969; Flerko, 1970) and similar observations were reported by other authors
(McGuire and Lisk, 1969; Tuohimaa et al., 1969; Vértes and King, 1969;
McEwen and Pfaff, 1970). Green et al. (1969) also found that 30 minutes
after an injection of 6,7-:IH-oestradiol-17/3, some hypothalamic parts of the
brain and pituitaries of spayed rats retained more radioactivity than did
similar tissues in castrated males or spayed, neonatally androgenized females.

In the first experiment of Green et al. (1969), however, the males and
neonatally androgenized females were heavier than the control female rats.
To estimate the role of body weight in the uptake of oestradiol, a second
experiment was performed, using male and female rats of equal group body
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weight but of different age. Both sets of animals were sexually mature. In
this second experiment, Green et al. (1969) did not find any difference be-
tween the sexes in the binding of oestradiol by any tissue, and concluded that
the effect observed by us might reflect weight differences rather than a blockage
of oestrogen receptor sites by neonatal androgenization as we have suggested.

We have therefore repeated our original experiment, using control and
androgen-sterilized females of approximately equal group body weight since
the control and androgenized rats used in our earlier experiments were of
equal age hut different in body weight. Similarly to our previous findings
on control and androgenized rats of equal age but different body weight, the
oestradiol-binding capacity of the neural (anterior and middle hypothalamus)
and of the non-neural (uterus) target tissues was significantly reduced in
androgen-sterilized rats as compared to controls of approximately equal body
weight (Frerko et al., 1971).

The finding that androgen-sterilized rats had significantly lower anterior
and middle hypothalamic radioactivity levels than the controls without
neonatal androgen action, supports our hypothesis that perinatal androgen
action might interfere with the normal synthetic process of oestrogen-receptor
proteins and, hence, with normal uptake and/or retention of oestradiol by the
hypothalamic oestrogen-sensitive neurons. In this way, the neurons of the
hypothalamic cycle mechanism become desensitized and functionally inactive
in mediating positive and negative oestrogen feedback on the anterior pituitary
cells producing gonadotrophic hormones. Thus, the reduction of oestradiol
binding and the consequential loss of neurohormonal oestrogen feedback,
induced by perinatal androgen action, might account for the non-cyclic pattern
of gonadotrophin secretion and for the presence of anovulatory sterility in the
androgen-sterilized rat.

Conclusion

The male or female pattern of gonadotrophin and gonadal steroid
secretion is determined by different hypothalamic mechanisms.

The continuous, male type hormone secretion is maintained by the “tonic
mechanism” composed of the tubero-infundibular neurons in the hypophysio-
trophic area of the medial-basal hypothalamus, which produce and release
the follicle-stimulating- and luteinizing hormone-releasing factors (FRF and
LRF) into the hypothalamo-hypophysial portal circulation.

To secure the female type cyclic release of gonadotrophic and ovarian
steroid hormones, the tonic mechanism needs afferent impulses originating
from the steroid receptor neurons in the preoptic-anterior hypothalamic area
(“cycle mechanism”). A number of experimental data indicate that the steroid
sensitive neurons of the cycle mechanism are instrumental in the neurohor-
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monal ovarian steroid feedback which modulates (i.e., enhances or inhibits)
the activity of the FRF and LRF producing neurons and, in this way, main-
tains the cyclic gonadotrophin release

Y azaki (1959, 1960), Harris and Levine (1962, 1965), Gorski and
Wagner (1965) have shown that the non-cyclicity of gonadotrophic function
in the adult male rat is established only around the third day after birth, and
the presence of testes in the first few days of postnatal life determines the
male specificity of the hypothalamus. These experimental results suggest
that the hypothalamus of the newborn rat of either sex has the inherent ability
to maintain a cyclic release of gonadotrophins. It is only in the first fewr
postnatal days that normal male rats under the influence of testicular andro-
gens, or female rats that are given testosterone, lose the ability to release
gonadotrophins in a cyclic manner and, thereby, to cause ovulation.

The finding that androgen-sterilized rats given tritiated oestradiol had
significantly loiver hypothalamic radioactivity levels than controls without
perinatal testosterone-treatment, supports our hypothesis that a perinatal
androgen action might interfere with a normal development of oestrogen-
receptor proteins and, hence, with normal uptake and/or retention of oestradiol
by the hypothalamic oestrogen-sensitive neurons of the cycle mechanism.
In this way, these neurons might become desensitized and functionally in-
active in mediating positive and negative oestrogen feedback on the anterior
pituitary cells producing gonadotrophic hormones. If so, the reduction of
oestradiol binding and the consequential loss of neurohormonal steroid feed-
back induced by perinatal androgen action, might account for the non-cyclic
pattern of gonadotrophic and gonadal steroid hormone secretion in the male
and androgenized female rat.
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NEURAL CONTROL OF PITUITARY ACTH SECRETION
UNDER RESTING CONDITIONS

By
B. Halasz

INSTITUTE OF ANATOMY, UNIVERSITY MEDICAL SCHOOL, PECS, HUNGARY

[t is generally accepted that anterior pituitary function is controlled
by the central nervous system, first of all by the hypothalamus, and that
the mechanism of this action is neurohumoral, i.e., some substances (called
releasing and inhibiting factors) are released by the nerve endings in the
superficial zone of the median eminence and pituitary stalk, which substances
are then carried by the portal circulation to the anterior lobe cells.

This view contains two main assumptions, viz. (1) the hypothalamus
produces substances which act on the anterior lobe, and (2) these are conveyed
by the portal blood to the adenohypophysis. The data available support
both assumptions.

Ad 1. With regard to pituitary ACTH secretion it has been demonstrated
by Saffran and Schally [27] and by Guillemin and Rosenberg [9] that
hypothalamic extracts cause a release of pituitary ACTH. The active substance
has been called Corticotrophic Releasing Factor (CRF). Further studies
confirmed the mentioned observ ation and, in addition, they suggested that
hypothalamic extracts not only influence the release of ACTH, but probably
act on its synthesis, too. This latter view is supported by Uemura’s [33]
finding showing that pituitary ACTH content increases significantly if hypo-
thalamic extract is given to the medium in vitro. The functional significance
of CRF is underlined by the data that there is a similar diurnal variation
in hypothalamic CRF activity as in pituitary ACTH secretion and that the
daily peak of CRF activity occurs three hours earlier than the plasma cortico-
sterone peak [2, 15]. The chemical structure of CRF and the mechanism
of its action on the anterior lobe are not known.

Ad 2. It has been reported by Porter [23] that the blood collected
from the proximal part of the transected pituitary stalk exhibits CRF activity.
CRF activity has not yet been demonstrated in the peripheral plasma of intact
animals. It was found only under special experimental conditions such as after
hypophysectomy, when presumably the releasing factors are released in a
larger amount [1, 3, 29]. It is very likely that CRF is present in the peripheral
blood of intact animals, but in such a small amount that it cannot be detected
by the current methods.
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There is no direct information concerning the site of CRF production.
The data available suggest that this function is restricted to the medial basal
hypothalamus. The following observations support this idea.

(i) By implanting anterior pituitary tissue into various brain regions
or under the kidney capsule of hypophysectomized rats we [12] found that
ACTH secretion of the grafted anterior lobe is significantly better maintained
if the pituitary is located in the medial basal hypothalamus than if it is out-
side this region, either in other parts of the hypothalamus, in extrahypo-
thalamic regions or under the kidney capsule. We called the medial basal
hypothalamus the hypophysiotrophic area (HTA) [11]. This area includes
the ventral part of the periventricular nucleus, the medial part of the retro-
chiasmatic region and the arcuate nucleus.

(i) CRF activity was found only in extracts from the median eminence
region, i.e., from HTA [34].

(iii) The neurons in the HTA send their axons to the median eminence,
forming the tubero-infundibular tract [32].

(iv) Nerve cells outside the medial basal hypothalamus have no axon
terminals in the superficial zone of the median eminence [25].

HTA appears to be able to synthesize and release CRF in the absence
of neural afferents. This is indicated by the observation that following neural
isolation of the area pituitary basal ACTH secretion is unchanged [7, 17, 35]
or, according to other authors [10, 13, 14], even enhanced (Table 1). (An ex-
tremely small amount of ACTH is secreted if the anterior lobe is disconnected
from the hypothalamus.) This suggests that presumably the HTA is primarily
responsible for the maintenance of pituitary ACTH function.

However, the diurnal ACTH rhythm, existing in intact animals, fails
after the interruption of the neural connections of the medial basal hypothala-
mus [13, 14, 22]. We [13, 14] found that under such circumstances pituitary
ACTH content and plasma corticosterone levels are high in the morning as
well as in the afternoon (Table 1). This finding shows clearly that the HTA
by itself is not capable of controlling normal ACTH activity, hut requires
afferent impulses. According to our findings [13, 14] the afferents critical
for the diurnal ACTH rhythm reach the HTA from the anterior direction;
interruption of the anterior connections of the area, leaving intact all the other
pathways (frontal cut) blocks this rhythm, whereas the severance of the bi-
lateral, superior and posterior connections (incomplete deafferentation) does
not interfere with this function (Table 1). Concerning the neural structures
being involved in the diurnal ACTH rhythm, interesting observations were
published by Moberg et al. [20]. These authors found that transection of
the fornix above the 3rd ventricle inhibits the diurnal changes in rat pituitary
ACTH activity. Similar findings were obtained earlier by Mason [18] in mon-
keys. Further studies are required to clarify the origin of the critical afferents.
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Table |

ACTH content of pituitary and corticosterone content of peripheral plasma and of adrenal gland
of rats decapitated four weeks after sham operation or partial or total deafferentation of the hypo-
physiotrophic area [13, 14]

Pituitary ACTH content

Group
mU/ant. pit. nilJ/mg Hilt. pit.
Sham operation a.in. 5 131 13.3 (10.8 15.1)
p.m. 5 74 71 (5.8 10.1)
Complete a.in. 2 191 26.8 (19.0 30.9)
deafferentation p.m. 2 165 242 (201 28.7)
Incomplete a.in. 1 125 133 (81 -15.0)
deafferentation p.m. 5 54 7.0 (3.2-10.2)
Frontal cut a.in. 1 174 20.4 (15.6 -24.1)
p.m. 4 170 211 (15.3-26.7)
Corticostcrone content
Group ;}l]?mﬁg atireital olaiul periph. plasma
jiig/udr. uglg adr. ug/100 i
Sham operation a.in. 15 0.13 + 0.011 51 + 04 754 06
p.in. 14 0.65 + 0.01 26.6 « 2.7 25.6 + 2.6
Complete a.m. 7 0.55 + 0.02 21.0 + 51 36.0 + 51
dcafferentiation ji.in. 5 0.69 + 0.17 312 + 5.01 38.6 4; 5.4]
Incomplete a.in. 6 0.18 t 0.06 112 + 4.7 6.7 «+ 0.9
deafferentation p.m. 8 0.42 + 0.08 244 + 5.1 14.2 1.3
Frontal cut a.in. 8 0.19 + 0.08 10.1 + 4.0 156 34
p.in. 7 0.14 + 0.05 95 f 3.6d 110 « 241

a: 95% confidence limits

b: mean and standard error of mean

c: p< 0.01 vs am. value

d: difference between a.m. and p.m. value is not significant

Corticosterone content of adrenal gland and peripheral plasma and ACTH content of pituitary
were measured in the same animals but pituitary ACTH levels were not determined in all rats

Regarding the neural structures involved in the regulation of ACTH
secretion but located outside the HTA, in the first |[>lace the limbic system
and mesencephalon have to be taken into account. Some of these structures
probably exert mainly a stimulatory, while others an inhibitory influence.
The amygdala complex and some ill-defined mesencephalic regions (ventral
tegmentum) appear to have a stimulatory effect; electrical stimulation of those
regions induces ACTIf release [4, 19, 24, 30, 31]. In contrast, stimulation of
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the hippocampus, septum and mesencephalic dorsal tegmentum results in a
decrease of the blood corticosteroid level in dogs, cats and monkeys [5, 19,
21, 26, 30] and destruction of these structures causes an opposite effect [4, 16]
suggesting that these structures are mainly inhibitory. According to Endroczi
and LissAk [5] the anterior and lateral hypothalamus also inhibit ACTH
secretion.

Taking into account that neural structures outside the HTA have no
nerve endings in the median eminence, it is close at hand to assume that the
mentioned elements do not act directly on the anterior lobe, but might exert
their influence via the HTA, by modulating the synthesis and/or release of
CRF. This means that two levels exist in the neural control of pituitary ACTH
secretion.

The first level is the HTA. This region produces CRF and appears to be
responsible by itself for the maintenance of basal ACTH secretion, except
the diurnal ACTH rhythm.

Tin- second control level is represented by the neural structures outside
the HTA. This level controls the diurnal rhythm of pituitary ACTH activity,
among others.

It is not clear what sort of synaptic transmitters mediate the impulses
within the various structures inside the second control level and from the se-
cond level to the first one, but it seems likely that acetylcholine, noradrenaline,
serotonin and presumably other substances are also involved in these events.
Endroczi et al. [6] have shown that injection of a cholinergic substance
(eserine, carbaminoylcholine) into the septum, preoptic region, ventral lateral
hypothalamic area or into the mesencephalic dorsal tegmentum inhibits ACTH
secretion, whereas the same substances injected into the ventral tegmentum
of the mesencephalon have an opposite effect. Serotonin given into the pre-
optic area, the anterior, mid- or posterior hypothalamus causes an increase in
pituitary ACTH secretion. Interesting observations were made by Scapagnini
et al. [28]. They found that the diurnal variations in 5-hydroxytriptamine
content of the amygdala and the hippocampus and the plasma corticosterone
levels go parallel in time, both values are the lowest at 8 a.m. and the highest
at 8 p.m. If 5-hydroxytriptamine synthesis was blocked by p-chlorophenyl-
alanine, the morning level of plasma corticosterone was higher and the after-
noon value lower, thus the diurnal variations disappeared. p-Chlorophenyl-
alanine caused at the same time a 50 to 63% decrease in the 5-hydroxytrypt-
amine content of the amygdala and the hippocampus. Based on these findings
Scapagnini et al. assumed that serotoninergic neurons play an important role
in the control of the diurnal ACTH rhythm.

In summary, there are two levels in the neural control of pituitary
ACTH secretion. One level is in the medial basal hypothalamus (the hypo-
physiotrophic area, HTA). This region produces the corticotrophic releasing
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factor (CRF) and is probably responsible by itself for the maintenance of
basal ACTH secretion. The other level is in the neural structures located out-
side the HTA, such as the limbic system, mesencephalon, etc. Some of these*
regions presumably stimulate, others inhibit ACTH activity. This level controls
the diurnal ACTH rhythm among others. It probably does not affect directly
ACTH secretion, but might act through the HTA by modulating the synthesis
and release of CRF.
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Ever since it has been generally recognized that a wide variety of stress-
ful stimuli increase ACTH-glucocorticoid secretion, much attention has been
devoted to clarifying the nature of the mechanism(s) by which these stimuli
bring about rapid ACTH secretion. Over the past two decades, two theories
have been advanced to account for the secretion of ACTH induced by acute
stress: one emphasizes corticoid feedback or autoregulation, the other
regulation by the central nervous system. DE Groot and Harris (1950) were
the first to produce direct evidence of the important role of the hypothalamus
in increasing stress-induced ACTH secretion. Todav the view is favoured
that ACTH production is regulated by the corticotrophin releasing factor
(CRF) and that this substance is released in the hypophyseotrophic area of
the medial hasal hypothalamus (MBH). Little is, however, known of the af-
ferent pathways through which the various stressor agents are stereotypically
leading to enhanced ACTH secretion.

In this report, the term “afferent pathways of the stress reaction” is
meant to denote all the information-transmitting mechanisms which by
activating the hypothalamo-hypophyseal unit lead to ACTH release. Such
mechanisms are: nerve impulses, one or more humoral mediators that have
entered the systemic circulation, and any circulatory, metabolic, and other
alterations which activate the hypothalamo-hypophyseal unit directly or
indirectly, one inducing the other.

Fortier (1951) classified the stressful stimuli into two groups. Those
that enhance ACTH secretion, even in animals with their hypophysis grafted
into the anterior chamber of an eye, he designated as “systemic” because
he thought that under such conditions the stress acts directly on the hypo-
physis by way of the systemic circulation. The stressful stimuli effective
only if the hypophysis is not severed from the hypothalamus, i.e., that exert
their effect by way of the CNS, he denominated “neurotrophic”.

Mialhe-Voloss (1958), Smelik (1959. 1960), de Wied (1968) and other
authors found that after mutilative interferences with the hypothalamus or
the hypophysis — such as electrolytic lesioning of the hypothalamus or
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neurohypophysectomy — some stressors are ineffective whereas others are
effective.

The tentative division of stresses into “neural’” and “systemic” groups
by Fortier (1951) was not accepted unanimously (see Fortier 1966); partly,
because in earlier experiments inadequate criteria (ascorbic acid depletion,
lymphopenia) had been used to demonstrate ACTH release, and partly, be-
cause no allowance had been made for the possibility that in stress CRF
might enter the transplanted hypophysis from the median eminence via the
systemic circulation, as Anderson (1966), Brodish (1964a), and, recently,
Sirett and Kendall (1969) have justly hypotethized.

14 - day
OfiV. NaCl

14- day
31U ACTH

on the s.C. 2,5mg/100g s.c. 011U/100gs.c. 1mg/100gsE. 25pg/100g ip.
15th day

Fig. 1. Hypophyseal-adrenocortical response to different stressors 24 hours after the last
of daily ACTH injections

Investigations of our own, in which the plasma corticosterone level was
used as the indicator of ACTH secretion, suggested that different stressor
agents increase the secretion via different afferent pathways.

If rats were exposed to the same stress daily for two weeks and the effect
of it on the plasma corticosterone level was examined after the last exposure,
some stressors failed to raise the corticosterone level, or raised it significantly
less than after the first stress, whereas other stressors increased the plasma
corticosterone level on the last like on the first day. A possible interpretation
of these observations seemed to be that whereas the afferent pathways of
certain stressors adapt themselves, those of others do not; this means, that
the stressors exert their effects via different pathways (Stark et al., 1968a).

Results which may be interpreted similarly have been obtained in ex-
periments in which the effect of a few stressors had been studied following
treatment with ACTH for two weeks (Stark etal., 1968b). Fig. 1 shows that
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on the day following the last ACTH injection the resting plasma corticosterone
was at the control level, and an injection of endotoxin increased it to the same
level as in the controls. On the other hand, the effect of histamine, or of a small
dose of formaldehyde, etc., injected on that day caused no ACTH secretion.
An explanation of the phenomenon might be that the last dose of a prolonged
ACTH treatment raises the plasma corticosterone level more than does a single
dose (Stark et ah, 1963). It is this higher level which then may inhibit ACTH
secretion 24 hs later (feedback action), when the corticosterone concentration
is again normal.

O phys. saline 0,25ml/100g

formaldehyde
bl 17.0,25ml/100g s c.
E3 endotoxin 25pg/100g ip.

O histamine 1mg/100g ip

Fig. 2. Inhibitory effect of dexamethasone on ACTH release induced by different stimul-
blood withdrawn 1 hour after formaldehyde, 3 hours after endotoxin, 30 min after histamin

Studies reported by Y ates (1967) gave rise to the question whether
endotoxin may exceptionally exert its effect via corticoid-insensitive path-
ways. Fig. 2 shows that the effect of endotoxin following dexamethasone is
inhibited, which means that the endotoxin acts via corticoid-sensitive path-
ways; further, that in dexamethasone-treated animals stressor inhibition neither
begins nor ends at identical points of time.

If it is assumed that the feedback action of corticosterone is exerted
exclusively at the hypothalamo-hypophyseal level, what is the explanation
of the observation that certain stressors release ACTH at a time when others
do not?

As we see it, the feedback action of the high plasma cortisterone level
is exerted not only at the hypothalamo-hypophyseal level but operates on
afferent pathways through which stressful stimuli reach the hypothalamo-
hypophyseal system. It is therefore conceivable that afferent pathways for
endotoxin are available to stressful stimuli at a time when those for other
stressors are not. On this basis it is safe to claim that some stressors reach
the hypothalamo-hypophyseal unit by pathways different from those of other
stressors.
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We have assumed that stress-induced acute ACTH release results from
increased CRF release and that the CRF-producing cells are in the MBH.
Theoretically, the pathways which mediate the stressor effects to this area
may be divided into a neural and non-neural group.

In the following, we shall designate as “neural” all the stressors which
roach the MBH by neural pathways, and as “humoral” all those after whose
application the information that enhances ACTH secretion reaches the CRF-
producing cells by non-neural pathways such as the blood, CSF, and/or lymph
circulation.

On the basis of such considerations, we have studied the ACTH-increasing
effect of a number of stressors after both partial and total deafferentation
of the MBH.

Surgery was performed by the method of Harasz and Pupp (1965),
and the increase in stress-induced ACTH secretion was observed 7 or 8 days
after it, and successful surgery was checked on serial sections (Makara et al.,
1969a).

In animals with anterolateral deafferentation of the MBH, noise and
vibration, surgical stress, and a small dose of formaldehyde failed to influence
the plasma corticosterone level, but histamine and capsaicin produced a signif-
icantly lower one than in the control, whereas endotoxin enhanced ACTH
secretion like in the controls (Fig. 3). Adrenal sensitivity to ACTH remained
unchanged.

These experimental findings were interpreted as meaning that certain
stressors increase CRF production by travelling to the MBH along anterior,
lateral, and dorsal pathways, i. e. by neural ones. No rise in ACTH secretion
ensued because after intersection of the pathways the stimulus could not
reach the MBH. One or the other of these pathways is involved in the action
of such stressors as histamine and capsaicin, as is shown by the fact that with
the pathways intersected the efficacy of these stressors is considerably weak-
ened. The residual efficacy of capsaicin and histamine is mediated by the pos-
terior pathways loft intact, since they are ineffective in the same doses after
total deafferentation. Endotoxin proved to be as efficaceous in the deaffor-
entated as inthe sham-operated animals: it exerted its effect via the posterior
or a humoral pathway.

In a separate experimental series we studied the ACTH-releasing effect
of different stressors after total deafferentation of the MBH (Makara et al.,
1970a).

Both after partial and after total deafferentation (Figs 3 and 4) the
resting plasma corticosterone level was similar to that in the controls. This
agrees with data reported by Yoloschin et al. (1968), Fetdman et al. (1970),
but conflicts with those published by Halasz et al. (1967), Palka et al. (1969)
and Dunn and Critchlow (1969a, 1969b), who observed significantly in-
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plasma corticosterone
(pg/100 ml)

10 20 30 40 50 60 70

Fig. 3. Effect of stressful stimuli in rats with anterolateral deafferentation of the MBH

The doses indicated were injected for 100 g weight
creased corticosterone levels after total deafferentation of the medial basal
hypothalamus. As can be seen in Fig. 4, stressors ineffective after antero-
lateral deafferentation were ineffective also in totally deafferentated animals.
E. coli endotoxin, a large dose of formaldehyde, and insulin raised the plasma
corticosterone to the same level as in sham-operated animals (Makara et al.,
1970a). It cannot be claimed that neural afferents would have no part at all
in the action of these stressors, for it may he that in the intact animal ACTH
secretion is increased by the combined action of humoral and neural afferents.
It is, however, safe to state that to the neural afferents no decisive role can
be assigned in this reaction.

Our results and data in the literature make it obvious that the stressful
stimuli which equally increase ACTH secretion in the normal animal, are not
equally effective after division of the nerves entering the MBH. Some are
wholly ineffective, these are the neural stressors, while others are wholly
effective, these are the humoral stressors. These data appear to assist in
characterizing the afferent pathways through which the stressors release CRF.

In connection with the studies described so far, various questions present
themselves, some of which | will attempt here to answer in the light of our
experiments.
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plasma corticosterone
(pg /KO ml)

10 20 30 40 50 60 70

Fig. 4. Effect of stressful stimuli in rats with complete deafferentation of the MBH

(i) Do the stressors, which must have intact neural pathways to the
M BH, to exert their effect, — travel along neural pathways at the periphery?

You will remember that a small (2.5 mg/100 g) close of formaldehyde
failed to increase ACTH secretion after both partial and total deafferentation
of the MBH. When injected into a denervated hind limb, this small dose of
formaldehyde produced no rise in ACTH secretion. Nor did it raise it in animals
with their spinal cord severed (Makara et al., 1969b), which indicates that the
afferent pathway of a small dose of formaldehyde is neural, not only centrally
but also peripherally. The peripheral afferent pathway of surgical stress like-
wise proved to be neural (Makara et al., 1970b).

(ii) Since Brodish (1964b) performed his investigations of surgical
stress, the view has frequently been expressed that the stress reaction runs
a two-phase course. Therefore, we have studied the question whether a stressor
which has proved ineffective a certain time after deafferentation of the MBII,
may not increase ACTH secretion at some later point of time.

Surgical stress failed to raise the corticosterone level in anterolaterally
deafferentated animals in the first hour, but raised it significantly two hours
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later (Stark et al., 1970a) (Fig. 5). This is in keeping with observations made
by Brodish (1964b) in animals with a lesioned hypothalamus. On repeating
the experiment using formaldehyde we found that a small dose of it failed
to enhance ACTH secretion 30, 60, or 120 minutes after its administration
(Fig. 6). This shows that both after surgical stress and after a small dose of
formaldehyde the information which stimulates rapid CRF release is mediated
to the MBH by nervous pathways, hut in the case of surgical stress the delayed

Fig. 5. Effect of surgical stress at various points of time in rats with antcro-lateral deaf-
ferentation of the MBH

0,25ml/100g  1'/. (ormaim

Fig. ti. Effect of formaldehyde at various points of time after injection in rats with antero-
lateral deafferentation of the MBH
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phase comes about via another pathway than in the rapid phase. Accordingly,
the two-phase course is not a characteristic feature of every stressor agent.

(iii) According to some authors, stressors applied after certain
ferences — such as hypothalamic lesioning, corticosteroid blockade, etc.,
depend for their effects not on differences between their afferent pathways
hut on their intensity. The question is as to whether or not a change in in-
tensity brings about a change of the afferent pathway through which these
stressors exert their effect. We determined the plasma corticosterone level
after increasing the amount of the stressor agent applied (formaldehyde or
histamine), a procedure which can he regarded as equivalent to increasing
the intensity (Mangili et al., 1966).

jjg/100 mi

control 25mg  25mg 25mg  25mg
formaldehyde formaldehyde
innervated limb denervated limb

Fig. 7. Effect of different doses of formaldehyde injected into innervated or denervated
hind limb

In sham-operated rats, different doses of formaldehyde produced
identical corticosterone levels. Yet, when different doses were injected into
rats with a denervated limb or a totally denervated MBH, only large doses
raised the corticosterone level, and the increases differed insignificantly from
those in the control animals (Fig. 7). This permits the conclusion that if we
increase the intensity of a stressor, the afferent pathway(s) through which
it increases ACTH secretion, undergoes a change.

inter-

(iv) A large dose of formaldehyde, endotoxin and histamine each were

effective after total deafferentation of the MBH. The question is, did these
stressors increase CRF secretion only, or are they capable of increasing ACTH
secretion by bypassing the MBH?

The answer to this question was expected from experiments on animals
deprived of the MBH.
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A 4 mm wide strip of the part of the hypothalamus between the optic
chiasma and the mammillary body, together with the brain tissue overlying
that part, was removed through a glass tube by suction (Fig. 8).

Neither a small dose of formaldehyde nor surgical stress raised the
plasma level of corticosterone. A large dose of formaldehyde, as well as endo-
toxin raised it significantly, though in a lesser degree than in the normal
animal, probably for the lack of hypothalamic mediation, or because of the
infarct in the adenohypophysis (Stark et al., 1970b). Dexamethasone even
in a dose of 50 /rg/100 g prevented these two stressors from increasing the
secretion of AC.TH (Figs 9, 10).

Fig. 8. Coronal section through the brain of a rat 24 hours after removal of the MBH
(haemalum-eosin stain, 20 X)

Against the suggestion that the endotoxin might further deteriorate
the circulation of the isolated hypophysis and allow the ACTH to flow out
from the ischaemic tissue, argues the finding that dexamethasone prevents
the endotoxin from stimulating ACTH secretion, the same as it does in the
normal animal.

As measured by fluorometry, dexamethasone prevented the endotoxin
from inducing ACTH secretion, but failed to reduce the resting level. As
measured by the more sensitive method of Murphy (1967), based on compe-
titive protein binding, the resting level, too, was found to be reduced. These
experiments appeared to show that some stressors are capable of enhancing
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/100 ml .
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fluorornetry competitive
protein binding
technique
Lp<0,05] -----mmm-| p<0,01
! p<0,01
0,9°/» NaCl formaldehyde 0,9°/0 NaCl formaldehyde
25mg/100g 25mg/100g
0,9°/0 NaCl dexamethasone
250pg/100g

Fig. 9. Effects of formaldehyde and dexamethasone (250 //g/100 g) in rats with pituitary
island

pg/100 mi
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I—...JI protein binding
technique

Lp<0,05 -< frmreeeee p<0,01

! p<0,01
0,9¢. NaCl endotoxin 0,9°/0 NaCl  endotoxin
25pa/1004 25pg/100g
0,9°/. NaCl dexamethasone
50 pg/100g

Fig. 10. Effects of endotoxin and dexamethasone (50 //g/100 g) in rats with pituitary island

ACTH secretion without mediation through the medial area of the hypo-
thalamus or the median eminence, and that this is inhibited by dexamethasone.

Two points arise in relation to endotoxin and a large dose of formalde-
hyde: (1) they release stored CRF or ACTH from the neurohypophysis; (2)
they possess the ability to stimulate ACTH secretion without CRF mediation.

Four weeks after transection of the hypophyseal stalk we removed
the MBH; 24 hours later we found that endotoxin considerably enhanced the
secretion of ACTH (Marton et al., in press). This tends to show that, as a
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source of CRF or ACTH, the neurohypophysis is unlikely to have a share
in the increased ACTH secretion observed after removal of the MBH (Fig. 11).

These data raise the possibility that the humoral stressors have the
ability to stimulate ACTH secretion without mediation through the CRF,
perhaps by acting directly on the adenohypophysis. Ando et al. (1964) failed
in increasing ACTH secretion with endotoxin in vitro. Thus, the humoral
stressors may increase ACTH secretion through some mediator(s) that reach
the hypophysis by way of the systemic circulation.

The above results have allowed to distinguish the stressors acting via
neural from those acting via humoral pathways.

pg/100 mi

MBH ablation

Fig. 11. Effects of endotoxin in rats after MBH ablation, stalk transection, and stalk tran-
section followed by MBH ablation

Conclusions

1) Direct evidence has been presented to show that certain types of
stressor agents stimulate CRF-ACTH release via neurons to the MBH (neural),
whereas others are effective even after transection of these neurons (humoral).

2) Stressors which for their effect depend on intact neurons to the MBH
also travel along neural pathways at the periphery.

3) Some stressors increase ACTH release in two phases: a rapid phase
via a neural pathway and a delayed phase by a humoral one. The two phases
are not characteristic of every stress reaction.

4) If wc alter the intensity of a stressor agent, the afferent pathway
by which it leads to increased activity of the hypothalamo-hypophyseal sys-
tem, may alter with it.
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5) Certain stressor agents increase ACTH release in the absence of the
hypothalamus. Dexaméthasone inhibits this increase.

6) Enhanced ACTH release induced by endotoxin can be observed in
animals deprived of the hypothalamus, even if the hypophyseal stalk has been
transected weeks earlier. In this case the neurohypophysis does not come into
consideration as a source of CRF or ACTH.
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FEEDBACK ACTIONS
OF ADRENOCORTICAL HORMONES

By
P. G. Smelik
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BOECHORSTSTRAAT 7 AMSTERDAM-Z II.

It is generally accepted that adrenocortical hormones exert a negative
feedback action on the secretion of ACTH from the anterior pituitary. How-
ever, the role of such action in the regulation of the pituitary-adrenal system
is not clear at all. In fact, at present it appears to he more difficult to conceive
a model of the system than some time ago. There have been several theories
concerning the control of the system which proposed a dominant role for the
corticoid feedback, hut it appeared that they were not entirely correct. When
we would try to separate facts from fiction, what is the evidence for the exist-
ence of a feedback action? A true negative feedback would exist if two con-
ditions are fulfilled:

1. a decrease in corticosteroid blood levels should provoke an increase
in ACTH secretion;

2. an increase in corticosteroid levels should inhibit ACTH release.

In the early days it seemed that both suppositions were valid, for it
had been demonstrated both experimentally and clinically that removal of the
adrenal glands resulted in an increased production of ACTH, and conversely,
administration of corticoid hormones blocks ACTH secretion.

Consequently, a feedback theory on the control of ACTH secretion was
proposed (Sayers and Sayers, 1947). It implied a balance system between
the pituitary and the adrenal cortex: a stressful situation would increase
the need for corticoids; due to the increased utilization in the peripheral tissues
the blood levels would fall; this would present a stimulus for the pituitary
to secrete more ACTH; consequently, corticoids would be produced in greater
amounts and blood levels would increase, thereby gradually inhibiting ACTH
release. This inverse relationship between ACTH and corticoid levels was
supposed to be the only controlling system; the only decisive factor was the
feedback by the peripheral corticoid levels on the ACTH-producing cells
in the pituitary. This simple theory failed, however, at one incorrect assump-
tion, i.e., that stress would cause an initial fall in corticoid levels. As soon as
direct measurements of plasma corticoid titers could be performed, it appeared
that such an initial fall does not take place.
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During the fifties it became increasingly clear that the central nervous
system dominated the function of the pituitary-target organ systems and
that the controlling center was to he sought in the hypothalamus. In 1961
Y ates introduced a modern version of Sayers’ feedback control theory
(Yates et ah, 1961). He argued that a hypothalamic controlling device would
have a certain set-point, and that the corticoid levels in the blood would feed
back information to this controller as to the degree of activity of the system.
In terms of a central heating system: the variations in room temperature are
recorded by a thermostat which compares the actual temperature with the
desired temperature (the set-point), and which switches on and off the heater
system. In such a system the heater can be activated by two means: first,
a decrease in room temperature, and second, a higher set-point of the thermo-
stat. This theory proposed that stressful stimulation of the system would
in fact cause a reset of the set-point at a higher level, thus inducing not an
actual but a virtual decrease in corticoid levels.

This attractive theory again failed on experimental data. It implied
that the system would not be activated if the corticoid levels would be raised
artificially as to meet the new required set-point. However, we could show
that an infusion of corticosterone in the rat, raising the blood levels to the
height of that reached by a stress stimulus, does not block the ACTH release
due to that stimulus. Only if much higher levels were induced, a gradual in-
hibition of the stress response was observed (Smelik, 1963a).

Moreover, such an inhibition by pharmacological doses of corticoids
is only established at the time when the induced blood levels have already
returned to normal (Smelik, 1963b). This means that inhibition does not
follow closely the blood levels, but that a considerable delay occurs. This
period of delay is not constant, but dependent on parameters which are not
known precisely. If one compares inhibition after subcutaneous injection
with corticosterone with that after intraperitoneal injection, it appears that
the time lag is more reduced than could be accounted for by the difference
in rate of appearance in the blood. It also seems that the degree of inhibition
may not be proportional to the absolute level of corticoids in the blood, but
perhaps to the time integral of concentration.

Quantitative data are too scarce to draw any conclusion, but these
examples show that certain relationship between dose, route of administration,
and the characteristics of inhibition exist.

So far we may conclude that for inhibition of the system the adrenal
feedback has a slow action and a low capacity. It does not necessarily follow
that the same is true for activation of the system. Very little is known about
the effect of experimental decrease of the corticoid blood levels. Brodish and
Long (1956) have shown long ago with a cross-circulation technique that
unilateral or bilateral adrenalectomy causes ACTH hypersecretion, but only
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after several days. Surprisingly, they observed a fall in ACTH secretion after
6 or 12 hours, and possibly an initial rise, which with the indirect measure-
ments ofthat time is difficult to evaluate. More recently, however, Bonus and
E ndroczi (1964) deviced a technique in dogs by which they were able to make
a temporary shunt between the adrenal vein and the liver. They found that
short periods of shunting did cause a rise in corticoid production within about
half an hour. Although these experiments were done in severely stressed dogs,
they may indicate that the reaction time is in the same order as is the case
with inhibition.

As a preliminary conclusion one may say that the feedback system
probably has a rather lore capacity, which means that only extreme variations
in blood levels may modify pituitary-adrenal activity, and a sluggish action,
which implies that it cannot account for the rapid activation during stress.
It seems likely that in resting conditions the adjustment to a certain basal
level of activity is mainly performed by the peripheral corticoid levels. There
are indications that the system in steady state is much more sensitive for feed-
back control. For instance the diurnal rhythm in activity is easily suppressed
with small amounts of corticoids. During stress, however, the controlling
center is activated hy inputs, which are independent of the existing corticoid
levels. One might say that a stressful stimulus overrides the stabilizing in-
fluence of corticoid feedback, or even that stress as a pathological condition
may disturb the neuro-endocrine regulations.

When pharmacological doses of corticoids are administered, the system
can be blocked, even under stress conditions.

From several studies it can be concluded that there must be a quanti-
tative relationship between the intensity of the noxious stimulus and the level
of cortical hormones. The more severe the stress, the more corticoids must be
given to prevent the stress response. Whether or not certain stress stimuli
are suppressible, or “corticoid-sensitive”, can only be answered if dose-
response curves have been made. Much of the confusion in the literature is
due to conclusions drawn from experiments in which only one dose, or one
stimulus strength was given, or measurements were done at only one time
interval, etc.

These aspects also play an important role in the discussions around the
question of the site of action of corticoid inhibition. There has been much
controversy in the literature whether the feedback action is on the pituitary
or on the hypothalamus. The relevance of this problem can be illustrated
by the following dilemma: if one wants to assay hypothalamic extracts for
their CRF-activity, one should do this in animals in which the endogenous
production of CRF is blocked. A number of people have been using corticoid-
blocked animals, happily convinced that they had produced a hypothalamic
blockade. However, if the extract was not active, they were faced with the
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embarrassing choice between two possibilities: either the block was at the
pituitary level (contrary to the current view), or (even worse) the extract
did not contain CRF-activity.

Theoretically, since the available evidence indicates that the controlling
center of the pituitary-adrenal axis is situated in the hypothalamus, the most
obvious idea is that the information is conveyed by corticoids to this struc-
ture. When the technique of local implantation of crystalline steroids in the
central nervous system came into use, the results were in complete agreement
with this view. The general experience was that the basal hypothalamus was
the most effective implantation site, and that implants in the anterior lobe
of the pituitary were ineffective.

The same was true when micro-infusions of corticoid solutions were
employed: again blockade of the stress response could only be obtained by
infusions within the central nervous system, and pituitary infusions were re-
ported to be ineffective.

This general agreement at that time was only disturbed by a few reports
which did show that corticoids can act on the pituitary itself (De Wied, 1964;
Kendall and Allen, 1968; Arimura et al., 1969). Although in these cases
the powerful synthetic steroid dexamethasone had been employed, it was clear
that at least in certain conditions adrenocortical steroids are capable of blocking
the pituitary directly. Moreover, it had been pointed out by Bogdanove
(1963) that implantation in the hypothalamus might be a more effective mean
of reaching the anterior lobe cells than local implantation in the anterior lobe
itself, because the portal vessel system very effectively transports material
from the median eminence region to the pituitary.

The problem has been re-investigated recently by several groups. The
group of Yates, who had earlier reported that micro-injections of 1 fig of
dexamethasone into one side of the anterior lobe did not cause a blockade,
now found that the injection of 1fig into either side of the pituitary did prevent
the stress response and also the response to a CRF-preparation. Moreover,
the same dose of 2 fig of dexamethasone, when injected into the septal region,
also prevented the response to CRF, indicating that spread of the dexa-
methasone to the pituitary had occurred (Russell et ah, 1969).

A similar approach in dogs was followed by Stark et al. (1968), who
could not find an inhibition of the adrenal corticoid production up to three
hours after the infusion of 200 fig of dexamethasone directly into the pituitary.

In contrast, the group of Yates quite recently reported that in dogs,
the systemic injection of 4 mg of dexamethasone prevented the adrenal re-
sponse to a CRF-preparation injected into the pituitary.

The blockade was apparent 2 6 hours after dexamethasone admin-
istration, but had disappeared after 15—24 hours. At that time, however,
the response to histamine was still completely inhibited, so that the conclusions
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would have been entirely different if only the 24-hour observations were made.
They concluded that apparently the effectiveness of the inhibition depends
on the strength of the ACTH-release stimulus (Gonzalez-Luque et al., 1970).

It must be clear from these studies that massive doses of déxaméthasone
are capable of rendering the pituitary refractory against the stimulation by
CRF. Whether natural steroids like cortisol and corticosterone would have
a similar action, remains to be seen. It is to be expected that the dosage of
these much weaker inhibitors must be enormous. In view of the possible
spread of implanted solid material, we have studied the effect of dexametha-
sone implants in the hypothalamus on the response to CRF. It appeared that
10 hours after implantation strong ACTH-releasing agents like vasopressin
are completely blocked, whereas the effect of a CRF-preparation is not im-

Cort. -
Fig. 1

paired. During the following days, however, there is a gradual decrease in
responsiveness of both the pituitary and the adrenal cortex, presumably
because of the non-activity of the system, in the absence of the hypothalamic
drive (Smelik, 1969).

The question of a hypothalamic or a hypophyseal site of feedback action
can also be considered from the viewpoint of systems analysis. If we would
accept the idea that the system becomes less sensitive proportional to the
magnitude of the stress signal, it can he argued that this can only be explained
if both hypothalamic centers and the anterior pituitary are sensitive for feed-
back signals, but at a different level of sensitivity.

Theoretical considerations would show that a dual relationship must
exist ultimately between the production of CRF and the production of cor-
ticoids. On the one hand, a correlation will be present between the amount
of CRF released and the output of the adrenal cortex. This relation will have
the character of a dose-response curve (Fig. 1). On the other hand, since the

Acla Medien Acadcmiae Scientiarum Hungaricae 29 .7972



U4 P. G. SMELIK

output of the system is fed back to the input, an inverse relationship exists
between the level of corticoids and the amount of CRF released, in this sense
that an increase in corticoid production will inhibit CRF release (Fig. 2).
This feedback can occur at different levels, dependent of the magnitude of
“stress” signals arriving at the system. Since both characteristics of the system
are operating simultaneously, they should be combined, which results in a
stable operating point for each level of activity of the system (Fig. 3). It can

easily be seen that at any activity level of the system (induced by *“stress
signals which are independent of the level of circulating corticoids), this activity
is maintained at that level automatically, since every deviation from this
operating point will be corrected for.

Such a system would be equally sensitive at all operational levels for
the corticoid feedback, irrespective of the site of feedback action, be it either
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pituitary or hypothalamic. This is not the case, however, as argued before;
at high activity levels (during stress) the sensitivity is much lower.

This can be explained, if we propose that not only the hypothalamus,
hut also the anterior pituitary is capable of monitoring corticoid levels. This
would mean that the sensitivity of the ACTH-producing cells for CRF can be
modulated by corticoids (Fig. 4). Incorporation of such characteristics into
the output-input relationship of the system results in a stable operating region

(rather than a point), which means that within this region the activity of the
system is insensitive for minor deviations (Fig. 5). Such an arrangement, in
which the corticoids primarily act on a hypothalamic center, but are capable
of modifying pituitary sensitivity as well, would then account for the decreased
sensitivity of the system for corticoid feedback during stress.

In an attempt to summarize it can be said that many conflicting results
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still exist, but that these often can be reduced to differences in timing, dosage
or technique. During the last years more attention has been paid to such
variables, and perhaps the following picture may emerge from the notv avail-
able data.

In basal conditions, the pituitary-adrenocortical system is under per-
manent control of a hypothalamic center, which exerts a tonic influence on
the pituitary. Diurnal variations are due to rhythmic variations in the activity
of the controlling centre.

In this state the system is rather sensitive for fluctuations in the level
of adrenocortical hormones, which act as a stabilizer through their feedback
action on this center.

Minor disturbances of the system can be suppressed rather easily by
corticoids, but the amount of corticoids needed for inhibition increases with
the strength of the stimulus. The blocking dose of corticoids exceeds by far
the maximal physiological levels, indicating that the feedback capacity of
the system is rather small. Moreover, the feedback action has a slow onset:
there is a delay period of at least 30 minutes.The site of action of the corticoid
feedback is the controlling structure in the hypothalamus, presumably located
in the cell bodies ofthe CRF neurons. These neurons are capable of summating
excitatory and inhibitory stimuli, which can be either neural or humoral,
and after summation they will send a releasing signal of an exactly determined
intensity to the anterior pituitary. The pituitary itselfis sensitive for a mod-
ulating action of corticoids, but the local concentration must reach very
high values in order to block the release of ACTH completely. It is unlikely
that such conditions can ever be obtained physiologically. However, in cases
of treatment with high doses of corticoids such as dexamethasone the possi-
bility of a blockade on the pituitary level should be taken into consideration.
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REGULATION OF ACTH SECRETION
AND ITS CLINICAL ASPECTS

By
F. A. Laszlo

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEDED, HUNGARY

Regulation of ACTH secretion is being extensively studied and a con-
siderable wealth of evidence has been accumulating on the subject over the
years. On the other hand, the question is still far from being clarified in all
its aspects. It is doubtlessly the clinical study of the subject which poses
the greatest difficulties. The most conventional line of approach to the under-
standing of functional disorders of the ACTH-adrenocortical system in man
has been the experimental study of the problems since the results of animal
experiments are not applicable, at least not directly, to clinical endocrinology.
One of the essential tasks of clinical observations, therefore, is to make use
of the experimental facts with regird to homeostasis in man. Unfortunately,
however, the hypothalamus, which plays the central role, is not accessible
to direct study, owing to the location of the midbrain (Reichtin, 1967).
Information to be drawn from post-mortem material is confined to the ter-
minal stage of the disease. As regards studies in vivo, here the compensatory
mechanisms tend to mask the primary process, and moreover the complexity
of neural organization makes proper interpretation difficult.

Refore the sixties, it was only in an indirect manner, i.e., by the study
of adrenocortical function, that an assessment of ACTH-secretion was pos-
sible. Direct estimation of ACTH was expected to offer a closer insight into
the problems involved. Liddie et al. (1962) elaborated a sensitive bioassay.
This is in fact a modified procedure of Lipscomb and Nelson’s method
(1959), consisting in the measurement of the corticosterone concentration in
adrenal venous blood 7 to 10 min after administration of standard ACTH
and of the blood-extract to rats which had been hypophysectomized 48 hours
before. The method, therefore, is basically a “three point assay.” The results
thus obtained were published in 1962 by the authors. The graph representing
their findings is shown in Fig. 1, from which it can be seen that the lowest
ACTH concentrations have been found in hypopituitarism. The values for
healthy subjects comprise four different patterns: the lowest concentrations
are found after dexamethasone-suppression, the concentrations in the morn-
ing and in the afternoon are different, according to the diurnal rhythm, and
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Fig. 1. Plasma ACTH level in various disorders of the adrenal cortex (after I.mDf.k et al.,
1962)

there is finally a mobilization of hormone in response to stress. In congenital
adrenocortical hyperplasia which results from an inadequacy of cortisol
production in consequence of an enzyme defect, ACTH secretion is obviously
increased. Normal ACTH levels have been found in Addison’s disease sub-
jected to adequate substitution therapy and in untreated Cushing’s syndrome.
Abnormally high ACTH concentrations have been noted in ACTH-producing
non-endocrine tumours, in untreated Addison’s disease, in Cushing’s syndrome
after bilateral adrenalectomy and subsequent substitution therapy. Extremely
high values occur in Nelson’s syndrome caused by a pituitary adenoma, as
well as in the case of a functional impairment of the adrenals associated
with extensive hyperpigmentation.

The bioassays for ACTH, though having proved highly informative, are
too time- and labour-consuming for general use. In 1959, Fishman, McGarry
and Beck published an immunoassay and in 1964 Y alow ct al. described
a procedure for the radioimmunoassay of ACTH which has since been adopted
all over the world. This procedure helped to confirm the results obtained by
the current bioassays (the normal range of the blood levels of circulating
ACTH being 0.3—0.6 mU/100 ml plasma) and contributed to the accuracy
of the measurements even in conditions associated with low ACTH levels.
Gradually, however, it has been realized that there is often a discrepancy
between the results of bioassays and those of immunoassays. In this context
we have to refer to the study by Imura et al. (1965) in which it is pointed
out that the C-terminal portion of the ACTH molecule is responsible for its
immune activity and its N-terminal portion for its biological activity. On these
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grounds, the results of radioimmunoassay are only considered fully reliable
if confirmed by those of the bioassay.

Adoption of direct assays for ACTH, while having helped to gain a
closer insight into the mechanism of ACTH regulation, has brought to light
many interesting and sometimes conflicting facts. It is not possible to deal
here with all the relevant questions of major interest, and therefore discussion
will be confined to certain pathogenetic aspects of pituitary-adrenocortical
hyperfunction, i.e., of Cushing’s syndrome, which we intend to illustrate by
a few clinical observations.

NORMAL CUSHING'S ECTOPIC ADRENAL

QORTISOL

URINARY 17- HYDROCORTICOSTEROIDS Ta/2A"

Fig. 2. Pituitary-adrenocortical function in various types of hyperadrenocorticism (after
Lipsett et al., 1964)

Anglo-American literature refers to all abnormalities characterized by
a hypersecretion of cortisol as Cushing’s syndrome. Liddle (1960) divides the
syndrome into two major groups, according to whether or not the adm inistra-
tion of dexamethasone in daily doses of 8 mg results in the suppression of
corticoid secretion. Lipsett et al. (1964) found it convenient to divide the
non-suppressible Cushing-syndrome into two types (Fig. 2), the first being
due to non-endocrine ACTH-producing tumours (“ectopic ACTH-syndrome”)
and the second, to adrenal tumours characterized by a hypersecretion of
cortisol.

The first point to be discussed here concerns the pathogenesis of the
hypothalamo-pituitary type of Cushing’s syndrome. For more than thirty
years Cushing’s syndrome has been attributed to the excessive amounts of
ACTH secreted by the pituitary gland, a claim based on the observation
that while the syndrome could be induced experimentally by exogenous ACTH,
hypophysectomy was followed by a regression of the symptoms (Ray, 1960).
It was all the more surprising, therefore, to find normal ACTH-levels in
Cushing’s syndrome (Liddile et al.,, 1962), though increased ACTH-levels
were also noted (Linn et al.,, 1967). Notwithstanding this, there is general
agreement that in Cushing’s syndrome due to pituitary adenoma, ACTH
secretion is increased. Liddle (1962) even regards this type as a particular
syndrome, referring to it as Nelson’s syndrome (Nelson et al., 1960). Again,
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Nelson pointed out in another paper (1966) that the course of Cushing’s
syndrome comprizes three phases, i.e.:

(1) normal ACTH-levels lacking any diurnal rhythm, in contrast to the
increased serum cortisol level;

(2) increased ACTH and cortisol levels (particularly after partial adre-
nalectomy);

(3) extreme hypersecretion of ACTH (after bilateral adrenalectomy;
pigmentation; poor suppressibility of ACTH secretion, the primary process
often being a pituitary tumour).

It needs a proper explanation to reconcile Cushing’s syndrome with
normal ACTH levels, in other words, to account for the factors keeping them
in the normal range. Of the possible interpretations, a feedback mechanism
would seem to be the most probable explanation, assuming that the increased
cortisol level exerted a suppressive effect on ACTH production. On the other
hand, the adrenal cortex has been assumed to be of increased sensitivity in
this condition, though James et al. (1968) were unable to confirm this, except
for a minority of their cases. The observation of Liddle et al. (1962) deserves
interest, the authors having noted increased ACTH levelsin Cushing’s syndrome
after bilateral adrenalectomy in the case of cortisol substitution with daily
doses of 10 mg, in contrast to Addison’s disease where the ACTH level re-
mained normal despite a similar substitution. Cushing’s syndrome would thus
seem to be associated with an abnormally active driving mechanism and there-
fore the normalization of the ACTH level wovdd require a considerably en-
hanced secretion of cortisol which would induce a readjustment to a new
equilibrium. As reported by James et al. (1968) Cushing’s syndrome is marked
by a poor responsiveness of the adrenal cortex to pyrogens and to dexa-
methasone and by an absence of the normal diurnal rhythm of the plasma
cortisol level, while ACTH, ADH and metyrapone elicit normal or enhanced
responses. On these grounds, Cushing’s syndrome is believed to be due to
a disturbed hypothalamic or cerebral regulation, rather than to a primary
failure of the pituitary gland as had been assumed by Cushing (1932). Rayyis
and Bethune (1969) have offered a closer definition of the aetiologic factors.
Having found the administration of dexamethasone to result in a poor, and
that of hydrocortisone in a normal suppression, they attribute Cushing’s
syndrome to some dysfunction of the feedback receptors.

Hypercorticism caused bv non-endocrine tumours constitutes a special
type of abnormality associated with ACTH hypersecretion. The syndrome has
long been known. The first case of this kind, where a pulmonary tumour
was responsible for Cushing’s syndrome, was described by Brown in 1928.
Since that time approximately 240 cases have been reported, chiefly in con-
nection with tumours of the bronchi, less often with those of the thymus or
the pancreas. However, the manner of production of the endocrine disturbance
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remained obscure until it was demonstrated by modern procedures that
certain tumours are capable of secreting substances of hormonal activity
including ACTH. It is on these grounds that Liddie (1963) applied the term
“ectopic ACTH-syndrome” to hypercorticism of this origin, which constitutes
one of the paraneoplastic endocrine syndromes. The fact that the tumours
are ACTH-producing, has been confirmed by various procedures. A significant
ACTH activity has been demonstrated in the primary tumour as well as in
its deposits by means of immunofluorescent as well as by chemical pro-
cedures (Engel and Kahana, 1963; Goldberg and McNeil, 1967; Yarett
etal.,, 1964; Liddle et al., 1963; Marks et al., 1963; Meador et al., 1962;
Pfoht and Doe, 1963; Pfotenhauer and Kracht, 1967). Fig. 2 gives an
illustration of the changed pituitary-adrenocortical relationships: the blood
ACTH level attains extreme values, the adrenal cortex becomes hypertrophic,
the serum cortisol level is abnormally high, and the amount of ACTH de-
monstrable in the pituitary is diminished. A case of extreme rarity, one of
thyroid carcinoma accompanied by hypercorticism (Szijj et al., 1969) will be
recalled here in order to illustrate the typical course of events in syndromes
of this kind.

The patient was a 39 years old male. In February, 1967, he reported
to have gained in weight suddenly in the last five months. At the same time
his face had become round, reddish and he had noted a brownish coloration
of the skin. He was put on the waiting list for admission which was due four
weeks later. While waiting for admission, he started losing weight (and sur-
prisingly lost 6 to 8 kg), and developed shortness of breath, cyanosis and
diarrhoea. On admission, obesity confined to the trunk, signs of cardiac
failure and pigmentation of the skin were found. The thyroid was moderately
enlarged, the liver exceeded its normal size by 6 to 7 cm and was of uneven
surface. There were no striae on the skin. Blood pressure was 175/120 mmHg.

Table 1

N. A., 39, male
Diagnosis: Ectopic ACTH-syndrome
Laboratory findings:
Urine: specific gravity 1004, concentration test 1011,
glycosuria, proteinuria
Sedimentation rate: 29 to 35 mm/hr

mg/100 ml
Blood sugar: 126  mg/100 ml. Oral glucose tolerance test: fasting level 166
Serum Na: 155.5 inEg/1 30 230
Serum K: 3.1 mEg/l 60’ 286
120' 280
180 218
Hormone excretion Untreated After ACTH administration
total 17-ketosteroids (mg/24 hrs) 18.1- 325 13.4- 176
17a-hydroxycorticosteroids 9.1— 21.3 10.6— 10.8
(mg/24 hrs)
serum hydrocortisone (//g/100 ml) 80 —120 86 —114
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The essential laboratory findings are summarized in Table I. There was
a high ESR, a blood sugar tolerance curve of the diabetic type and a low
scrum potassium level. The conspicuously high ketosteroid and corticoid
excretion was not raised further by ACTH administration. The serum hydro-
cortisone level was extremely high and also remained unaffected by ACTH.

Closer investigations (metyrapone, dexamethasone suppression) were
made impossible by the rapid downhill course of the process. The patient died
of circulatory failure three weeks after admission. The assumed diagnosis of
ectopic ACTH syndrome was confirmed at post-mortem which revealed a
primary tumour of the thyroid with the microscopical features of a medullary
carcinoma (Fig. 3), containing sparse intercellular eosinophilic amyloid de-
posits (Fig. 4). There were métastasés in the liver, lungs, regional lymph
nodes and dorsal vertebrae. The adrenals were enlarged, showing hyperplasia
particularly of the fasciculate zone (Fig. 5). The hypophysis contained large
Crooke-cells with hyalinized, vacuolated cytoplasms typical of Cushing’s
syndrome (Fig. 6).

This case makes it timely to refer briefly to the question of what enables
the malignant cell to form ACTH. In the view of Williams (1966a, b) the
solid or medullary carcinoma with signs of amyloid degeneration, as in the
present case, arises in the parafollicular or C-cells of the thyroid, regarded
by Pearse (1968) as part of the APUD (amine and precursor uptake and
decarboxylation) cell system. The cells of this system are capable of uptake
and decarboxylation of various amines and other precursors, and of the
production of numerous biologically active substances including bradykinin,
serotonin and ACTH. On the grounds of the hypothesis put forward by
Lipsett et al. (1964) and by Kracht (1968) the cells of tumours originating
in the APUD system might be assumed to contain an “ACTH-gene” in the
dormant state, prevented from activity under normal conditions by various
intracellular repressor systems. Cellular dedifferentiation in the course of
malignant transformation suspends the inhibitory effects and brings a new
messenger RNA into existence. The information originally contained in the
DNA molecule is carried into effect, the cell starts to form a peptide of ACTH
activity which it does not produce under normal conditions and which
stimulates the secretion of adrenocortical steroids, thus leading to hyper-
corticism.

The next type of hyperadrenocorticism is that of hormone-producing
adrenal tumours. This group also deserves some comments, it being particu-
larly suited for the study of the clinical involvements of the negative feed-
back mechanism. Here, the pattern of regulation is basically as follows.
Adrenocortical hypersecretion results in a diminished secretion of the cortico-
trophin releasing hormone, and therefore in a reduced ACTH content of the
pituitary and in a low blood ACTH level. Atrophy and hvpofunction of the
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Fig. 3. Histological appearance of thyroid carcinoma with multiple scattered foci of calcifica-
tion. H -f E staining. Xx45

. 4. Thyroid carcinoma with granules of amyloid and calcium deposits. Il f E staining.
X 170
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Fig. 5. Adrenocortical hyperplasia. 1l -f- E staining. X72

Fig. 6. Crooke-cells in the adenohypophysis.
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contralateral adrenal gland ensue. The sequels of suppression do not, however,
become manifest before removal of the tumour. Realization of the significance
of this fact dates 30 or 40 years hack, since, until the fifties, the majority
of patients with Cushing’s syndrome died soon after extirpation of the adrenal
tumour of one side. These observations raise various issues. The question of
prime importance is to know which types of adrenal tumour are most liable
to hazards of this kind. This might be answered by presenting three case
records, each being illustrative of a particular abnormal pattern produced by
the individual type of adrenal tumour. Only the first case will he reported

in detail.

Fig. 7. Cushing’s syndrome. Active striae on the skin of abdomen, buttocks and chest

The patient was a 27 yearsold female. The presenting symptoms were
a rapid gain in weight, hirsutism, amenorrhoea for five years, and hyper-
tension. Physical examination revealed active striae involving the skin of the
abdomen and of the buttocks (Fig. 7). The most important laboratory findings
included a blood sugar tolerance curve of the diabetoid type and a serum
potassium level as low as 3.3 mEq/l. The hormonal constellation is shown in
Table Il. Excretion of 17-ketOsteroids and corticoids was moderately increased
and unaffected by dexaméthasone regardless of the doses, while being enhanced
to a certain degree by ACTH (in all probability as a result of stimulation of
the contralateral adrenal cortex). The plasma hydrocortisone level was high,
lacked any diurnal rhythm, remained unaffected by déxaméthasone and rose
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Table 11
K. I., 27, female
Diagnosis: Adrenal tumour on left side. Cushing’s syndrome

) . After administration of
Hermonll2 f)r(‘cretlon, , o
my rs mi m
¢ i déxamétr?asone dexamethgasone ACTH
14.8—21.7 15.3 18.0 22.7—26.9 24.9—31.6

17a-hydrocorticosteroids........coee... . 10.0-10.8 11.6- 12.3 15.9-20.3 21.7—27.8

Plasma hydrocortisone, ftg/100 nil

Rhythm
hr
8 26.2 After administration After administration of
14 27.0 of 1 mg dexamethasone ACTH (2 /,9/kg)
20 27.6 28.2 fasting value: 29.6
2 26.2 hours
8 28.8 1 36.8
2 31.4
4 27.2

but slightly in response to ACTH. X-rays combined with perirenal insuffla-
tion revealed an adrenal adenonn on the left side. This was removed at the
1st Department of Surgery. Its gross appearance was that of a yellow tumour
measuring 35x40 mm (Fig. 8). Microscopically it was identified as an adrenal
adenoma with structure similar to that of the reticular zone (Fig. 9). Cortisone
was administered during the first ten postoperative days, and was then
discontinued and the function of the ACTH-adrenocortical system was studied.
The relevant data have been summarized in Table 11l which clearly shows

Fig. 8. Adrenal adenoma giving rise to Cushing’s syndrome
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Fig. 9. Adrenocortical adenoma reminiscent in its structure to the reticular zone. H )-E
staining. X 35

Table 111
K. 1., 27,female
Diagnosis: State after left adrenalectomy for adrenal tumour

) After administration of
Hormone excretion,

mg/24 frs Metyrapone ACTII
Total 17-ketosteroids .. 6.2 7.8 6.6 8.2 78 8.8
17a-hvdrocorticosteroids............... 2.0 31 13 15 58 85
Serum hydrocortisone, //g/100 ini
Rhythm After administration of
hour ADH ACTH
8 5.6 fasting: 5.4 4.8
14 8.8 1 hours: 4.6 7.8
2« 5.6 2 hours: 5.0 7.8
2 4.0
8 5.6
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that corticoid and ketosteroid excretion was at the lower limit of the normal
range, unresponsive to metyraponc and responding hut moderately even to
ACTH. The plasma hydrocortisone level was reduced, lacked a diurnal rhythm
and failed to respond to intramuscular ADH. Intravenous administration of
2 /Lg/kg ACTH resulted in a minimal rise of the cortisol level. The responsive-

Fig. 10. Adrenogenital syndrome. Hirsutism, seborrlioeic manifestations affecting the skin
of the chest

ness of the residual adrenal cortex was thus impaired and, moreover, a proper
assessment of ACTH capacity would have required direct measurements of
ACTH. The tests repeated three months later gave similar results.

The second patient was a 17 years old female. The presenting symptoms
were hirsutism, amenorrhoea'(Fig. 10), a bearded face, and seborrhoea (Fig. 11).
The essential data of hormone excretion are shown in Table IV. There was
an uncommonly high ketosteroid excretion which failed to respond to dexa-
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Fig. 11. Face of a female patient with adrenogenital syndrome. Distinct beard, folliculitis

Table IV

B. AT, 17,female
Diagnosis: Adrenogenital syndrome

Hormone, excretion,

After administration of

mg/24 hrs 2 8 m
¢ dexamertrr?asone dexamethgsone ACTH
Total 17-ketosteroids ... . . 197.B 310.2 350.0 413.1 3245 415.8 293.0 350.0
17a-hvdrocorticosteroids.......ccceevnn. . . 50 6.0 0.8 2.7 1.7 1.9 237 47.8
Pregnanediol ... . 37 5.9 7.0- 7.8 120 13.0 9.2 10.5
Pregnanetriol ... . 07 1.1 0.3 0.7 1.6 1.9 3.2 33

Plasma-hydrocortisone, //g/100 ml

Rhythm After administration of

hour
8 23.6

14 16.8 1 mg dexamethasone ACTH (2 /lg/kg)

20 14.4 10.2 fasting: 14.0
2 7.4 hours
8 195 1 22.8

2 19.6

4 12.0
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methasone and to ACTH. On the other hand, corticoid excretion remained
normal; it was suppressed by dexamethasone and enhanced by ACTH. The
plasma hydrocortisone level was normal, in respect to both diurnal rhythm
and responsiveness to dexamethasone and ACTH. The tumour weighing
206 g occupied the upper pole of the right kidney (Fig. 12). It was identified
as an adrenal adenoma composed of cells similar to those of the reticular
zone at sites with atypical cells and structure, interspersed with haemor-
rhages (Fig. 13). After removal of the tumour basal hormone secretion, ACTH
reserves and adrenocortical responsiveness to ACTH were completely normal.

Fig. 12. Adrenocortical tumour responsible for adrenogenital syndrome

In the third patient with typical Conn’s syndrome, ACTH and glyeo-
corticoid functions were normal preoperatively as well as after removal of
the tumour, which proved to be an adrenal adenoma, yellow in colour, 15 mm
in diameter (Fig. 14), composed of cells corresponding to those of the fascicu-
late zone (Fig. 15). The findings in the second and third cases obviously dis-
pensed with the need for the administration of cortisone or ACTH.

Though the cases presented are small in number, they will have suf-
ficiently illustrated the fact that in the regidation of ACTH secretion in man,
it is only cortisol or cortisone, that is the 17-hydroxycorticosteroids, which
play a significant part. A fall in the plasma free cortisol level elicits an increase
in ACTH secretion, whereas its elevation has an inhibitory effect on the
mobilization of ACTH. It is this so-called servo-mechanism which accounts
for the stability of circulating plasma cortisol within certain limits in stress-
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Fig. 13. Adrenocortical adenoma constituted by cells reminiscent of those of the reticular
zone. In places, atypical cells and structure. H -~ E staining, x287

Fig. 14. Adrenal adenoma 15 mm in diameter, giving rise to Conn’s syndrome

free conditions. The diagram representing these relationships (Fig. 16) shows
that ACTH, by stimulating adrenocortical function, enhances the production
of cortisol, 17-ketosteroids, oestrogens and of progesterone, and even of
aldosterone. On the other hand, of all five components it is only cortisol
which has any significant retrograde effect on ACTH production via the
hypothalamus. It is assumed that impulses originating in the cerebral cortex
and in other areas of the brain act on ACTH output through these pathways

(Wittiams, 1968).
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Fig. 15. Adrenocortical adenoma reminiscent in its structure to that of the fasciculate zone.
H + E staining, x70

---CORTISOL

17 - KETOSTEROIDS
OESTROGEN

PROGESTERONE

ALDOSTERONE

Fig. 16. Feedback regulation of ACTH-activity (after Wirtiams, 1968)
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A problem of importance is the restoration of ACTH-adrenocortical
function. We have to refer here to the noteworthy observations of Graber
et al. (1965) who studied the plasma cortisol and ACTH levels over long
periods simultaneously in subjects with Cushing’s syndrome and with adrenal
tumours having been subjected to long-term, massive cortisone treatment
(Fig. 17). The dots on the diagram represent normal values, the crosses those
of the subjects having been under long-term suppression. It is seen that the
preoperative ACTH level was reduced, and that of cortisol increased. One
month after withdrawal both parameters were subnormal; subsequently there

Before steroid withdrawal Cre month after s’eroid withdrawal

E
30- 9 3
20 ° og S5
2 °°go 12
10 0 10
&S wg o«
0,05 01 05 01 50 0,05 01 05 01 50
Plasma ACTH ml)/100mi Plasma ACTH muU/100ml
Imonths after steroid withdrawal 'Yy 2-5months after steroid withdrawal
§ 30- 5 30
525 00
o0 1
Q 20- §20 3 80
T 151 1b
° [0)
%’o_ °t % 010
b 15 °t*
a.
0,05 01 05 10 50 0,05 01 05 10 50
Plasma ACIH mil/100 m Plasma ACTH ml) MODOM
5 9months after steroid withdrawal More than 9 months after steroid
30 | 0 withdrawal
2% cn2
0 "o 20 80
5 5
B 10
31 5
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Plasma ACTH mil/100ml Plasma ACTH mll/10OmI

Fig. 17. Relationship between plasma cortisol and ACTH levels in normal subjects and after
long-term adrenocortical suppression (Grauer et al., 1965)
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was a gradual rise in the ACTH level, followed by that of the cortisol after
5to 9 months, and full normalization required 9 months.

The results of this fundamental observation confirm the essential fact
that not only does the adrenocortical responsiveness suffer during a long-
term suppression but the pituitary also requires a certain (by no means short)
period to be able to compensate the reduced cortisol level by an increased
ACTH output. As regards the level at which the inhibition of ACTH secretion
operates, no certain answer can be given. The secretion of CRH may he
blocked, or the ACTH-producing cells which have remained inactive for long
may have become unresponsive to the releasing hormone. Further studies
should provide a definite answer. The clinical consequences to be drawn are
that it would be a mistake to leave the patient to his fate after a few days’
course of ACTH in the belief that the adrenals have been driven into action
and that normal conditions have been restored. Nothing could be more
erroneous. Major stress-effects and intercurrent diseases may he fatal even
many months later. The current practice today is to keep the patients on
minimum substitution doses of cortisol (10 to 15 mg daily) which have been
reduced to these levels gradually (in the course of four weeks). Care must
be taken to administer the whole dose in the morning so as to let its effect
pass off before the nocturnal period of regeneration. It is also important to
know that intercurrent diseases call for multiplied maintenance doses. An 8
to 10 days’ course of ACTH can only help to restore the function of the
pituitary-adrenocortical system.

In conclusion, we have to refer to the possible perspectives of the study
of ACTH regulation. There seem to be two main lines of approach to the
subject. Much may be expected from the progress in human ncuro-endo-
crinology, as regards the development of technical facilities, a greater accuracy
in the localization of hypothalamic tumours or of other lesions, and a closer
insight into the afferentation of the hypothalamic as well as of other cerebral
regions. What seems to be decisive, however, is the progress of endocrine
biochemical methods, first of all as regards the clarification of the structure
of CRH and, similarly to TRH, the synthesis of the corticotrophin-releasing
hormone and the elaboration of assays for its’estimation. A routine use of
direct ACTH estimation would also be highly desirable. In addition, many
problems involved in ACTH regulation remain to be clarified by future
research.
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MODERN TRENDS IN STEROID ANALYSIS

INTRODUCTION

By
I. Faredin

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZECED. HUNGARY

The Hungarian Society of Endocrinology and Metabolism has answered
a long-felt need of Hungarian steroid scientists by including into the program
of the Vth Hungarian Endocrine Congress a symposium on “Modern trends
in steroid analysis.”

We have all been witness to the rapid progress in steroid research,
most of which is due to procedures developed during the last decade.

The now classical procedures of column-chromatography and paper-
chromatography have made a significant contribution to the possibilities of
the specific determination of any steroid in biological substances containing
other steroids and impurities. These separation methods have recently been
succeeded by thin-layer chromatographic methods, which owe their popularity
to the rapidity with which they can be carried out.

Efficient fluorometric methods now allow the quantitative determina-
tion of very small amounts of any steroid.

The gas-chroinatographic methods lend themselves well not only to the
separation of small amounts of steroids hut also to micro-quantitative deter-
minations and to steroid identification.

The introduction of 3H and 14C labelled steroids has provided almost
limitless possibilities in steroid analysis and in the in vitro and in vivo study
of steroid metabolism. The up-to-date radioactive methods are the results
of a long and considerable development. The tracer techniques, such as isotope-
dilution procedures, protein-binding and radio-immunoassays, marked signif-
icant stages in this development. Their application makes it possible to
determine steroid hormones at submicrogram levels. The use of radioactive
steroids permits not only the determination of hormone levels in biological
substances, but also the following of hormone production and the dynamics
of hormone or steroid metabolism in the organism.

Although steroid research in Hungary faces some difficulties, in many
Hungarian laboratories advanced work is in progress, and the results of these
new methods will be reported at this symposium.
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PAPER CHROMATOGRAPHIC ANALYSIS
OF CORTICOSTEROIDS

By
A. Kemény

NATIONAL INSTITUTE Ol RHEUMATOLOGY AM) PHYSICOTHEKAPY. BUDAPEST, HUNGARY

Paper chromatography including that of steroids is regarded today as
a classical separation procedure, though in certain respects it is doubtlessly
less advantageous than either thin-layer or gas chromatography. If, however,
the group reactions of the steroids extracted from blood or urine have to be
completed by further purification or isolation of the individual fractions, for
the purpose of prepurification of labelled steroids or for isotope dilution
procedures, paper chromatography may he indispensable. Though the pro-
cedure is time-consuming and requires experience, it is of high efficiency, as
shown by the wide range of corticosteroids mentioned in recent literature.
Of the various possibilities of application of the method, we only refer to
functional-group analysis and to some double isotope dilution techniques
combined with paper chromatography.

Discussion of the general methods or of the pertinent theoretical ques-
tions are outside the scope of this paper, the only aim of which is to point
out some practical issues.

The procedures currently used at our laboratory are as follows.

I. Separation of corticoids by paper chromatography

a) separation from interfering substances
b) separation from each other.

Il. ldentification of corticoids

a) by combination of chromatographic systems
b) after transformation of the steroid molecule and combination of
repeated identifying runs.

Extraction from plasma, urine or incubated tissues is not steroid-
specific, regardless of the solvent used, owing to the presence of large amounts
of lipids and of chromogens in the extracts. Their elimination in the case
of previous purification almost invariably requires additional paper chro-
matography. Some of these procedures used are as follows. There is, first
of all the crude-extract purification of plasma and of incubated tissues. In the
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benzene-containing systems in which the substances are run, particularly in
the Bush A-system, the impurities migrate with the moving phase whereas
the corticoids, with the exception of corticosterone, remain at the starting
point (Weisz and Giraz, 1960).

The situation is different when urinary contaminations have to he
eliminated. In the case of aldosterone estimation or of extraction of metab-
olites of other corticoids requiring large urine samples, chromogens are
present in such large amounts as to interfere with the further steps of the
procedure, regardless of the type of purification prior to paper charomato-
graphy. In this case the extracts are run in water, as described by L omjvier and
Woiff (1964) which enables the interfering substances to remain at the starting

RUN I
FRONT------ »
START--—— >
RUN L
______ > Steroids
Interfering
START ------ > substonces

Fig. 1. Scheme of one of the purification procedures of the crude extract for the estimation
of urinary aldosterone. Both ascending chromatographies have been performed in distilled
water

point and the corticoids to move from the area of the contaminants. For
gquantitative separation of the corticoid fractions it is important to apply the
extract to as large an area as possible. Ascending chromatography in water,
repeated twice, allows the steroids to move with the front wherefrom they
are eluted and subsequently separated by further chromatography (Fig. 1).

For the isolation from the urine of derivatives more polar than tetra-
hydrocortisol and tetrahydrocortisone (e.g., 6/3-OH-cortisol, 20-dihydrocorti-
sol), removal of the contaminants is possible by running the extracts e.g., in
a Bush B-5 system for 24 hours. This eliminates the chromogens while the
fractions of strong polarity move but slightly from the starting point where-
from they are eluted.

As to the procedures suitable for the separation of corticoids and their
metabolites, in the following the essential procedures employed by us will be
presented together with some typical chromatograms.
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The final chromatogram of urinary aldosterone in a system of butyl
acetate—water—ethylacetate—formamide after impregnation with 30% acetone
is presented in Fig. 2. The condition of a chromatography of this kind is a
previous removal from the urinary extract by means of combined solvents
of the fractions of a polarity stronger or weaker than that of aldosterone.
The aim of each successive separation is to find a system by which the inter-
fering fraction which may have been left hack after previous separations can
he removed, leaving exclusively the derivative to be isolated on the paper.
It is often necessary to isolate steroid analogues such as prednisolone. Separa-
tion from cortisol poses up difficulty. As we know, prednisolone is of similar
polarity as the tetrahydroderivatives of cortisol and cortisone. Their complete

Fig. 2. Detection in situ of the final chromatogram of urinary aldosterone determination
after development with TB. Registration was made with a “Vericord” electronic densitometer

separation is of importance for instance if the secretion rate of cortisol has
to be estimated in patients on steroid therapy. In most of the current chro-
matographic systems the tetrahydroderivatives which form the target-com-
pounds in secretion rate determinations, are not completely separable from
prednisolone and form, as an inactive fraction, a source of error in the course
of successive measurements. For their elimination, first the contaminants are
run in a strongly polar system and eluted together with THF, THE, allo-
THF. Subsequently the fraction is acetylated and the acetates thus formed
are run again. The monoacetate of prednisolone thus separates from the
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diacetates and can now be separated and after TB-development be eluted or
scanned on paper (Bush, 1961).

Recent and most reliable procedures for the evaluation of chromatog-
rams are based on the detection by densitometry or scanning in situ without
requiring an elution of the target compounds.

Fig. 3 shows the evaluation of a chromatogram with an electronic
densitometer of the “Vericord” type, equipped with an integrator for the
quantification of the peaks which can be read directly from the record.

Fig. 3. Registration of a staYidard cortisol curve (5—15—21 fig) after development with
TB, with a “Vericord” electronic densitometer

Fig. 4 shows a radiochromatogram made with a Packard chromatogram
scanner. The sample was a tissue extract incubated with tritiated cortisol.
Catabolized 20-dihydrocortisol can be located at the sites corresponding to
the standard.

From the various physical and chemical identification procedures there
are two chemical chromatographic techniques which are particularly reliable
for the measurement of one or two Rf-values if run against reference sub-
stances, and they can be integrated with other, routinely used procedures.
Of the microchemical group reactions for identification purposes it is the
acetylation of the primary or secondary OH-groups which we are routinely
applying in view of its simplicity. Though the reaction is not quantitative,
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Fig. 4. Synovial membrane extract incubated with 1 2 :H cortisol and run in a benzene-

methanol : water : acetate-system (1 : 1 : 1:0.1). The radioactive peaks are at the sites

corresponding to 20/1-OH-F, cortisol and cortisone standards. Evaluation with a Packard
Tricarb chromatogram scanner

it is commonly used for identification purposes. If for instance of the urinary
steroids excreted in a free state, 6/3-OH-cortisol, 20/1-0 H-cortisol and cortisol
are to be separated, acetylation and subsequent running in the Bush 3 system
permits their separation without any difficulty.

One of the usual procedures for the identification of C-21-steroids is
based on the oxidation of the dihydroxy-acetone or of the glycerol side chain
with subsequent repeated chromatography of the 17-ketosteroids thus formed.
For the identification of free 20-dihydro-derivatives, the periodic acid reac-
tion is used. Their oxidation products afe similar to those obtained with
NaBiO.j, 20/J-OH-cortisone giving adrenosterone and 20/1-OH cortisol 11/1-
hydroxyandrosteronc which readily separate in a Romanoff system and can
be detected bv the Zimmermann-reaction.
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FLUOROMETRIC ESTIMATION OF STEROIDS

By
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The steroids do not give any useful fluorescence unless the pH is manipu-
lated: then they can he made to fluoresce by treatment with strong acids.
This phenomenon, known since 1929, has been adapted for the quantitative
fluorophotometrie estimation of various hormonal steroids extracted from
biological samples. The fluorogenic reactions of steroids in strong acid media
are widely used for quantitative analysis and structure elucidation. The acid
reagent contains sulphuric acid, phosphoric acid, perchloric acid or hydro-
chloric acid together with ethanol, methanol, acetic acid, phtlialic acid
anhydride.

Each steroid gives rise to several fluorescing species, the relative in-
tensities varying with the type and concentration of acid, temperature and
other factors.

The development of the fluorescent structure is probably an at least
three-stage-reaction pattern. Reversible protonation at the /14-C-3-ketone or
of the C-3-hydroxyl at the aromatic A-ring is the first step. In the second
one the protonated steroid is assumed to form intermolecular association
complexes at reactive substituent sites of other steroid molecules. Finally,
the postulated complexes are thought to break down irreversibly to vyield
several fluorogens. The fluorescent products are presumably trienones [1].
Little is, however, known about the mechanism of formation and the chemical
structure of fluorescent products and it is difficult to find correlations between
the chemical structure and fluorogenic features (absorption and emission
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maxima, intensity of fluorescence) of steroids. For example, in sulphuric acid/
ethanol reagent the .d4-3-keto- and 1l1-hydroxy structure is necessary to
obtain the characteristic fast fluorescence of corticosteroids. A second double
bond in ring A or halogénation in position 9 abolishes this fast reaction. The
negative results obtained with Il/?-hydroxyandrost-4-ene-3,17-dione suggest
the presence of a side-chain. In this side-chain the 17-hydroxy group and
the 20-keto group are not essential but the absence of the 21-hydroxy group
causes an important decrease of the fast fluorescence. Fluorescence is reduced
by the introduction of an 11-keto or 16-hydroxy group.

By treatment with strong sulphuric acid, corticosteroids possessing
11-hydroxy group yield fluorescent derivatives. Their characteristics are 470
to 475 nm excitation and 520 to 530 nm fluorescence. The basic procedure
for the determination of corticosteroids in plasma is an extraction of the
plasma with dichloromcthane, chloroform, ethyl acetate, carbon tetrachloride
or a mixture of these solvents, and re-extraction of the steroids from the
organic solvent into the sulphuric acid/ethanol mixture, followed by estima-
tion of the fluorescence of the acid phase. Since the methods of assay have
been worked out empirically, many slight variations are found in the litera-
ture; several authors omit some steps for the sake of simplicity or add steps
to improve specificity and sensitivity: e.g., washing of plasma with iso-octane
or petroleum ether to remove neutral lipids, sterols: washing of the plasma
with alkali to fix acid materials, notably oestrogens, which have a phenolic
hydroxy group in the A-ring.

An important problem concerning the fluoromctric assay of steroids is
that of non-specific fluorescence and quenching. Several substances interfere
with the rapid development of the sulphuric acid/ethanol fluorescence, e.g.,
surface active agents such as Triton. Traces of chromic acid are strong
quenchers. Certain substances aspecifically increase the early fluorescence
characteristic of the /14-3-keto-l 1-hydroxysteroids. Such is the case for tobacco
smoke, phenolphthalein, and still unknown products which develop in stored
urine. Fortunately this aspecific fluorescence can often be detected by the
yellow coloration of the final sulphuric acid/ethanol mixture. Cholesterol and
cholesterol esters show a slight fluorescence but owing to their concentration
in blood, they represent the major interfering fluorogen in the determination
of plasma corticosteroids [2]. Flack and Stockham [3] presented a method
to eliminate the interfering effect of cholesterol mathematically; it consists of
reading the fluorescence over the 520—540 nm range. Specificity was greatly
improved by the introduction of a correction based on the different develop-
ment of fluorescence with time of specific (corticosteroid) and non-specific
fluorogens in the sulphuric acid/ethanol reagent [4]. Rodent ovaries secrete
20«-hydroxypregn-4-en-3-one. This steroid interferes with the fluorometric
assay of corticosterone; this interference may be eliminated by washing with
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petroleum ether [5]. Werk et al. [6] and Kendall et al. [7] showed that the
benzyl alcohol preservative commonly found in commercial heparin solutions
also interferes with the fluorometric technique. In partially clotted blood the
degree or interference with benzyl alcohol is greater. The nature of the inter-
fering substance in “impure” dichloromethane which reacts with benzyl
alcohol is unknown. The emission spectrum of the interfering fluorogen is
identical to that of cortisol.

Replacement of ethanol for acid diluents results in an increase of fluo-
rescence emission; an improved reagent consists of sulphuric acid, acetic acid
and formic acid in the volume ratio 3:1:1 in which the development of
fluorescence takes 1 hr. 11-Deoxycortisol, corticosterone, cortisol and 21-deoxy-
cortisol produce fluorescence in the same intensity range, therefore this
reagent is applicable after chromatographic separation only [8].

Simultaneous determination of cortisol and corticosterone becomes
possible after separation by chromatography [9, 10] or by solvent partition-
ing [11]. The separated fractions are then measured fluorometrically. Other
methods make use of the different fluorescent properties of the two steroids
to determine cortisol and corticosterone without actually separating them.
Since the fluorescence of cortisol develops more quickly than that of cortico-
sterone, they can he resolved by reading at two different times, first when
only cortisol is giving the fluorescence and later when corticosterone is also
contributing to it. Matsumara et. al. [12] developed a method which differenti-
ates cortisol and corticosterone on the basis of the different relative fluorescence
of these steroids in different strengths of acid [13]. Clark and Rubin [14]
described a new fluorometric method for cortisol assay; it has the specificity
and reliability of lengthier chromatographic procedures. It uses a meta-
periodate oxidation of corticosterone and cortisol to their corresponding 17x-
carboxylic acids (4-androstene-17*-carhoxylic acid Il/i-tI-3-one and 11,117a-
diol-3-one). Only the cortisol derivative is fluorescent (475 -»530 nm) in
sulphuric acid.

A number of steroids show a red (max. 540 nm) fluorescence after
heating (85 °C) for 12 min in 70% H2S04ethanol and then diluting with
absolute ethanol. The ratio of green/red fluorescence is constant and charac-
teristic of each steroid [15]. Eechaute et al. [16, 17] reported a sensitive
(from 0.005 //g), well reproducible and relatively specific reaction inducing
red fluorescence for testosterone (17-a and 17-f epimer) and androstenedione.
The steroids are heated in 65% H 2SO ,/ethanol reagent at 85 °C for 10 min.
After cooling, ethanol is added; the fluorescence at 615 nm, with activation
light of 598 nm is measured. The method allows determination of testosterone
concentrations as found normally in male human plasma.

The presence of an oxygen function on C-Il is usually considered neces-
sary for the fluorescence of corticosteroids in acid/alcohol media. 11\ the
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method of Muehlbaecher, 243-keto-17-hydroxysteroids lacking an oxygen
function on C-Il can be measured fluorometrically at 525 nm, with excitation
at 465 nm, after heating in 15 M sulphuric acid or 9 M perchloric acid at 60 °C
for 2 hours and adding methanol [18].

Touchstone and Murawec [19] described a fluorometric procedure for
the measurement of progesterone in plasma. The sample is treated with 2 N
methanolic potassium hydroxide and dissolved in 88% sulphuric acid. The
fluorescence of the H2S04 solution in the green region is then determined.
Progesterone exhibits some fluorescence when dissolved in sulphuric acid;
previous treatment with alkali causes a hundred-fold increase in the inten-
sity of fluorescence. A sensitive assay for the quantitative estimation of
progesterone was developed by Heap [20]. The method consists of extraction
of progesterone by ether from alkalinized plasma, paper chromatographic
isolation, conversion on 20/5-hydroxysteroid dehydrogenase, chromatographic
purification and fluorometric estimation of the 20/?-hydroxypregn-4-en-3-one
in H2S 04/ethanol mixture. W ood [21] adds the sulphuric acid to the pro-
gesterone in methanolic potassium hydroxide medium after oxygen and heat-
ing. The quenching effect of high concentrations of inorganic alkali on the
fluorescence of progesterone disappears when the solution is diluted with
methanol. Oxygen must take part in the reaction or catalyse it; it also increases
the fluorescence intensity.

The aldosterone molecule possesses an 11-hydroxy group and a zI43-keto
group hut in solution aldosterone is in equilibrium with its hemi-acetal form.
In sulphuric acid the equilibrium will shift to the aldehyde form and exhibit
fluorescence. The excitation and emission wavelength of aldosterone is 460
and 505 nm, respectively, in 36 N H2504 after heating [22]. The recently
described method of Godicke and Gerike [23] depends on the oxidation of
aldosterone using periodic acid and condensation of the resulting formal-
dehyde with acetyl acetone and ammonia to the strongly fluorescent 3,5-
diacetyl-1,4-dihydrolutidine at 60 °C. The oxidation of aldosterone takes one
hour. Destruction of the oxidation medium is necessary to obtain a low
blank value: it is equal to a fluorescence intensity of less than 0.2 fig aldo-
sterone. The maximum of excitation is at 412 nm, that of emission, 498 nm.
The sensitivity is roughly equal to that of cortisol or corticosterone determi-
nation by the sulphuric acid/ethanol fluorescence method.

Chayen et al. [24] described a fluorometric procedure for corticosteroid
and oestrogen assay. Its principle differs from that of the above mentioned
methods. EDTN (l-ethoxy-4-(dichloro-s-triazinyl)naphthalenc) is a strongly
fluorescent compound; it produces fluorescent complexes with the phenolic
hydroxy groups of oestrogens and with the aliphatic hydroxyls of other
steroids in alkaline medium at 45 °C. These fluorescent steroid-EDTN com-
plexes are extracted with dichloromethane, separated on Kieselgel-G layer
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indicated in UV-light. After elution with ethanol, the fluorescence is

measured at 352 nm excitation and 419 nm emission wavelength. The con-
centration-fluorescence intensity curve is linear in the 0.1—25 /tg range. The
method is very sensitive for oestrogens.

EDTN

For the further progress of the fluorometric analysis of steroids, a

deeper knowledge on the formation and nature of fluorogens will he necessary.
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ESTIMATION OF H AND UC LABELLED STEROIDS
BY THE LIQUID SCINTILLATION TECHNIQUE

By
L. CsERNAY

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

The use of !H and 24C labelling marks a considerable progress in the
qualitative and quantitative studies of steroids. Both tracers emit low-energy,
i.e., “soft” beta radiation, therefore their measurement requires excessive
sensitivity. The liquid scintillation technique is superior to the procedures
hitherto employed in respect of practically every parameter (efficiency, back-
ground, etc.), preparation of the sample is easy and the equipment lends
itself to serial estimations. The difficulties involved by the measurement of
soft radiation have thus been practically overcome. The liquid scintillation
techniques can he traced back to the observations of Raynold and Kallman
(1950) who demonstrated that certain organic compounds dissolved in organic
solvents scintillate on exposure to ionizing radiation (Fig. 1).

The mechanism of fluid scintillation comprizes three phases.

1. The radioactive particles excite the molecules of the solvent.

2. The excited molecules of the solvent transmit their energy succes-
sively from one molecule to the other and to the scintillator molecules. The
excited scintillator molecules produce fluorescence and emit light.

3. The fluorescent light either attains the photosensitive cathode of the
detector or is absorbed in it in the presence of “secondary scintillator” mole-
cules and isreemitted at some other wavelength before attaining the measur-
ing detector.

The properties of the solvent are essential. Toluol is considered the
optimum solvent in every respect, in particular, as regards its counting
efficiency, its favourable solvent properties, its high transparence in the range
of the scintillator spectrum, its low freezing point, and the easiness of its
purification.

The most extensively used primary scintillator is 2,5-diphenyloxazol,
PPO. Since the spectrum of luminescent radiation of the primary scintillators
does not correspond to the maximum range of sensitivity of the photo-
sensitive photocathode, we have to use a wavelength shifter, called secondary
scintillator, so as to shift the spectrum to the desired range. The substance
commonly used for this purpose is dimethyl POPOP.
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Photomultiplier

Fig. 1

The steroids after adequate extraction generally dissolve well in toluol.
Aqueous media such as plasma, serum, urine or exclusively water-soluble
steroid sulphates, pose some difficulty. Toluol forms no aqueous solution,
therefore simple mixing is not practicable. Solvent-scintillator mixtures
suitable for the measurement of the agqueous phase are too numerous to he
kept in evidence. Bray’s solution made up of dioxane and naphthalene, or a
mixture of toluol and Triton-X-100 detergent (2 : 1) are generally used for
this purpose. The efficiency of the individual mixture is expressed by the
product of its hygroscopicity and of its counting efficiency. The greater this
value, the more suited the mixture for the measurement of samples of aqueous
media. In the last two years we have been using for measurement in aqueous
phase a mixture of toluol and Triton X-100 detergent.

One of the greatest problems of liquid scintillation counting is the
“quenching action” which term is applied to all factors that affect the efficiency
of fluid scintillation. We have to deal with three types of quenching.

1. Concentration quenching or self-quenching in which the phenomenon
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is brought about by the scintillator molecule itself. This effect increases "with
the concentration of the scintillator and the temperature of the solution.

2. External quenching. Many substances inhibit the transfer of energy

to the scintillator. The energy of the excited solvent molecule is transformed
into heat and is lost, by this fact, to measurement,
Some compounds involved in liquid scintillation:

Diluters Quenchers

Alcohols Ketones

Olefins Aromatic Cl and Br compounds
Ethers Amines

Saturated hydrocarbons Thiophene derivatives

F and CI alkanes

The diluters reduce the counting efficiency to a slight degree, the quench-
ers have a strong effect of this kind.

3. Colour extinction. Luminescent radiation is reduced by certain sub-

stances which absorb within the range of the radiation wavelength. Sub-
stances of this kind, chromogens, produce a quenching effect as a result of
absorption.

The quenching effect makes a checking of the counting efficiency
obviously indispensable. Since practically every sample is quenched to some
degree, the counting efficiency never attains 100 per cent. There are various
methods for the ascertainment and continuous checking of counting efficiency.

Standardization procedures:

Internal standard method
Extrapolation method
Colorimetry

Integral counting method
Channel ratio method
External standard method.

One of the most reliable procedures is based on the principle of internal
standard. To the measured sample an activity of known magnitude is added
and measurement is repeated. The channel-ratio method has also gained
general acceptance. The quenching effect not only reduces the count rate but
also shifts the spectra to a lower energy level. If the sample is measured on
two suitable channels, the counting efficiency can be inferred from the changes
in the proportion of the counting rates recorded from the two channels. The
external standard procedure is regarded today as the simplest and most
modern technique. Here too it is the ratio of the count rates recorded from
the two channels which defines the efficiency with the aid of a calibration
curve. For this purpose one or two external gamma-emitting isotopes, usually
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radium or americium, are employed. The gamma-radiation penetrates into
the sample and generates compton electrons which produce a scintillation of
the same kind as beta-radiation. The modern devices are all equipped with
external standards.

The arrangement of the measuring cell and of the photomultipliers
provide for a “volume-independent” measurement which is due to the fact
that between 5 and 20 ml the changes in the volume of the sample leave the
counting efficiency practically unaffected. This makes it convenient to use
samples less than 10 ml in volume.

Amplification : 100 per cent Amplification-. 9 percent

Double labelled samples are increasingly used in recent years for the
estimation of steroids. For instance the 3H and the 14C forms of the same
substance simultaneously indicate the extraction losses and the substance
itself. The modern multichannel equipments provide for the simultaneous
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measurement of :iH and UC in the same sample (Fig. 2). A selection of the
degree of amplification and of the upper and lower level of the differential
discriminator allows the "H to produce hut a minimum increase in the count-
ing rate of the 14C-channel and, the 14C, to produce an increase of a definite
ratio in the counting rate of the channel selected for the measurement of :H.
The net 3H and 14C counts are computed by substituting the overlap quotients
into an equation of two unknown quantities. As the third factor, we have
to know the quenching effect because of the influence of its variations on
the magnitude of the overlap-coefficients (Fig. 3). In the case of double
labelling the counting efficiency is obviously inferior to that attained by the
use of a single label, hut this short-coming is offset by numerous advantages.
The tedious calculations involved by double labelling is eliminated today by
the use of data-processing systems. For the calculation of net counts of double
labelled samples nee also use computer programs.
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COMPETITIVE PROTEIN BINDING ASSAY
OF CORTICOSTERONE

By
A. Spat

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS MEDICAL UNIVERSITY, BUDAPEST, HUNGARY

The method published by Murphy in 1967 in which the principle of
competitive protein-binding assay was applied for various steroids has opened
new aspects in the analysis of steroid hormones. The basic steps of the pro-
cedure are as follows. Tritiated steroid is added to a specific steroid-binding
protein, e.g., to transcortin. The protein binds the majority of the tritiated
steroid. If cold steroid is now added to the system, it displaces the tritiated
hormone from the protein receptor, the amount of displaced hormone being
related to that of the cold hormone. The amount of cold hormone added to
the system can now be determined by estimating the residual protein-bound
fraction with the aid of a calibration curve. This simple procedure may be
regarded as equivalent in sensitivity to the double isotope dilution techniques.

The method has recently been applied by Schuister etal. (1970) for the
assay of corticosterone (B), and by Mayes et al. (1970) and Bayard et al.
(1970) for that of aldosterone. Our aim has been to adapt these two procedures
to the assay of both hormones in rat plasma or in the incubation medium
id adrenals. This requires preliminary separation of the corticosteroids.
Adequate separation has the additional advantage of increasing the specificity
of the assay.

The procedure is basically as follows: 1000 1500 cpm of3H B is added
to the sample prior to extraction in order to check analytical losses. The
plasma samples to be examined are of a volume containing 10 to 100 ng B.
E xtraction is carried out with 3x5 vol methylene chloride. At the first
extraction the sample is alkalinized, and the alkali is removed from the
collected organic phase by washing first with acetic acid, subsequently with
distilled water. Na.,S04is used for drying. In the case of larger plasma volumes
the nonpolar lipids are removed by partitioning between 70% methanol and
toluene-hexane 1 : 9. The steroids are separated by thin-layer chromatography,
using a 0.3 mm thick Kieselgel G layer to which 0.5% Leuchtpigment has
been added. The plates are activated at 110 °C for 40 minutes. The dry residue
is applied with methylene chloride—methanol 1:1, and run by the sandwich
technique. The solvent is a mixture of chloroform —acetone —acetic acid
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100 : 40 : 2.5. This system reliably separates natural and synthetic steroids
which may possibly interfere with one another. In order to determine the
running distances, standards are run parallelly which are detected in UV-light
at 254 jitm. The spot corresponding to corticosterone is eluted, evaporated
and redissolved in 1 ml methylene chloride—methanol. A 0.3 aliquot of the
eluate is used for recovery-studies, and two other similar aliquots serve for
the assay.

For the assay, a binding solution isused which contains 2to 4 /rCi :iH B
and 2 ml mouse serum per 100 ml. Parallel assays are performed with the
samples as well as with the standards. The extracts of the samples and the
standards are transferred to stoppered centrifuge tubes, and evaporated to
dryness. One ml of the binding solution is added to each tube, incubated at
38 °C for 5 minutes permitting equilibration between protein, labelled and
cold B. For the separation of protein-bound B from the free one, 43 mg of
pretreated Florisil, capable of adsorbing free B, is added to the mixture. Since,
however, the protein w”ould rapidly release the bound steroid, the system is
previously cooled to 4 °C at which temperature the protein-steroid complex
dissociates far more slowly. After vigorous shaking for 120 sec the tubes are
left in the ice bath for 5 minutes during which time the Florisil settles. Now
the samples are decanted and between the 10th and 20th minute, 0.5 ml of
the decanted samples is pipetted over to the scintillation cocktail, the radio-
activity of which is measured by a liquid scintillation spectrometer. The
calibration curve is constructed by plotting the percentage of protein-bound
iH B against the standard B added. Calculation of protein-bound B involves
correction for the inefficiency of Florisil to adsorb B, as estimated by the
use of “protein-free” solution. This has the same composition as the binding
solution with the exception of serum. Two protein-free tubes are subjected
to the entire procedure, finally the degree of Florisil-adsorption is determined
by measuring the activity of the tritiated supernatant. In addition to this
correction, consideration is given to the fact that :H—B has been added to
the samples at the start of the assay in order to check the recovery.

Fig. 1 shows the non-corrected and the corrected calibration curves.
The values read from the calibration curve are corrected for recovery of the
sample and the blank. Average recovery after chromatography was 52% in
48 cases.

To test the accuracy of the method, a known amount of B was added
to 0.5 ml physiological saline and the analysis was carried out (Fig. 2). Between
10 and 100 ng there was a linear correlation between the added and the
measured amounts, the correlation coefficient being 0.990 and mean recovery
92.6 + 13.6%.

The precision of the procedure was computed on the basis of parallel
measurements of known amounts of B. Between 10 and 100 ng the variation
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coefficient of the duplicates was 10.7%. An alternative method for checking
the precision was to perform repeated measurements from plasma pools of
different B-contents (Fig. 3). The variation coefficient was 12.9% for the first,
3.8% for the second pool, whereas for the third pool two measurements
yielded identical values. The concentration of B in the three pools varied in
a range of more than two orders of magnitude.

W ater-blank was 1.92 ~ 2.08 ng in 12 cases and was unrelated to the
volume of the sample in the 0.5 to 5 ml range.

The sensitivity of the method, i.e., the smallest amount significantly
different from zero (after correction for the blank), was calculated to be
about 2.4 ng.

In order to increase specificity mouse serum was used as a source of
transcortin, since it binds corticosterone with great specificity. The rat samples
contain no cortisol and cortisone. Dexainethasone, frequently used for the
pretreatment of laboratory animals as well as progesterone being present in
small amounts, are separated by thin-layer chromatography.

The normal values yielded by the present method correspond to those
reported in the literature.

The results obtained by the procedure are largely due, in addition to
the purification of the isotope, to the intense purification of the organic
solvents of analytical grade. The introduction of the radioimmunoassay of
aldosterone is in progress.

We are indebted to Dr. T. Garz6 (Institute of Medical Chemistry, University Medical
School, Budapest) for critical comments and valuable aid in the liquid scintillation measure-
ments, to Mr. B. Kanyar and Miss Judith Szutrély (Section of Computer Technique, Univer-
sity Medical School, Budapest), for preparation of the computer program and their aid in
the calculations; to Drs Sturcz and T. Harza (Institute of Physiology, University Medical
School, Budapest) and to Dr. Zs. Acs (Institute of Experimental Medicine, Hungarian Academy
of Sciences), for their valuable advices.
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SEPARATION AND IDENTIFICATION
OF FREE AND ESTERIFIED 17-KETOSTEROIDS

By
I. Té6th and . Faredin

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

It has long been known that in human urine the 17-ketosteroids occur
predominantly in the form of 17-ketosteroid sulphates (17-Ks-S) and 17-keto-
steroid glucuronides (17-Ks-G). Déhydroépiandrostérone (DMA) and andro-
sterone (A) in peripheral blood are also found in the main in the form of
sulphate esters. Moreover, the testicles, ovaries and adrenal cortex have also
been shown in recent years to be capable of synthesizing 17-Ks-S in addition
to free 17-ketosteroids. This has directed attention to the biochemical and
physiological role of 17-Ks esters. The present report deals with the pro-
cedures developed in our laboratories for the study of 17-Ks esters in human
blood and sweat.

In earlier reports (Faredin and Toéth, 1964a, 1964b; 1965; Faredin,
1965) we pointed out the advantages of the separation of steroid groups of
different polarities, in particular pregnanediols, pregnanetriols and 17-hydro-
corticosteroids, on a “Nymco” florisil column. Since the free 17-ketosteroids
and their sulphate and glucuronide esters have significantly different pola-
rities, we have attempted their separation on a “Nymco” florisil column.

The scheme of the procedure is presented in Fig. 1.

Free 17-Ks. 17-Ks-S. 17-Ks-G.
ig40d
301
20-
10
number of
eluates

Fig. 1. Separation of free and esterified 17-ketosteroids on a 1.5 g “Nymco”-florisil column.

Free 17-Ks = dehydroepiandrosterone, androsterone. 17-Ks-S = dehydroepiandrosterone

sulphate, androsterone sulphate. 17-Ks-G = dehydroepiandrosterone glucuronide, andro-
sterone glucuronide, etiocholanolone glucuronide
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“Nymco” florisil (1.5 g) was suspended in 24 ml benzene in a column.
The 17-ketosteroid mixture was dissolved in 1 ml methanol and transferred
to the column. The solution was eluted dropwise from the column, and the
entire procedure was repeated with a further 24 ml benzene and 1 ml methanol.
The two 25 ml eluates were combined: this was fraction 0. The column was
next washed with 3x20 ml 4% methanol in benzene, to give fractions 1—3.
Fraction 0 contained all the free 17-ketosteroids.

The column was subsequently eluted with 5X20 ml 20% methanol in
benzene; these fractions contained the 17-Ks-S. In order to obtain the 17-Ks-G,
the column was eluted with 4x20 ml 75% methanol in benzene.

As can he seen from Fig. 1, this chromatographic procedure is suitable
for the separation of 17-ketosteroids into free, 17-Ks-S and 17-Ks-G groups.
However, the 17-ketosteroids occurring in biological fluids (blood, urine,
sweat) are accompanied by large amounts of foreign chromogens, and without
additional purification they are still not suitable for quantitative determination.

The separation of 17-ketosteroids into free, 17-Ks-S and 17-Ks-G fric-
tions by thin-layer chromatography is based on the procedure described by
Sarfaty and Lipsett (1966). As Table |I shows, when chromatography was
performed on a 0.25 mm thin-layer of silica-gel-G or Al120 3-G as adsorbents
in solvent system | (absolute ethanol — ethylacetate — NH40H, 5:5:1,
v/v/v), both adsorbents proved suitable for the separation of the fractions
referred to above. The 17-Ks-G remained at the starting point, the 17-Ks-S
were at the middle and the free 17-Ks ran near the front. Since the 17-Ks-G

Table |

Separation of free and esterified 17-ketosteroids by thin-layer chromatography

AlLO. G Silica-gel-G
Solvent system | Solvent system | Solvent system 11
Steroids .

Goand g odmaee R asene R

In cm In cm In cm
Dehydroepiandrosterone.........ceeennee. 16.8 0.96 14.8 0.85 — —
ANArosSterone ....ccoevnvcennenceneerenenns 16.8 0.96 15.2 0.89 — —
Etiocholanolone ..., 16.8 0.96 14.9 0.86 —
Dehydroepiandrosterone sulphate......... 9.8 0.56 9.7 0.56 15.0 0.86
Androsterone sulphate ... 9.7 0.56 9.8 0.56 155 0.89
Dehydroepiandrosterone glucuronide .. 0.0 0.00 0.7 0.04 7.5 0.43
Androsterone glucuronide.......cccovneenn. 0.0 0.00 0.9 0.05 8.6 0.49
Etiocholanolone glucuronide ................. 0.0 0.00 0.7 0.04 8.1 0.46

System | (Sarfaty and Lipsett, 1966): abs. ethanol : ethyl acetate : NH40H, 5:5:1 (v/v/v)
System Il: methanol : ethyl acetate : NH40H, 50 : 50 : 18 (v/v/v)
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did not move, this solvent system was unsuitable for their analytical study.
The use of solvent system Il (methanol — ethyl acetate NH40H, 50 : 50 :
18, v/v/v) on a silica-gel-G thin-layer caused the 17-Ks-G fraction too to run
and hence to be readily separable from the 17-Ks-S.

W ith these thin-layer chromatographic procedures, therefore, it is
possible to isolate the 17-ketosteroids as the 17-Ks-S and 17-Ks-G ester
fractions and also in the free form.

The applicability of these procedures for quantitative purposes depends
on the extent of recovery of the free steroids and their strongly polar 17-Ks
esters from the adsorbent. The results of our studies on this question are
shown in Tables 11 and IIl. It can be seen that 95 to 96% of the authentic
free 17-Ks, 89% of the DIIA-S an 60% of the DHA-G were recovered from
the “Nymco” florisil column.

Table 11

Recovery offree and esterified 17-ketosteroids from a 1.5 g “Nymco” florisil column

Recovery
Steroids l(;lfurtrgkgfsr Limits, Mean,
per cent per cent
DehydroepiandroSterone.......ccooceeeeecrinnecns 4 92 99 96
ANArosterone ... 6 91—99 96
92—99 95
[7a—3H]-dehydroepiandrosterone sulphate . 10 82-98 89
Androsterone sulphate ... 8 68-84 78
Dehydroepiandrosterone glucuronide........... 4 54-68 60
Table II1

Recovery of free and esterified 17-ketosteroids from silica-gel-G and .11f )m{> thin-layers

Silica-gel-G A.Ca-G

Steroids é\élr”%f Limits, N[')e:r”v bhé?“?;f Limits, I\/Ip%z}n,

tests per cent cent tests per cent cent
Dehydroepiandrosterone........oeenee. 4 77—82  80.0 7 71—81  76.0
ANdrosterone ..., 4 71—78 74.0 4 71—77 720
Etiocholanolone ... 4 80-83 81.0 4 59-65 62.0
Dehydroepiandrosterone sulphate............... 4 70—78 725 4 65-76 68.5
[7a—3H]-dehydroepiandrosterone sulphate — — 7 65—77  70.0
Androsterone sulphate ... 4 77-80 79.0 4 71-81 77.0
Androsterone glucuronide........cccoevcriicnne. 4 62-75  69.7 — - —
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Recovery of 17-Ks-S extractable with methanol from silica-gel-G and
from A120 3-G thin-layers varied between 68.5 and 79% while that of A—G
from silica-gel-G was on average 69.7%. Thus, our chromatographic pro-
cedures are suitable not only for qualitative but also for quantitative studies.

Only a few methods can be found in the literature for the separation
and quantitative study of free and esterified 17-ketosteroids. Bush (1961)
described paper-chromatograpliic, and Baulieu and Emiliozzi (1961) column-
chromatographic techniques. These methods are either time-consuming or
require large solvent quantities. The procedure of Sarfaty and Lipsett
(1966) adapted to thin-layer chromatography meant substantial progress, but
it has the shortcoming of being unsuitable for the study of steroid sulphate
unless this is present in large amounts. The new procedures reported in the
present paper allow the simultaneous study of only a few pg of free and
esterified ketosteroids and with their relative simplicity, may be of use in
the analysis of steroids.

REFERENCES

Bailieu, E. E., Emiliozzi, R.: Bull. Soc. Chim. Biol. 44, 823 (1961).

Bush, 1. E.: The Chromatography of Steroids. Pergamon Press, Oxford 1961, p. 328.
Faredin, 1.: Thesis, Budapest 1965.

Faredin, |., Totnh, I.: Acta med. Acad. Sei. hung. 20, 179 (1964a).

Faredin, 1, Toth, |.: Acta med. Acad. Sei. hung. 20, 317 (1964b).

Faredin, 1, Toth, |.: Kiséri. Orvostud. 17, 401 (1965).

Sarfaty, G. A., Lipsett, M. B.: Anal. Biochem. 15, 184 (1966).

Nog R wN o

Acta JSledica Academiae Scientiarum Hungaricae 29, 1972



Acta Mcdica Academiac Scientiarum Hungaricae, Tomus 29 (1—2)npp. 145 —153 (1972)

GAS CHROMATOGRAPHY OF OESTROGENS
IN BIOLOGICAL FLUIDS

By
J. Morvay

DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

The first practical procedure for gas chromatographic measurement of
oestrogens in urine was reported by W otiz and Martin [48] in 1961. This
marks the origin of gas chromatographic analysis of hormones in body fluids.
Since that time there have been numerous modifications of the original pro-
cedure.

Clinical or biochemical research is primarily concerned with the hormone
content of biological fluids, and accordingly the gas chromatographic pro-
cedures will be discussed here from this aspect.

Oestrogens are compounds with a steranc nucleus of 18 carbon atoms,
particularly resistant to chemical and physical factors. They are formed
readily and in fairly large amounts from their precursors, probably owing to
the fact that the three unsaturated bonds in ring A ensure the attainment
of the minimum energy level. The oestrogens owe their reactivity to the phe-
nolic OH-group at position 3. Their hydroxy-groups confer a polar character
on the oestrogens which has to be taken into account in gas chromatography
procedures.

Oestrone, oestradiol, oestriol and oestetrol have the greatest practical
importance among the numerous oestrogens which are known to occur in
the organism, and therefore most reports on the gas chromatography of
oestrones concern these four hormones.

Fig. 1 shows some of the most important oestrogens (Fig. 1). According
to Gueispacii [14], any gas chromatograph is suitable for their estimation,
if it is easy to handle, can be equipped with a glass column, can operate at
high temperatures and if it is provided with a flame ionization or an electron-
capture detector. For an exact quantitative evaluation, an integrator is
indispensable.

Though the use of glass columns has been generally adopted for the
estimation of oestrogens, certain workers, e.g., Rosenthat and Y asen [40],
and W otiz and Chattoraj [49], make use of steel columns. These allow a
good separation in our own experience too. Glass columns have other ad-
vantages: owing to their polyfunctional groups, the oestrogens are liable
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to irreversible adsorption on the column surface. At high temperatures this
may attain a far greater intensity with steel columns than with glass columns.
On the other hand, connection of the glass column is far more cumbersome
than that of a steel column since use has to be made of heat-proofsilicone-
rubber sealing rings or of teflon sealing material, which are subject to de-
formation and can be used only once.

17 3-Oestradiol

17-Epioestriol

Oestron

Fig. 1. Some essential oestrogens

Support medium: The currently used media for gas chromatography ot
oestrogens include Diatoport S, Diatomit CQ and Supelcoport 80 to 100,
possibly 120 mesh.

Solvents: Polar or non-polar solvents are equally suitable. Touchstone
[46] used a mixed solvent with satisfactory results.

The substances currently applied in gas chromatography of oestrogens
include:
ketone-selective QF 1 trifluoro-propyl-methyl-silicone-polymer;
non-polar SE 30 dimethyl-silicone polymer;
polar NGS polymer;

XE 60 cyanomethyl-silicone;

L 45 methyl-silicone polymer;

Z co-polymer consisting of ethylene glycol, succinic acid
methyl siloxane monomer;

F 60 methyl p-chlorophenyl siloxane monomer;

OV 17-phenyl-methyl-silicone polymer.
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As regards capillary columns the only report known to us is that of
Groenendijk [16].

Detector. Flame ionization (H,) and Lovelock’s [31] electron-capture
detectors are used. Those of the latter type operate with 3H, 63Ni, Ra or <6r
isotope sources. The flame ionization detector has a sensitivity of 0.2 [ig/100
ml plasma, the electron-capture detector one of 0.00005 to 0.05 /ig/100 ml
plasma. The latter device allows oestrogens to be estimated even in the
absence of pregnancy when their concentration is very low.

Conversion to derivatives. The fact that the polyfunctional groups of the
oestrogens may cause a firm and irreversible adsorption of these substances
on the active surface of the column, requires the preparation of relatively
non-polar products which not only inhibit this effect but also promote separa-
tion. Derivatives of this nature are readily formed and have considerably
lower melting and boiling points than those of the oestrogens, and thus higher
volatilities. This is a great advantage, since the thermolability of these com-
pounds has been one of the major problems of gas chromatography. Their
conversion to derivatives is therefore a step of the utmost importance, though
according to Sanghvi et al. [41] free oestriol can be estimated quite as well
as its acetate, and Touchstone [46] and Kroman and Bender [28] per-
formed gas chromatography in the presence of QF 1 and of F 50, without
forming derivatives.

The derivatives formed for the purpose of gas chromatography fall into
two main groups.

For flame ionization detection, the acetates [48] or trimethylsilyl ethers,
or trifluoracetates [32, 34] of the oestrogens arc generally used. In routine
work, however, preference is given to derivatives of the first type, acetates
being less sensitive to humidity and to acids than are trimethylsilyl ethers,
but the latter are easier to separate.

For electron-capture detection the oestrogens have to be converted to
derivatives which are capable of increasing the electron-adsorptive capacity
of these products. The halogenated oestrogen derivatives such as

monochloracetates [11]

hexadecafluoronanonates [23]

trifluoracetates [17, 18]

heptafluorobutyrates [19, 50]

pentafluorophenylhydrazones [3] are best suited for this purpose. Some
of these derivatives are presented in Fig. 2.

For either type of detection mixed derivatives may be used, provided
the compound has been converted previously to 3 methyl ether. This is ad-
vantageous for the stability of the product as noted during preliminary
purification and phase-substitution (Fig. 3).
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Oestriol and oestrogens have been estimated in urine of pregnants or
during menstruation by W otiz and Chattoraj [49], Ebertein [10], Adlier-
creutz and Luukkainen [1, 2], Touchstone [44], Menini [36], Schindler
et al. [42], Touchstone et al. [47], Knorr et al. [23], Rosenthal andY aseen
[40], Sanghvi et al. [41], Foster and Hochholtzer [13], Cagnazzo et al. [7],
Chun et al. [9];

in blood serum or plasma by Touchstone and Muravec [45], Pani-
cucci and Taponeco [39], Attal and Eik-Nes [4], Kroman et al. [26,
27], Wotizand Chattoraj et al. [49], Mead et al. [35], Kushinsky et al. [29];

in amniotic fluid by Schindler et al. [42], Biggs et al. [6]. Honda
et al. [20];

in human or animal tissues by Eik-Nes et al. [11], McKerns and Nor-
strand [22], Takacs et al. [43];

in bile by Luukkainen and Aditercreutz [33];

Acta Medica Academiae Scientiarum Hungaricae 29, 1972



GAS CHROMATOGRAPHY OF OESTROGENS IN BIOLOGICAL FLUIDS 149

in solutions in oil by Moretti et al. [38], together with pregnanediol
and pregnanolone by Baynton and Campbell [5].

Procedures for oestrol estimation have been described by Lee and
W ood [30], and for other derivatives by numerous workers including w otiz
and Chattorat [49], Knuppen et al. [24], Montaluo and W neeler [37],
McGregor et al. [15]

A direct gas chromatographic oestrogen assay in biological fluids is
not possible because of the contaminations. For this reason before gas chro-
matography hydrolysis and extraction of the oestrogen conjugates must be
followed by column, gel or thin-layer chromatographic separation prior to
conversion to derivatives; it has been attempted to simplify these elaborate
procedures as far as possible [8, 13] so as to make them suitable for routine use.

The samples are usually applied in the form of solutions in organic
solvents. Cagnazzo €t al. [7], Kroman et al. [25], Honda and Kushinsky
[21] described a procedure in which the samples are used in solid form; we
found this method too cumbersome, particularly as regards the equipment.

The essential features of the procedure are presented in Tables | to IIlI.

Table |

Gas chromatographic estimation of oestradiol in pregnancy urine by the procedure
of Adlercreutz and Luukkainen [2]

Gel filtration of the urine on Sephadex G 25;

Hydrolysis of the conjugated oestrogens with ~-glucuronidase and phenol sulphatase;

Ether extraction after addition of Brown’s carbonate buffer pH = 10.5;

NaOH extraction of ether solution;

Boric acid treatment and méthylation of the alkaline extract;

Extraction of the methylated oestrogens with benzene, and washing of the benzene

fraction with water;

7 Conversion of the methylated oestrogens to trimethylsilyl ethers and evaporation to
dryness;

8 Gas chromatography on Gas-Chrom-P (100 to 140 mesh) with SE 30 as solvent, at 227 °C

in a 3 m glass column, with a flame ionization detector, in argon as carrier gas (Fig. 4).

O WN

Table 11

Gas chromatographic estimation of oeslriol and oestetrol according
to Lee and Wood [30]

1 Hydrochloric acid hydrolysis of the urine;

2 Addition of Brown’s carbonate buffer pH = 10.5* then extraction with ether;

3 NaOH extraction of ether solution;

4 Adjustment of the alkaline aqueous extract to pH = 9.5 and re-extraction with ether;

5 Evaporation of ether extract to dryness and production of trimethylsilyl ether of the
dry residue;

6 Evaporation of the silylating mixture, dissolution, addition of cholesterol for use as

internal standard;

7 Gas chromatography on Diatomite CQ (100 to 120 mesh) with a solvent of 3% SE 30
and 3% QF 1, in a 25 m glass column, with a flame ionization detector, with N2 as
carrier gas, at 208°C (Fig. 5).

Acta Mcdica Aradcmiae Scienliarum llunf>aricae 29, 1972



150 J. MOHVAY

Tine (min)
Fig. 4. 1) Oestroiie, 2) 17/?-oestradiol, 3) Oestriol

Attenuation 20x1Q2-*.-

Peak height response

Fig. 5. 1) Cholestane, 2) Oestriol, 3) Cholesterol, 4) Oestetrol
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Table 111

Gas chromatographic estimation of oestrone and oestradiol with an electron-capture detector,
according to Knork et al. [23]

=

Enzymatic hydrolysis and introduction of labelled steroid in order to check procedural
losses:

2 Adjustment of pH and extraction with ether;

3 Evaporation of ether;

4 Partition of the dry residue between NaOH and toluene;

5 Re-extraction of the alkaline aqueous fraction at pH 9.5 with ether; washing, drying;
6 Thin-layer chromatographic separation of oestrone and oestradiol;

7 Méthylation of the compounds;

8 Borohydride reduction of oestrone-3-methyl ether to oestradiol;

9 Thin-layer chromatography for purification of the methyl ethers;

10 Conversion to 17-hexadecafluoronanonate, purification by thin-layer chromatography;
11 Giis chromatography on Diatoport S (60 to 80 mesh); QF 1 as solvent, in a 3 m glass

column at 215°C, with a (iNi electron-capture detector in N2 carrier gas (Fig. 6)
Fig. 7 shows the chromatogram of acetylated standard oestrone, oestradiol and oestriol,
obtained with a JEOL 810 gas chromatograph, on Gas-Chrom P 100 to 120 mesh as support
medium, 2% SE 30 as solvent at a column temperature of 260°C, with a flame ionization
detector in N2 as carrier gas

Fig. 6. 1) 3-methoxy-17-hexadecafluoronanonate (the hatched peak is that of episterone
used as internal standard), 2) Oestrone, 3) Oestradiol

Evaluation was performed using the peak height of the curve, of the area
under it, and the internal standard.

The advantages of gas chromatography in the estimation of oestrogens
include its high resolution capacity, the rapidity of separation, and the pos-
sibility of direct quantation; its high sensitivity allows the estimation of
hormone levels with adequate accuracy and selectiveness even within ranges
where the colour reactions or fluorescent techniques no longer give reliable
results.
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Fig. 7. 1) Oestrone, 2) Oestradiol, 3) Oestriol
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GAS CHROMATOGRAPHIC METHODS
FOR THE SEPARATION, STRUCTURE ANALYSIS
AND QUANTITATIVE DETERMINATION
OF CBSTEROIDS

By
T. Fehér

FIRST DEPARTMENT OF MEDICINE, SEMMELWEIS MEDICAL UNIVERSITY BUDAPEST, HUNGARY

Gas chromatography is one of the most sensitive and effective methods
for the separation and quantitative determination of steroid hormones, their
metabolites and of synthetic hormone preparations. In the present paper the
gas chromatographic methods applied for the separation and quantitative
estimation of C19-steroids (androgens, their metabolites and synthetic ana-
logues) in biological materials and some aspects of structure analysis by gas
chromatography will he reported.

A PYF-UNICAM Series 104 analytical gas chromatograph with flame
ionisation detector and glass columns with SE-30 (non-selective) andQF-1 (selec-
tive) stationary phase were used. Column temperature was 222 °C, detector
temperature 260 °C, the carrier gas was nitrogen.

Determination of testosterone in urine

Estimation of 17-ketosteroids has little value for the evaluation of
normal and pathologic androgen metabolism. Determination of testosterone
in urine has become one of the most reliable methods in laboratory diagnostics.
The flowsheet of our method of urinary testosterone estimation is shown in
Fig. 1. For the simultaneous determination of testosterone and individual
17-ketosteroids, paper, thin-layer and gas chromatography were employed.
The urine specimen was hydrolized enzymatically or with HC1 under mild
conditions extracted w'ith benzene, and the extract was purified and chroma-
tographed on paper. One half of the paper strip was detected with m-dinitro-
benzene/KOH reagent, the testosterone-zone of the undeveloped half strip
eluted, acetylated, the testosterone-acetate was subjected to thin-layer chro-
matography, and the eluate to gas chromatography on a SE-30 column.

The following criteria ensured the reliability and precision of method:

i) The loss during the procedure was corrected by using [4-14C] testo-
sterone as a tracer.

ii) Mobility of testosterone and its separation from epitestosterone
were determined by nortestosterone and methyltestosterone as marker steroids.
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Fig. 1. Flowsheet of urinary testosterone and individual 17-ketosteroid determination (HOE
11-OH-etiocholanolone, HOA 11-OH-androsterone, OE 11-keto-etiocholanolone, DEA dé-
hydroépiandrostérone, E etiocholanolone, A androsterone, NT nortestosterone, MT methyl-
testosterone, ET epitestosterone, T testosterone, OAcD oestrone-acetate-dinitrophenyl-
hydrazone, TAc testosterone-acetate, PDAc pregnadienolone-acetate, mDB m-dinitrobenzene)

iii) Mobility of testosterone-acetate was checked by the steroid-marker,
oestrone acetate-dinitrophenylhydrazone.

iv) The amount of testosterone was determined by using pregnan-
dienolone-acetate as internal standard based on peak-height measurements.
The recorder response for both steroids was identical. The great sensitivity
of the method allowed to estimate testosterone in an extract corresponding
to 2 ml male or 4 to 8 ml female urine (initial volume, 50 ml) [1].

Determination of dehydroepiandrosterone sulphate
and androsterone sidphate in plasma

A gas chromatographic modification of our procedure [2] for the de-
termination of the sulphate ester of dehydroepiandrosterone and androsterone
in human plasma by twofold thin-layer chromatographic separation and sub-
sequent gas chromatography is shown in Fig. 2. Following the addition of
[f<xiH] dehydroepiandrosterone sulphate (or the parent free steroid tracer)
to 3—5 ml plasma, it was deproteinized and solvolyzed at pH 1.0, then the
ethyl acetate extract purified, evaporated and the residue partitioned between
n-hexane and ethanol. The evaporated extract containing the free dehydro-
epiandrosterone and androsterone was chromatographed on silicagel G layer
by benzene—ethanol (96 : 4), and the zone containing both steroids acetylated
and rechromatographed in a system of n-hexane-ethyl acetate (85 : 15).
Mobility of the steroids was checked by marker steroid-pairs. The zone con-
taining the acetates was eluted and to the eluate 1.0 yg dihydrotestosterone
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Fig. 2. Flowsheet of dehydroepiandrosterone sulphate and androsterone sulphate deter-

mination in plasma (CD cortisone-dinitrophenylhydrazone, PD pregnenolone-dinitrophenyl-

hydrazone, PKD 17-OH-progesterone-capronate-dinitrophenylhydrazone, mOD metlmxy-

oestrone-dinitrophenylhydrazone, J1Ac androsterone-acetate, DAc dehydroepiandrosterone-
acetate, DTAc dihydrotestosterone-acetate)

acetate as internal standard was added. Radioactivity was measured in a 1/10
volume of the extract and another 1/10 aliquot in dioxan subjected to gas
chromatography.

The method, similarly to the preceding one, was controlled with a
marker system and by using double internal standards in each sample. The
procedure appears to he suitable for estimating steroid values in 5 ml plasma
of children and in less of adults.

Determination of methandicnone in human urine

The metabolism of certain hormone analogues is slow, and considerable
amounts of some synthetic hormones are excreted with the urine without any
change in their structure. These characteristics allow a direct gas chromatog-
raphy of wurinary extracts without preliminary purification by paper or
thin-layer chromatography, if the compound can he chromatographed directly
without derivative formation. An example of this is the determination of
met handienone (17a-methyl-17/?-hydroxy-androsta-1,4-dien-3-one) (Fig. 3).
The method is suitable for studying the metabolism of steroid drugs and for
the control of sports stimulants.

To a 5 to 10 ml aliquot of urine, 1.0 fig ethynyl-nortestosterone as
internal standard for the correction of losses and determining retention
properties of the drug as also for quantitation is added. After ether extraction,
the extract was purified first with alkali then with water, dried over Na2501
and evaporated. A dioxan aliquot of the residue was gas chromatographed
as indicated in Fig. 3.
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Fig. 3. Flowsheet of the urinary identification and quantitative determination of methan-
dienone in urine (M methandienone)

Correlation between chemical structure and retention behaviour

Although gas-liquid chromatography is a separation method, it may he
applied on structure analysis or fora rapid identification of steroids. Character-
istic changes in retention properties observed following an introduction into
or a chemical alteration of a functional group on, the molecule have sub-
stantiated this type of analysis. For the characterization ofretention properties

A-4-17« Et,17R-0l-3-one - 1
19nA4-178-01-3-one *
ocA-17B-0l-3-one

AN-17R-0l-3-0ne — O0AC
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RA-3ot -0l-17-one
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Ad-17R-01-3-'one » 17-one T
A5-3R-01-17-0ne » oCA i T
AA-17R -0l1-3-0ne > <A
A7-3.rC-one - A -
A4-3,17-0ne N ﬁﬂé‘:e
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sl T70i- Et 1 ASNg Mg
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[ ]
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Fig. 4. dSNr, dSN , dR”j, and dRjn,, values for functional groups of androstanes
(Nomenclature of steroids is given according to Bush, |. E.: The Chromatography of Steroids
Pergamon Press, London 1961)
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i) the steroid-number (SN) determined according to a calibration made
with 5%-cholestane and 5a-androstane standards

ii) the group retention factor (/IRM) calculated from changes in log-
values of the relative retention time; and

iii) the group-number (/ISN) concept introduced by us [3] as the changes
in steroid-number values following the chemical alteration of functional
groups, were used.

Fig. 4 shows the parameters of structure-chromatography relationships
determined on SE-30 and QF-1 columns by the analysis of androgenic hor-
mones, their metabolites and synthetic CIfl-steroids.

As it can be seen from Fig. 4, changes in the retention behaviour are
characteristic of the functional groups of molecule under study and on the
stationary phase chosen for measurements. Data obtained by this type of
analysis may be informative in the identification of steroids.
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A CRITICAL APPRAISAL OF THE METHODOLOGY
OF DEHYDROEPIANDROSTERONE
AND DEHYDROEPIANDROSTERONE
SULPHATE DYNAMICS

By
T. Fener

1IHST DEPARTMENT OF MEDICINE, SEMMELWEIS MEDICAL UNIVERSITY, BUDAPEST, HUNGARY

The secretion or daily production of déhydroépiandrostérone (D)
dehydroepiandrosterone sulphate (DS), or any steroid hormone can he de-
termined hy the injection or infusion of the labelled hormone in tracer amount
and estimation of the specific activity (SA) of its unique metabolite in urine,
or of the isotope concentration of the tracer in blood, on the basis of the isotope
dilution principle (SR R/SA. 1).

According to the general model of steroid dynamics, a chemical com-
partment is defined as a particular hormone (tracer) distributed in a single
anatomical space. Two different hormones distributed in the same space, or
one hormone in two anatomical spaces, represent two compartments.

The first attempts at determining the secretion rate of D by the adrenal
(gonad) as a one-compartment model consisted of injecting tracer D and
measuring the SA of DS in urine (Fig. 1) [1].

D+D*“ o , 09

Fig. 1. Pathways of dehydroepiandrosterone and dehydroepiandrosterone sulphate metab-

olism (AD androstenedione, DG dehydroepiandrosterone glucuronoside, EG etiocholanolone

glucuronoside, ES etiocholanolone sulphate, AG androsterone glucuronoside, AS androsterone
sulphate)

It has been pointed out later that following the injection of the tracer D,
the lowest SA value was obtained for DS and the highest one for DG of the
SA values of the known D metabolites (EG, ES, AG, AS, DG and DS; for
abbreviations, see Fig. 1). Meanwhile, other reports revealed the production
by the adrenals of not only D but also of DS and the existence of a direct

“sulphate-pathway” in lheir metabolism [3]. It became apparent that
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urinary DS originated not only from D but also from the glandular DS, and
the two steroids are peripherally interconvertible (D~ DS), which could
account for the low SAds in urine. Since ux-inary DG could not be produced
from DS without prior conversion to D, DG can be considered a unique
metabolite of D, and DS of the glandular DS [4].

A mathematical model of a two-compartmental analysis taking into
account these considerations has been worked out by Gurpide et al. [5].
Their approach appeared to be suitable for the calculation of kinetic param-
eters following the simultaneous injection of the two tracers with different
label ([4-14C]D and [7«3H]DS) and subsequent determination of the cumula-
tive specific activity of DG and DS in urine (Fig. 2) [5].

srd 5Rds

rD-DS
rD-CW prd prds -rDS-H3
' rDS-D
A K
ErD rD rDS ERDS
aCl4 caH3_caH3 R H3 SACK-SaCM
SRn=-D- DS bADG SFlgs= T 9 'S DG__ Do

T SAGUSAHE SAGRSAE 1 SR SAGAR

Fig. 2. The two-compartment model of dehydroepiandrosterone and dehydroepiandrosterone
sulphate dynamics (“urinary method”)

In view of the peripheral interconversion of D and DS, the glandular
secretion of D (SRD) is not equal with the total daily production of D (PRD)
it must be a lower value (SRD PRD), and this is also the case for DS. The
rate of interconversion is characterized by a transfer factor g, from which
the mg/die values for the conversion rates rD_DS and tds_d are calculated.
The mathematical model allows a determination of rates of the irreversible
metabolism, td and ros, as well as of the rates of production of the two hor-
mones, PRd and PRds. This “urinary method” has been applied by MacDo-
nald et al. for determination of the parameters of D and DS dynamics in
two control subjects and two patients with disturbances in hormone metab-
olism [6].

The characteristics of steroid hormone dynamics can be studied by
estimating the changes in the radioactive concentration of hormone under
consideration after a single injection or infusion of the tracer(s) [7]. The most
important parameter in this “blood method” is the metabolic clearance rate
(MCR) defined most generally as that theoretical volume of plasma from which
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the steroid hormone (its radioactivity) is completely and irreversibly removed
in unit time. Even for a single hormone the situation is considered a two-
compartment model (Fig. 3 for D). According to this assumption, the hormone
is distributed in two anatomical spaces, viz. an inner pool (Vj) which includes
plasma, liver and extracellular volumes, and an outer pool (V2) which repre-
sents the other tissues. There is evidence that metabolism occurs mainly in
liver, therefore, the rate constant for D in the outer pool rD3 can be neglected.
Hormone secretion is imitated by the administration of the tracer (RD).
Following its single injection, MCR is calculated by plotting the disappearance
curv e of radioactive concentration in plasma. The slope of the curve is deter-
mined by the biological half-live of the hormone, and MCR is related to the
integrated area under the curve. In the case of a constant infusion, an equi-

ANALYSIS OF THE___

PRQ=MCRq.Cq DISAPPEARANCE ALRVE

B fordt AR*B*

i

iTransfer
Time,min.
INNER
POOL

v r MCRd @D

D-Cl4 -» rD-Cl4-»-

Srd - RUGY avayss oF THE
EQUILIBRIUM CURVE"

Fig. 3. The two-compartment model of dehydroepiandrosterone dynamics (“blood method”)

librium curve is obtained and here the MCR is regarded as a quotient of the
radioactive concentration of the tracer administered and of the steroid isolated
from blood. In steady-state, the blood PRD is equal to MCR multiplied by
the non-radioactive steroid concentration (PRD = MCR;J «CD). If the adrenal
secretion of a peripherally interconvertible hormone-pair is considered, after
simultaneous administration of the UC and 3H tracer-pair and the determina-
tion of their interconversion rate allow a calculation of the glandular SRD
from PRd.

The urinary and blood approach of D and DS dynamics both seem to
have certain advantages and disadvantages. These are methodological in
their nature or originate from the chances or limits of the mathematical model.

Based upon a critical review of the pertaining literature and our own
experience with the urinary and blood approach applied simultaneously in

healthy and obese subjects, some aspects of D and DS dynamics will be
discussed.
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For methodological (steroid-analytical) reasons, the urinary method is
the one more advantageous.

i) Dehydroepiandrosterone sulphate and glucuronoside can be determined
in urine with a more simple technique and more reliably than DS or especially
the unconjugated D in plasma, the latter in the range below 1 /(g/100 ml.

iil) The urinary method necessitates a single injection of the tracers and
a 3-day pool of urine. In contrast, the blood method, in view of the significant
differences in the biological half-time of D and DS requires at least four
blood samplings at different intervals after the isotope administration. In the
case of constant infusion, the technical schedule is more complex and means
an increased strain for the patient.

iii) With the plasma method, errors in methodology and construction
may result in a greater distortion of the parameters than with the urinary
approach. In addition, it is from a short working-period that one has to
extrapolate on the daily balance (diurnal rhythm, periodic secretion of hor-
mones, etc.).

The two methods represent the dynamics of hormone metabolism in
different ways. Both are in certain respects arbitrary, and disregard some
known characteristics of metabolism. From this point of view, the blood
method seems to be a better approach of the occurrences in vivo.

i) As a decisive critérium of the urinary method, the specific urinary
metabolite (i.c., DG) must originate exclusively from the plasma steroid pool
in which the injected tracer (i.e., 4-4C D) is distributed, and must not be
synthesized in the outer anatomical compartment of the same hormone or
from another hormone produced in the inner compartment. This supposition
is not entirely valid for the D-DS pair. It has been assumed that D produced
from DS in the liver is partly transformed to androstenedione or DG and
irreversibly metabolized before its mixing with the D pool. Consequently,
DG is partly the metabolite of DS, and the validity of the “specific urinary
metabolite” concept is not entirely answered.

ii) A reliable control of the two methods has hardly been performed in
cases with disturbances in hormone metabolism and in not more than a few
normal subjects. Loras and Migeon [8] have found identical SADG and SAo0s
values in the urine of patients with virilizing adrenal tumour, and from the
equation of Gurpioe et al. [5] this would result in a SRds of zero. In contrast
to this conclusion, adrenal venous blood analysis revealed a secretion of DS.
Our experiments on normal subjects [9] and obese patients [10] showed a
normal urinary PRDS and an increased blood PRos in the latter patients.
This observation speaks for an increased hepatic extraction of the hormone
in obesity. The finding, although it draws attention to limitations of the
urinary method, indicates an aberration of liver function in obesity hardly
detectable by other methods.
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iii) The blood method is based on the MCR. The restriction of its de-
termination is a steady-state. This, however, is not valid in every situation.
For instance, several steroids such as DS, do not readily reach an equilibrium
during infusion or after injection of the labelled steroid, or a change in the
secretion rate during its measurement is not be strictly followed by similar
changes in the plasma concentration of the steroid. Recent reports have
revealed a periodical D secretion by the adrenals [11].

As a conclusion of the critical considerations discussed here we refer
to Horton and Tait [12]: “At the present time it appears that the blood
approach gives rise to more accurate estimates of secretion rates and more
meaningful production rates. However, the application of both methods, if
possible, will give the maximum amount of information.”
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DETERMINATION OF TESTOSTERONE
IN SERUM ON THE BASIS
OF A PROTEIN-BINDING METHOD

By
J. Julesz, |I. Toth and |. Faredin

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

In the early sixties, a new microanalytical procedure based on saturation
analysis was elaborated for the determination of thyroxin (Ekins, 1960),
insulin (Yalow and Berson, 1960) and of various steroid hormones (Murphy
et ab, 1963) (Fig. 1).

The hormone to be estimated forms a complex with a protein as a result
of specific binding. The binding protein must be added in a concentration
which allows its saturation to its full binding capacity by the hormone. This
gives a protein-bound and a free hormone fraction. The protein concentration
being constant, it is the quantity of the hormone in question which determines
the ratio of the protein-bound to free fraction. For the estimation of this ratio,
radioactive hormone, identical with the cold hormone in every respect, in-
cluding distribution of its protein-bound to free fraction, is added to the
system in a known amount. In this manner, as the cold hormone is added
to the system in increasing amounts, it displaces the protein-bound radioactive
hormone from its complex binding to the profit of the free fraction. The pro-
portion of the two fractions can be determined by measuring either the protein-
bound or the free fraction of the radioactive hormone. A calibration curve
from which the unknown hormone concentration of the assayed sample can be
read, is constructed by plotting the proportion of protein-bound to free
fractions at known concentrations of the hormone under test.

In our Institute we have been engaged in studying the clinical aspects
of androgen metabolism for many years. Serum testosterone estimation is
pertinent to the line of study. Saturation analysis makes it possible to deter-
mine free testosterone in the blood, it having been demonstrated by Mercier
(1966) that besides a nonspecific and weak binding to albumin, there exists
a strong, specific binding of testosterone to a beta globulin fraction the binding
capacity of which increases during pregnancy and in response to oestrogen
therapy (Peariman et al., 1967). Fig. 2 shows the design of our procedure.

From male serum 1 ml, from female serum 4 ml arc used. Approximately
10,000 dpm tritiated testosterone (Ao) is added to the serum so as to trace
the testosterone losses involved by the extraction and the purification pro-
cedures.
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Fig. 1. Principle of saturation analysis
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thin-layer chromatography on silica-gel - Qtwice:.
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purified
extrad
chromatography on florisil column
10 percent methanol in benzene, 10ml
testosterone -radioactivity in 1/5 aliquots
extract (measurement of loss)

protein-binding reaction:

+2ml measuring serum -(11,2R3-3H)T, approx.6.500dpm/0,5mI=B
incubation on v%afer bath(at 45°C HT. app P

+80 mg florisil

supernatant = protein-bound testosterone

0.5mlI+10mLTriton-x-100—toluene solution Radioactivity

bound 10/0}3’%.'@( 100

Reading of T%from the calibration curve gives the amount of
testosterone in ng. The values are corrected for extraction losses
and expressed in ng/100ml.

Fig. 2. Estimation of testosterone. Schematic representation
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After alkalization the serum is extracted twice with 15 ml methylene
chloride, washed with distilled water, and the extract is evaporated in vacuo
to dryness at 40 °C. The crude extract thus obtained is chromatographed twice
successively on silica-gel-G thin-layer for the separation of testosterone from
other steroids and from interfering lipids. By the first chromatographic pro-
cedure the testosterone is separated from the nonpolar 17-ketosteroids in a
solvent system of n-hexane—ethyl acetate—glacial acetic acid —absolute etha-
nol, 16 : 75 : 5 : 2. By the second procedure, testosterone is separated from
the more polar 17-beta-hydroxy-C19-steroids, the androstanediols and the
androstenediols in a benzene absolute ethanol, 90 : 10 system.

After each chromatography the testosterone-spot is located with the
aid of a Packard Radiochromatogram Scanner and each time testosterone is
eluted from the layer with methanol. The extract thus purified is chromato-
graphed on a Nymco florisil column of 1.0 g in order to purify it from the
contaminations due to the silica-gel-G thin-layer adsorbent. The eluate (10 ml
10% methanol in benzene) is evaporated in vacuo at 40 °C to dryness, dis-
solved in 1 ml methanol and the activity of the residual :IH-testosteronc (A)
is measured in aliquots of 0.1 —0.1 ml. In this manner the testosterone losses
inherent in the procedures of purification and isolation are checked. The re-
maining 0.8 ml of the eluate is again evaporated in vacuo to dryness and in
the sample the testosterone is estimated on the basis of its protein binding.

Serum of the third trimester of pregnancy at 200 fold dilution served
as measuring protein. In our experience, at testosterone levels in the range of
0.5 to 6.0 ng this protein dilution gives calibration curves of the required
steepness. Though higher dilutions allow estimations of higher sensitivity
if the concentration of testosterone is low, they give flat and less sensitive
curves at higher testosterone concentrations. To the diluted pregnancy serum
tritiated testosterone is added and its radioactivity is checked on each occasion
(in 0.5 ml approximately 6,500 dpm = B).

The measuring serum thus prepared is added to the extract and incubated
in a water bath at 45 °C for 10 minutes during which time an equilibrium
between the free and the protein-bound testosterone fractions is established.

For the separation of free testosterone, 80 mg florisil is added to the
solution, shaken for two minutes, allowed to stand for 6 minutes and centri-
fuged. From the supernatant which contains exclusively protein-bound testo-
sterone, 0.5 ml in a solution of 10 ml Triton-X-100 toluol is measured for its
radioactivity (C) using a Packard Tri Carb Spectrometer. From the results
the percentage of radioactive testosterone left bound to protein after in-
cubation with the cold testosterone sample of unknown quantity is calculated
via the formula

C
bound T per cent (A+B) X 100
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A radioactivity in the system after extraction and purification
B radioactivity of the measuring serum
C = radioactivity of the protein-bound testosterone fraction

The percentage value of the T read from the calibration curve gives
the amount of testosterone in ng. This is corrected for the extraction losses
and referred to 100 ml serum.

Each serum sample is measured against blanks which are treated in
exactly the same manner as the samples and the values are subtracted from
the results.

(Fig. 3) The calibration curve is constructed on the basis of parallel
measurements with a cold testosterone series of 0.5—1.0—2.0—4.0—6.0 ng.
These standard testosterone amounts are incubated with the measuring serum
in the same manner as the actual samples. Each serial measurement requires
a fresh calibration curve.

On the evidence of these measurements performed in a relatively small
number of cases, the serum testosterone level ranges between 350 and 410
ng/100 ml in normal males and between 40 and 50 ng/100 ml in normal females.
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The most reliable manner of estimating hormone production by endocrine
organs, thus also by the adrenals, is the estimation of the hormone in the venous
blood of the hormone-producing organ. Since in the human being, apart from
exceptional occasions, there is no possibility of determining the hormones
directly in the blood of the adrenal vein, studies of this kind have been largely
confined to the laboratory animal until the introduction of the ingenious
secretion rate procedures for the steroid hormones based on the idea of the
biological dilution of labelled steroids (Peterson, 1959).

The secretion rate studies by means of steroids labelled witli *H or "C
are based on the following principle. A labelled steroid of high isotope activity
is introduced into the body in minute absolute amounts and left to mix with
the body fluids. Within a certain time it becomes distributed over the fluid
compartments in the same manner as the endogenous hormones. Actually,
the hormone, whether endogenous or isotope-labelled, is indiscriminately
metabolized and excreted by the organism. If after complete mixing, a sample
is taken from blood or urine and after specific isolation, its hormone content
is determined, in other words the specific activity of the isolated hormone
(i.e., the ratio of radioactivity to the absolute amount of hormone in //g)
is estimated, the secretion rate of the given hormone can be computed with
reference to the specific activity of the steroid originally introduced in the
organism. A fall in specific activity, the dilution of the original specific activity
of the steroid, is directly related to the endogenous hormone content of the
organism. Determination of the changes in specific activity from the hormone
or from the metabolite of the examined hormone must give basically the
same result, with the understanding that the hormone or its metabolites
selected for this purpose can have no other possible source in the body than
the investigated steroid for this study. For instance, the urinary 17-keto-
steroids are unsuited for the measurement of the secretion rate, because they
have multiple sources in the organism. On the other hand, there are numerous
steroids of exclusive origin and, by this fact, suitable for secretion-rate studies.
These include delta-5-pregnene-3-beta-20-alpha-diol for pregnenolone; tetra-
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hydro-DOC for desoxycorticosterone; tetrahydrocorticosteronc for cortico-
sterone; tetrahydrocortisol and tetrahydrocortisone for cortisol; only
testosterone for testosterone; dehydroepiandrosterone for dchydroepiandro-
sterone; pregnanetriol for 17-alpha-hydroxyprogesterone; 18-oxo-glucuronide-
and tetrahydro-aldosterone for aldosterone, etc.

Calculation of the secretion rate is a simple task. The dose of the injected
steroid being known, it can be derived from the equation in Fig. 1 where
/] represents the specific activity of the steroid administered, a its amount,
(this is, however, generally a negligible quantity, since for secretion-rate
measurements hormones only of relatively high specific activity, i. e., of

where: h = specific activity of the steroid administered
10=specific activity of the steroid in the urine
a — amount ef steroid administered
¢ — correction factor

Fig. 1. Formula for the calculation of steroid production estimated from the secretion rate

minimum absolute amount are suitable). In represents the specific activity
of the isolated hormone, i. e., the metabolite of the steroid in urine; c is
the correction factor, since the procedure can only be used if the radio-
activity of the administered steroid is excreted in its totality during the period
of urine collection, i. e., if the organism has attained a steady state. In this
case, all metabolites formed from the administered labelled steroid must be
recovered from the 24-hour urine which equals the amount of hormone being
formed in the organism in 24 hours, thus corresponding to an equilibrium
between production and elimination.

c = U/D
U = radioactivity excreted during collection
D = radioactivity of the administered steroid

A possible difference in molecular weight between the administered
steroid and the isolated steroid metabolite requires a further correction factor
for the final calculation of the secretion rate. Thus, delayed steroid excretion
in consequence ofrenal impairment on the one hand, and inaccurate collection
of urine, on the other, make the correction factor indispensable. Inaccurate
administration of the labelled steroid or its incomplete absorption after oral
administration as well as other special problems will be dealt with later in this
study in the context of the aldosterone secretion rate.
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Determination of aldosterone secretion rate

The secretion rate of aldosterone is estimated on the same principle as
that of other steroids, by the intravenous administration of a few /nC of ‘ll-la-
belled aldosterone of a high specific activity. Since the tritiated aldosterone is
metabolized and excreted by the organism in 24 to 48 hours in the same
manner as endogenous aldosterone, secretion can be calculated from the fall
in the specific activity, i. e., from the dilution of free aldosterone or of its
18-oxoglucuronide- or tetra-hydro-fraction isolated from the urine.

Fig. 2 adapted from the study of Kk i1iman (1963), sets out the generaj
principles of the determination of aldosterone secretion rate.

Principal considerations for the measurement of aldosterone secretion rate in man
I. Injected dose of radioactive aldosterone:
1. High purity, “D” isomer.
2. High specific activity.
3. Known amount.
4. Know'll specific activity, when calculation is based on specific activity dilution.
Il. Mixing and metabolism:
1. Tracer dose must be small in relation to miscible pool.
2. No loss of radioactivity from the steroid.
3. Complete metabolism during time interval studied.
4. Complete excretion of specific metabolite.
I1l. Metabolite isolation:
Metabolite derived only from aldosterone.
Specific identification.
Adequate purification.
Accurate measurement.
Correction for tracer dose, when indicated.

TR WNE

Fig. 2. Principles of aldosterone secretion assay (Kiiman, 1963)

I. The isotope-labelled aldosterone used for this purpose must meet,
the following requirements: it must be d-isomer in order to be biologically
active, to be metabolized in the same manner as endogenous aldosterone.
It must be of maximum purity, i.e., its radio-purity must be in the neighbour-
hood of 99%. It must be of high specific activity so as to make the absolute
quantity to be administered negligible.

Il. As a precautionary measure in respect of distribution and metab-
olization of aldosterone, the hormone must be of exactly known minute amount
and high specific activity. In order to ensure complete mixing of the radio-
active aldosterone, its absolute amount in relation to the aldosterone content
of the extracellular compartment must be negligibly small. Furthermore,
the labelling must be stable in order to prevent any alteration in 3Il content
of the administered aldosterone during its metabolization and excretion. In
addition to complete metabolization, the excretion of the metabolite under
study must also be complete. In contrast to the rapidly formed 18-oxo-glucu-
ronide metabolite, the tetrahydro-metabolite produced relatively slowly and
requires a 48-hour collection of urine.
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1. A prerequisite of the isolation of the metabolite is that the metab-
olite to be isolated must have aldosterone as its only possible source. Specific
identification, adequate purification to the constancy of :iH/l14C and reliable
measurement of specific activity arc further requirements of importance.

Fig. 3 gives a schematic representation of the determination of the aldo-

ADRENAL SECRETION KIDNEYS
LIVER
Tracer \
INTRAVENOUS INJECTION InnerPool (*)
OF TRACER DOSE: 2-3[.C Outer ~ Pool METABOLISM EXCRETION
D-ALDOSTERONE 1,2-H3 MIXING
EXTRACTION of 1
%aK B glucuronidase-Released PURIFICA:I'ION OF
24HOUR URINE Aldosterone CRUDE METABOLITE
COLLECTION Metabolite FRACTION BY PAPER
CHROMATOGRAPHY
f] (8888 81
FORMATION OF CARBON-1A PURIFICATION: Paper MEASUREMENT: Liquid
TRIACETATE DERIVATIVE Chromatography X2,0r3 Scintillation Counting
Acetic Anhydride - C1if of Carbon ™+ and
12'5 mC/m Mole(20% in Benzene) Tritium Content of
and Pyridine, 37°C.,2A-Hrs. Final Sample

CALCULATIONS:

STEROID CONTENT CARBONTh  C-1A
OF FINAL SAMPLE CPM CPM/pa*

ALDOSTERONE

xBased on Specific  \erapoLTE
Activity of Acetic

. o4 in Final
Anhydride Reagent Sample
SPECIFIC ACTIVITY
OFTHETETRAHYDRO- TREBMM - -0
ALDOSTERONE,URINARY TRITIUM

METABOLITE final sample no CPM/ag
Metabolite of Metabolite

SECRETION RATE TRACER DOSE (Tritium CPM)

(BA of Aldosterone produced SPECIFIC ACTIVITY OF METABOLITE
during time of Urine Collection (Tritium CPM/an)

usually 2h-hours)

Fig. 3. Schematic representation of the estimation of aldosterone secretion rate by means
of tetrahvdroaldosterone isolation

Acta Medico Academic Scientiarum Hungaricae 29, 1972



THE HORMONE SECRETION RATE, METHODS OF ASSAY 177

sterone secretion rate from tetrahydro-aldosterone by the method of Cope (1964)
and of the calculations. Fig. 4 presents the procedure ofaldosterone secretion
assay by making use of the free and the 18-oxo-glucuronide fractions of aldo-
sterone (Fodor and Guaz 1971), and Fig. 5 shows the values thus obtained. Re-
placement of 14C labelled anhydrous acetic acid by “cold” anhydrous acetic acid

yaw un*

micro Chen reaction measurement of
H3-C I£*-activities

Fig. 4. Parallel estimation of aldosterone secretion rate and of aldosterone excretion rate»
according to Fodor and GtAz (1971)

Aldosterone excretion on the evidence of 180 assays
Normal range: 13.0 (6—20) /<g/24 hrs
Conn’s syndrome: 45 120 //g/24 hrs
Adrenalectomy: 2 3 /tg/24 hrs

Aldosterone secretion rate on the evidence of 180 assays
Normal range: 120 (60—200) /<g/24 hrs
Conn’s syndrome: 300—1200 //g/24 hrs
Adrenalectomy: 20 30 /tg/24 hrs
Recovery from 500 //g d-aldosterone injected: 471 //g

Fig. 5. Aldosterone values obtained by the secretion-rate and excretion-rate methods
(Graz et al)

12 Acta Medica Academiae Scientiarum Hungaricae 29, 1972



178 E. GLAZ

greatly simplifiesthe procedure and makes it less expensive. Fig. 6 shows the nor-
mal values for aldosterone secretion rate obtained by various workers including
ourselves, on the grounds of the estimation of the tetrahydroaldosterone and
of the 18-oxo-conjugate metabolite (Fig. 6). There is no significant difference
between the results of the two procedures. While the determination of tetra-
hydroaldosterone confronts us with problems of the specificity of isolation,
in the case of the 18-oxo-conjugate we have to cope with difficulties involved
by the smaller amounts and hy the instability of the compound. In both
cases it is essential that the total radioactivity excreted during the period
of urine collection should be measured. Inaccurate collection of urine or
impaired renal function greatly alter the results. Delayed urinary excretion
of ;;H in the case of impaired renal function is best demonstrated by the graph

Estimation of specific radio-
References activity from 18-oxo-
glucuronide, /ig/24 hrs

Aybes et al. (1958) 170—190

Jones et al. (1959) 82 190 (male)
73— 315 (female)

Peterson (1959) 330—400

HURTER and Nabarro (1960) 72—313

Laidlaw et al. (1962) 231-522

Siegenthaler et al. (1962) 40—180

Muller (1962) 100

Kliman (1963) 50 270 (adults)
25 and 112 (children)

Kono and Miyake (1965) 54.1—162.0

Luetscher et al. (1965) 103 130

Lommer et al. (1965) 126

Henkin et al. (1965) 104 (children)

Lund-Johansen et al. (1966) 74— 155

Vecsei et al. (1967) 80—220

Flood et al. (1967) 77 (adults)
34 (aged)

Glaz et al. (1971) 60—200

Estimation of specific radio-
References activity from tetrahydro-
aldosterone, /ig/24 hrs

Urick (1959) 230—350
Laragh (1960) 150—330

Urick (1961) 100 —300

Cope et al. (1961) 62—275

Flood et al. (1961) 50—118
Coppage et al. (1962) 95—249
Watanabe et al. (1963) 85—216 (females)

88—180 (males)

Urick et al. (1964) 135 (70 210)
Glaz and Pearson (1966) 60-203

Glaz et al. (1968) 80 200

Fig. 6. Aldosterone secretion values on the basis of 18-oxoglucuronide and tetrahydroaldo-
sterone isolation, as observed by different authors in normal subjects (from Graz and Vecsei,
1971)
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from the study of Cope (1964) reproduced in Fig. 7. The correction factor
proposed by this author is calculated on the basis of the radioactivity of
urine excreted in the second and first 24 hours after the injection of ~-aldo -
sterone. In our studies the correction factor was carefully registered in every
case and has been taken into consideration in the calculations of all our values.

Fig. 7. Urinary excretion of 3H in the case of impaired renal function. Incomplete urinary
excretion of tritium from labelled aldosterone metabolites (from Cope, 1964)

In view of the fact that the plasma aldosterone concentration constitutes
the most reliable indicator of the organism’s aldosterone supply, more precisely
of the level of biologically active aldosterone, the estimation of the aldo-
sterone secretion rates and also of aldosterone excretion, must he regarded as
inadequate (Fig. 8). The results of our studies in a total of 180 subjects pre-
sented in the graph conclusively demonstrate that the excretion and secre-
tion rates of aldosterone, though providing sufficient information in the
majority of cases concerning the state of aldosterone supply of the body, are
insufficient in a number of cases. On confronting the plasma aldosterone
concentrations with the values for aldosterone secretion rate and excretion
in the same individuals, we find a discrepancy in certain cases. This is attribut-
able to the fact that the secretion and metaholization of aldosterone are not
necessarily of the same rate. As the graph clearly demonstrates, despite an
increased aldosterone secretion the plasma aldosterone level may remain
normal as a result of increased metaholization, on the other hand, even in
the case of a normal aldosterone secretion, an impaired metaholization may
result in increased plasma aldosterone levels, that is, in an enhanced aldosterone
activity.

From the data presented it clearly emerges that the estimation of the
aldosterone secretion rate permits a far more reliable assessment of the state
of aldosterone supply of the body than does the estimation of aldosterone

Ada Medico, Academiae Scientiarum Hungaricae 29, 1972
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Fig. 8. Aldosterone excretion and secretion rates plotted against plasma aldosterone values
under various conditions of aldosterone production (Glaz et al.)

Aldosterone antiserum titre:

Fig. 9. Aldosterone antiserum titre in five different rabbits (Giaz et al.)
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excretion. Notwithstanding this, serial determination of the plasma aldo-
sterone level seems to offer the only promising avenue for future research
concerning aldosterone, whether in animal experiments or in clinical studies.
This would permit to replace the costly, tedious double-isotope techniques by
radioimmunoassay.

As regards the radioimmunoassay in general, including those of aldo-
sterone, we are still at the beginning, but the results thus far obtained seem
encouraging. As shown in Fig. 9, we have been able to prepare antialdosterone
immune serum in the rabbit, using aldosterone-21-bis-hemisuccinate bovine
serum albumin (BSA)-complex produced by Vecsei and Penice (unpublished
data) for the immunization which was carried out by the procedure of Lada
(unpublished data). Though the titre of our aldosterone antiserum thus ob-
tained is far in excess of that required by the procedure, we have still a long
way to go to make the method applicable for serial determination of the

plasma aldosterone level.
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STEROID HORMONE DETERMINATION
ON THE BASIS OF RADIO-IMMUNOASSAY

By
L. Kocsar

NATIONAL “FREDERIC JOLIOT-CURIE” RESEARCH INSTITUTE OF RADIOBIOLOGY AND RADIOHYGIE NE
BUDAPEST, HUNGARY

Radioimmunoassay allows a reliable determination of very small
quantities of various substances, in the first place of proteins, in terms of
picograms or nanograms. This is of invaluable advantage in the case of estima-
tions in biological fluids. Accuracy and reproducibility belong to the chief
merits of the method.

Basically, every substance of immunogenic properties, in other words,
against which antibody can be raised in an appropriate species, lends itself
to quantitative radioimmunoassay. This primarily applies to proteins. The
method was originally developed for the assay of insulin by Yarow and
Berson [1], later its principle was adapted by the same authors as well as
by other workers to all substances capable of forming a specific binding
with some other substance within an immunological or nonimmunological
system.

The principle of immunoassay is presented in Fig. 1.

Labelled antigen -f- Specific antibody Labelled antigen—antibody complex
AgX Ab Agx- Ab
(F) ¥ ®)
Ag nonlabelled antigen
in a known standard solution or in
an unknown sample to be measured
Ag—ADb
nonlabelled
antigen-antibody
complex

Fig. 1

The principle of radioimmunoassay is also valid for nonimmune systems;
this is the competitive radioassay.

The results of radioimmunoassays turn on the issue of finding an
appropriate procedure for the separation of the free tracer from that bound
to the antibody.

The wide diversity of possibilities of separation allows to select the most
convenient procedure. One of the most currently used techniques is that of
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immunological double antibody precipitation. In view of its simplicity and
its rapidity, it is the plastic-coated antibody tube procedure described by
Catt and Tregear [2] which seems the most promising. Recently, the poly-
merised antiserum procedure has been adopted for the assay of hormones
with a sterane nucleus.

Estimation of oestrone and oestradiol

The procedure owes its existence to the possibility of binding steroid
hormones to proteins in which state they induce the formation of antibody
specific of the steroid hapten. Lieberman et al. [3], Goodfriend and Sehon
[4] have developed radioimmunoassays for the estimation of progesterone,
testosterone, oestrone and of other hormones, using bovine serum albumin
(BSA) as carrier protein.

The immunizing antigen was a 17/J-oestradiol-hemisuccinate-BSA com-
plex, the antiserum was raised in sheep. The antiserum cross-reacts with
oestrone, therefore oestrone and oestradiol can be determined separately with
the aid of a suitable separation technique.

The advantage of the method is its high sensitivity. It measures the
steroids in samples as small as 1 to 2 ml and also lends itself to serial tests
in man, unlike other procedures requiring large amounts of plasma, such as
gas chromatography [5, 6] or the double isotope derivation technique [7, 8].

The plasma oestrogens may be separated from ether extracts on Sepha-
dex LH-20 by column chromatography, for which Miknair et al. [9] use the
polymerized antibody-colloid described by Avrameas and Ternynck [10].
Tritiated oestradiol and oestriol may serve as tracers.

According to Abranam [11] oestradiol can be estimated directly in
follicular fluid without requiring previous purification.

The direct methods give, however, no reliable results in estimations
in plasma.

Midgtey et al. [12] immunized rabbits with 13 different steroid-BSA
complexes, of which only 9 proved immunogenic: oestradiol-3-BSA, proges-
terone-3-BSA, progesterone-20-BSA, progesterone-1I-BSA, pregnanolone-3-
BSA. The following four preparations failed to produce immune response:
aldosterone-21-BSA, corticosterone-21-BSA, cortisone-21-BSA and desoxy-
corticosterone-21-BSA. Each protein molecule of these preparations con-
tained only 10 or less steroid molecules. Since Ertanger and Beiser
[13, 14] were able to produce immunization even with these four preparations,
the explanation can only be that each BSA molecule must contain at least
20 or more steroid molecules.
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ANNOUNCEMENT OF AN IAEA SYMPOSIUM

Title: Radioimmunoassay and Related Procedures in Clinical Medicine and
Research

Date: 10— 14 September, 1973
Location: Istanbul, Turkey

Organizers: International Atomic Energy Agency,
Kéarntner Ring 11— 13, A-1010 Vienna, Austria

Scientific Secretaries: Dr. E. J. Garcia and Dr. E. H. Bclcher
Medical Applications Section

The programme of this Symposium, the second to be organized by the
International Atomic Energy Agency in the subject field, will cover all aspects
of radioimmunoassay and related procedures and their applications. Particular
attention will be given to the in vitro determination of substances of clinical
interest such as hormones, vitamins and drugs. Sections of the programme
will be devoted to recently developed techniques for the detection of tumour,
viral and bacterial antigens, and to assays employing labelled antibodies and
naturally occurring specific receptors.

Further information, participation forms and forms for submission of
a paper intended for presentation at the Symposium will be obtainable from
national authorities for atomic energy matters. Abstracts of such papers must
be submitted to the International Atomic Energy Agency through these
authorities.



SYMPOSIUM ANNOUNCEMENT

Title: New Developments in Radiopharmaceuticals and Labelled Compounds.

Date: 26—30 March 1973

Location: Copenhagen, Denmark

Organizes: International Atomic Energy Agency
Kaéarntnerring 11, P.O. Box 590 A-1011 Vienna, Austria
in collaboration with the World Health Organization
CH-1211 Geneva 27, Switzerland

Scientific Secretaries: Dr. S. Rothcliild and Dr. E. Garcia

The Symposium will primarily be concerned with the chemical and phar-
maceutical aspects of radiopharmaceuticals. A major objective will be to
summarize by means of invited papers some of the recent developments in
the areas listed below, to be followed by contributions on new work. Topics
to be covered include nuclide generators, Kkits for preparing radiopharma-
ccuticals from short-lived nuclides, accelerator production of medically useful
nuclides, synthesis ofradiopharmaceuticals and labelled compounds from short-
lived nuclides, labelled compounds for in vitro clinical tests, and stable isotopes
in medicine.

A panel will discuss various aspects of regulatory and pharmaceutical
responsibilities for radiopharmaceuticals, after which discussion will be invited
from the floor. Another panel will attempt to project the directions which
nuclear medicine is likely to take in the future, and the demands that this
would place on the development of new radiopharmaceuticals.

Participation in the Symposium, whether or not a paper is presented,
must be through nomination by the Government of a Member State of the
ILA.E.A. or Vi.H.O. Each participant should complete a Participation Form,
and a Form for Submission of a Paper if a paper is to be submitted, and send
it (them) to the competent official authority for transmission to the Agency.
The Form for Submission of a Paper should be received by the Agency before
16 October 1972. Further information and forms may be obtained from national
authorities for atomic energy matters.



INTERNATIONAL CONGRESS ON ‘ IMMUNOLOGY
IN OBSTETRICS AND GYNAECOLOGY”

Padua, Italy — 7—9 June, 1973

An International Congress on “Immunology in Obstetrics and Gynae-
cology” will be arranged at Padua, lItaly, on 7 through 9 June, 1973, under
the auspices of C.1.O.M.S.

This Congress intends to direct a spotlight to the relation existing be-
tween immunology and obstetrics, and a good number of outstanding Italian
and foreign scientists gave already their agreement sending reports and recipro-
cal correspondence relevant to the themes to be treated.

The Congress will last three days with two sessions per day. The following
items will he discussed:

1st session: male sterility on the basis of immunology
2nd session: female sterility on the basis of immunology
3rd session: immunology of the conception product

4th session: transplacentary passage of the anticorpse
5th session: anticorpse antihormone

6th session: immunology of gynaecological tumours

For further information and subscription please address yourself to
Professor Nicola Carretti, Obstetrics and Gynaecology Clinic of the University
in Padua, Via Giustiniani no. 3, Padua 35100, Italy.
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SUBCLINICAL FORMS OF MYOCARDIAL INFARCTION
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l. Kenedi, Julia Dévai and F. Gonda

HUNGARIAN ARMY MEDICAL CORPS

(Received July 26, 1971)

Earlier myocardial infarction was ascertained on the basis of the Minnesota
Code in 36 patients in whose history there was no typical heart attack.

The post-infarction ECG pattern may be produced in the following ways.
1) True, silent painless infarction; 2) transitory retrosternal pain of anginal character;
3) acute cardiac syndrome in the absence of pain (circulatory failure, ventricular
tachycardia); 4) presence of some other disease masking the signs of acute myo-
cardial infarction.

In the present series, the syndrome termed subclinical infarction was prevalent
beyond the age of 55 years, and infarctions of the posterior wall were more frequent
than those of the anterior wall.

The forms of myocardial infarction marked by the absence of an acute
typical syndrome, to which the collective term “subclinical infarction” may
be applied, are of major practical significance and ever since the beginnings
of epidemiologic studies of coronary disease they have been given much atten-
tion in literature (Gordon et al. 1959, Lindberg et al. 1960, Kannel
et al. 1970). The problem has been viewed from two different angles of ap-
proach, according to its clinical and pathological aspects. Myocardial infarction
detected at autopsy is outside the subject of the present study.

The forms of myocardial infarction to be discussed here pose major
diagnostic problems. The scar formed at the site of infarction interferes with
the muscular performance of the heart and becomes an inexplicable handicap
to the patient, thus imposing a search for its cause by every possible means.

Material and method

The 36 subjects forming the present series have been under our care as inpatients and
followed up after discharge, or referred to our ECG-laboratory, since 1966. All had residual
signs of myocardial infarction according to the criteria of the Minnesota code, confirmed on
discharge or during follow-up or as an accidental ECG finding. In order to determine the exact
location and extent of earlier infarction and to record the motions of the cardiac contour,
all patients were submitted to a complex schedule of investigation including a 15-lead ECG,
a PCG derived from the apex and the base in four frequency bands, an apex cardiogram
(ACG) recorded from 9 sites between the sternal border and the midclavicular lines in the
third, fourth and fifth intercostal spaces, and an X-ray kymogram in five or six positions.
The abnormal circumscribed movements revealed by the ACG were verified in two ways,
viz. by returning from other areas to the abnormal site in the course of the same study, and
by a comparison with later recordings.
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Results

Thirty-six patients, 13% of the 270 postinfarction cases submitted to
the complex schedule of investigations referred to above, were found to have
experienced myocardial infarction in the past in the absence of a classical
acute coronary attack. It is deemed convenient to divide the cases of sub-
clinical infarction into the following four types.

1) True silent myocardial infarction. Detection of its residual ECG-
signs was exclusively the result of routine clinical investigation, even close
questioning having failed to reveal any indication of earlier cardiac episodes.
The 12-lead ECG belongs to our preoperative routine in all patients over
45 years of age before major surgery including urological or traumatological
interventions, and recently also before minor surgery.

On the evidence of the ECG, the location of “silent” infarction was the
anterior wall in 5 and the posterior wall or the postero-lateral region in 8 of
the 13 cases. Fluoroscopy revealed cardiac enlargement and/or pericardial
adhesions in four cases and circumscribed aneurysmal bulging in one case.
The ACG showed paradoxical pulsation at some circumscribed segment of
the cardiac contour in 3 cases. The essentials of an illustrative case are given
in the following.

The patient was a 65-year-old female. Pulmonary screening performed
in 1970 revealed a solitary round shadow suggestive of bronchial carcinoma
in the left lower field. Thoracotomy was performed on these grounds in a
unit for pulmonary surgery. On exposure, a cardiac aneurysm accounting for
the round solitary lesion was found. The patient was referred for resection
of the aneurysm to the First Clinic of Surgery of the Postgraduate Medical
School. The patient denied ever having experienced retrosternal pain or
any symptom of heart failure in the past but had been hospitalized for heart
disorders five years earlier. The X-ray kymogram (Fig. 1A) showed a markedly
enlarged heart, its base showed a bulging hemispheroid aneurysm with cal-
cified borders. Interpretation of the abnormal pulsations was not possible
owing to the presence of broad pleuro-pericardial adhesions partly of surgical
origin. The presence of a Q and of an inverted T in standard lead | and in
aVL and ofa QS in V1_4as well as in the Nehb-J-lead was typical of an old
infarction scar involving the apex. ACG revealed paradoxical pulsations
at the apex (locations 0 and 2) with normal movements of the contours at
the base (Fig. IB).

In one of the cases of silent infarction, a consecutive ECG series revealed
an extension of the cicatricial area of the anterior wall in the absence of any
pain (latent progression).

2) ECG-recordings taken after a short attack of effort angina in 19
cases revealed, quite surprisingly, signs of an acute myocardial infarction
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Fig. 1A. Aneurysm with calcified borders at the base of the heart

Fig. IB. ECG typical of an infarction scar on the anterior wall (QS in Vt_4). ACG shows
paradoxical pulsations at the apex (locations 0 and 2)
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after the first attack in 8 cases and of an old infarction after recurrent transient
pain in 11 cases. A posterior wall pattern was found in 12 and an anterior
wall pattern in 7 cases. The ACG showed in six cases paradoxical pulsations
at some well-defined area. There was X-ray evidence of an aneurysm in the
form of a circumscribed bulge in one case, of cardiac enlargement and/or of
pericardical adhesions in 5 cases. The following case was illustrative.

Fig. 2. ECG and VCG: infarction scar of the posterior wall. ACG: the upper medial
contour and the lateral wall show abnormal movements

The patient was a 41-year-old male having experienced recurrent tran-
sient anginal symptoms while serving a prison sentence. The ECG performed
after his release showed a Q in standard leads II, Ill, aVF and Nehb-D, as
well as on the y-axis of YCG as a sign of an old posterior infarction scar.
ACG revealed a semiparadoxical pulsation in the upper medial part (location 9)
and jagged contours laterally at location 7 (Fig. 2).

3) Acute cardiac symptoms in the absence of pain. Grave dyspnoea,
acute left heart failure (Friedberg 1950, Papp 1952, Jochweds 1969), ventric-
ular tachycardia, grave arrhythmia (Evans—Sutton 1956) are suggestive
of acute myocardial infarction. Painless myocardial infarction has been found
responsible for acute circulatory failure in two of our patients, shown by the
following case record.
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Fig. 3A. ECG: infarction scar of the anterior wall (see text.); ACG: the base
of the heart exhibits semiparadoxicai pulsations

Fig. 3B. X-ray kymogram: extensive paradoxical
pulsation at the apical region and the posterior wall
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The patient, a 46-year-old male, hitherto in good health, had developed
acute pulmonary oedema during heavy physical exercise in the absence of
any retrosternal pain not only at the time of the attack but also during a
subsequent observation in a local hospital for 21 days. A later ECG performed
at our unit (Fig. 3A) showed a deep broad Q in aVL and a Q appearing during
ventricular premature beats in V4_4, thus indicating an anteroseptal infarction.
ACG revealed a semiparadoxical pulsation at the base (locations 6, 7 and 8)
while remaining normal at the apex and the supraapical segment (location 5).
X-ray kymography: the heart was vertical; the area of infarction involving
the apex and the dorsal surface revealed itself by a paradoxical pulsation
which was brought out very sharply with the aid of the oblique grid employed
for the procedure (Fig. 3B).

4) The signs of acute myocardial infarction may be masked by the pres-
ence of some other disease such as acute cerebrovascular accidents (Gould-
Cawley 1958, Melichar et al. 1963), postoperative complications (Master
et al. 1938), psychoses (Lieberman 1955, Marchand 1955), diabetes (Marble
1955, Agar 1962, Bradley-Schonfeld 1962), cholelithiasis, etc. This is
the group which accounts for the majority of cases where myocardial infarction
eludes diagnosis and remains undetected during lifetime. It is thus understand-
able that we had no more than two cases falling into this category, the signs
of acute myocardial infarction having been masked in both by those of gall-
stones. One of the cases is reported here in brief.

The patient was a 66-year-old female, with a history of cholecystectomy
for gallstones. She was admitted for pain in the right upper abdominal region
and transient jaundice. Cholangiography revealed a calculus 12 mm in dia-
meter over the Vater’s ampulla. She had never had any retrosternal pain.
ECG showed a Q in standard leads Il and 11l and a deep Q in aVF and in
Nehb-D as a sign of a posterior wall scar. ACG: (Fig. 4) small-amplitude move-
ments of serrated character at the base and the apex. X-ray kymogram re-
vealed a dorsal silhouette with a jagged outline as a sign of slight mus-
cular dysfunction.

Cor pulmonale with grave acute heart failure also involves diagnostic
difficulties, inasmuch as the clockwise rotation of the heart may produce a
QS in V4_4. On the other hand, acute respiratory failure may be associated
with retrosternal oppression and even with anginal pain. This ECG-pattern
was found in one of our patients at admission, a few days later an extension
of the QS as far as V6 was, how'ever, demonstrable.

From the global analysis of the four groups of subclinical myocardial
infarction under discussion it emerges that in 28 patients the lowest age limit
was 55 years and only 8 patients belonged to younger age groups. As regards
the site of infarction, posterior wall infarctions of the left ventricle (22 cases)
showed a certain prevalence over anterior wall infarctions (14 cases).
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Fig. 4. ECG: infarction scar of the posterior wall (see text); ACG: abnormal
pulsation at the base of the heart and at the apex

Discussion

Classification of subclinical myocardial infarction on the above discussed
grounds is justified by the fact that each of the individual subgroups has a
significance of its own and requires a different diagnostic approach.

The prevalence of true silent myocardial infarction is convincingly
illustrated by the results of a prospective study by Kannet et al. (1970)
extending over 14 years in which 50% of unrecognized infarctions were
marked by a total absence of chest pain. This is consistent with the observa-
tions of the present authors (Kenedi et al. 1964) according to which 7 out
of 8 patients, partly with diagnosed, partly with undiagnosed earlier infarcts,
died either during operation or postoperatively as a result of reinfarction.

ECG-screening in the age-groups being at risk is advocated by various
authors (Fagin and Chapnik 1950, Lindberg et al. 1960, Melichar 1966).
Owing to lack of adequate technical facilities including equipment and staff,
it is not possible for the time being to set a mass screening campaign into
operation which would involve the respective age-groups of the general popu-
lation. It is, however, essential to make a 12-lead ACG, aroutine test in every
patient over 55 years who comes to be hospitalized for any reason, in the
first place for surgery under intratracheal anaesthesia.
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Diagnosis of myocardial infarction associated with effort angina is
less difficult. Close investigation after each anginal attack is, however, impera-
tive so as to identify and, if possible, to minimize the precipitating factors
(hypertensive disease, diabetes, cholesterolaemia, adverse conditions of life,
mental stress, etc.). Increase in the frequency of anginal attacks orthe appear-
ance of chest pain at rest also call for investigations of the same extent.

The fact that acute myocardial infarction is a common cause of acute
left heart failure marked by sudden attacks of dypnoea has been duly empha-
sized in the literature in the last two decades (Evans—Sutton 1956, Fried-
berg 1950, Papp 1952, Jochweds 1969). This confirms the necessity for
consecutive ECG-recordings in case of painless acute cardiac syndromes so
as to confirm or to rule out the presence of myocardial infarction.

Acute myocardial infarction poses the greatest diagnostic difficulty
when masked by the stormy signs of some acute disease. The most common
conditions of this kind have been reviewed by Gould-Cawley (1958) and
Melichar et al. (1963). It is obvious that myocardial infarction eludes detec-
tion in unconscious patients with cerebrovascular accidents or in psychotics
who may not complain of pain (Marchand 1955, Lieberman 1955). It is
more difficult to account for the observation that anginal pain may be slight
or absent in diabetes (Marbile 1955, Agar 1962, Bradley 1962). Acute myo-
cardial infarction belongs to the most common postoperative complications
of major surgery; retrosternal pain, fever, fall in blood pressure, signs of tissue
necrosis may, however, also have other causes. The ECG brings conclusive
evidence if the possibility of acute myocardial infarction is borne in mind
(Master et al. 1938).

Myocardial infarction associated with some grave primary disease involves
great diagnostic difficulties. The patient generally dies of the primary disease.
Unless he survives the acute phase, the infarction usually remains undetected
until necropsy.

Evidence of the present postinfarction study including ECG, PCG,
ACG and X-ray kymography (Dévai 1963) and our subsequent observations
are consistent with the data of numerous authors from which it emerges that
the outcome of subclinical myocardial infarction marked by a misleading
paucity of symptoms is in no way more favourable than in the case of a
sudden typical onset.
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The level and composition of phospholipids in the plasma and blood cells of
multiple sclerotics as well as control patients were investigated by column and thin-

layer chromatography.
Neither the total nor the individual phospholipid content of the blood showed

any significant difference.

It could, however, be observed that the level of individual phospholipids
oscillated in the plasma and in the blood cells of both control and MS patients, and
the resulting oscillations may be greater in the case of MS. This finding may explain
the fact that some authors have reported contradictory data concerning the phospho-
lipids in the blood of MS patients.

Regarding the special damage of myelin the study of lipid metabolism
in multiple sclerosis (MS) represents one of the most important tasks in the
research of the mechanism of demyelination. However, owing to the human
character of the disease, the only possibility for gaining information on the
disturbances of lipid metabolism is by investigating the blood or cerebro-
spinal fluid.

In relation to lipid metabolism we have examined the changes of the
total lipids, lipid-P and cholesterol in blood after loading the patients orally
or intravenously with different lipids (H aszak and Heiner, 1966). No signif-
icant differences could be observed.

Concerning the plasma phospholipids in MS, contradictory experimental
data have been published. An elevated total phospholipid level was described
by Dobin and Switzer (1954), Persson (1958), Freeman and Siegel (1959);
a lower level was found by Rernsohn and Namajuska (1955), Chiavacci
and Sperry (1952) and Serclt et al. (1961); while no alteration was found
by Fog (1951), Jones et al. (1954), P1um (1959), Gerstl et al. (1965), Cumings
et al. (1965), Montfoort et al. (1966), Tichy et al. (1969), Andreoli and
Cazzullo (1969).

In order to throw light upon the contradictions in literary data, we
have investigated the total and individual phospholipid pattern of the blood.

Material and methods

The examinations were performed on 20 to 40-year-old male and female patients suf-
fering from multiple sclerosis. Neurotic patients were used as controls. The patients were
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kept on a standard diet. From oxalated blood samples serum and blood cells were separated
by centrifugation. Lipids were extracted by 20 volumes of chloroform-methanol (2 : 1v/v), and
filtered quantitatively through fat-free filter paper. The filtrate was evaporated at 40°C un-
der vacuum in arotary evaporator. Lipids were redissolved in 25 ml of chloroform—methanol
(2:1) and washed with 5 ml of 0.1 n KC1 to remove non-lipid water-soluble substances.
After separation of the two phases, the lower one was withdrawn and evaporated. The residue
was dissolved in 1—2 ml of chloroform and repeatedly evaporated, until the lipid extract
had become transparently clear. Lipids were separated into four fractions as described by
W ebster (1960) and Domonkos and Heiner (1968) on an aluminium oxide column 1 cm in
diameter (aluminium oxide standardized according to Brockmann, Merck). Lipids were
eluted successively with 20 ml of chloroform (Fraction 1), 30 ml chloroform—methanol (1 : 1)
(Fraction 2), 15 ml of chloroform—methanol—water (7:7:1) (Fraction 3), and with 30 ml
of chloroform—ethanol—water (2:5:2) (Fraction 4). Fraction 1 involves neutral lipids,
Fraction 2 the choline phosphatides (lecithin, sphingomyelin and lysolecithin), Fraction 3
involved the non-phospholipids (cerebrosides, sulphatides) and Fraction 4 the other phos-
phatides (ethanolamine, serine, inositol phosphatides and the corresponding lyso dérivates).
Fractions 1 and 3 were discarded. Fraction 2 was evaporated to dryness under vacuum by
arotary evaporator. Fraction 4 was mixed with an equal volume of chloroform, the mixture
was shaken, the lower phase was withdrawn and the upper one discarded. The lower phase
containing the lipids was evaporated to dryness. From part of the phospholipid fractions
the total lipid-P content was determined according to FiSke and Subbarow (1925). From
another part of these fractions the individual phospholipids were separated by thin-layer
chromatography (Kieselgel & nach Stahl, Merck). Solvent systems for choline phosphatides
were chloroform—methanol—water (65 : 25 : 4), for cephalin phosphatide chloroform —meth-
anol : concentrated NH3 (65 : 25 : 4 v/v). To attain better separation of the cephalin phos-
phatides, the procedure was repeated with the same solvent system. The separated lipids were
visualized by iodine. Spots were quantitatively collected and phosphorus was determined
by the Bartlett method as modified by Domonkos and Heiner (1968) in the following way:
a lipid sample containing a maximum 0.2 pg atom P was ashed with 1.2 ml 10 n IL SO,:
2 drops of 30% H2 2were added and ashing was continued for 1 hr at 160 °C. Then 2.7 ml
of distilled water, 0.8 ml of 5% ammonium molybdate and 0.2 ml of Fiske and Subbarow’s
reagent were added. It was kept in a water bath at 100 C° for 7 min and the extinction was
read at 800 mp in a spectrophotometer. Fatty aldehyde was estimated by the method of
W arner and Lands (1961).

Results

Results concerning the level of lipid phosphorus in the plasma and
blood cells of multiple sclerotics and controls are demonstrated in Table I.
The amount of choline and cephalin phosphatides separated on an aluminium
oxide column did not show any significant difference either in plasma or
blood cells.

Table |

Lipid phosphorus in plasma and blood cells of control and multiple sclerotic patients .
(fig atoms/100 ml of plasma and blood cells in 100 ml of blood)

Choline phosphatides Cephalin phosphatides
control MS control MS
Plasma 253+ 32 (11) 253+32 (12) 11.3+ 6.6 (13) 10.5+ 5.2 (10)
Blood cells 222+ 17 (13) 212+ 20 (13) 135+ 16 (14) 142+ 16 (14)

The values are means + S. D.
Figures in brackets give number of cases.
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In Table Il the fatty aldehyde content of choline and cephalin phospha-
tides in the plasma and blood cells of the same patients is demonstrated.
There were no significant differences between them.

Table 11

Fatty uldehyde in plasma and blood cells of control and multiple sclerotic patients (p moles/100 ml
of plasma and blood cells in 100 ml of blood)

Choline phosphatides Cephalin phosphatides
control MS control MS
Plasma 1.62+ 0.74 (11) 1.68+0.82 (12) 2.46+ 0.77 (13) 2.45+ 0.96 (10)
Blood cells 0.56+ 0.25 (10) 0.63+ 0.24 (10) 28.7+ 6.4 (13) 25.8+ 55 (13)

The values are means + S. D.
Figures in brackets give number of cases.

Table I11

Individual phosphalides in plasma and blood cells of control and multiple sclerotic patients
(fig atoms/100 ml ofplasma and blood cells in 100 ml of blood)

Plasma Blood cells
control MS control MS
Lysolecithin 240+ 59 23.4+ 5.7 7.8+ 22 8.6+ 2.0
8 (11) n) (11)
Sphingomyelin 51.9+ 7.7 57.0+ 12.1 915+ 129 92.5+ 10.2
(10) () (12) (12)
Lecithin 166.8 + 22.8 166.3+ 7.8 104.3+ 15.8 1143+ 16.1
(10) (10) (14) (14)
Phosphatidyl-serine 0.76 + 0.58 0.56 + 3.25 7.67 + 1.05 8.45+ 3.38
(12) (10) (6) (6)
Phosphatidyl-inositol 3.09+ 1.65 301+ 111 4.56+1.39 5.65+ 1.25
1) (11) (13) (13)
Lysophosphatidyl-ethanolamine 1.22+ 0.82 1.06 + 0.52 5.05+ 2.32 6.21 + 1.27
(13) (13) 9) 9)
Phosphatidyl-ethanolamine 4.7+ 19 43+ 15 929+ 105 86.1+ 5.0
(1) (11) (12) 12)

The values are means + S. D.
Figures in brackets give number of cases.
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Table Il demonstrates that investigation of the individual phospholipid
fractions by the thin-layer silicagel method revealed that in the amount of
the lysolecithin, sphingomyelin, lecithin, phosphatidyl-serine, phosphatidyl-
inositol, lysophosphatidyl-ethanolamine and phosphatidyl-ethanolamine there
were no significant differences between the MS and control group, either in
blood cells or in plasma. There were, however, considerable individual varia-
tions in the amount of different fractions.

Discussion

In conclusion we may state, as some other authors have done [Fog
(1951), Jones et al. (1954), P1um (1959), Montfoort et al. (1966), Gerstl
et al. (1965), Cumings et al. (1965), Tichy et al. (1969), Andreoli and Cazzullo
(1969)] that there are no significant differences in the content of total or
individual phospholipids of the plasma, or that of the blood cells. The total
and the individual phospholipid content of the plasma showed remarkable
variations in the controls, too; these individual variations were, however,
more pronounced in MS.

These greater oscillations of the individual and total phospholipid con-
tent of the plasma in MS may be the consequence of the homeostatic dysrégu-
lation. The contradictory data obtained by some other authors may be
explained by these facts.
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1. This study included 23 children infected with S. haematobium and 15 with
S. mansoni complicated with hepato-splenomegaly, and 15 controls.

2. There was a significant reduction in albumin in both types of schistosomiasis
either due to nutritional factor (in S. haematobium) or to impaired albumin synthesis

o] as a result of liver damage (in S. mansoni).

3. The hypo-albuminaemia was accompanied by a significant increase in gamma-
globulin which was caused by the remarkable elevation of 1gG. Both total gamma
globulin and 1gG component were significantly higher in cases with intestinal schisto-
somiasis complicated with hepato-splenomegaly than in urinary schistosomiasis. This
is attributed to a higher activity in reticuloendothelial cells in S. mansoni infection.

4. Care should be taken not to overlook the nutritional factors since these may
partly be responsible for some reduction in the albumin value and in a compensatory
increase in gamma globulin.

5. Elevation in IgG fraction was detected as early as six months after bilharzial
infection.

Introduction

There are many reports on the plasma protein abnormalities in both
humans and experimental animals with schistosomiasis (Arru and Parriciatu,
1961, Ramirez et al. 1961, Kagan and Goodchild, 1961, Shamma and Azzo,
1966). Most authors agree in that these abnormalities are principally repre-
sented by an increase in total plasma protein and gamma globulin accompanied
by a loss of albumin. The increase of the globulin level occurs in the beta-
gamma region (De Witt and Warren, 1959, Fiorillo, 1966).

Kagan and Goodchild (1961) studied the sera of 61 patients with
chronic S. mansoni infection and reported that the circumoval precipitation
test was more markedly positive in cases with significantly higher gamma
globulin fraction.

Ouchterlony double diffusion test (Sitva Da and Ferri 1965) disclosed
one precipitin line in 11 of 29 sera from patients with hepato-intestinal form
and from 1—4 lines in 29 of 37 sera from those with hepato-splenic form of
bilharzial infection. They also proved that one of these precipitin lines was 1gG.

Sephadex chromatography and ultracentrifugal studies showed that
the fraction of serum protein that gave a positive circumoval precipitin test,
was gamma globulin with a sedimentation coefficent of 6.6 S and a molecular
weight of 200,000 (Toro-Goyco, 1964).
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Fiohillo (1966) reported that the observed abnormalities of serum
proteins in the beta-gamma area were the results of the increased level of
gamma M macroglobulin of humans infected with S. mansoni. These results
were further supported by Del Rey Calero et al. (1968) who mentioned
that the immuno-fluorescent reaction was given only by a fraction of serum
proteins of bilharzial patients which contained IgM antibodies. However, the
latter result was not in accordance with those of K urata and Noda (1966)
who reported that IgG increased greatly and IgM only slightly. They presented
evidence strongly suggestive of the presence of autoimmunity in rabbits
infected with S. japonicum.

On the other hand, immuno-electrophoretic experiments yielded evi-
dences of the presence of specific circulating antigens in laboratory animals
infected with S. mansoni. This antigen was of parasitic origin and not of
host origin (Berggren and Weller, 1967).

The equivocal information cited above has prompted us to study the level
of the three main classes of immunoglobulins in children with schistosomal
infection.

Material and methods

Clinical investigation

Thirty-eight children with bilharzial infection were admitted to Tanta University
Hospital. Fifteen non-bilharzial apparently healthy children of matched age were used as
the control group. All children were aged from 5 to 12 years. The bilharzial group had the
infection for a period ranging from about 6 months to 3 years. All children including the
control group were subjected to a complete and thorough clinical investigation in addition to
laboratory tests.

Diagnosis was based on clinical examination and the presence of schistosoma ova in
urine or faeces. The history of previous bilharzial infection was recorded. Patients who re-
ceived anti-bilharzial drug within the last three months before examination were excluded from
the study.

Of the bilharzial patients, 15 had S. mansoni infection which led to hepato-spleno-
megaly while the remaining 23 patients had S. haematobium.

Laboratory examinations

All cases were subjected to microscopic examination of urine and faeces for the detec-
tion of ova, in addition to the following laboratory tests.

1. Blood counts and sedimentation rate.

2. Total serum proteins were estimated colorimetrically by the biuret method. Dif-
ferential serum protein fractions were determined electrophoretically by the conventional
method using barbitone buffer pH 8.6, 0.05 M (Briere and mui11 1964).

3. Liver function tests according to the facilities available included thymol turbidity,
zinc sulphate turbidity, serum bilirubin, icterus index and serum proteins.

4. Standard immunoglobulins: human serum gamma A and gamma M were obtained
from Hyland Laboratories, California, U.S.A., gamma G was prepared and administered to
rabbits in an emulsified form after mixing with complete Freund adjuvant according to
Hase and manin (1965) with a slight modification. Booster doses were usually given if the
antibody titre was not high.

5. Estimation of immunoglobulins. Immunoglobulins were determined by the radial
diffusion technique (Faney and mckervey, 1965). A graph (concentration against precipi-
tation ring diameter) was constructed on semilog paper using a series of dilutions of appro-
priate concentration for each plate. The protein concentration in a test sample was then deter-
mined by comparing its ring diameter to the graph obtained from the reference protein of
known concentration.
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Tables I and Il show no significant change in either the total protein,
or the gamma, beta and IgA serum protein fractions. However, the average

Table |

Serum protein fractions in controls and children with schistosomiasis

Group

1. Control
Range
Mean
S. D.

2. Urinary bilharziasis
Range
Mean
S. D.

3. Intestinal bilharziasis
Range
Mean
S. D.

Total
protein
9/100 ml

6.30—7.98
7.22
0.52

6.38—8.15
7.29
0.54

6.96—8.92
7.96
0.62

Albumin

2.64-4.44
3.56
0.48

2.58-4.22
3.11
0.56

2.44-4.14
3.00
0.54

Table 11

x-globulin

0.67—1.67

1.01
0.27

0.35—1.54

1.04
0.30

0.35—1.43

0.90
0.28

Serum protein fractions, in g/100 ml

/3-globulin y-globulin
0.61—1.19 0.75—2.56
1.02 1.63
0.16 0.46
0.64—1.42 1.35—3.42
0.96 2.18
0.17 0.56
0.84—1.34 1.6—4.29
1.08 2.98
0.17 0.85

Immunoglobin components in controls and children with schistosomiasis

Group

1. Control
Range
Mean
S. D.

2. Urinary bilharziasis

Range
Mean
S. D.

3. Intestinal bilharziasis

Range
Mean
S. D.

2%

1gG (mg/100 ml)

927—1556
1276
197

1255-2994
1818
523

1365-4179
2734
724

Acta Medica Academiae Scientiarum

IgA (mg/100 ml)

300—385
352
30.50

282—375
337
24.15

268—402
335
31.86

IgM (mg/100 ml)

119-146
133
6.82

90-142
121
13.15

122—141
133
5.57
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for albumin (3.11 i 0.56 g@g/100 ml) was significantly reduced (t = 2.65)
as compared to that of controls (3.56 0.48 g/100 ml).

Electrophoretic analysis disclosed that the total gamma globulin frac-
tion (2.18 i 0.56 g/100 ml) was significantly increased (t = 3.24) versus the
control values (1.63 i 0.46 g/100 ml) and that this elevation was mainly due
to the increase (1818 i 523 mg/100 ml)in 1gG component (t = 4.41). However,
radial diffusion tests showed a significant reduction in the IgM component
as indicated in Table Il (t = 3.62).

Table 111
Blood counts and liver function tests in controls and children with schistosomiasis

Intestinal bilharziasis

Urinary bilharziasis i
® Mesn+'S D, Mean + S. D, with hepatosplenormegaly
1. Blood 82 + 2.00 69 + 7.21 56 + 6.5
Hb per cent 4,155,000 + 13,963 3.607,500 + 1,681 3,015,500+432.100
RBC 5,960 + 1,246 6,590 + 400 5,425 +201
WBC 1st hour: 7.3 £ 1.7 11.95 + 8.33 32.70£3.92
ESR 2nd hour: 15.7 £+ 2.8 2415 + 5.57 36.40+5.60
2. Liver function
tests:
Thymol turbidity 2.30 + 0.20 275 + 0.15 8.20 + 3.34
Zinc sulphate 4.40 di 1.04 5.65 + 0.95 15.25 + 5.60
turbidity
Serum bilirubin 0.35 + 0.11 0.47 £ 0.10 0.59 £+ 0.29
mg/100 ml
Icterus index 3.30 + 0.81 3.90 + 1.06 6.25 £+ 1.40

Liver function test did not reveal any significant change. The ESR
was slightly higher than in the control group (Table Ill). Blood counts showed
anaemia in the children with urinary bilharziasis. Their Hb and erythrocyte
count was usually decreased when compared to the control level (Table I11).

2. Intestinal bilharziasis with hepatosplenomegaly

No significant changes in serum total protein, alpha, beta, IgA and
IgM were detected (Tables I, Il). A significant reduction occurred in the
albumin fraction (3.00 ~ 0.54 g/100 ml), (t = 3.04). The difference between
intestinal and urinary schistosomiasis for albumin was not significant
(t =0.61).

Electrophoresis showed a significant increase in gamma globulin (2.98 »
0.85 ¢/100 ml). The gel diffusion test indicated that the significant rise in
gamma globulin was the result of a marked elevation of IgG (2734 ~ 724 m/
100 ml), as compared to the control value of 1276 ~ 197 m/100 ml (t = 7.51).
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The other immunoglobulin classes studied (IgA and IgM) did not show
any significant change in children with S. mansoni infection.

In this group clinical and laboratory tests showed a severe impairment
of liver function (Table I11).

The mean haemoglobin level was low even in the controls (82%), mark-
edly reduced to 69% in S. haematobium and decreased to 56% in hépato-
splénomégalie cases.

The IgG value was significantly more increased in intestinal schistoso-
miasis with hepatosplenomegaly than in urinary schistosomiasis (t =4.22).
This was the cause of the more significant, increase in gamma globulin in the
intestinal cases than in urinary bilharziasis (t = 3.26).

Discussion

There are many reports on the plasma protein pattern in bilharzial
patients (Ragheb, 1956, Ismail and Sidicy, 1962, and Sabour and Salib,
1966). However, equivocal information and only few data have been recorded
concerning the role of immunoglobulins in schistosomiasis (Fiorillo, 1966,
Toro-Goyco, 1964, and De Witt and Warren, 1959).

The significant reduction in albumin (Table 1) in children with urinary
bilharziasis may be attributed to nutritional factors or to an impaired albumin
synthesis. This is in agreement with the previous finding of Hannino (1954)
who stated that the poorer the food in protein, the lower the serum albumin
and the higher the increase in gamma globulin.

The remarkable elevation in gamma globulin in urinary bilharziasis may
have been due to nutritional factors (Hannino, 1954) and to parasitic infection
leading to a hyperactivity of the reticuloendothelial system (Ramirez et al.
1961 and Ghanem et al. 1970). Immuno-chemical quantitation showed
that this elevation in gamma globulin was due mainly to the increased level
of the 1gG component. This observation confirms the results of Toro-Goyco
(1964).

The reduction in the albumin fraction in S. mansoni infection was more
considerable than in S. haematobium infection and though it was not signifi-
cant at the 5% level, yet one tends to attribute this greater reduction to a
severer degree of impaired synthesis. This may be due to liver damage as
confirmed by the positive liver function tests (Table I11). These findings agree
with those of Ghanem et al. 1970.

The average gamma-globulin level in hépatosplénomégalie cases was
significantly higher than that in cases with urinary bilharziasis and the increase
was due to marked elevation of the IgG component. This increase in IgG may
be ascribed to the increased reticuloendothelial activity (Andrade and
Andrade, 1966) in the synthesis of IgG since the other two immunoglobulin
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classes (IgA and IgM) studied showed no such increase. This supports the
earlier finding of Toro-Goyco (1964). However, this is not in agreement with
the finding of Fiorittlo (1966) who reported apg elevation in the beta-gamma
region and attributed this to the increase of the IgM component.

The highly increased gamma globulin level in S. mansoni was the cause
of the increased ESR and zinc sulphate turbidity (Table Ill), in agreement
with the observation of Ismail and Sidky (1962).

It should be stressed that children in the control group had relatively
high gamma globulin levels. The same finding was reported by Ghanem et al.
(1970). Stainer (1953) also mentioned that African students have more gamma
globulin level than Europeans living in Africa. He concluded that the poorer
the food in protein the lower the serum albumin and the higher the gamma
globulin. On this assumption nutritional factors (Hannino, 1954) should
not be overlooked. It is suggested that in our study, nutritional deficiency
may have been at a subclinical level as evidenced by the haemoglobin value
which was only 82% in the control group (Table I11). It was further reduced
to 69% in cases with urinary schistosomiasis and to 56% in children with
intestinal schistosomiasis associated with hepatosplenomegaly.

It has to be added that all the present cases including the controls were
of low socio-economic classes and other types of subclinical deficiency.
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Parallel estimations of immunoreactive insulin (IRI) in serum, heparinized
and EDTA-plasma of identical human blood samples were undertaken. It was found
that neither heparin (12.5 and 50 IU/mIl blood) nor EDTA (5 mg/ml blood) applied
for the prevention of clotting, produced any significant change in the IRI-plasma
values, compared with those of sera derived from the respective samples. On these
grounds EDTA- or heparin-plasma at the concentrations referred to above, as well
as blood serum, are equally suited for measurements of IRI. Since, however, the im-
munoassays involve a certain, though insignificant difference between the serum-
plasma values, it is advisable to prepare the blood samples serving for the same series
of immunoassay under identical conditions.

High concentrations of heparin in buffer exceeding those used for the prepara-
tion of plasma (500 1U) yielded higher values for IRI. The levels of IR1 measured in
plasma in the presence of relatively high concentrations of EDTA (25 mg/ml blood)
were found significantly lower. On the other hand, recovery of insulin from albumin-
containing buffer was not affected by EDTA.

It is suggested that while heparin interferes with the interaction between insulin
and insulin-binding antibody, a reaction which does not involve the presence of plasma,
EDTA promotes this antigen-antibody reaction by the agency of some factor of the
plasma.

Immunoassay of insulin, a method described by Yalow and Berson [9]
and further developed by Hales and Randle [3] was carried outby the orig-
inal authors in heparinized plasma. As the procedure has been generally
adopted, the estimates were done by the various authors in blood serum [1, 2, 6]
or EDTA-plasma [6.] This is one of the factors accounting for the differences
found by the various research teams at the level of immunoreactive insulin
(IR1) before as well as after loading.

Henderson [4] observed that the concentration of IRI in heparinized
plasma was higher than that in the same serum, moreover, that the addition
of heparin to serum raised the original concentration of IRI. An IR1| concentra-
tion of 40 pU/ml would give a mean difference of 13 pU/ml and a concentration
over 40 /iU/ml a difference of approximately 20 /nU/ml if the plasma concen-
trations of the same blood samples were measured. In contrast, Soeldner
and Stone [8] found a fall in the amount of IRl as the concentration of
heparin was increased.

Sheldon and Taylor [7] examined the influence of EDTA on the IRI
level and found that addition of EDTA to the serum prior to assay decreased

Acta Medica Academiae Scientiarum Hungaricae 29, 1972



212 I. BALAZSI and M. STUTZEL

the apparent concentration of IRI, though not to the degree of significance
Upon addition of 25 and 50 /xU/ml insulin to human serum, EDTA failed to
affect the respective insulin concentration. It has been suggested by these
authors that EDTA might produce this effect by interfering with the comple-
ment.

In view of the inconsistency of these data, it was deemed of interest
to examine whether measurements of IRI in serum, heparinized and EDTA-
plasma of the same blood sample show any substantial difference.

Material and method

Heparin: 5000 1U/m1 (Chemical Works Gedeon Richter Ltd., Budapest).

EDTA: disodium diamine-ethan-tetraacetate, analytical grade, Reanal, Budapest.

Human insulin: Wellcome Research Laboratories, Beckenham, England, Control No.
K. 9228.

The blood samples of 2 ml were obtained from inpatients of the Department.

IRl was estimated by the double-antibody assay of Hales and Randle [3]. The
complete kit of reactants for the assay was supplied by the Radiochemical Centre, Amer-
sham, England. The original procedure was modified inasmuch as for the separation of the
precipitate centrifugation was used instead of filtration and the precipitate was measured
for 1X-insulin activity in test tubes.

The results obtained in the individual groups were compared by Student’s two sample
t test.

Results

In the first part of the study, IRI was estimated in 60 samples of human
blood sera parallel with plasma of the same blood containing 12.5 1U or 50
IU heparin per ml. The heparin concentrations referred to in this, as well as
in the subsequent, part of the study are understood in terms of ml of whole
blood sample. This is also valid for the EDTA concentrations. The present
material was divided into three groups according to the concentration of
IR1. This was prompted by earlier findings of Henderson [4], as well as by
the fact that the double antibody immunoassays give the most reliable values
at concentrations ranging below 40 /iU/ml, fairly accurate values at levels
of 41 to 80 pU/ml, whereas over the level of 81 /IU/m1 the results are no longer
reliable. This is reflected by the considerable scatter of the figures seen in
Table I.

These studies failed to reveal any significant difference between the
IRl values estimated in serum and in 12.5 IU/ml or 50 IU/ml heparinized
plasma at any of the concentration levels referred to above.

In order to eliminate the presence of plasma proteins, in the further
course of the study 40, 79 and 116 /AJ/ml human insulin was measured into
the buffer used for the immunoassay of IR 1 in the presence of 12.5, 50, 100
and 500 IU/ml heparin, respectively (Table II).
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Table |

Simultaneous concentrations of IRI in /nU/ml (x -f-s) found in blood serum,
and heparinized plasma in 60 patients.
Data grouped on the basis of three concentration ranges of IR

HeparinI concentration of

Insulin blood samples

concentration Serum
125 1U/ml 50 1U/ml
< 40 /iU/ml 24.2+7.7 251+ 9.1 26.1+ 12.4
1 11 1 1
n= 16 p< 07 p < 08
1 1 1
1 p < 07
41-80 (iu/m\ 56.3+12.2 59.7+ 16.6 55.9+ 10.3
1 11 1
1 !
u= 22 p< 04 p< 04
1 ! | |
1 p < 0.9
> 81 jitu/ml 130.2+ 39.9 142.8+50.6 140.5+42.2
1 11 1
n= 22 p< 03 p< 08
1 1 1
p< 04

W ith insulin at concentrations of 40 jiiU/ml, it was only with 500 1U/ml
of heparin that significantly higher IR1 values were found as compared with
the heparin level of 12.5 IU/ml. With insulin concentrations of 79 /tU/ml,
too, significantly higher IR1 values were found in the presence of 500 1U/ml
heparin. This significant difference was also demonstrable in comparison with
all lower heparin concentrations studied. In this group the IR values were
significantly higher in the presence of 100 IU/mI| heparin, too, as compared
with those found in the presence of 12.5 IU/ml heparin. With insulin con-
centrations of 116 juU/ml, the IR 1 values found in the presence of 500 IU/inl
heparin were significantly higher as compared to all samples with heparin
at lower concentrations.

In the further course of the study it was examined whether the figures
of IRI were affected in any way by EDTA used for the prevention of clotting.
The values of immunoassayable insulin in serum, 50 IU/ml heparinized plasma
and 5 mg/ml and 25 mg/ml EDTA-plasma of the same venous samples taken
2 to 3 hours after the first morning meal were compared (Table I11).

A reduction in the IR concentration was demonstrable in the 25 mg/ml
plasma samples, a difference which was found significant in comparison with
the IR1 levels of blood sera and of 50 IU/ml heparinized plasma. In order
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Table 11

40, 79 and 116 pU/ml human insulin, estimated in the presence of various
concentrations of heparin. Heparin concentrations refer to the solutions of human insulin
IR values given in pU/ml (x S)

. . Heparin concentration
Insulin concentration

125 1U/ml 50 1U/ml 100 1U/ml 500 1U/ml
n= 12 n= 12 Mn= 16 n= 12
p< 02
1
1 p< 02
0.9 !
< 0.
40 /RYmI . L
P < 0.1 p < 0.1
1 1 1
41.0+3.8 1 43.1+3.8 42.9+3.9 1 447+ 2.9
1
1
p < 0.01
1
n= 12 n= 13 u= 13 n= 13
p< 05 p < 0.05
1 11 1
83.0+6.6 | 85.0+ 6.2 90.4+9.3 100.4+7.0
1 Il
79 /iU/ml p< 002 1 p < 0.001
1 1
p < 0.001
1 1
p < 0.001
1
n= 12 n= 12 n= 14 n= 12
p < 0.6
1
p< 07 p< 04
1 n 1
123.3+ 10.7 125.5+18.5 1215+ 9.1 143.8+ 15.8
116 jtU/ml 1
p < 0.001
1 1
I p < 0.01 1
1
p < 0.001
1

to find out whether EDTA inhibition takes effect through the plasma proteins,
we examined the recovery of 40 and 80 juU/ml insulin from buffer at EDTA
concentrations of 1, 5 and 25 mg/ml (Table IV). None of the concentrations
studied were found to affect the recovery of insulin from the buffer solution.

Discussion

For the estimation of IRI, blood serum, heparinized or EDTA-plasma
has hitherto been employed. The differences in normal IRl in the fasting
state as well as after glucose tolerance tests might be connected with the
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Table 111

Simultaneous concentrations of IR | measured in serum, 50 1U heparinized
plasma, 5 and 25 mg/ml EDTA-plasma of identical blood samples
obtained from clinical patients (pU/ml, n i;s, n - 15 in each group)

Heparinized plasma EDTA-plasma
Serum 50 1U/ml
5 mg/ml 25 mg/ml
p< 04
!
p<o04 p< 01 p< 01
|
41.2+ 16.1 45.2+110.3 | 37.0+ 16.3 | 27.91+ 13.2
p < 0.001
1 1
|
p < 0.01
Table IV

Recovery of 40 and 80 (xU/ml insulin from its solutions in buffer
at EDTA concentrations of 1, 5 and 25 mg/ml, respectively
(fiU/ml, x + s, n = 20 in each group).

There is no significant difference within the groups

Insulin EDTA concentration
1 mg/ml 5 mg/ml 25 mg/ml
40 fiv/ml 40.3+ 3.9 40.4+ 4.2 402+ 2.9
80 pV/ml 79.2+ 34 79.1+ 3.4 80.0+ 3.5

procedure itself or with the very properties of the material (serum or plasma)
subjected to the process.

For the interpretation of the higher values of immunoassayable insulin
in blood plasma as compared with those in serum, Henderson [4] alleged the
possibility of “trapping” of a proportion of the insulin during the conversion
of fibrinogen to fibrin. A comparison of the serum-plasma values obtained
in the present study failed to support this possibility. It seemed more probable
that heparin, as a molecule of negative charge, inhibits the binding of insulin
to insulin-antibody which would result in a shift to higher values inherent in
the procedure itself. However, in the literature on heparin we have found no
indication of a possible inhibitory effect of the substance on the antigen-
antibody reaction.

From the finding that heparin at minor concentrations (12.5 1U/ml,
50 IU/m1) failed to affect the IR | level either in plasma or in the buffer solution
to any significant extent, it may be inferred that the effect of heparin is unre-
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lated to the plasma proteins. On the evidence of the present study, heparin
gives no false positive IR values unless present at excessive concentrations
mwhich are not used for the preparation of heparinized plasma. The interpreta-
tion that in the course of IR bioassay, heparin acts by interfering with the
binding of insulin to insulin-antibody finds support in the present data, too.

In the study of Henderson [4], addition of EDTA to plasma resulted
in slightly lower IR values. In the present study, lower values attaining the
level of significance were confined to EDTA concentrations of 25 mg/ml.
EDTA being a potent chelating agent, may act by stabilizing the binding
between insulin and insulin-antibody, which would shift the results of the
measurements to lower values. Since, however, in case of buffer solutions,
i.e. in the absence of plasma proteins, EDTA failed to affect the IR bio-
assay even at concentrations of 25 mg/ml, we tend to subscribe to the interpre-
tation offered by Sheldon and Taylor [7]. On the evidence of our results
we find it more likely that reduction of the IR values by EDTA takes effect
indirectly through some plasma factor rather than by a direct inhibition of
the reaction between insulin and insulin-binding antibody.

To the question “Serum insulin or plasma insulin?” raised by Hender-
son [4] the results of the present study provide the following answer: heparin-
plasma (maximum concentration 50 IlU/ml blood), or EDTA-plasma (maximum
concentration 5 mg/ml blood) are equally suited for the bioassay of IRI,
with the understanding that EDTA-plasma yields slightly lower, heparinized
plasma slightly higher values than does blood serum. These differences have,
however, not proved significant. Heparin concentrations of blood plasma over
50 IU/m1 give significantly higher, EDTA concentrations over 5 mg/ml sig-
nificantly lower, IR values than in reality
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The effect of clofibrate has been studied in cholesterol-fed rabbits.

1. A very highly significant reduction of the serum lipid level could be estab-
lished after 2 weeks of clofibrate treatment.

2. In the aorta of cholesterol-fed rabbits a slight increase of glycosaminoglycan
concentration and intensive lipid deposition was found by histological, histochemical
and electronmicroscopical methods. By thermal analysis the presence of aortic glycos-
aminoglycan-serum beta-lipoprotein complexes and the accumulation of “abnormal”
crosslinks within the fibrillar tissue-proteins could be demonstrated in the intima of
the animals.

3. As a result of clofibrate treatment a significantly increased glycosamino-
glycan content was found in the aorta of rabbits with experimental atherosclerosis.
At the same time a decrease could be established in the amount of aortic glycosamino-
glycan-beta-lipoprotein complexes. The anti-atherogenic action of clofibrate influenced
the pathologically changed protein structure as well: the cholesterol induced altera-
tions proved to be partly reversible.

Clofibrate is known to have a blood lipid lowering effect (in cholesterol-
sclerosis e.g. [1—4]) but few data are available on its possible action on the tissue
level. In the present investigation the effect of clofibrate has been studied
on the cholesterol-induced gross, microscopical and biochemical alterations
taking place in the arteries of rabbits.

Material and methods

Rabbit serum and tissue

Effect of clofibrate on cholesterol feeding. In 10 male rabbits aged about 10 months,
experimental atherosclerosis was produced by feeding 2 g of cholesterol daily for 18 weeks.
The animals received 50 mg/kg body weight of clofibrate (Miscleron, Chinoin, Budapest)
orally three times weekly, starting 12 weeks after feeding the high cholesterol diet and con-
tinuing for 6 weeks (group I).

Control experiments. Five rabbits were fed on a cholesterol rich diet, but did not receive
clofibrate (group I1), 15 rabbits of the same age were kept on stock diet; 10 animals were
given clofibrate for 6 weeks as described above (group Il1), 5 served as controls without any
treatment (group 1V).

Collection of samples. Blood was drawn from the ear vein of all the animals at the be-
ginning of clofibrate administration and 2 and 6 weeks thereafter.

Arterial specimens from the rabbits were collected immediately after Kkilling the
animals.
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Table 1

Mean serum lipid values for cholesterol-fed rabbits before and

Duration Triglyceride Total cholesterol Ester
E)V\fle%)li[sj)' change . change
mg per 100 ml per cent Pi mg per 100 ml per cent A< mg per 100 ml
0 408.0+ 70.3 494.0+ 227.8 313.0+ 94.5
211.0+ 60.1 —48.4 < 0.001 226.0+ 138.5 —544 < 0.01 123.3+ 83.6
166.4+35.8 —59.2 < 0.001 115.0+ 47.5 —76.7 < 0.001 92.6+ 43.4
* Mean + S. D.

Chemical analysis

The lipids were extracted from the sera with chloroform-methanol 2:1 (v/v) according
to the method of Foich [5]. Total cholesterol, ester cholesterol and free cholesterol were
determined by the method of Schonheimer and Sperry [6]. The extract for phospholipids
was ashed and the phosphorus determined by the method of Fiske and Subbarow [7].
Triglyceride was determined by the method of Van Handel and Zilversmit [8].

Thermal analysis

For the determination of glycosaminoglycan (GAG) concentration in aortic tissue [9], as
well as for the characterization of the stability of structural proteins [10] a thermoanalytical
method, derivatography [11], was used. Intima samples, cut into small pieces with a scalpel,
were prepared for analysis by drying for 3 hrs in 50% saturated air with constant flowr rate.
Parallel samples were delipidated by extraction in 25% ether in ethanol for 2 days, followed
by 50% chloroform in methanol for 2 days, both at room temperature, and then dried. Lipids,
bound to the fibrillar protein-moiety of the material, were extracted with chloroform—
methanol—hydrochloric acid (2 : 1:0.03).

Thermoanalytical studies were carried out using a Paulik—Paulik—Erdey MOM deri-
vatograph. The instrument measured and recorded simultaneously the weight change (TG
curve), rate of weight change (DTG curve), and enthalpy change (DTA curve) as a function
of temperature. The samples were weighed (approximately 100 mg) into a platinum crucible.
The heating rate was 10°/min. up to 900 °C.

Statistical analysis was performed using Student’s t test.

Histological and histochemical investigations

A general examination was made of internal organs to exclude any disease other than
that induced by the experiment. Detailed examination of the heart, kidneys, aorta and the
great arteries was carried out. After cutting the aorta on its whole surface the per cent of
sclerotic alterations was estimated. The material for histological and histochemical examina-
tion was removed from the arcus, thoracal, and abdominal part of the aorta. The samples were
fixed in 10% neutral formol and embedded in paraffin. Sections 6 // thick were cut. The fol-
lowing staining methods were used: haematoxylin-eosin, van Gieson, alcian blue, Hale-periodic
acid Schiff reaction (Hale-PAS), trichrom staining. For demonstrating the elastic elements,
orcein reaction was used partly without oxidation, partly after potassium monopersulphate
(KHS05 — OxoneR — pretreatment, as described by Rannie [12].

Electronmicroscopical studies
Aortic samples were fixed in 1% buffered osmium tetroxide, pH 7.2. Ultrathin sections

embedded in Durcupan were cut at 0.1 p, stained with 6% uranyl acetate and lead citrate,
and observed with a Tesla BS 242 E type electronmicroscope.
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during clofibrate treatment and their statistical evaluation

cholesterol Free cholesterol Phospholipid
h h .
p?eraggr?t p< mg per 100 ml pcerarc]gﬁt P mg per 100 ml pcerll'aggﬁt p<
211.0+ 81.9 240.6+ 74.9
—60.8 < 0.001 102.8+ 81.0 —51.4 < 0.001 146.6+ 7.6 —39.0 < 0.001
—70.5 < 0.001 225+ 10.6 —83.5 < 0.001 1435+ 20.8 —40.5 < 0.001

600 L

2 u 18
duration of cholesterol feeding (week j

Fig. 1. Average concentration of serum lipids in clofibrate-treated cholesterol-fed rabbits.
G = triglyceride; C = total cholesterol; E = ester cholesterol; F = free cholesterol;
P = phospholipid

Results

Sera

Fig. 1 and Table | show the effect of clofibrate treatment on the average
serum lipid concentration in cholesterol-fed rabbits. After 2 weeks of repeated
administration of the drug, a mathematically very highly significant decrease
in the concentration of all the investigated serum lipid fractions was observed.
Continued treatment resulted in a further, somewhat less expressed, but still
very highly significant decrease of the lipid level.
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In group Il (cholesterol-fed rabbits without clofibrate treatment) a
slight but not significant further increase of Ilipid content could be
demonstrated.

In control rabbits on stock diet, clofibrate administration did not influ-
ence the serum lipid composition.

Aortic specimens

Results of thermal analysis. In Fig. 2 typical thermoanalytical curves
obtained for rabbit aortas are presented.

The first process, indicated by the DTG curves was the departure of
the water content of the air-dried sample between 20° and 180°C, resulting
in a 11.0%, 10.0% and 8.0% weight loss in the aorta samples of control,
cholesterol-fed and cholesterol-fed -)- clofibrate-treated rabbits, respectively,
as calculated from the TG curves. The process was endothermal (negative
DTA peak). The samples were thermostable up to 200°C.

Between 200° and 300°C, as reported previously [13], thermal decom-
position of structural GAG-s took place, characterized by well defined peaks
on the DTG curves. (In the healthy rabbit aorta intima at 240°C, as demon-
strated in Fig. 2a.) The cleavage of chemical bonds in GAG components was
always accompanied by a weight change of the sample. The percentual weight
loss, calculated from the TG curves, was proportional to the concentration
of the corresponding GAG in the investigated tissue [9]. It was reported pre-
viously [14] that when GAG-s are bound in the form of beta-lipoprotein (beta-
LP) complex, the 240°C maximum is not observable on the DTG curves. In
the arteries of rabbits with cholesterol induced atherosclerosis apart of intimai
GAG-s had presumably become bound to lipoproteins during the atherogenic
process; the significant decrease of the characteristic peak on the DTG curve
(Fig. 2b) was possibly due to this phenomenon. The diminution of the maxi-
mum (i.e. the formation of the GAG-beta-LP containing lesion) was definitely
smaller in the aorta of cholesterol-fed + clofibrate-treated animals (Fig. 2c).
Lipids bound to structural GAG-s could be extracted with organic solvents.

Decomposition of the GAG-s was complete at 290°C and a next thermal
process started, the decomposition of the structural proteins. This was found
to take place in two successive temperature intervals. The first process reached
its maximum rate at about 300°C and resulted in the partial cleavage of peptide
bonds [15] and in the formation of peptide subunits of low molecular weight
and of various pyrrol-type compounds. The (very exotherm) decomposition
of these newly formed compounds took place between 450° and 800°C. It
could be proved in a series of experiments that the thermostability of the
sample within this temperature interval is correlated with the amount of
covalent crosslinks involved in the formation of the original protein mole-
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cules [10]. On the DTG curves of adult healthy rabbit aorta 2 maxima could be
distinguished in this interval, at 540° and at 620°C (Fig. 2a). Proteins in
the aorta of cholesterol-fed rabbits were of higher thermostability, DTG peak-
values were shifted to 580° and 620°C (Fig. 2b). As a result of clofibrate
treatment this cholesterol-induced increase of thermostability was partly
reversible: on the DTG curves of the aorta of this group of animals all the three
DTG peaks (540°, 580°, 620°C) were detectable (Fig. 2c). According to our
assumption, the pathological increase of protein stability might be partly
due to a deposition of some lipid'compounds into the aortic fibrillar protein
molecules. This hypothesis was supported by the result of an experiment
in vitro : the intimai tissue obtained from cholesterol-fed rabbits was treated
with an acid organic solvent known to extract protein-bound lipids. Thermo-
analytical curves of these samples resembled those of the healthy aortas.

Calculations performed on the basis of the TG curves permitted quan-
titative evaluation of the results of the above described thermoanalytical
studies.

Table 11

Glycosaminoglycan content of rabbit aorta

GAG concentration

Group
Mean + S.D.
Control 1.9 0.44
Cholesterol-fed 2.1 0.49
Cholesterol-fed -+ clofibrate-treated 3.6 0.54

Table Il contains the average concentration of aortic GAG-s, calculated
from the decomposition curves of delipidated aortas. In the intima of choles-
terol-fed rabbits a slight but not significant increase could be observed. Clo-
fibrate treatment of cholesterol-fed rabbits resulted in a further, significant
increase (p <[ 0.01) of the aortic GAG content.

Table 111
Percentual distribution of protein subunits

Characteristic DTG peak

Group
540°C 580°C 620°C
Control 70.0 _ 30.0
Cholesterol-fed — 72.0 28.0
Cholesterol-fed + clofibrate-treated 39.7 324 27.9
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The amount of the components decomposed between 450° and 800°C
characteristic for the stability of structural proteins could also be calculated on
the basis of the TG curves. The average distribution of the material within
this temperature interval is summarized in Table III.

In the aorta of rabbits without cholesterol feeding, clofibrate treatment
did not induce any alteration.

Histological and histochemical findings

Gross alterations. Data illustrating the grade of sclerotic changes are
presented in Table IV.

The aorta of the rabbits fed with cholesterol showed severe sclerotic
alterations. The most remarkable changes covering almost the whole surface
were observed at the aortic arch in all cases. The alterations at the thoracic
part of the aorta were somewhat less extensive but still remarkable. The
degree of sclerosis was slightest at the abdominal part of the aorta. At the
origin of the intercostal, renal, and mesenteric arteries, the damaged endothe-
lium was covered in some places by thrombotic changes. The grade of sclerosis
was only in one case less than 45% of the whole aortic surface.

Tabic IV

Sclerotic alterations on the intimai surface of rabbit aortas

Proportion of area
Group Case No. jpyolved, per cent

I. Cholesterol-fed -j- clofibrate-

(¢

treated
20
60

45
60

© 0 N o o b~ W N

75
80
60
45
25

I1. Cholesterol-fed

a » W N
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In the clofibrate-treated cholesterol-fed group it was conspicuous that
only in three cases out of nine the sclerotic alterations covered more than
45% of the aortic surface. The sclprotic changes in this group were again most
marked at the arch, the thoracic part showed a moderate sclerosis while in
the abdominal part only slight alterations could be observed.

The aortas in groups No. Illand IV did not show any histological alter-
ation.

Microscopy

In cholesterol-fed rabbits the aortic intima was thickened in the whole
surface of the arch, in a considerable part of the thoracal aorta and in a small
part of the abdominal aorta. The intimai thickening was produced by foam
cells arranged in 8—10 rows (Fig. 3). The elastic membrane was broken up,
in some places duplicated. Near the elastic membrane a cellular proliferation
could be observed (fibroblast-like cells, in some places cellular elements similar
to smooth muscle cells). At the basis of these alterations an increase of GAG-s
could be seen. The staining reaction was especially remarkable on the basis
of the less severe alterations. Hale-positivity was extended to the inner part
of the media. Orcein staining showed the increase of the amount of the elastic
fibres on the basis of the sclerotic changes. The number of the fibres stained
with orcein following oxidation was even greater. In the media under the

Fig. 3. Atheromatous lesion from cholesterol-fed rabbit aorta. The intimai foam cells are
arranged in 8—10 rows. (Haematoxylin-eosin, X96)
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severe sclerotic alterations there were in some places necroses, with a marked
cellular reaction, in other places small scars and an increase of collagen fibres
were observed.

In group No. | the aorta (except 3 cases) showed only slight histological
alterations. The intimai thickenings consisted also here of foamy cells situated
in not more than 3—4 rows. At the basis of the changes near the media the
amount of the mesenchymal cells was increased. The elastic membrane was
crumbled and duplicated. The staining reaction for GAG-s was more expressed
than in the cholesterol-fed group not treated with clofibrate. In the more severe
cases a scar tissue with increased amount of collagen could be observed.

Electronmicroscopical observations

The endothelial cells in groups No. I'll and IV were 3—4 p thick and
revealed many microvilli, marginal folds, pinocytotic vesicles, vacuoles,
lysosomes, endoplasmic reticulum, microfibrils, intercellular junctional com-
plex and intercellular contact layer.

In the rabbits fed on cholesterol (group No. Il) the intimai foamy cells
contained a large quantity of lipid distributed in vesicles approximately 1 p in
diameter. Most of the intracellular lipid particles were surrounded by a limit-
ing membrane (Fig. 4a). Within these cells four morphologic forms of lipid
inclusions could be identified: ring, solid, reticulated and lysosomic forms.
In the subendothelial layer in addition to the foamy cells a marked accumu-
lation of plasma elements and infiltration of mesenchymal cells (fibroblasts,
smooth muscle cells) was found; infrequently mononuclear cells, probably
lymphocytes and monocytes also occurred. The fibrillar elements, occupying
the intercellular space, were readily classified into several types. Most abun-
dant was collagen, easily recognized by its characteristic banding. The amount
of collagen was very remarkable (Fig. 4b). Bundles of fibrin were usually
present in small amounts mixed with other elements, principally collagen.
Some areas were occasionally occupied by a fine fibrillar material, often blend-
ing the basement membrane around the smooth muscle cells. Elastic tissue
could also he recognized. Extracellular lipid could be identified in the form of
small, irreqgularly shaped, deeply osmiophilic particles roughly outlined by
clear areas, presumably representing spaces from where lipid has been re-
moved by the techniques involved in tissue preparation.

In the aorta of rabbits treated with cholesterol and clofibrate (group No.
1) the endothelial cells showed a slightly marked dilatation of the roughly sur-
faced endoplasmic reticulum, moderate increase of microvilli and vacuoles. The
number of foamy cells was significantly less than in group No. Il. The lipid
inclusions in these cells could be observed only in a minor quantity. Fibroblast
was the most characteristic cell type in this group. These cells had slightly

Acta Medica Academiae Scientiarurn Hungaricat 29, 1972



226 MAGDOLNA BIHARI-VARGA et al

Fig. 4. Electron micrographs of intimai sections from cholesterol-fed rabbit aorta, a) Portions
of foam cells with association of collagen (C) fibres. The ring of osmiophilic material with
a vacuolated centre surrounded by a membrane is the type of lipid (L) occurring most fre-
quently (X 14,580). b) An acellular area. Two types of intercellular material can be recog-
nized. The collagen fibrils appear in cross section (CC) and in longitudinal section (LC) beside
the elastic fibres (EF). The small vacuoles represent extracellular lipid (L) material. ( X 19,200)
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Fig. 5. Electron micrograph of a section of intimai tissue obtained from the aorta of a rabbit
treated with cholesterol+ clofibrate. Portion of typical fibroblast with a slightly dilated
endoplasmic reticulum. The arrows show the microfibrillar material. ( x 14,580)

delated endoplasmic reticulum and they contained a fine microfibrillar mate-
rial near the nucleus (Fig. 5). In some areas smooth muscle cells were observed.
In the intercellular space slight accumulation of lipid droplets and plasma
components occurred, furthermore the presence of small amounts of collagen
and elastic tissue could be demonstrated.

Discussion

The reports on the serum lipid lowering effect of orally administered
clofibrate could be confirmed in cholesterol-fed rabbits.

Furthermore, some information was gained concerning the influence
of clofibrate on the arterial lipid deposits and on the structural changes taking
place in the intimai tissue during the atherogenic process.

In our experiments, results of thermal analysis showed a slight increase
in the GAG content of the aortas in cholesterol-fed rabbits. These findings
could also be demonstrated by histochemical methods and were in good
agreement with literary data [16 —18]. Lipid accumulation, observed macro-
scopically and microscopically as well as electronmicroscopically might partly
be due to the formation of complexes between the aortic GAG-s and serum
beta-lipoproteins. This concept seems to be confirmed by the thermoanalytical
demonstration of GAG-beta-LP complexes in the atherosclerotic aorta. A
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further alteration of significance took place in the fibrillar protein components
of the intimai tissue of cholesterol-fed animals: the quantity of elastic and
collagen fibres increased (as demonstrated by the orcein-stained histochemical
and by the electronmicroscopical sections, respectively). Within the collagen
and elastic fibrils an accumulation of intermolecular crosslinks could be estab-
lished by the thermoanalytical investigations. The appearance of “abnormal”
crosslinks characterized by the 580°C DTG peak could be distinguished from
the covalent crosslinks known to be formed in the course of the physiological
ageing process. This difference at the molecular level between senescence and
atherogenesis was previously assumed by other authors [19—20]. The thermo-
analytically demonstrated effect of the in vitro extraction of the intima with
an acid organic solvent seems to support the hypothesis that bound lipids
associated with the collagen fibres might be responsible for the above discussed
increase of the structural stability of the latter [19 —21]. The parallelism ob-
served between the increase of GAG concentration and of the intensity of pro-
tein fibril formation, supports the idea of the alleged correlation between GAG
and collagen synthesis [22].

Following clofibrate administration a significantly increased GAG con-
tent was found in the rabbit aorta, probably as part of a repair mechanism.
At the same time a decrease could be established in the amount of GAG-
beta-LP complexes. The anti-atherogenic action of clofibrate influenced the
pathologically changed protein structure as well: the cholesterol-induced
alterations proved to be partly reversible-
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WASTING DISEASE AND TETANY FOLLOWING
NEONATAL PINEALECTOMY

By

G. Csaba, |I. Rados and Edit W ohlmuth

DEPARTMENT OF BIOLOGY, SEMMELWEIS UNIVERSITY OF MEDICINE, BUDAPEST

(Received December 23, 1971)

The physiological parameters of development and the microscopic appearance
of thymus, thyroid, parathyroids, ultimobranchial body and bursa of Fabricius have
been studied in chicks (Gallus domesticus) after pinealectomy performed on the first
day after hatching. Arrested development and excessive shedding of the plumage were
found as a sign of wasting disease resulting from atrophy of the thymus and bursa.
Tetany ensued in 50% of the chicks and proved fatal to 35% in the absence of any
abnormality of the parathyroids. The possible mechanism ofthe phenomenon and the role
of the pineal body in the regulation of the glands of entodermal origin are discussed.

The relationship between the pineal body and the other endocrine
organs has been a subject of much debate. The activity of the pineal hormone,
melatonin, in higher animals is uncertain, and even in amphibia it is confined
to the pigment cells. Therefore, in spite of being provided with connections
to the central nervous system, the central regulatory role of the pineal body is
still unclear [1, 20]. The significance of the pineal body and the effect of
pinealectomy on the endocrine organs of entodermal origin (thyroid, para-
thyroids, thymus, islets of Langerhans) have been borne out by recent research
[1, 13, 20] including the studies of the present authors [6, 8, 9, 10, 11, 14]
which have furnished in vitro evidence of a feedback mechanism [11]. All
these allow to regard the pineal body as a regulator of all those endocrine
glands which are outside the control of the pituitary, the more so as these
glands form a particular group in the embryological respect, inasmuch as
they are of ecto- or entodermal origin and their hormones are not of the steroid
type. The thyroid might be regarded as the only exception since it seems to
have been “reintegrated” into the pituitary system through the TSH, though
being subject to the control of the pineal body [6, 8, 13].

While in mammals the branchiogenic organs migrate to different sites
of the body during development, in birds they line up within the region of
the neck [7, 19]. Moreover, the ultimobranchial body developing from the
fifth gill-pouch is of easier access in birds owing to its separate site, in contrast
to its situation in mammals where it fuses with the thyroid or with the thymus,
thus interfering with the interpretation of studies concerned with the endo-
crine organs originating from these structures [3, 17, 18, 19]. This makes birds
particularly suitable for studies on the relationships between the pineal body
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and the branchiogenic endocrine organs. It is expected to obtain a clearer
insight into these relationships by performing pinealectomy in the early neo-
natal period and to register its effects at some later time, so as to gain infor-
mation on the development of the organs which have not yet reached full
maturity at the time of the intervention.

Material and methods

Twenty test and ten sham-operated Leghorn chicks have been studied. The test subjects
were operated upon in ether anaesthesia under stereomicroscopic control within 48 hours of
hatching. Through an incision of the deplumed skin after excision of the marginal portions
of the parietal and occipital hones the pineal body was removed together with its stem. For
haemostasis fibrin foam was used, but no intracranial pack was left after the operation. Sur-
gical lethality was 15 to 20%. Except for the pinealectomy, the sham-operation was iden-
tical in all respects.

The chicks were kept under observation and the surviving 13 pinealectomized and
10 control birds were killed by exsanguination between six weeks and eight months. The
branchiogenous organs, adrenals, ovaries and bursa of Fabricius were processed for histo-
logical study. The organs were fixed in Bouin’s fluid, embedded in paraffin, cut at four levels,
stained with haematoxylin-eosin, iron-alum alcianblue safranin, Giemsa’s stain, Gomori’s
aldehyde-fuchsin and PAS, respectively.

Efficiency of the intervention of involuntary surgical injuries was checked after
sacrificed intracranial inspection. The intervention proved successful and the gross appearance
of the brain was found normal in all cases.

Results

Seven of the 20 pinealectomized animals died with tetanic seizures six
weeks to six months after the intervention. Three further test animals also
developed tetany (Fig. 1).

Fig. 1. Tetany in a chick six weeks after pinealectomy. Typical tetanic attitude, sparse plumage

The animals which died spontaneously in the end, failed to grow normally
and exhibited atrophy. In the pinealectomized animals, particularly in those
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Fig. 2. Tetanic chick. On the inner side of the wing the feathers are thinly scattered, most
of the quill-feathers of the tail have fallen out

Fig. 3. Ovary of excessive size with marked furrowing of its surface in a pinealectomized
animal

which died spontaneously, excessive shedding of feathers with naked patches
in the plumage was noted. Shedding started at the inner surface of the wings
and on the adjoining surface of the body, involving the quill feathers in grave
cases (Fig. 2).

In one of the birds the ovary attained many times its normal size and
differed also in the gross appearance of its surface from the ovaries of the
other animals (Figs 3, 4).

Development of the controls was entirely normal, with no sign of tetany
and no abnormal shedding of feathers.

In the pinealectomized animals the thymus was atrophic. Its medullary
substance was broadened at the expense of the cortex. There was an excessive,
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Fig. 4. Ovary of control animal of the same age

Fig. 5. Thymus of control animal. Note the broadened cortical area and the sharp cortico-
medullary boundary. H (- E, X 100

Fig. 6. Thymus of pinealectomized animal. Narrowing of the cortical area, its boundary is
no longer distinct. H E, x 100

in some cases nearly total, depletion of lymphoid elements. The medullary
substance had lost its normal pattern, there were numerous epithelial struc-
tures similar to Hassal’s corpuscles and cysts of smaller size (Figs 5, 6, 7, 8).
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The epithelium of the thyroid was found taller and the colloid of the
acini sparser than in the controls. The epithelium was often of a stratified
appearance and the interacinic connective tissue was scanty (Fig. 9).

The parathyroids, apart from appearing larger than in the controls,
displayed no abnormality.

Fig. 7. Thymus of pinealectomized animal. Broadening of the medullary substance, depletion
of lymphoid elements, disruption of the architecture. H + E, XIOO
Fig. 8. Thymus of pinealectomized animal. Hassal’s corpuscles consisting of a few cells and
cysts in the medulla. H + E, x 200

In the pinealectomized animals the ultimobranchial body contained
numerous cysts, in many cases with parathyroid elements (Figs 10, 11). Histo-
chemical procedures failed to reveal any significant cytological difference
from the controls.

Th bursa of Fabricius was atrophied, its lymphoid population was con-
siderably reduced, its follicular structure was broken up (Fig. 12).
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Fig. 9. Thyroid of pinealectomized animal. Tall epithelial cells, forming two layers at sites.
Diminished colloid. H + E, X200
Fig. 10. Ultimobranchial body of pinealectomized animal. Cyst lined with columnar epithe-
lium, filled with PAS-positive material. PAS, xI00
Fig. 11. Ultimobranchial body of pinealectomized animal. Distended cysts lined with flat-
tened epithelial cells. H + E, X 100
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Fig. 12. Bursa of Fabricius of a pinealectomized animal. The follicular structure is unrecogniz-
able, the lymphoid cell population has diminished. H + E, X200
Fig. 13. Ovary of control animal. Large number of developing follicles. H + E, X100
big. 14. Ovary of pinealectomized animal. No follicle detectable; hyperplasia of connective
tissue. H + E, X 100
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On subjective assessment, the ovarian follicles seemed to be lessnumer-
ous in the pinealectomized animals than in the controls. In the single in-
stance where the ovary had attained an excessive size, no intact follicle was
found and the entire ovary was occupied by fibrous tissue (Figs 13, 14).

The sham-operated animals revealed no abnormality as compared with
the normal controls.

Discussion

From the results it clearly emerges that some of the functional altera-
tions consequent upon early pinealectomy may be connected with the morpho-
logical changes in the organs, some others are still unaccounted for.

Retarded growth and shedding of feathers in the pinealectomized birds
correspond to the wasting syndrome induced in mice and in other mammals
by thymectomy in the neonatal period [15]. The histological picture of the
thymus and of the bursa of Fabricius were in fact conclusive of an inadequacy
of these two organs essential to the achievement of immunocompétence. In
earlier experiments we have shown in adult rats that while pinealectomy had
an adverse effect on immune responsiveness, the pineal body has a positive
influence on the thymus [8]. This makes it understandable that neonatal
mspinealectomy results in an atrophy of the thymus and consequently in wasting
disease. An interesting point is connected with the fact that avian immunity
comprises two independent immune systems, one dependent on the bursa and
another dependent on the thymus [2]. Yet, pinealectomy was followed by
atrophy of both systems which would seem to suggest that the presence of
the pineal body is essential to the full development of both organs. In the
present study not all of the signs of the wasting syndrome have appeared
and death was not due to the wasting in any of the cases. This was probably
due to the fact that pinealectomy was performed as late as 24 to 48 hours
after hatching. The chick reaches a fairly advanced stage of maturity with
signs of immune responsiveness by the time of hatching [12], and therefore
it seems likely that in this species for the introduction ofthe full-blown wasting
syndrome pinealectomy should be done during embryonal life.

Judged by the morphological features, the thyroid response seems to be
of the same type as in mammals. In fact, it has been possible to demonstrate
in rats that iodine uptake by the thyroid, while being inhibited by the hormone
of the pineal body, is enhanced by pinealectomy [6, 13]. This is consistent
with the present findings of a tall acinar epithelium and of sparse colloid.

The most striking complication of prevalently fatal outcome was tetany;
50% ofthe pinealectomized animals developed such seizures which were lethal
in 33%. It is therefore safe to assume that the other 17% would also have
succumbed to tetany had they not been sacrificed before. It has been pointed
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out earlier [5] that the pineal body seems to be involved in calcium metab-
olism and that it has a positive influence on the function of the parathy-
roids [14]. Yet, the present histological findings failed to account for the pro-
duction of tetany. In fact, the parathyroids of the pinealectomized animals
tended to be larger than those of the controls without revealing any struc-
tural abnormality. This would seem to suggest that the ultimobranchial body
or other branchigenous structures [15] have undergone a C-cell transforma-
tion which would be responsible for the fall in the blood Ca level. This, how-
ever, awaits experimental proof, as this time the C cells have not been studied.
At any rate, the tendency of the ultimobranchial body to cystic transforma-
tion might be regarded as a sign of enhanced endocrine activity. The possi-
bility that in chicks the thymus might similarly be involved in Ca metabolism
asitisactually in rats [7] would provide a new angle of approach to the prob-
lem, the more so asthymic atrophy was demonstrable in the present study, too.
A different line of approach, though of difficult access to cytological study,
would be to seek the primary factor of tetany in an impaired function of the
parathyroids. In sum, clarification of these problems calls for further studies.

The relationship between pineal body and the gonads has been a major
subject of research. Though it is outside the scope of the present study, we
have to call attention to the fact that the ovary of extreme size noted in one
case contained no normal follicles, a finding which does not support the obser-
vation that a tumour or destructions of the pineal body results in precocious
puberty. Incidentally, the fact that the finding was confined to a sole animal
raises the possibility of an accidental injury to some region of the brain during
the intervention.

The present results may be summed up as being confirmatory of a regu-
latory influence of the pineal body on the endocrine organs of entodermal
origin, thus supporting our earlier view [9]. A closer insight into the mechanism
requires further studies.
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Certain parameters of cerebral haemodynamics (cerebral blood flow, cerebral
vascular resistance, perfusion pressure of the brain) and cerebral metabolism (oxygen
consumption, glucose uptake, carbon dioxide output, respiratory quotient, glucose-
oxygen ratio) were studied in 30 patients with ischaemic disturbances of cerebral
circulation. Cerebral blood flow was measured by a radioisotope venous dilution meth-
od, respiratory gases by a microgasometric technique. A decrease was observed in
the hemispheral blood flow (268.76 ml/min), oxygen consumption (35.10 ml/min) and
glucose uptake (28.90 mg/min), carbon dioxide output (18.72 ml/min), respiratory
quotient (0.58) and glucose-oxygen ratio (0.89) of the hemisphere affected by the
pathologic process. Cerebral perfusion pressure was elevated (106.33 mm Hg).
The correlations between the parameters of cerebral haemodynamics and cerebral
metabolism were analyzed. The correlation coefficients were compared with those
calculated on the basis of data obtained with the m I-iodoantipyrine method of Rein-
muth et al. in normal subjects and in an analogous group of patients. Disturbances
were observed in the haemodynamic-metabolic correlations in patients except for
the close relation between cerebral blood flow and oxygen consumption by the brain.
New haemodynamic-metabolic interrelations were found in cerebral ischaemia which
elucidated some pathogenetic mechanisms and may thus contribute to a more rational
therapeutic approach in disturbances of cerebral circulation.

In the recent decade numerous studies have been carried out on the
total and regional cerebral haemodynamics [1—3]. Few papers have, however,
been devoted to the correlations between disturbances of cerebral haemody-
namics and cerebral metabolism. Reduced oxygen and glucose consumption
by the brain has been established in the ischaemic cerebral lesions [4, 5].
Experimental studies disclosed metabolic disturbances in thi ischaemic focus
manifesting itself by a reduced oxygen tension, pH and electrolyte changes [6].
On the other hand, Meyer et al. [5] did not find substantial dependence
between some haemodynamic and metabolic parameters.

The scarcity of the data and the lack of full concordance between them
require further investigations into the correlations between cerebral haemo-
dynamics and metabolism in a variety of physiological and pathological con-
ditions. The aim of the present study was an analysis of some essential pa-
rameters of cerebral haemodynamics and metabolism and their correlation in
patients with cerebral ischaemic disturbances.
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Material and methods

Blood flow in the hemisphere affected by a pathologic process was estimated by the
radioisotope venous dilution technique developed by Sorti et al. [7], as modified by Shilling-
ford et al. [8]. 13U was used as indicator. Estimation was accomplished according to the
formula

CBF (ml/min) = 1, — 1]

where I; = infusion flow in ml/min, ¢j = isotope solution infusion and Cv = isotope recovered
from venous blood.

Mean arterial pressure was measured by a bloodless method, followed by estimation
of cerebral vascular resistance. We measured the venous pressure in the upper bulb of the
internal jugular vein and determined the perfusion pressure of the brain as a difference be-
tween mean arterial pressure and jugular pressure. With a microgasometric technique we
estimated the oxygen and carbon dioxide content in arterial and cerebral venous blood
samples and then calculated the oxygen consumption and carbon dioxide output of the hemi-
sphere and its respiratory quotient. Using areductometric technique in the same blood sam-
ples we determined the glucose concentration in mg per 100 ml and calculated the glucose
uptake and glucose-oxygen ratio. The analyzed haemodynamic and metabolic parameters are
presented in Table I.

Table 1
Haemodynamic and metabolic parameters

I. Haemodynamic parameters

1. Hemispheral cerebral blood flow ml/min

2. Cerebral vascular resistance dyne/sec/cm-5
3. Perfusion pressure of brain mm Hg

Il. Metabolic paramesers

1. Oxygen consumption of hemisphere ml/min

2. Carbon dioxide output by hemisphere ml/min

3. Glucose uptake by hemisphere mg/min

4. Respiratory quotient of hemisphere

5. Glucose-oxygen ratio of hemisphere

The studies were undertaken in 30 patients (10 women and 20 men) from 44 to 87
years of age with cerebral ischaemic disturbances, caused by atherosclerosis and arterial
hypertension. The main clinical parameters in the patients studied are presented in Table II.

Statistical data processing was performed by estimating the rectilinear correlation
coefficients for all possible pair combinations (21 in all) of the studied parameters. We used
the data of Reinmuth et al. [9—10] for cerebral haemodynamics and metabolism obtained
with the 13ll-iodoantipyrine method in an analogous group of patients and in normal indi-
viduals, and calculated the same correlation coefficients. The significance of the differences
was analyzed between the correlation coefficients in the group of patients studied (rt) and
the coefficients in patients (r2 and in normal individuals (r3) studied by the iodoantipyrine
technique.

Results

Mean values, standard deviation, standard error and reliability interval
of the indices studied in our patients are given in Table I1I.

As seen from Table 111, hemispheral blood flow, oxygen and glucose
consumption, carbon dioxide elimination, respiratory quotient and glucose—
oxygen ratio were reduced, whereas perfusion pressure was raised. Moreover,
the standard deviation is significant which is suggestive of broad individual
variations in the examined group.
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Table 11
Basic clinical parameters

No. of patients

Females 10

Males 20

Age, years 44 87 (63.3)
A etiology

Cerebral atherosclerosis 7

Arterial hypertension with cerebral

atherosclerosis 23

Type of impaired cerebral circulation

Chronic failure 8

Transient ischaemic disturbance 3

Non-obstructive cerebral infarction 17

Obstructive cerebral infarction 2

Degree of brain lesion

Mild 9

Moderate 8

Severe 13

Table 111
Statistical data

Parameters n X S X S x X+ tS X
Hemispheral cerebral blood flow 30 268.76 80.80 14.75 238.59-298.93
Perfusion pressure 30 106.33 11.93 2.18 101.87 —110.79
Oxygen consumption 23 35.10 17.05 3.55 27.74— 42.47
Glucose uptake 22 28.90 22.22 4.74 19.05— 38.76
Carbon-dioxide output 23 18.72 9.50 1.98 14.61— 22.83
Respiratory quotient 23 0.58 0.27 0.06 0.46— 0.70
Glucose-oxygen ratio 21 0.89 0.65 0.14 0.60— 1.18

In Table IV we present the significance of the differences between the
mean values of the parameters analyzed in our patients (xj) and the data
obtained in patients (x2) and in normal (x3) individuals with the iodoantipy-
rine method.

Obviously, mean hemispheral blood flow, perfusion pressure and glucose
uptake values in the studied group of patients did not differ from those ob-
tained with the iodoantipyrine method in other patients, but essentially
differ from the values obtained in normal individuals. Therefore, the haemo-
dynamics and metabolic parameters studied in patients with cerebral infarc-
tion showed essentially lower values in comparison with normal individuals, with
the exception of perfusion pressure, for which the relations were opposite.
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Fig. 1. Correlation coefficients of the basic haemodynamic—metabolic interrelations in normal
subjects and in patients with cerebral ischaemia according to data of the iodoantipyrine method
(r3 and r2 and according to the radioisotope venous dilution technique (r,)

Moreover, these differences were established by using the radioisotope venous

dilution technique and the iodoantipyrine method.
The connections between the haemodynamic and metabolic parameters

analyzed in normal subjects and in the patients are presented in Fig. 1.
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In normal individuals, positive correlations were obtained between
cerebral blood flow and oxygen consumption, between oxygen consumption
and perfusion pressure, between carbon dioxide output and respiratory quo-
tient, and between glucose uptake and glucose oxygen ratio. A negative corre-
lation was present between oxygen consumption and glucose—oxygen ratio.
There was no significant relation between cerebral blood flow and carbon
dioxide output and between oxygen consumption and carbon dioxide output.

02consumption ml/min

Fig. 2. Relationship between blood flow and oxygen consumption of cerebral hemisphere
affected by the pathologic process

In ischaemic disturbances of cerebral circulation, a positive correlation
appeared to exist between cerebral blood flow and oxygen consumption, be-
tween oxygen consumption and carbon dioxide output, and between glucose
uptake and glucose—exygen ratio. In contrast to the group ofnormal individuals
there was no substantial connection between oxygen consumption and per-
fusion pressure, between oxygen consumption and glucose-oxygen ratio, and
between carbon dioxide output and respiratory quotient.

In Figs 2 and 3 we present the correlations between cerebral blood Mony
and oxygen consumption and between cerebral blood flow and carbon dioxide
output in the patients, as established by the radioisotope venous dilution
technique.

In patients with cerebral ischaemic disturbance some relationships
were observed between haemodynamic and metabolic parameters (cerebral
blood flow and carbon dioxide output) and between some metabolic parame-
ters (oxygen consumption and carbon dioxide output) which could not be
observed in the examined normal individuals. Conversely, in the patients nye
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Fig. 3. Relationship between blood flow and carbon dioxide output of cerebral hemisphere
affected by the pathologic process

did not observe some relationships found in normal individuals (oxygen con-
sumption and perfusion pressure; oxygen consumption and glucose-oxygen
ratio; carbon dioxide output and respiratory quotient). In cerebral ischaemia
there persisted only the close relationship between cerebral blood flow and
oxygen consumption existing in normal individuals as well.

Discussion

Our studies showed a significant reduction of blood flow, of oxygen and
glucose consumption, carbon dioxide output and of the respiratory quotient
and glucose-oxygen ratio in the cerebral hemisphere affected by the patho-
logic process. A similar reduction of blood flow, of oxygen consumption and
carbohydrate metabolism in ischaemic disturbances of cerebral circulation has
been observed by other authors as well [5].

The elevated perfusion pressure in cerebral ischaemia may be regarded
both as a manifestation of the basic pathologic process and as a compensation
of the increasing cerebral vascular resistance, the reduced oxygen consumption
and deranged cerebral metabolism. These observations correlate well with
the experimental, pathomorphologic and clinical evidence concerning the
role of cerebral ischaemia in arterial hypertension [11]. Obviously, any lowering
of this “compensating” arterial hypertension is inexpedient. The limited
facility of the pathologic vascular process for a persistent increase in cerebral
blood flow in brain ischaemia warrants the use of therapeutic agents directly
affecting the impaired cerebral metabolism. The complex therapeutic approach
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with improvement of cerebral haemodynamics and metabolism finds its theo-
retical grounds in the simultaneous derangement in cerebral ischaemia.

Our studies showed that in cerebral ischaemic disturbances a number
of haemodynamic-metabolic relationships observed in normal individuals are
disturbed. The positive correlations are lost between cerebral oxygen consump-
tion and perfusion pressure, and between carbon dioxide output from the
brain and its respiratory quotient. This fact suggests that solely by raising
the perfusion pressure of the brain its oxygen consumption on cerebral is-
chaemia cannot be compensated. On the other hand, absence of a correlation
between carbon dioxide output and the respiratory quotient in the brain
suggestsothat cerebral metabolism is disturbed and the energy requirements
of this rgan are probably met by other substrates as well. The essential
differences between the correlation coefficients for oxygen consumption and
carbon dioxide output and the glucose uptake and glucose-oxygen ratio for
patients with ischaemic disturbances of cerebral circulation and for normal
individuals favour the assumption that there exist qualitative metabolic
differences in cerebral ischaemia and, also, that it is possible for disorders
of glucose metabolism to be compensated by the breakdown of other sub-
strates. This is substantiated by the studies of Gottstein et al. [12] suggesting
in severe atherosclerosis the possibility for an active involvement in cerebral
metabolism of some amino acids and lipoproteins.

The only preserved correlation in cerebral ischaemia is the one between
cerebral blood flow and cerebral oxygen consumption. This fact is indicative
of the expedience of additional blood oxygenation in cases of excessive reduc-
tion of cerebral blood flow, including the use of hyperbaric oxygen therapy.

These haemodynamic-metabolic interrelations may contribute to a more
complete pathogenetic analysis and well-grounded treatment of cerebral
ischaemia.
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Rats subjected to chronic mephenytoin treatment have been studied for im-
munoserological and morphological changes. Various immunological abnormalities in-
cluding antinucleoprotein and antigammaglobulin antibodies appeared in the course
of treatment and parallel with its duration increased their rate of incidence. Hyper-
proteinaemia and hypergammaglobulinaemia were also demonstrable. After prolonged
administration of the drug the lymph nodes of the animals exhibited various mi-
croscopic changes. Among these, a blastomatoid proliferation of plasmocytes and
pleomorphic cells was remarkable, without neoplastic proliferation. The possible mech-
anisms underlying the induction of autoimmune disease by hydantoin preparations is
discussed. It is suggested that the morphological changes, attributed to a direct effect
of the drug, accounted for the serological abnormalities.

Antiepileptic medication involves various hazards. Drugs of this kind
may precipitate the production of systemic lupus erythematosus (SLE),
affect the blood-forming system (megaloblastic anaemia, leukopenia, agranulo-
cytosis, panmyelopathy) or give rise to hypersensitivity reactions of allergic
nature. Animal experiments and human observations raised the possibility
of blastomogenic properties of hydantoin derivatives (Gams et al. [9], Hyman
and Somers [12], Juhasz et al. [13]). Though secondary effects are fairly
common in subjects under chronic antiepileptic treatment, the effects of
hydantoin derivatives in the laboratory animal have received little atten-
tion [14, 16, 17].

The aim of the present study was to ascertain whether and how often
chronic mephenytoin administration to rats caused immunological abnormali-
ties, and to examine the lymph nodes for morphological changes.

Material and methods

Albino Wistar rats of either sex were used in the experiments. Three groups, each
of 20 animals (10 males, 10 females) were set up against control groups formed by the same
number of animals receiving 1 ml tap water through a tube. Mephenytoin was administered
through a gastric tube in doses of 20 mg/kg body weight daily, for a period of four weeks to
the first, for 20 weeks to the second, and for 44 weeks to the third group. From the animals
of the third group blood was withdrawn during treatment at the end of 28 weeks (the values
thus obtained being referred to as Group Ill1) and the studies were repeated at the end of
44 weeks (the values being referred to as Group 1V). The animals of all groups were sacri-
ficed to exsanguination by heart puncture. The studies included blood counts (WBC, RBC,
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platelets, reticulocytes, haemoglobin, differential counts), femoral bone-marrow smear, serum
total proteins, paper electrophoresis, LE-study (using heparin as anticoagulant and gelatin
for sedimentation), rheumatoid factor by the Waaler-Rose test, antinucleoprotein-antibody
using Boyden’s passive haemagglutination procedure [4] in the modification of Gajdusek
[8]. Microscopic study included the following organs: lymph nodes, liver, hilus, kidney,
thymus, heart, gut. The lymph nodes of each region (cervical, axillary, pulmonary ileocoecal,
retroperitoneal) were studied separately. One animal of Group | and three animals of Group
Il died during treatment. There was no death in Group II.

Results

During chronic mephenytoin treatment, the body weight of the animals
showed an increase. The weight curves of the test animals were similar to
those of the controls all throughout (Table I). Four weeks treatment left the
blood counts practically unaffected (Table 11). The differential count revealed

Table |
. Body weight, g Spleen-
Duration of Spleen weight,  weight/body-
Treated groups treatment mg weigth index
(weeks) before after 7100
treatment treatment 9 9
Group | n=19 4 230+ 24 248 + 22 1100 + 200 0.44
Controls n=19 220+ 22 240+ 26 950+ 150 0.39
Group Il n= 20 20 220+8 270+ 34 1200+ 240 0.44
Controls n= 20 225+ 20 275+ 38 1050 + 180 0.38
Group Il n= 19 28 240+ 24 342+ 38
Controls n= 20 230+ 22 330+ 36
Group IV n= 18 44 240+ 24 370+44 1700+ 350 0.46
Controls n= 18 230+ 22 368 + 42 1200+ 200 0.32
Table 11
Duration of Hg g per Platelet  Reticulocyte
Treated groups treatment RBC WBC count
group (weeks) ?00 ml count per cent
Group | n=19 4 7.5 16 11,140 430,000 |
Controls 7.48 16.2 10,870 390,000 |
Group 11 n=20 20 7.2 15.6 10,300 400,000 12
Controls 7.3 15.8 11,600 440,000 11
Group Il n= 19 28 6.8 15.1 9,800 460,000 14
Controls 7.3 16 12,100 480,000 1.2
Group 1y n= 18 44 6.4 13.8 9,000 420,000
Controls n= 18 7.1 15.8 11,600 450,000 1.3

Acta Medica Academiae Scientiarum Hungaricae 29, 1972



CHRONIC MEPHENYTOIN TREATMENT IN THE RAT 251

an increase in the proportion of lymphocytes, and the bone marrow a moderate
increase in that of plasma cells. Treatment for 20 weeks resulted in moderate
lymphocytosis with no evidence of anaemia, leukopenia or thrombopenia.
The bone marrow exhibited a 6 to 7% increase in the plasma cell population,
as against 1% in the controls. The M : E ratio was identical in the test animals
and in the controls. At the end of 28 weeks there was a moderate fall in
RBC and WBC as well as in haemoglobin, with the platelet and reticulocyte
counts remaining unchanged. The differential counts revealed a relative
lymphocytosis. In this group the bone marrow was examined after the comple-
tion of treatment only. At the end of 44 weeks there was a reduction in RBC
and haemoglobin values, an increase in the reticulocyte count, no change in
the platelet count; leukopenia was slightly more distinct, with the same
degree of relative lymphocytosis as previously. The bone marrow revealed a
further increase to 9 to 10% in the number of plasma cells, as against 1% in
the controls. The reticulum cell population had also increased, the M : E ratio
was practically unaffected.

After four weeks treatment with mephenytoin there was an increase
in the total serum proteins resulting from an increase in the gamma globulin
level (Table Il1). After 20, 28 and 44 weeks treatment, the total serum protein

Table 111
Se. total protein Albumin a-globulin /1-globulin -globulin
Treatment g/lOOme /100 ml 97100 ml gI%OO ml >é;/gioo ml
4 weeks (I) n= 19 7.5+ 0.29 257+ 0.13 1.40+ 0.12 142+ 0.12 2.11+0.27
Controls n= 19 75+ 05 2.50+ 0.22 1.34+ 0.12 147+ 0.11 1.69+ 0.21
P 0.1% P 5% P 5% P 5% P 0.1%
20 weeks (I1) n = 20 8.1+ 0.70 251+ 0.31 1.54+ 0.17 1.62+0.19 2.43+ 0.30
Controls n= 20 7.2+0.46 245+ 0.17 1.30+ 0.23 1.58+ 0.17 1.87+ 0.30
P 0.1% p Wo P 0.1% P 5% P 0.1%
28 weeks (I11) n = 19 8.59+ 0.75 2.61+ 0.20 1.61+0.14 1.60+ 0.32 2.77+ 0.49
Controls n= 20 7.1+0.22 2.27+ 0.18 1.55+ 0.07 155+ 0.12 1.73+ 0.23
P 0.1% P 0.1% P 5% P Wp p 0.1%
44 weeks (IV) n = 18 8.8+ 0.6 2.67+ 0.35 1.57+ 0.15 1.52+ 0.22 3.04+ 0.57
Controls n= 18 7.2+ 0.32 245+ 0.20 1.58+ 0.13 1.58+ 0.17 159+ 0.31
P 0.1% p Wy P 5% P Wy P 0.1%
Comparison of the values of the treated groups:
Se. total protein Group 1 w P< 1 y-globulin 1ol P< 1
Group | HI p< 01 -1 p< 1
Group 1 IV p<o01 ;v p< 01
Group h Il p< 2 I p<5
Group n IV p< 01 I:1v p< 01
Group in IV p<5 Ir:1v p<>5
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and gamma globulin levels increased further. This increase parallel with the
duration of treatment was found significant statistically, with the exception
of the 28 and 44 week values correlated to each other. The same was valid
for the increase in the gamma globulin level. Its rise was of polyclonal character,
no M-component was demonstrable. The sera of some animals with an uncom-
monly high gamma globulin level were subjected to immunoelectrophoresis
which revealed no paraproteinaemia.

LE-cells were absent from the sera of all animals. The number of animals
revealing antinucleoprotein antibodies increased parallel with the duration
of treatment (one animal at the end of 4, four animals at the end of 20, five
animals at the end of 28, and nine animals at the end of 44 weeks). No anti-

Table IV

) - Antinuclear factor .
Duration of treatment LE-cell positive positive Rose-test positive

4 weeks n = 19 | 2
Controls n = 19 .- — —
20 weeks n = 20 — 4 6
Controls n = 20 - — —
28 weeks n = 19 - 5 8
Controls n = 20 — — —
44 weeks n = 18 — 9 13
Controls n = 18 — — —

nucleoprotein antibodies were demonstrable in any of the control groups.
In the 4 week group there were two, in the 20 week group six, in the 28 week
group eight, in the 44 week group 13 animals with RF-positive sera, as opposed
to the controls where all the sera were RF-negative. The results are shown
in Table 1V.

The lymph nodes were enlarged in all the five regions studied. The spleen
increased its weight parallel with the duration of treatment. This was clearly
reflected in the spleen-weight/body-weight index.

The structure of the lymph nodes was affected in some areas. These
changes could be grouped as follows.

1) Follicular hyperplasia. Enlarged, hypercellular follicles with broad
germinal centre, prevalent in a minority of lymph nodes, the majority being
free from any of these features (Fig. 1).

2) Lympho-reticulocellular hyperplasia. Appearance of poorly demarcat-
ed focal accumulations of lymphoid cells and of reticulum cells with pale
cytoplasm in the cortical region, extending at sites to the medulla or merging
wdth unsharply demarcated follicles (Fig. 2).

Acta Medica Academiae Scientiarum Hungaricae 29, 1972



5%

CHRONIC MEPHENYTOIN TREATMENT IN THE RAT

Fig. 1. Follicular hyperplasia. H.E., xI50

Fig. 2. Lymphoreticular hyperplasia. H. E., x200
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3) Sinus catarrh. Cellular reaction, prevalently with detached endothel
cells, plasma cells, lymphoid cells, sparse lymphocytes, involving the marginal
and intermediary portions of the sinus system (Fig. 3).

4) Marked vascularization of the cortical and medullary areas.

5) Perilymphadenitis with diffuse and perivascular lymphoid cell in-
filtration of the capsule and the pericapsular connective tissue.

Fig. 3. Sinus catarrh. H. E., X300

6) Confluent plasmacellular foci in the medullary area interspersed
with numerous Russel’s bodies. The process involves all lymph nodes, either
respecting the borderlines of the medullary trabecules or assuming a blastoma-
toid appearance in the form of large confluent cell-rich areas extending to the
capsular region (Figs 4, 5).

7) Blastomatoid foci of pleomorphic cells in the medulla, different from
the above changes. The poorly demarcated cell-rich foci are made up of lym-
phoid cells, reticulum cells with large nuclei and plasma cells with numerous
dividing forms, sporadic eosinophils and neutrophils. The majority of cells
exhibit morphologic characters similar to those of immunoblasts. The foci
of blastomatoid appearance are reminiscent of those described in drug-induced
human lymphadenopathies [15, 23] (Figs 6, 7).

The changes of the last two types were found to affect chiefly the mesen-
teric and the iliocoecal lymph nodes, blastomatoid plasmacellular proliféra-
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Fig. 4. Plasmocellular accumulations in the medullary substance. H. E., X250

Fig. 5. Plasmocellular foci in the medullary substance H. E., x350
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Fig. 6. Blastomatoid proliferation of pleomorphic cells. H. E., x350

Fig. 7. Blastomatoid proliferation of pleomorphic cells. H. E., x350
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tion being noted in 15% and blastomatoid pleomorphic cell proliferation in
5% of the cases. Thus, follicular and lympho-reticulocellular hyperplasia
accompanied by an inflammatory reaction represent the slightest degree of
the drug-induced effects under study. The frequency of blastomatoid changes
increases with, while the severity of the other changes was unrelated to, the
duration of treatment. No true neoplastic transformation was demonstrable
in any of the cases, and the typical microscopic features described in drug
allergy [15] were also absent. The other organs examined revealed no mi-
croscopic changes.

Discussion

The effects of chronic administration of antiepileptic drugs in laboratory
animals have received little attention. Hydantoin-induced lymphoreticular
proliferation in cats has been described by Kastaris [14]. Production of lym-
phoid tumours and of leukaemia in mice after the chronic use of phenytoin
has been observed by Junhasz et al. [13]. In our earlier studies administration
of mephenytoin to rats and guinea pigs for 10 weeks produced no LE-phenom-
enon [17].

The present study revealed definite immunological abnormalities and
these were related to the duration of treatment. However, no LE-phenomenon
had developed even on 44 weeks treatment. On the other hand, antinucleopro-
tein antibody was demonstrable with increasing frequency with the duration
of treatment. Whereas at the end of four weeks its presence was confined to
a sole animal, at the end of 20 weeks, 20% and at the end of 44 weeks, 50%
of the group had antinucleoprotein antibody in the serum.

Antigammaglobulin-antibody was found in a still larger proportion, the
respective figures being 30% at the end of 20 weeks, 42% at the end of 28
weeks, and 72% at the end of 44 weeks. On the other hand, the serum of the
controls revealed neither antiriucleoprotein, nor antigammaglobulin antibody.

Anaemia developing parallel with the length of treatment was moderate
and was associated with slight reticulocytosis by the end of 44 weeks, pointing
to the possibility of haemolysis. Leukopenia was likewise of minor degree;
the initial absolute lymphocytosis in the differential count was gradually
replaced by relative lymphocytosis during the 28th to 44th weeks.

Parallel with the plasma reticulum-cell and immunoblast proliferation
in the bone marrow and the lymph nodes, serum total protein was gradually
rising, the elevation as compared with the controls as also within the test
groups, with the exception of the 28- and 44-week values, proved statistically
significant. The serum total protein and gamma globulin levels were still
increasing beyond the 28th week of treatment, however at a slower rate.
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Hyperproteinaemia and hypergammaglobulinaemia are typical of the
animal strains, with autoimmune disease including the NZB mouse-strain,
and of the Aleutian mink disease [3, 11]. In addition to these features, anti-
nuclear antibody, LE-cell and Coombs-positivity are fairly common in NZB-
mice. This is also true for antigammaglobulin-antibody in the Aleutian mink
disease [11].

In our earlier studies, antinuclear antibody was induced in 27% and
antigammaglobulin antibody (Rose-test) in 20% of guinea-pigs by the admin-
istration of hydralazine [18]. Cannat and Seligmann [6] produced anti-
nuclear antibody in BALB/c and C57BI/6 mouse strains by the administration
of isoniazid and hydralazine [6].

Human subjects using these drugs may also possess various antibodies.
Cannat and Seligmann [7] detected antinuclear factors in 20% of tuberculous
patients being on maintenance treatment with isoniazid, as against 4% in
untreated subjects. Sera of hypertensive subjects taking hydralazine also
exhibit antinuclear factors, often even in the absence of hydralazine-provoked
S—E [2, 21]. Hypergammaglobulinaemia, increased immunoconglutinin titres,
antigammaglobulin and antinuclear antibodies have been found by us in a
large proportion of patients taking antiepileptic drugs, particularly hydantoin
derivatives [24].

W hat is the possible mechanism accounting for the production of auto-
antibodies by these drugs?

As far as the hydantoin derivatives are concerned, there is no evidence
to suggest that preparations of this kind might give rise to modifications of
antigenicity.

No signs of a toxic injury of any of the parenchymatous organs have
been noted in the course of long-term studies, nor do observations in epileptic
subjects point to any such effect of these drugs.

The mechanism responsible for the production of autoimmune disease
by these drugs admits of two possible interpretations.

1) The drug may act as an antigen or a hapten and elicit antibody for-
mation, thus producing a specific drug-hypersensitivity which, by a mechanism
still poorly understood, results in the manifestation of autoimmune disease.

On the grounds of clinical observations we have come to the conclusion,
also shared by Petranyi [22], that the production of SLE as a result of hydan-
toin treatment is scarcely ever associated with hypersensitivity reactions [25].

2) The other theory connects the manifestation of autoimmune disease
with certain potential pharmacological properties of the drugs in question.
We believe, in accordance with Petranyi [22], that these drugs affect the
immune system directly and cause there morphological changes which then
are responsible for the various immunological abnormalities. If the patient
is susceptible to lupus [1], hydantoin-derivatives are apt to provoke the SLE
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phenomenon [25]. On the other hand, in the absence of such a susceptibility,
the drugs in question, though involving the production of various immunolog-
ical abnormalities, will never lead to an actual SLE [24].

In the lymph nodes of epileptic subjects we have demonstrated certain
morphological changes which might have been connected with the long-term
use of hydantoin derivatives [26]. The essential microscopic features of lympho-
nodular enlargement induced in the laboratory animal include lymphoreticulo-
cellular, plasmacellular and immunoblast proliferation, at sites of blastomatoid
focal character. No real neoplastic features were demonstrable in any of the
cases. Signs of an allergic hydantoin lymphadenopathy, such as necrosis,
thrombotic microangiopathy, eosinophile cell infiltration, were likewise absent.

The microscopic changes of the lymph nodes result from a direct pharma-
codynamic action of the drug rather than from a drug-induced allergic reaction.

Kruager [16] noted a reticulo-plasmacellular proliferation in the lymph
nodes of mice after the administration of phenytoin in medium and massive
doses, and attributed the changes partly to a direct action of the drug and
partly to a hypersensitivity-reaction. The fact that mephenytoin attains high
concentrations in the lymph nodes, indicates the probability of a direct
pharmacodynamic mechanism (Szegedi and Karsay [27]).
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Rats fed a standard diet supplemented with ethyl laurate were found to develop
diffuse myocardial changes meeting the criteria of myocarditis. The severity of the
microscopic lesions has been correlated with that of the ECG abnormalities. The con-
clusions derived from 242 ECG-studies are presented.

Myocarditis constitutes a sadly neglected field of pathological and
clinical studies. Though there is no lack in papers calling attention to the
high frequency of the condition, the difficulty of its detection still leaves a
wide scope for diagnostic and therapeutic studies [2, 9, 12, 14, 24]. Despite
numerous attempts at classification on morphological, aetiological or clinical
grounds [1, 3, 7, 10, 13, 15, 16, 20, 22, 25, 29, 31], no agreement has been
reached as regards its terminology. Some authors confine the definition of
primary myocarditis to processes of unknown aetiology while qualifying all
other diseases of the myocardium as secondary. Others consider myocarditis
to be primary if it is limited to the myocardium, without involving either the
endocardium or the pericardium, a classification comprising idiopathic myo-
carditis, i.e. of unknown aetiology, and postinfective myocarditis with its
subtypes. Other classifications have been based on the pathology of myocardi-
tis, taking its morphological, instead of its clinical, types into consider-
ation [3, 22, 27].

W hitehead [37] divides myocarditis into acute, subacute and chronic
types according to the clinical course. The microscopic pattern of the acute
type is marked by interstitial oedema, inflammatory infiltration and secondary
damage to the muscle fibres. The chronic type is characterized by a diffuse
fibrosis lacking inflammatory elements. The subacute form constitutes a
borderline between the two other types. However, the three types seem to
correspond to three stages of the same process.

The wide range of experimental procedure for the production of myo-
carditis in the laboratory animal includes lesioning of the myocardium, appli-
cation of bacteria, or of bacterial endotoxin, production of serum sickness
or of autoimmunity, administration of steroids, electrolytes, feeding of triglyc-
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eride containing diets, etc. These procedures generally resulted in focal lesions
of the heart muscle with a cellular reaction followed by proliferative changes.

Kesten etal. [cit. 26] were the first to induce fatal myocarditis in labora-
tory animals by the administration of synthetic triglycerides (1945), rats fed a
diet containing 30 to 40% ethyl laurate having been found to develop lesions
similar to those observed in human myocarditis. Abnormalities of this type
would appear in three-week-old, just weaned rats in 1 to 3 weeks, to end
fatally in 2 to 7 days. Administration of choline, betaine or of methionine
was found to prevent the injury the severity of which was related to the
amount of ethyl laurate contained in the diet.

The present study has been aimed at the production of myocardial
lesions which might be regarded as a model of myocarditis in man. It was
sought to gain information on the state ofthe myocardium in the course of the
process by ECG studies which were to provide an answer to the questions
whether there are consistent ECG changes characteristic of the given stage and
w'hether there is any relationship between the ECG abnormalities and the
outcome of the process.

M aterial and methods

Three-week-old Wistar rats of either sex were studied in six groups, making up a total
of 90 animals. Each group (I to V1) included five controls and 10 test animals, the latter re-
ceiving 33 to 36% ethyl laurate admixed to standard rat food. W ater was allowed ad libitum.
The animals of groups 1l and 1V, having died two days after beginning the diet (probably as
a result of the direct toxic effect of the fatty acid ester) are disregarded in this report. In
groups | and Y|, the first signs of disease appeared during the third week of diet, death ensuing
in 8 to 21 days. In groups Ill and Y, the first manifestations were noted after 7 to 9 days
of diet and all animals died in 2 to 4 days. The first signs were a changed behaviour, ruffled
fur, sluggish motions, indifference to external stimuli. These were followed by irregular,
rapid, gasping respiration. The final stage was marked by unsteady, staggering movements,
aversion to food, apathy, death ensuing in a few hours after the appearance of these signs.
In the animals of group VI, upon the manifestation of the first signs of disease the diet was
replaced by standard rat food; this resulted in a more protracted course of the process without
averting its fatal outcome.

Autopsy failed to reveal any change in the gross appearance either of the heart or of
the other organs. The heart was fixed in 4% neutral formalin solution, embedded in paraffin,
cut into 3 to 4 /I thick serial sections and stained with haematoxylin-eosin, Azan and Farkas-
Mallory’s dye. In each group, the liver and striated muscles of one animal were processed
for microscopic study.

In all test groups ECG-recordings were made prior to the start of diet (six-channel
Hellige-apparatus, paper speed of 50 and 100 mm/sec) [36] under ether anaesthesia. The
recordings included standard and unipolar limb leads and three chest leads, the positions
of the chest electrodes being the left and right parasternal and the anterior axillary lines.
Partly these basal recordings, partly the recordings of the controls receiving normal food
served as reference for comparative purposes. As soon as the first signs of disease had ap-
peared, ECG recordings were made daily at identical times.

Results and discussion

The normal varieties of the rat ECG [17] served as a basis of evaluation.
Changes in heart rate in themselves were not considered abnormal, the animals
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having been under anaesthesia. The variations in voltage were also attributed
to anaesthesia, deep anaesthesia being often associated with low voltage.
On the other hand, a persistent low voltage or the progressive decline of voltage
was regarded as definitely abnormal. The incidence of nodal rhythm was
the same in the controls as in the test animals. No other disturbances of
rhythm or conduction were seen in the healthy animals. Modifications of the
ST-segment were considered normal unless they attained double the original
height and this persisted or increased in the further course.

A total of 242 recordings was obtained from 30 animals of 4 series (10
animals having died in the course of the experiment); 109 of these were con-
sidered abnormal on the basis outlined above. Their main features are set
out in Table 1.

Table |

Intra- Total

Number Other Pro- ventric- ota
Group of ECG Extra- types of Low longed AV- éﬂﬁf ST néjfma%e_r
record- systole arrhyth- voltage pQ block duction elevated normal

ings mia interval distur- ECG

bances

| 56 2 2 4 — 3 2 5 18
in 16 — — 2 — — - 8 10
\Y% 22 1 1 3 — — — 8 13
Vi 148 5 2 18 12 21 3 7 68
242 8 5 27 12 24 5 28 109

The most marked changes were noted in Groups ¥ and VI. While in
Group Y a marked ST elevation was prevalent, in Group VI disorders of
rhythm and conduction were more common.

In the animals of Group | mean survival was 8 days after manifestation
of the first signs. The ECG-changes noted in this group were scanty: extra-
systoles from multiple foci (Fig. 1) in 2, other disturbances of rhythm (Fig. 2)
in 2, low voltage in 4, AV-block in 3, intraventricular block in 2, and marked
ST-elevation in 5 out of 56 cases. In the animals of series Il and Y, after the
manifestations of the signs, of extreme severity all throughout, survival was
2 to 4 days. The most conspicuous ECG-abnormality was a gross ST-elevation
in these groups (Fig. 3). In the animals of Group VI, the protracted course
of the disease allowed to make as many as 148 recordings 5 of which revealed
extrasystoles from multiple foci, 18 (obtained from 4 animals) progressive low
voltage, usually a premonitory sign of death. In this group conduction distur-
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Fig. 1. Extrasystolee from multiple foci (animal 1/5). Paper speed, 100 mm/sec

Fig. 2. Disturbances in impulse production (animal 1/2). Paper speed, 100 mm/sec

Acta Medica Academiae Scientiarum Hungaricae 29, 1972



MODEL MYOCARDITIS IN THE RAT 265

bances of variable severity were prevalent, the mild forms being marked by
a delayed conduction and those of major severity by a 2 : 1, 3 : 1 or complete
AY-block or by intraventricular conduction disturbances. In one animal, all
the tracings recorded on 17 successive days revealed an AY-block (Fig. 4).

Fig. 3. Left side: ECG before the experiment. Right side: ECG on 10th day of diet;
gross ST-elevation (animal V/I). Paper speed, 50 mm/sec

Fig. 4. The upper strip shows a 2 : 1, the lower, a complete auriculoventricular block
in the same animal (V1/2). Paper speed, 100 mm/sec

Ventricular flutter (Fig. 5) and fibrillation were noted immediately before
death.

Histology revealed myocardial changes of a consistent pattern but of
variable severity. The myocardium of both ventricles was equally involved,
the lesions were, however, invariably confined to the myocardial area without
affecting the endocardium, the pericardium or the coronaries. The histological
finding was in accordance with Whitehead’s definition of “acute isolated
myocarditis” [37] and included the following features:
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Fig. 5. Ventricular flutter and electric alternant (animal V1/3). Paper speed, 100 mm/sec

1) interstitial oedema;

2) grossly dilated, giant capillaries in the myocardium;

3) focal or diffuse interstitial infiltration of inflammatory character,
prevalently with lymphocytes, histiocytes and fibroblasts;

4) oedema of muscle fibres and parenchymal degeneration;

5) necrosis of muscle fibres, appearance of myogenic giant cells.

Grading of the histological abnormalities was based on the criteria
which had been adopted for the assessment of morphological abnormalities
in human material, crosses -)- to + + 4" representing the successive grades of
severity (Table 11).

Table 11
Group Duration of Interstitial dcizlzggtli%r% Ian?rInmatory Oediemfa_bof Nec:osifsbof
u i on, infiltration muscle fibres muscle fibres
disease, days oedema congestion
I 8-12 + o+ o+ R + 4+ + + o+
hi 2— 4 + 4+ + + + + + +
\% 2- 4 + 4+ o+ + + + + +
Vi 8-21 o+ o+ 4+ + o+ o+ + + o+ T
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From Table Il it emerges that interstitial oedema was of similar severity
in the animals surviving 2 to 4 or 8 to 21 days, a finding consistent with the
observations of Eppinger [8] which seem to indicate that the primary process
is the production of an interstitial serous exudate, followed by the appearance
of inflammatory cells. It is a relevant fact that migration of inflammatory
cells goes hand in hand with that of a large population of fibroblasts and
histiocytes providing the elements for consecutive interstitial fibrosis.

Interstitial oedema affects myocardial blood supply. The ischaemia thus
produced is accompanied by a dilatation of the myocardial capillary bed,
assuming the appearance of “giant capillaries” regarded by Boikan [4] as
pathognomonic of isolated myocarditis.

Inflammatory infiltration is slower in its production, as reflected by
groups 1 and VI (Fig. 6).

The changes involving the interstitial tissue result in gross myofibrillar,
i.e. parenchymatous, damage with diffuse oedema (disappearance of striation),
granular disintegration, nuclear pycnosis and lysis, formation of transverse
hyaline fibrous bundles and finally segmental necrosis. The destruction of
myocardial fibres goes hand in hand with the appearance of myogenic giant
cells. These changes, though being of secondary nature, are none the less
of vital significance. The hearts of the animals of group VI revealed extensive,
partly confluent areas of necrosis (Figs 7, 8, 9). The nature of the morphological
abnormalities clearly accounts for the prevalence of the conduction disturbances
in this group.

The abnormalities described in the foregoing were present in all animals
of the test groups, differing only in extent and in the prevalence of the individ-
ual features, in accordance with the duration of the disease.

No microscopic abnormalities were demonstrable in the striated muscles
and in the liver.

Modification of the diet resulted in a more protracted course of the process
with a slightly attenuated symptomatology, without, however, affecting the
fatal outcome. On the other hand, the survival thus attained was long enough
for the production of microscopic changes marking the later stages, i.e. inflam-
matory infiltration and degenerative myofibrillar lesion. These findings agree
well with the high incidence of diverse ECO abnormalities, in particular with
the prevalence of conduction disturbances [23].

Our further objectives include the production of myocarditis in full-
grown rats too by means of the present diet combined with physical exercise
which would allow to study the process as well as its therapeutic aspects
in the adult animal.
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Fig. 6. Inflammatory cells in oedematous interstitial tissue. Myocardial hypoxia:
nuclear swelling, myofibrillar oedema and disintegration. (H. E., x240)

Fig. 7. Swelling of myocardial fibres, myofibrillar disintegration; perivascular
inflammatory infiltration with myogenic giant cell (arrow). (H. E., X380)
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Fig. 8. Typical histology of acute isolated myocarditis. A: Giant capillary; B: medium-sized
intramural coronary branch with perivascular infiltration; C: groups of necrotized myocardial
fibres with homogeneously staining dark cytoplams. (Farkas—Mallory, x96)

Fig. 9. Extensive myofibrillar necrosis. Homogenization of eosinophilic cytoplasm, nuclear
pycnosis. Delicate connective tissue fibres in oedematous interstitial tissue. (H. E., X240)
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A thrombohaemorrhagic skin reaction with necrosis was induced in rabbits
by exposure to ultrasound (2 W/cm2 for 10 min) of a skin area to which a pre-
paratory intradermal injection of E. coli 0111 endotoxin had been applied. The kinetic
pattern as well as the gross appearance and the microscopic features of the reaction
were similar to those of the Shwartzman-reaction produced by intradermal and sub-
sequent intravenous administration of endotoxin.

Local provocation of the Shwartzman-phenomenon is attributed to the complex
effect of ultrasound in which local damage to the tissues and to the leukocytes on
the one hand and circulatory changes on the other, possibly also activation of blood
coagulation factors, seem to be involved.

A local Shwartzman-rection (LSR) is induced by the intradermal
injection of endotoxin to rabbit, for the phase of preparation and, 24 hours
later, an injection of endotoxin into the circulation, for the phase of provoca-
tion. In the following 4 to 6 hours a typical cutaneous lesion, marked by capil-
lary and small-vessel thrombosis, extravasation of erythrocytes and necrosis
makes its appearance [13]. The fact that the phase of intradermal preparation
is separated from that of intravenous provocation by an interval of 24 hours,
permits to study the conditions and the production of the two phases indepen-
dently from each other. We have learned in this manner that, apart from endo-
toxin, numerous other agents of a leukotactic property in vivo lend themselves
to the preparation of LSR [17]. This is also true for the provocation of the
actual reaction, as agar [11], starch [4], tissue extracts [1], kaolin, glycogen [15]
and other macromolecular substances administered by the intravenous route
have been found to provoke the LSR on the endotoxin-prepared skin area
in the same manner as does intravenous endotoxin.

On the other hand, a local administration of endotoxin to the prepared
skin area induces no typical LSR [10].

In view of this fact it was surprising to note a typical LSR in some
cases where the conventionally prepared skin area had been affected mechani-
cally at the optimum point of time for provocation. This observation had
prompted us to apply ultrasound irradiation to the prepared skin area for
the provocation of LSR, a procedure enabling a far more accurate adjustment
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of the doses than does mechanical injury. The pioneer studies by Pohiman
et al. [8] have revealed the effects of ultrasound on the tissues, and these
observations have been confirmed by extensive observations [2].

M aterial and methods

Eighteen rabbits of either sex weighing 2000 + 200 g were used. They were kept under
standard conditions and on a standard diet supplemented with vegetables, water being pro-
vided ad libitum. Endotoxin was prepared from the E. coli Olll-strain by the procedure of
Boivin routinely used at our institute. The stock solution was made up to contain DL%0
referred to rabbits (summer months) in 2 ml. The skin of the animals was depilated on the
day before the experiment. For the preparation of the reaction, 0.2 ml of an eightfold dilu-
tion of the stock solution was applied intradermally to two different areas of the skin of the
back. Twenty-four hours later, one of the areas thus prepared together with the other area
to which no preparatory injection had been applied, were irradiated with ultrasound, by
means of a generator calibrated according to Tarnoczy [14]. With a working frequency of
800 kHz of the instrument, ultrasound was applied with an intensity of 2 W/cm2 for 10 min.
To eliminate the thermal effect, a water-filled rubber bag was placed between the head-
piece and the skin. Reactions were read at 6 and 24 hours, at the same time tissue specimens
were taken for microscopic study. The material was fixed in Susa’s solution, embedded, the
sections were stained with haematoxylin-eosin and examined under the light microscope.

Results

A few minutes after irradiation, the prepared areas exposed to ultrasound
exhibited a marked hyperaemia as compared with the prepared areas to which
no ultrasound had been applied. Occasional petechiae were also seen. In the
absence of previous preparation the changes noted after irradiation were
confined to hyperaemia. On the other hand, six hours after irradiation, the
areas which had been prepared and irradiated were affected in 14 out of 18
rabbits by a lesion reminiscent ofLSR. Twenty-four hours later the reaction
had reached its peak. The prepared areas which had not been exposed to
ultrasound exhibited only hyperaemia and swelling. Without previous prepa-
ration, the ultrasound induced petechiae in the first 24 hours after exposure in
four instances.

The microscopical findings are shown in Fig. 1. Without preparation,
6 hours after irradiation the area of exposure to ultrasound, in particular the
fibrous, vascular layer poor in cells, situated between the epidermis and the
cutaneous muscles, i.e. the part most closely involved in the LSR, exhibited
a condensation of fibrous elements and a dilatation of the small vessels with
congestion (Fig. 1).

In the case of preparation without provocation, the areas exposed to
ultrasound displayed a conspicuous leukocytic infiltration; the fibrous struc-
ture was, however, preserved (Fig. 2).

In the case of preparation and subsequent ultrasonic provocation an
intensive LSR was seen at 6 hours, still more so at 24 hours (Fig. 3).

Epidermal necrosis and crust formation were more marked than after
the conventional provocation procedures. This must have been the result of
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Fig. 1. Rabbit skin 6 hours after ultrasonic irradiation. Insignificant epidermal
lesion, condensation of connective tissue fibres. Vascular dilatation, congestion.
Haematoxylin-eosin, x210

Fig. 2. Rabbit skin 24 hours after intradermal injection of endotoxin.
Leukocytic infiltration; preserved fibrous structure. Haematoxylin-eosin, X 540
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Fig. 3. Endotoxin-prepared and irradiated rabbit skin 24 hours after ultrasonic irradiation.
Epidermal necrosis and crust formation, grave connective tissue necrosis.
Haematoxylin-eosin, x210

a direct ultrasonic damage to the tissues and would seem to indicate the
direction of ultrasound effect. The changes seen in the deeper layers were
identical with the usual features of LSR. The connective tissue fibres were
damaged (Fig. 4), and there was an extensive extravasation of erythrocytes

(Fig. 5).
Discussion

The aim of the preparatory phase of LSR is basically the production of
a leucocytic infiltration of the skin; this change is then associated with various
histochemical changes [13]. On the other hand, the “final common pathway”
represented by the provocation phase is marked by the release of leukocytic
lysosomal enzymes including proteases [7, 13]. Gold salts applied locally in
this phase are able to suppress the LSR, probably by inactivating the release
of SH-enzymes by the leukocytes [12].

Coagulation factors are closely involved in the thrombohaemorrhagic
reaction. While Harpern et al. [5] inhibited the development of LSR by hepa-
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Fig. 4. Endotoxin-prepared rabbit skin 6 hours after ultrasonic irradiation. The fibrous
structure is gravely affected (see Fig. 2). Haematoxylin-eosin, x 540

Fig. 5. Endotoxin-prepared rabbit skin 6 hours after ultrasonic irradiation. Large numbers
of erythrocytes among degenerated fibrocytes and leukocytes. Haematoxylin-eosin, x 840

rin, the present authors noted an intensification of the reaction by reptilase,
a preparation of thrombin-like activity [16].

In the light of these facts it is remarkable that the endotoxin-prepared
skin should require only a local exposure to ultrasound for the production
of LSR and that the reaction thus produced differs neither in its gross appear-
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ance nor in its microscopie features from the LSR induced in the conventional
fashion, by means of intravenous endotoxin. Minor damage to the tissues
marked by dilatation and stasis ofthe capillaries and small vessels, was produced
by exposure to ultrasound even without preparation, but this procedure
never induced a typical LSR. On the other hand, with previous preparation
of the skin, ultrasonic provocation was followed by a typical LSR which
appeared 6 hours after exposure and attained its peak at 24 hours.

There have been various, for the greatest part unsuccessful, attempts
at the preparation and provocation of LSR by means of physical factors [9].
In the present study a typical reaction has been produced by local ultrasonic
irradiation. This seems to be due to the complex effect of ultrasound. Enhanced
activity of the lysosomal enzymes in the cellular elements of the exudate
produced by ultrasonic irradiation has been confirmed by histological evidence
[6]. The enzymes, particularly proteases, released from the leukocytes may
well play a decisive part in the production of necrosis.

As it has been seen, in the absence of preparation ultrasonic irradiation
is followed by capillary dilatation and stasis within the area of exposure
which clearly points to a functional impairment of microcirculation as well.
One of the simplest procedures for the disintegration of platelets in vitro
is their ultrasonic irradiation [3]. This may well happen in vivo too, capillary
dilatation and congestion providing important additional clot-forming factors.

Though it has been sought to attenuate the thermal effect of the ultra-
sound by cooling the skin, the possible provocative role of a thermal factor
in the production of the reaction cannot be ruled out.

In sum, we attribute the ultrasonic provocation of LSR in the endotoxin-
prepared rabbit skin to the complex effect of this radiation which combines
the essential factors of the reaction, i.e. local injury to the tissues, damage
to the leukocytes accompanied by a release of lysosomal enzymes, rnicro-
circulatory disturbances, and an activation of blood coagulation factors.
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Rabbit-1gG raised against BALB/c-mouse-skin epithelium has been found to
prolong the survival of BALB/c-mouse-skin grafts in CBA-mice. Anti-skin-epithelium
IgG and antithymocyte-lgG have many features in common. It is suggested that
the protective effect of anti-skin-epithelium rabbit-1gG involves three mutually related
factors, i.e. 1) antithymocyte effect; 2) protective coating of the surface; 3) antibody-
suppression affecting the macrophages.

The principal safeguard for the survival of grafts is the identity of
histocompatibility antigens. The fact that, with the exception of monozygotic
twins, there exists virtually no complete identity of histocompatibility antigens,
gives a prime importance to all preventive or curative procedures promoting
the survival of allogeneic organs or tissues in the recipient, and prompts
extensive research work in order to explore new possibilities in addition to
the conventional immunosuppressive therapy making use of steroids, cytostatic
agents and antilymphocyte globulin.

One of the procedures for the prolongation of graft survival is a treat-
ment of the recipient with heterologous immunoglobulins directed at the
donor’s antigens [3, 7, 9, 25]. The data concerning this question are, however,
conflicting, there being no general agreement on the possible mechanism ac-
counting for the effect [2, 5, 6, 9, 12, 15, 17, 19, 21].

In the present study it has been examined whether immune serum raised
against donor antigens has any graft-protective effect and if so, what mecha-
nism is responsible for it. The experimental model selected for this purpose
was skin grafting between H2incompatible mouse-strains.

Material and methods

Production of anti-skin-epithclium and antithymocyte-antisera: The tail-skin of BALB/c-
mice was treated with trypsin at 37 °C for 60 min. The epidermal layer was detached, minced,
aspirated several times through a fine-bore cannula, washed thrice in Parker’s culture medium.
The intact epithelial cells were resuspended in Ringer’s solution. Two male rabbits weighing
2000 g each were immunized by an intravenous injection of 5X107 epithel cells, and the
procedure was repeated 14 days later. On the seventh day after the second injection the
animals were killed by exsanguination.

The antigen for antilymphocyte-globulin was derived from thymocytes of two week-
old BALB/c-mice. The thymus was minced, suspended in Parker’s medium, and aspirated
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several times through a fine-bore cannula. After three washings, the thymocytes were resus-
pended in Ringer’s solution. Two rabbits were immunized, each with 5X 10 thymocytes ad-
ministered intravenously on two occasions at an interval of 14 days, and the animals were
bled 7 days after the second injection. The sera were inactivated at 56 °C for 30 min and
exhausted with BALB/c mouse-erythrocytes. The IgG-fraction was separated by anion-ex-
change DEAE-cellulose column chromatography [6]. Purity of the fractions was checked
by immunoelectrophoresis. The protein fractions of pure 1gG content were lyophilized.
For the tests in vitro, freshly prepared 1gG solutions of 10 mg/ml concentration were used.

Lymphocylotoxicity in vitro. The anti-mouse-epithelium and antithymus rabbit-1gG
were studied for lymphocytotoxicity by the method of Tebasaki et al. [22].

Lymphocyte agglutination in vitro. The lymphocyte agglutination titres of anti-mouse-
skin epithelium and antithymus rabbit IgG fractions were estimated by the method of
Abaza and Woodbuff [1].

Opsonization. Mouse peritoneal macrophage cultures were raised in tissue culture
chambers. Mouse thymocytes, incubated with anti-mouse-skin-epithelium and antithymus
rabbit-1gG, in the presence of complement, were added to macrophage monolayers. The
opsonized thymocytes adhered to the macrophages. The titre of opsonization was taken as
the dilution giving a minimum lymphocyte-macrophage ratio of 5: 1 [10].

Distribution of anti-skin-epithelium and antithymus rabbit-1gG in the mouse organism.
Two per cent solutions were prepared from the two kinds of specific 1IgG and from IgG derived
from a serum pool of untreated (control) rabbits. The solutions were labelled with 1285 by an
electrolytic procedure. Labelling proved of 70% efficiency. The unbound 18 was adsorbed
on activated palladium powder. Labelling was checked on the following basis. 1) After electro-
phoretic migration, the activity of the preparation on contact radioautography was confined
to the precipitation band corresponding to 1gG, as a sign that the procedure had left the
protein unaffected and that no iodine containing by-products had formed. 2) Freedom of
the preparation from free iodine was confirmed in a bioassay; no concentration of 15 by the
thyroid of the test animals was noted. The mice were given intraperitoneally 2 mg of 5 /(Ci
12T-1gG (anti-mouse-epithelium and antithymus rabbit-1gG and normal rabbit 1gG). Radio-
activity was measured in skin, thymus, muscles, blood, kidney and brain, 5, 15 and 30 days
after administration of the isotope, using a model NK-108 Gamma (Budapest) energy-selective
counter [13].

Antibodies. Precipitation by the antiepithelium and antithymus rabbit-lgG with
the individual mouse organ extracts was identified by the procedure of Ouchteblony [18].

Skin homograft survival. Skin from the ear of BALB/c-mice was grafted into skin win-
dows prepared on the back of CBA-mice. The wound was covered with a gauze pad soaked
in mineral oil and provided with a plaster of Paris dressing which was removed on the 8th
day after grafting.

The first group (n = 26) received 1gG from untreated (control) rabbits, the second
group (n = 26) anti-mouse-skin-epithelium rabbit-1gG, and the third group (n = 24), anti-
mouse-thymus rabbit-1gG, two days before transplantation, intraperitoneally, in 2 mg doses.
For statistical analysis of the results, the t test was used.

Results

Lymphocytotoxicity in vitro. Both anti-mouse-epithelium rabbit-1gG and
anti-mouse-thymocyte rabbit-1gG proved cytotoxic to BALB/c-mouse thymo-
cytes; the titre of the former attained 1 :4000; while that of the latter,
1:25 000, as against 1 ;128 of the control rabbit sera.

Lymphocyte agglutination in vitro. Thymocytes of BALB/c-mice were
agglutinated by anti-mouse-epithelium 1gG to a titre of 1:250, and by
antithymocyte rabbit-lgG, to 1:18 000, as against 1:64 of IgG of the
control rabbit sera.

Opsonization. The opsonization titre (BALB/c mouse thymocytes) of
anti-epithelium rabbit-lgG was 1 :6000; that of antithymocyte rabbit-1gG,
1:30 000, as against 1 :256 of the IgG of untreated rabbits. The values for
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lymphocytotoxicity, lymphocyte-agglutination and opsonization of anti-
mouse-skin and antithymus rabbit-lgG have been summed up in Table I.

Table |

In-vitro titres of anti-mouse-skin-epithelium rabbit-lgG and anti-mouse-thymocyte rabbit-1gG

Lymphocytotoxicity Lymphocyte Opsonization titre
titre agglutionation titre
1 1 1
Anti-mouse-skin-epithelium rabbit-1gG 4,000 250 6,000
Anti-mouse-thymocyte rabbit-1gG 25,000 18,000 30,000
IgG-pool of untreated rabbits 128 64 256

The radial double immune diffusion precipitation procedure yielded the
following results. The anti-epithelium rabbit-lgG gave the most marked
precipitation band with the skin extract, but was found to precipitate liver,
kidney, muscle, and brain extracts, too, though faintly. Antithymocyte rabbit-
IlgG gave precipitation bands, in addition with the thymus extracts, also with
those of liver, skin and kidney.

Distribution of anti-mouse-epithelium rabbit-lgG in the murine organism
is presented in Fig. 1. It can be seen that the highest IgG activity was bound
by the skin, thymus and kidney.

Distribution of anti-mouse-thymocyte rabbit-lgG is presented in Fig. 2.
Here too, the maximum activities were found in skin, thymus and kidney.

Distribution of normal (untreated) rabbit-lgG was in conformity with
data in the literature [11, 23].

Fig. 1. Distribution of labelled anti-mouse-epithelium-1gG in the murine organism
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Fig. 2. Distribution of labelled anti-mouse-thymocyte-lgG in the murine organism

Survival of skin grafts. In the CBA-BALB/c transplantation system of
H 2-locus incom patibility, survival of skin-grafts was 11.7 +: 1.3 days without
treatment, and was found practically identical in the case of IgG treatment
of untreated rabbits (12.1 1.4 days). On the other hand, it extended to
15.6 +; 1.1 days in the mice treated with anti-mouse-epithelium rabbit-1gG,
and to 16.8 +; 1.9 days in those treated with anti-mouse-thymocyte rabbit-
IlgG. The results were significant statistically (p <[ 0.05) (Table II).

Table 11

Skin graft survival in mice treated with anti-mouse-skin-epithelium rabbit-lgG and anti-mouse-
thymocyte rabbit-1gG

Mice treated with

Untreated mice Anti-mouse-skin- Anti-mouse-
19G-pool of | epithelium rabbit- thymocyte
untreated rabbits 19G raﬁ;b,t_,ge
Skin graft survival, 11.7+ 1.3 (SE) 121+ 14 154+ 11 16.8+ 1.6
days n= 45 n= 26 n= 26 n= 26
Discussion

Both anti-mouse-epithelium as well as antithymocyte rabbit-lgG were
found to prolong the survival of skin grafts.

Anti-mouse-epithelium rabbit-lgG bound by skin, thymus and kidney
showed high activity. This would seem to suggest that a coating of the antigen
determinants by the specific antibodies might also be involved in the graft-
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protective effect of anti-mouse-epithelium rabbit-1gG. It is assumed that
xenogeneic rabbit immunoglobulin is coating the allogeneic murine epithelial
cells, thus barring the access of the recipient’s immunocytes to the allogeneic
murine tissue. To gain access to it, the recipient’s cells would have to break
down first the outer wall of the fortification, i.e. the xenogeneic immunoglob-
ulin coating which certainly implicates a delay in the graft’s rejection. Even
a longer graft survival might be expected on theoretical grounds by using
allogeneic mice instead of rabbits for antibody production, considering the
fact that rabbit-1lgG forming contact with skin-epithelium antigens elicits a
stronger immune response than does the 1gG derived from allogeneic mice.
Uptake of large amounts of anti-mouse-skin rabbit-lgG by the thymus, too,
suggests that there are identical antigen determinants on the surface of skin-
epithelial cells and of thymocytes. This may be the other basis of the protective
effect of sera derived from nonlymphoid tissues. The high activity ofthe kidneys
might be due to the large number of tubular epithelial cells [24].

Thus, it follows from the above that the immunoglobulins of two kinds
of specificity have various features in common, viz.

1) both are primarily bound by skin, thymus and kidney;

2) they are lymphocytotoxic even at high dilutions;

3) they produce opsonization of lymphocytes even at high dilutions;

4) they form precipitation bands with various antigens.

This raises the possibility that the anti-mouse-epithelium rabbit-1gG
has also an antithymocyte (globulin)-activity in addition to its graft-coating
capacity. If this is so, it also holds true for the reverse, that is, the graft-
protective effect of antilymphocyte globulin must involve a protective, coat-
ing surface mechanism, too. This is suggested also by the results of our earlier
studies according to which the production of antilymphocyte sera is accom-
panied by the appearance of various high-titre anti-autogenic antibodies in
the sera [4, 8, 14].

In addition to the antithymocyte- and to the protective, surface-coating
effects involved in the graft-protective activity of anti-mouse-epithelium rab-
bit-19G, the passive antibody suppression asserting itself within the macrophage
cell system also seems to provide an essential factor of this mechanism [20].
The inconsistency of data concerning the in vivo immunosuppressive effect
of specific antibodies may be attributed to 1) difficulties in finding suitable
experimental models for the complex effects in question; 2) variability of
the results according to species; 3) substantial differences in the antigenicity
of organ and tissue extracts serving as sources for the antisera; 4) differences
in the immunosuppression provided by antibodies of high avidity as opposed
to those of poor avidity [20].

Standardization constitutes the most important task in the production of
antibodies of suppressive activity directed at the surface-antigens of grafts,
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and it calls for the elaboration of a test-system providing answers to the
following questions:

1) which antigen (or antigens) should he used, in what amounts and on
how many occasions?

2) which stage of immune response is optimal for the harvest of anti-
bodies being bound with maximum avidity onto the surface of the allograft?

3) under which conditions are the specific antibodies apt to block the
macrophages and thymocytes?

The present study has failed to provide a complete answer to these
questions. Further procedures for the production of reliable immunosuppres-
sive sera based on their specific antibody content have yet to be developed.
Sera of this nature would have the advantage over nonspecific immunosuppres-
sive measures to confer a certain specific protective effect on the allograft.
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Peripheral leukocyte cultures obtained from patients with chronic myeloid
leukaemia were examined for sensitivity to various cytostatic agents. Administration
of the drugs which had been found efficient in vitro, brought about a clinical remission
in 7 out of 8 cases.

Chemotherapy of malignant diseases offers certain possibilities of choice.
Though, with the exception of 1-asparaginase the cytostatic drugs are of
little selectivity, their clinical effects differ in many respects. There may be
aprimary resistance to a particular drug, or a secondary resistance may develop
during the treatment, an eventuality which still adds to the limitations of the
haphazard use of these products.

The idea of a predictive assessment of cytostatic sensitivity in vitro is
by no means new; various attempts have been made with cultures of solid
tumours as well as of peripheral leukocytes in chronic myeloid leukaemia [1, 14],
chronic lymphoid leukaemia [19, 30—33] and acute leukaemia [5, 6, 14, 18].
Assessment of the cytotoxic effect in vitro is far from simple and that
it is fraught with a wide margin of uncertainty is reflected by the great variety
of procedures which have been devised for this purpose, e.g. glycolysis, inhibi-
tion of protein synthesis, uptake of labelled precursors, methylene blue reduc-
tion, uptake of supravital stains, cytomorphology, etc. These procedures have
been reviewed in detail by Issekutz [15].

Other lines of study, such as in-vivo testing of human tumours trans-
planted to animals [13, 35] have been attempted with little success.

Evidence of in-vitro tests has been found to correlate well with the clin-
ical results in the majority ofcases [1, 6, 7, 9, 20]. On the other hand, certain
authors [10, 36] find such results of little use for clinical purposes, not only
because they provide no information on the systemic effect of the drug, but
also because the tumour may change its original character in the course of
treatment, a claim which finds no support in recent literature [29].

Chronic myeloid leukaemia (CML) cells are easy to obtain and lend them -
selves to in-vitro testing of antileukaemic drugs. The need for cytotoxicity
tests of this kind arises in view of the frequently assuring resistance to some
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drug in the course of long-term treatment, which would thus result in an early
recurrence or in a failure of attaining a remission. Insistence on further use
of a drug to which the patient has become resistant would obviously do more
harm than good. Though the very nature of the disease makes it easy to assess
the degree of responsiveness, or, conversely, of resistance, to the given drug
after each short-term course of intermittent treatment [12], it would still be
preferable to avoid the use of drugs which have merely toxic effects without
ensuring any benefit.

Sensitivity tests in vitro have been carried out before prescribing the
treatment, on peripheral leukocyte cultures obtained from 8 CML patients
during periods of relapse (WBC between 34,000 and 220,000) and from 8
normal controls.
aois-sL-

Material and methods

The following method, adapted from the literature [4, 8, 11, 16, 19, 21, 23—26]
was used.

Heparinized (100 1.U.) blood drawn under sterile conditions was allowed to sediment
at 37 °C for 45 min, and, after removing the supernatant, it was centrifuged at 500 r.p.m.
for 15 min. Then the supernatant was discarded, the cells were resuspended in TC 199 medium
and again centrifuged. This washing piocedure was repeated, finally the cells were resuspended
in TC 199 with 10% calf serum; the medium contained in addition 200 I.U. per ml of peni-
cillin and 100 jug per ml of streptomycin and was made up to a concentration of one million
cells per ml. 1.5 ml samples of the cell suspension were pipetted into siliconized penicillin
vials of 10 ml and the cytostatics were added in the corresponding dilutions. The vials
were tightly closed with rubber stoppers and incubated at 37 °C for 48 hours. The drugs under
study were hydroxyurea (Biogal), dibromomannitol, mannomustin (Chinoin), ZitostopR =
tetramesylmannitol (EGYT), R-74 (GyKl), methotrexate (Lederle), CérubidineR = rubido-
mycine (Specia), and busulfan (Burroughs Wellcome); they were diluted in accordance with
the usual human doses. The dilutions were calculated according to Hirschaut et al. [14],
using tenfold values of the serum concentrations.

After incubation, the cells were brought together with a 1% trypan blue solution and
the viable (i.e. unstained) cells were counted in a counting chamber (Biirker). Toxicity was

calculated on the basis of the index 100 where A represents the number of viable

cells per ml in the treated (drug-containing) vials, and B the surviving cells per ml in the
control (drug free) vials.

Results

Results are summarized in Table |I. Though we must evaluate every
finding under the individual clinical aspects of the case, yet some ofthe features
emerging from the observations show a striking consistency. 1) The toxicity
pattern was different in each case. 2) None of the drugs under study proved
equally cytotoxic in every case. 3) The drugs qualified as myelotropic were
found cytotoxic in the majority of the cases of CML, in contrast to the normal
controls where they were not cytotoxic.

Confrontation of in-vitro evidence with the clinical results seems still
more informative. The results of sensitivity tests were not yet known at the
start of cytostatic treatment (Zitostop, Myelobromol, Hydroxyurea), and it
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Table |
Drug sensitivity of peripheral leukocytes ofpatients with chronic myeloid leukaemia on the basis
of the cytotoxicity-index (c: complete, I: incomplete remission, 0: on remission; HU: hydroxyurea,

Z: Zitostop. DBM: dibromomannitol)

«— 1 9

Patient  Fly o g Looai o oan E 5 3
£0 w1 g3 i & g
i 852 5 B (o B M )
# 45 145 16.2 20.9 31.2 DBM c
2. 170 170 381 407 DBM c
3. 248 19.2 435 341 DBM c
4. 320 200 535 317 HU+ Z c
& 5 160 170 26.2 120 329 14.0 70 240 Z ¢
6. 27.0 12.0 10.0 145 15.2 140 122 HU+Z ¢
7. 301 115 207 13.2 18.2 102 202 HU+Z 0
8. 280 16.6 10.5 140 150 HU+ Z [

121 2.1 6.9 55  27.2 18.3

7.9 10.1 8.9 39 212 20.4

0.5 3.9 155 52  39.6 17.0

3.9 0.0 16.0 290  29.0 275

0.5 3.9 5.9 175 43 420 25.0

8.0 9.0 15.0 22.0 22.0 31.0 45.7
12.0 17.0 7.9 10.5 17.3
2.3 10.5 12.0 17.0 43.7

o=
® N O RE DN e

was only in retrospect that the outcome of therapy was checked with in-vitro
sensitivity. The results of the tests were disregarded until we could convince
ourselves of their practical value. Short-term massive-dose type of treatment
was applied all throughout. Actually, in 7 out of 8 cases studied the drug of
empirical choice proved efficient in vitro and the course of treatment was
followed by remission of two months duration. In one case where the process
had reached the stage of blast-cell crisis, the combined administration of
Zitostop -|- hydroxyurea, though having proved adequately cytostatic in vitro,
was unable to induce a full remission, and the patient died soon thereafter.

Discussion

The results of in-vitro sensitivity test correlate well with those of
short-term massive-dose therapy with a sole exception. Still, it seems unlike-
ly that the correlation will prove nearly as good in cases of maintenance
therapy by the use of smaller doses. It is well known that drugs of adequate
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cytotoxic properties fail to induce a clinical remission in every case [6]. The
predictive value of in-vitro tests is confined to the actual cytotoxic effect of
the drug in question leaving us in ignorance about the diverse factors of re-
mission or resistance.

The question how far the peripheral leukocytes in CML represent the
malignant cell population has also to he raised. In view ofthe different cultur-
ing possibilities of normal and leukaemic cell populations [25] it is safe to
assume that the peripheral cells are prevalently of leukaemic nature. It is,
however, quite a different question, how far this population corresponds in
respect of sensitivity to cytostatics to the leukaemic stem cells which are the
carriers of malignancy, and, by this fact, also the actual targets of cytostatic
therapy. It is most unlikely that a total destruction ofthe entire leukaemogenic
cell population in CML should be possible even by intensive chemotherapy.
The reason for this must be sought partly in the differences in sensitivity of
the individual malignant cells, partly in a metabolic dissimilarity resulting
from the diversity of developmental stages in the leukaemic cell population
[3, 22, 28, 34]. This amply accounts for our doubts whether and how far the
sensitivity of the peripheral leukaemic cells characterizes that of the totality
of the malignant cell population. Despite these theoretical objections, published
evidence [1] including our own observations offer encouraging lines of orien-
tation.

The techniques of in-vitro procedures are still uncertain. As mentioned
in the introductory part, for the measurement of the cytotoxic effect various
methods have been used. Though supravital staining allows to separate viable
from nonviable cells, it fails to detect the irreversible processes which might
have taken place within the apparently viable cell and result later, in the phase
of cell division, in cell death due to cytotoxic effect.

Further tasks include a closer adjustment of the time of incubation and
of the drug concentrations applied. While, on the one hand, the practicability
-of the tests is limited by the length oftime required, on the other, their reliabil-
ity, in other words their predictive value, is affected by unduly short exposure
to the cytostatic agent, though some authors have found a good correlation
even in the case of short exposures [2, 6, 9, 17, 27]. Since concentration and
duration of effect definitely belong to the factors deciding the efficiency of a
given cytostatic drug, we have used concentrations tenfold the average blood
levels attained in man.

It has been sought to simplify the procedure as far as possible so as to
make it practicable for clinical use, despite its limitations which have to be
taken into consideration in the interest of a proper evaluation of the results.
However, the actual usefulness and predictive value of in-vitro sensitivity
tests have yet to be established by correlating their results with further clinical
observations.
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The histological picture of the fundic mucosa obtained by blind biopsy has
been compared with the HC1 secretory capacity of the same stomach. HC1 production
after histamine injection was noticeably greater in subjects with normal mucosa than
in patients with different forms of gastritis. In the latter the production of HC1 de-
creased parallelly with the severity of gastritis.

The thickness of the active parenchymal layer reflects the degree of the mor-
phological and functional damage of the mucosa more characteristically than do the
values of the full thickness of the mucosa. The decrease in the number of active paren-
chymal cells follows the severity of the morphological lesions. Among the glandular
constituents, the chief cells seem to be relatively most sensitive to progressive gastritis.

The relation between the histological structure and the acid secretory
capacity of the gastric mucosa has been the subject of several studies [1—6].
The present paperisan attempt to contribute a few new data to the problem.

Material and methods

The investigations were made in 144 male and 120 female clinical patients selected at
random. Aspiration of the gastric juice was done according to the original method of Lam-
biring [7]; 0.5 mg histamine dihydrochloride was used to stimulate acid secretion. The secre-
tory groups were distinguished according to the degree of free acidity. In the anacid group
there was no free HCL, in subacid patients free acidity was <40 meqg/l, in normacid patients
it was 40—90, and in hyperacid patients >90 meg/l. Maximum acid output per hour was
calculated according to the method of 8aron [8], i.e. the amount of the two successive largest
15 minute outputs was multiplied by two and the amount of acid expressed in meq/h.

Biopsy was made with a Wood type instrument on the morning after the gastric anal-
ysis. At each biopsy two or three pieces of mucosa were taken from the fundus. Specimens
from the antrum were not evaluated.

The bioptic material was fixed in formalin and after embedding in paraffin stained with
haematoxylin-eosin, and with Zimmermann’s differential dye.

Results
1. Relation between the secretory and the morphological groups

The subjects with normal mucosa were predominantly hyperacid or
normacid, a small percentage of subjects were subacid; no anacid persons
were found in this group. In superficial gastritis the ratio of subacid subjects
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(atrophy)
A"m>90 E2J90-90[23<40 I |0

Fig. 1. Relation between morphological picture and acidity values

was greater and there were a few anacid persons as well. In preatrophic
gastritis sub- and anacidity constituted the majority, while atrophic gastritis
was mostly associated with anacidity; subacidity could be demonstrated in a
smaller percentage; normacidity was found in a few cases but there was not
a single hyperacid subject in this last group (Fig. 1).

2. Acid output in the various morphological groups

Calculated maximum HC1 output (meqg/h) was compared in subjects
with normal mucosa, in patients with superficial, and preatrophic gastritis.
Cases of atrophic gastritis were not evaluated from this point of view, because
a large part of these were achlorhydric and so had no acid output. According
to Table I, HC1 output was greater in subjects with normal mucosa than in

Table |
Calculated maximum free HCI output, meg/h

I 1. 11,
Normal mucosa Superficial Preatrophic

gastritis gastritis

n= 88 n= 71 n= 38

Mean 14.054 9.153 1.878

20th percentile 5.260 1.515 0.351

Median 11.885 6.400 0.924

80th percentile 21.872 15.520 5.150
p < 0.01 p < 001
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patients with superficial gastritis; the difference was significant statistically.
HC1 output in the group with preatrophic gastritis was significantly reduced
as compared with the two other groups.

3. Thickness of the mucosa

The thickness of the mucosa was determined in 149 specimens; it ranged
from 0.556 to 1.207 mm. The thickness of the active parenchyma, i.e. the glan-
dular part from the base of the glands to the foveola was examined in 152
cases. The results of these examinations are shown in Tables Il and III.

Table 11

Whole mucosal thickness, mm

Normal  Super- Pre-  Atrophic Hyper-  Norm- Sub- An-
mucosa ficial atrophic  gastritis acidity acidity acidity acidity
gas- gastritis
tritis
n=6 n=38 n= 26 n= 23 n=63 n= 36 n= 22 n= 27
0.858  0.850 0.779 0.671 Mean 0.867 0.815 0.782  0.706
0.755 0.726 0.626  0.593 20th percentile 0.763 0.697 0.675 0.598
0.849  0.853 0.741 0.669 Median 0.874 0.785 0.761 0.680
0.959 0.947 0.979 0.765 80th percentile 0.970 0917 0941 0.786
p>01lp>01p< 001 p< 005p>01p>01
Table 111

Active parenchymal thickness, mm

Normal  Super- Pre- Atrophic Hyper-  Norm- Sub- An-
mucosa ficial ~ atrophic  gastritis acidity acidity acidity acidity
gastritis  gastritis
n=6 n=3 n=27 n=23 n=63 n=3 n=22 n=23
0.623  0.517 0.327 0.151 Mean 0.590 0.542 0.337 0.213
0.550 0.416 0.262 0.057 20th percentile 0.416  0.409 0.203 0.103
0.609  0.490 0.320 0.148 Median 0.593  0.557 0.313  0.215
0.714  0.628 0.428 0.241  80tli percentile 0.700  0.655 0.457 0.291
p< 001l p< 0.01 p< 0.01 p>01p<001p>01

The thickness of the active glandular layer reflected both the morphological
changes and the functional capacity of the mucosa more characteristically than
did the thickness of the whole mucosa.
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4. Distribution of the active parenchymatous cells
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The quantitative data of the composition of glandular cells of 152 sub-
jects are summarized in Table IV according to the morphological picture and

Table IV

Distribution of active parenchymal cells in the various morphological and secretory groups,

Normal
mucosa

n= 63

1799.7
1562
1816
2020.8

Super-
ficial
gastritis
n= 39

1449.8
1234.4
1432

1691.2

Pre-
atrophic
gastritis

n= 27

775.6

480

788
1066

Atrophic
gastritis

n= 23

515.1
75.2

354

736

p< 001 p< 001 p< 001

cell count (sg. mm)

Mean

20th percentiles
Median

80th percentiles

Hyper- ~ Norm-
acidity acidity

n= 65 n= 37

17215 15315

1398 1244
1747 1590
2005 1783

Sub-

acidity

n= 22

792.5
425.6

741
1244

An-
acidity

n= 28
623.3
188.4

538
846.4

p< 005p< 001p>01

the secretory groups. The active parenchymal cell count decreased parallelly
with the morphological and functional mucosal damage. Unlike the significant
differences in morphology, the functional difference between the hyperacid
and normacid groups was slight. On the other hand, the values for the suh-
and anacid groups did not differ essentially from each other.

Table V

Distribution of the parietal cells in the various morphological and secretory groups,

Normal
mucosa

n= 63

391.3
298
394
476.8

Super-
ficial
gastritis
n=39

340.3
275.2
324

425.6

Pre-
atrophic
gastritis

n= 27

179.0
93.2

182

231.2

Atrophic
gastritis

n= 23

32.3
0
0
66.8

p< 0.05 p< 001l p< 0.01

cell count (sg. mm)

Mean

20th percentile
Median

80th percentile

Hyper-  Norm-

acidity acidity
n=65 n= 37
389.2 333.7
286 262
397 328
474 428

Sub-
acidity

n= 22

144.8
42

106

265.6

An-
acidity
n= 28

97.7
0
65
194

p< 001 p< 001p>01

In Tables V and VI the changes in the number of parietal and chief cells
respectively are shown in a similar arrangement. These types of cell changed
in the same direction as those mentioned above. The glandular mucous cells
occurred in the greatest number in the atrophic group, while their ratio was
lowest in the normal mucosa.
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Fig. 2. Cellular composition of the active parenchyma in percentage in the various morpho-
logical groups

Finally, the percentual cell composition of the active parenchyma is
shown in Fig. 2. Within the gradual decrease of the active parenchymal
cells the proportion of parietal cells was practically constant in individuals
with normal mucosa, superficial gastritis, or preatrophic gastritis. Again, the
gradual decrease of the ratio of chief cells was compensated by the increase
of the mucoid elements.

Tabic VI

Distribution of chief cells in the various morphological and secretory groups, cell count (sq. mm)

Normal  Super- Pre-  Atrophic Hyper- ~ Norm- Sub- An-
mucosa ficial atrophic  gastritis acidity acidity acidity acidity
gastritis  gastritis
n=63 n=3 n=27 n= 23 n= 65 n= 37 n= 22 n=28
1132.6 7695 251.1 37.8 Mean 1044.6 847.7 303.8 126.6
923.2 568 94.4 0 20th percentile 782 606 58 0
1110 770 202 0 Median 1034 905 124 50
1303.2 1026.4 403.6 64.4 80th percentile 1266 1110 618.4 220.8
p < 001 p< 001 p< 0.01 p < 001 p< 001 p>01
Discussion

The investigations demonstrated a well-evaluable relation between
the morphological changes and the intensity of acid secretion. The relatively
frequent occurrence of hyperacid individuals in the material was explained
by the fact that many patients with duodenal ulcer were examined: their
mucosa could mostly be classed in the normal group or the group with super-
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ficial gastritis. Acid output in patients with superficial gastritis was less than
in those with normal mucosa. According to Chelti [10], proliferation of the
periglandular connective tissue is frequent in superficial gastritis; on this basis
he suggested that the blood supply of the glands is disturbed; this would be
the cause of the slight functional disturbance.

The data differing from the group characteristics underline the importance
of taking biopsy material from at least two or three places of the fundus
simultaneously. Thus the probability of obtaining a false picture of the whole
of the fundus owing to patchy changes will be reduced. Since the mucosa of
the antrum was not examined, the question arose whether an isolated antral
gastritis may — through decreased gastrin production — influence the acid
output. Ottenjann et al. [11] observed a reduced secretion in their cases
of antral atrophy even in the presence of intact fundic glands.

The data of the full thickness of the mucosa present no true picture of
its functional capacity because in atrophy the growth of the foveola layer [12]
as well as proliferation ofthe ground substance may compensate the disappear-
ance of the active parenchyma. On the other hand, changes in the thickness
of the active parenchyma go parallel with the intensity of the morphological
lesions influencing the function.

The mucosal damage runs parallel with the decrease of the number
of glandular cells per unit of surface area. Within this, however, the number
of chief cells decreases morethan that of the parietal cells, for while in preatroph-
ic gastritis the number of parietal cells is reduced to its half as compared
mwith the normal mucosa, less than one fifth of the chief cells are to be found
here. This fact must be mentioned particularly because so far the decrease of
the parietal cells has been considered the most sensitive indicator of mucosal
damage. In our study it appears that the chief cells suffer more in the course
of mucosal damage than the parietal cells. Without simultaneous pepsin
determinations, however, it cannot be proved that this morphological phe-
nomenon is accompanied by a similar functional change and so the ratio of
acid-pepsin production also changes. Again, the study supplied no data as
to whether the remaining parietal and chief cells continue to be intact func-
tionally.
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Clinical and histopathological data of 41 adult subjects allowed the following
conclusions concerning the diagnostic value of haematuria and the clinical signifi-
cance of focal glomerulonephritis.

1. Recurrent gross haematuria connected with catarrhal infections of the upper
respiratory tract or with physical stress or permanent microhaematuria is rarely
a sign of focal nephritis in adults; the symptom is mostly due to diffuse glomerulo-
nephritis. The symptoms of glomerulonephritis of a focal pattern are not consistent,
therefore the condition eludes clinical detection. Focal nephritis is a histological def-
inition.

2. Similarly to diffuse glomerulonephritis, focal nephritis is an inflammatory
reaction associated with an immunopathologie process. The immunoglobulin deposits
on the glomerular basement membrane are too extensive to be compatible with a focal
reaction inflammatory in nature. In contrast with streptococcal infection, the étio-
logie role of which has not been substantiated, viral or other bacterial factors may
be involved in the pathogenesis of the process.

3. Focal glomerulonephritis represents a relatively benign type of glomerulo-
nephritis. It generally takes a chronic course in adults where its acute recurrence may
affect renal function to the degree of uraemia. It is assumed to indicate the initial
stage of glomerulonephritis in individual cases, this requires further evidence though.
In addition to the necessity for antiinfective measures and the avoidance of physical
strain, immunosuppression is a potential therapeutic factor.

Haematuria is regarded as the leading sign of focal nephritis. This type
of nephritis is marked by episodes of gross haematuria in connection with
some infective process, usually of the upper airways. Proteinuria is slight,
oedema and hypertension are absent. Since Baenhr’'s description of the
syndrome (1926) it has been generally looked upon as a well defined clinical
entity of mild clinical course, which spontaneously recovers parallel with the
cure of the primary infective process. Still, it had already been emphasized by
Vothard and Fanr (1914) that the process is subject to recurrences, that
often it is clinically indistinguishable from diffuse glomerulonephritis and that
chronic forms are fairly common. According to these authors, the morphologic
glomerular abnormalities differ in degree rather than in kind, depending on
the extent of the areas affected by the toxin of the responsible agent.

Before the common use of renal biopsy there was obviously little possi-
bility to form a clear view on the pathological and clinical significance of focal
glomerulonephritis. Today certain basic questions bearing on the pathogenesis

8 Acta Medica Academiae Scientiarum Hungaricae 29, 1972



300 I. VARGA et al.

and on the diagnostic value of the clinical manifestations as well as on the
therapeutic aspects of the syndrome, are seen in a new light.

In our renal material comprising 289 biopsy cases, the clinical and histo-
pathological data of 41 subjects have been found illustrative of the problems
to be discussed.

Diagnostic value of haematuria

The prevalent cause of haematuria is some abnormality of the urinary
tract or haemorrhagic diathesis, and it can be clarified in the majority of cases
by conventional diagnostic procedures including clinical, laboratory, radio-
logical and urological examinations. It is, however, by no means uncommon
that all these findings remain negative. This applies in the first place to a par-
ticular form marked by recurrent episodes of gross haematuria. During the
apparently symptom-free intervals there is only microscopic haematuria or
none at all. Proteinuria, if present, is slight, and no oedema appears. Renal
function and blood pressure are unaffected. Prognostic and therapeutic con-
siderations make it no longer warranted to leave it at the diagnosis or at the
suspicion of focal nephritis or of acute diffuse nephritis in cases of this type
without the evidence of biopsy. Unsubstantiated conjectures of this kind
would be nearly as meaningless as to qualify the haematuria as “essential”,
“benign”, or “idiopathic”, labels attached all too often to haematuria of un-
identified origin.

In 30 out of the 41 cases forming the basis of the present study there had
been recurrent episodes of gross haematuria in the past. Since 14 of these
subjects had also other signs indicative of diffuse glomerulonephritis (heavy
proteinuria, oedema or hypertension) closer analysis will be confined to the
other 16 patients. From the history of these subjects it emerges that in view
of the recurrent episodes of haematuria their attending physicians had consid-
ered the possibility of focal glomerulonephritis, in 7 instances after the uro-
logical examinations had proved negative. Close follow-up during the “symp-
tom-free” periods had revealed permanent microscopic haematuria and slight
proteinuria, not beyond the degree of faint opalescence with sulphosalicylic
acid, in all but two cases, the daily protein excretion measured on the basis
of the biuret reaction varying between 100 and 300 g and being usually related
to the extent of haematuria. Renal function was unaffected, hypertension
and oedema were absent. The male-to-female ratio was 13 : 3. Mean age was
24.3 years, the limits being 14 and 59 years, respectively.

Haematuria either appeared simultaneously with certain signs typical
of focal glomerulonephritis or followed close upon them. The history revealed
the following factors, in all probability in direct causal relationship with
the haematuria.
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1. Catarrhal processes of the upper airways,

tonsillectomy 7 cases
2. Physical stress 4
3. Abdominal symptoms (colics, gastroenteritis) 2 .
4. 1, 2, or 3, at various times in the same case 2
5. No identifiable factor 1 case

On the ground of earlier knowledge all these seemed to support the
diagnosis of focal glomerulonephritis. However, contrary to expectations, the
histological finding revealed a diffuse, immunohistologically active, glomerulo-
nephritis in the majority of cases. The histological findings were as follows.

1. Membraneous glomerulonephritis 10 cases
Membraneous glomerulonephritis combined with
pyelonephritis

3. Focal glomerulonephritis

. Pyelonephritis

5. Nephroangiopathy

)

Cystoscopy performed at the time of gross haematuria may be of prime
diagnostic importance by revealing some unilateral urological process as the
source of haematuria, but it may be also misleading, as illustrated by one
of our cases where diffuse glomerulonephritis had been ascertained on the
ground of biopsy six months earlier. On the evidence of cystoscopy performed
at the time of gross haematuria, haemorrhagic actions were confined to one
side, but no actual urological abnormality accounting for them was demon-
strable. The patient died with uraemia three months later and autopsy also
failed to reveal any urological abnormality which might have given rise to
haematuria. This observation supports the view ofJoekes (1962) that, despite
its unilateral cystoscopic appearance, haematuria may well be due to bilateral
renal disease.

Though diffuse glomerulonephritis may be responsible for recurrent
haematuria in children, too (Grasgow et al. 1970., Arneir et al. 1969), at
this time of life it is in fact a focal glomerulonephritis which accounts for the
majority of cases (Bodian et al. 1965, Singer et al. 1968, Ferris et al.
1967). On the other hand, focal glomerulonephritis is rarely the primary cause
of haematuria in adults. This emerges from the literature (Joekes 1962,
Littite et al. 1967, Natusch et al. 1969, Hamburger 1968) as well as from
our own observations. In the majority of cases, the responsible factor is diffuse
glomerulonephritis or interstitial nephritis, possibly also some renovascular
abnormality. The clinical pattern defined by Baenr (1926) as “the benign
form of acute haemorrhagic nephritis” thus hardly ever corresponds in adults
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to the pathological features of focal nephritis described by Volhard and
Fahr (1914).

In numerous cases of monosymptomatic microscopic haematuria the
only urinary abnormality is the presence of a few erythrocytes per visual
field without any indication of infection or nephritogenic injury in the history.
Cases ofthis type also involve the necessity for renal biopsy, should the urologi-
cal and haematological investigations prove negative. Application of the earlier
term “essential” to this kind of haematuria is no longer justified. In fact,
biopsy performed in six of our cases of this type revealed a diffuse active
glomerulonephritis in two, and focal nephritis in one patient, a normal histo-
logical finding being confined to three of these subjects. According to Ham-
burger,today the diagnosis of “essential” haematuria scarcely ever (approxi-
m ately in 2%) can be upheld after biopsy. But even a negative biopsy finding
does not exclude the possibility of a later manifestation of organic disease,
parallel with the progress of the primary process (tuberculosis, malignancy,
etc.).

Moreover, it has to be borne in mind that the diagnostic value of needle
biopsy is greatly limited by the very nature of focal nephritis. This makes
it necessary to keep the patient under close observation and to envisage a
further biopsy at some later date.

Clinical significance of focal nephritis

The term was first used by Lohtein (1910) for glomerular lesions of
embolic nature associated with subacute bacterial endocarditis. The same term
was applied by Volthard and Fahr to non-diffuse glomerulonephritis appear-
ing after infections ofthe upper respiratory tract in the absence of endocarditis.
According to their description, the glomeruli involved by the typical lesion,
i.e. endothelial proliferation, swelling of the glomerular capillary walls, accumu-
lation of leukocytes, fibrin deposits, greatly vary in number. Occasionally,
there are scarcely more than one or two affected glomeruli. We owe the defini-
tion of “segmental glomerulitis” to Vernier et al. (1958), a term referring to
the presence of affected as well as unaffected loops within the same tuft in-
volved by the process.

Changes of focal or segmental nature are common in systemic lupus
erythematosus (Muehrcke et al. 1957), in Wegener’s granulomatosis (God-
man et al. 1954), in Goodpasture’s syndrome (Rusby and Wilson 1960),
in Schoenlein-Henocli purpura (Vernier et al. 1961) and in subacute bacterial
endocarditis (Baehr 1912). The essential feature distinguishing focal nephritis,
as understood by Volhard and Fahr, from the conditions referred to above
is the absence of necrosis of the glomerular loops, in opposition to the other
forms where lesions of this kind are often typical. In the present material,
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biopsy performed in three subjects with focal glomerulonephritis revealed
necrotizing glomerulitis. In two of these cases clinical evidence was also
conclusive of SLE.

In the following four cases the microscopic appearance of the kidneys
was consistent in all respects with the classical description of focal glomerulo-
nephritis:

Immunohistological

No. Sex Age Clinical manifestation findings

I Female 24 Monosymptomatic haematuria Not available

2. Female 31 Monosymptomatic proteinuria Fibrin

3. Female 27 Nephrotic syndrome 19G, C/ fibrin

4. Female 14 Haematuria, proteinuria IgG, IgA, C' fibrin; 19 months

later negative

In this small series, each patient represents a different clinical syndrome. It
is in the youngest of these patients (Case 4) where we found the closest corre-
spondence with the clinical features regarded as typical of focal glomerulo-
nephritis, therefore this case seems to illustrate best the problems involved
by the process under study.

The patient, a 14-year-old girl, had experienced a sudden episode of
gross haematuria six months before admission, on the second day of an acute
febrile condition ascribed to a cold, and was found to have an increased blood
pressure. She was referred to a paediatric unit where, on the basis of a decreased
GFR, moderate azotaemia and increased blood pressure, the haematuria was
attributed to an acute recurrence of chronic glomerulonephritis. Though the
urine had become clear and blood pressure normal by the time of her discharge,
microliaematuria and proteinuria were still present. In the course of the
following six months two episodes of gross haematuria had ensued, on both
occasions after physical strain (excursion).

At admission in November 1969, blood pressure was between 175/95
and 120/75 mmHg, BSR 26 mm/h, blood counts were normal. The urine was
sterile, specific gravity 1022, proteinuria 1.09 g/24 hr, the sediment was packed
with erythrocytes and contained 8 to 10 leukocytes as well as granular and
mixed (leukocyte -f- erythrocyte) casts per visual field. Creatinine clearance
was 95 ml/min; serum total protein, 6.8 g per 100 ml. Electrophoretic pattern:
albumin 69.5%, alpha! globulin 4.8%, alpha2 globulin 8.8%, beta globulin
10.1%, gamma globulin 6.8%. AST: 140 U. Serum complement titres normal.
The eyeground vessels had a spastic appearance. In the renal biopsy specimen
17 glomeruli were suitable for study. Six of these were enlarged and rich in
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cells. The other glomeruli were medium-sized and poor in cells. In the enlarged
glomeruli the proliferation of endothelial and epithelial cells are present.
The lumen of one of the glomerular loops were filled by an eosinophilic homo-
geneous material. The basement membrane of these glomeruli showed focal
thickening, where increased amounts of PAS-positive and of argentophile
m aterial is visible (Fig. 1). The other glomeruli revealed no abnormality. In
some Bowman’s capsular spaces we found homogeneous material. The tubular

Pig. 1. The glomerular basement membrane shows focal thickening with marked argento-
philia (Jones’s methenamine silver staining)

epithelial cells showed a fine granulation, the lumen contained scattered erythro-
cytes and granular material. The interstitial tissue was scanty and contained
a few lymphocytes and leukocytes. Immunofluorescence investigation revealed
the presence of IgG (Fig. 2) as well as of IgA, not only in the glomeruli with
light-microscopic changes hut also in those of normal light-microscopic appear-
ance. Fibrin deposits were found in a few glomerular loops (Fig. 3), IgM was
not demonstrable. Focal thickening of the glomerular basement membrane
was demonstrable by electronmicroscopic investigation, deposits of electron-
dense precipitate were identifiable on the endothelial site of the thickened
basement membrane and occasional fusion of the foot processes of the epithelial
cells was noted (Fig. 4). Histological diagnosis was focal glomerulonephritis.

Tonsillectomy was performed three weeks after admission. On the first
postoperative day gross haematuria appeared in association with abdominal
colics, diarrhoea, fever and oliguria. Haematuria subsided parallel with an
increase in urinary output by the end of the third day. On the 10th day, BUN
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Fig. 2. On the glomerular basement membrane in spots large amount of gamma globulin
(Section incubated with anti-human gamma globulin conjugated to fluorescein-isothiocyanate)

Fig. 3. Spots of fibrin on the glomerular basement membrane. At sites, intraluminal fibrin
thrombi (Section incubated with anti-human fibrin conjugated to fluorescein-isothiocyanate)

was none the less 116 mg per 100 ml; GFR, 17.1 ml/min; specific gravity of
urine, 1011; BSR, 100 mm/h; RBC, 3,2 million; Hb, 8.5 g per 100 ml; WBC,
9000. Blood pressure remained in the neighbourhood of 155/95 mmHg. Tonsil-
lectomy had been performed under tetracycline protection, which was contin-
ued for two days and followed by the administration of penicillin, streptomy-
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Fig. 4. The electronmicroscopic picture shows that the basement membrane (Bm) of the

glomerular loops is thickened in some places, and has normal thickness in some other places.

We found subendothelial (End) deposits of electron-dense precipitate (-. —) on the broad-

ened basement membrane. The fusion of the foot process of the epithelial cells is conspicuous.
(Hitachi HU-10 electron microscope, x 32,245)

cin and iodochloroxychinoline. Owing to persistent diarrhoea and slightly-
increased temperatures the patient was started on chloramphenicol on the
10th day; this was changed to erythromycin on the 21st day. This resulted
finally in a full control of the enterocolitis. Faecal cultures during antibiotic
treatment were negative for Salmonellae, shigellae and staphylococci. The
signs of azotaemia subsided in three weeks after the normalization of diuresis,
GFR gradually increased. When the patient was discharged eight weeks after
tonsillectomy, GFR was 70 ml/min; maximum specific gravity of urine, 1017;
proteinuria, 0.83 g/24 hr, the sediment contained 20 to 30 erythrocytes per
high power field; RBC was 3.7 million; Hb, 10.6 g per 100 ml; WBC, 5200.
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After discharge she continued on erythromycin for another three months.
This was combined later with immunosuppressive therapy, azathioprine being
given in doses of 2 mg/kg body weight daily and prednisolone, 30 mg daily.
After six weeks immunosuppressive therapy she again experienced gross
haematuria consequent upon an infection of the upper airways. However,
the episode subsided in 24 hours without affecting the general condition or
renal function, and during another year of antibiotic and immunosuppressive
treatment the patient remained symptom-free.

She was readmitted for follow-up studies in June, 1971. Daily protein
excretion was 275 mg, the urinary sediment contained 10 to 12 erythrocytes
per high-power field. Renal biopsy revealed at this time no focal proliferation
or basement membrane thickening. The focal hyaline changes in a few glome-
rular loops and the little amount of fibrin deposits were regarded as signs of
earlier focal glomerulonephritis. IgG and IgM were absent. Electronmicro-
scopically no thickening of the basement membrane was demonstrable and the
epithelial cells as well as the foot processes seemed unaffected. However,
the mesangial matrix showed scattered areas of focal widening (Fig. 5).

For the last six months which have elapsed since the second biopsy
the patient remained well. Microhaematuria and slight proteinuria are present
as before. Her blood pressure is normal.

This case clearly exemplifies the clinical and pathological features of
focal glomerulonephritis. We have, however, to regard this process as one
of definitely chronic nature the acute recurrences of which have been precipi-
tated by infections of the upper airways, physical stress, surgical intervention,
and enterocolitis. The presence of immunoglobulins in the glomeruli suggest
that in the pathogenesis of focal glomerulonephritis immunological factors
have a role. It was remarkable that immunoglobulins were demonstrable
diffusely and in larger amounts than it might have been expected on the basis
of the focal histological reaction. Moreover, similarly in cases Nos 2 and 3,
there were substantial fibrin deposits in the glomerular loops too and they
persisted after the disappearance of immunoglobulins. Though the primary
injury is obviously not identifiable, the fact that episodes of gross haematuria
occurred under antibiotic protection makes it improbable that streptococcal
infection should have been the responsible factor, moreover during these
recurrences which went parallel with impaired renal function the AST-titres
were not increased.

At the time of the second biopsy, the clinical signs were those of a chronic
process. The histological changes marking this condition were confined, apart
from the presence of fibrin, to signs of a previous focal inflammation, without
any evidence of immunological activity in the glomeruli. Although, in view
of the focal character of the process, allowance must be made for the limita-
tions of needle biopsy owing to the smallness of the specimens, an actual
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Fig. 5. Electronmicroscopical picture after repeated biopsy. The glomerular basement mem-

brane (Bm) is thin, the epithel cells (Ep) as well as their foot processes (Fp) are of normal

structure. In some places the quantity of mesangial matrix (Mm) is increased. (Hitachi
HU-10 electron microscope, x 14,000)

regression ofthe process as a result of long-term antibiotic and immunosuppres-
sive treatment is none the less well within the possibilities. It must however
he emphasized that there can be no question of a true cure, neither here nor
in the three other cases followed up for more than 20 months.

In the overwhelming majority of cases, the cause of the haematuric
nephritis syndrome is not a focal glomerulonephritis. As concerns the cases
of histologically confirmed focal glomerulonephritis, the clinical data indicate
that, in the absence of haematuria, proteinuria may be the only sign of the
condition, as it has been noted by Muth et al. (1965) too. That focal nephritis
may result in a nephrotic syndrome (West et al. 1968) and that it may be
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associated with hypertension, oedema, nitrogen retention and a reduction in
GFR (Wirtson 1967), are observations to which we must subscribe. Thus,
focal glomerulonephritis is merely a pathological definition implicating no
special clinical syndrome in adult age. All that can be said about its clinical
features isthat it generally tends to be oligo or monosymptomatic in its mani-
festations (Arneir et al. 1969, Hamburger et al. 1968).

Before the advent of renal biopsy, evidence in respect of the significance
of the syndrome was scanty and confusing (Baenr 1926, Payne and liting-
worth 1940). We owe the most illuminating facts on the syndrome, ever
since Vothard and Fanr (1914), 10 Bates and Jennings (1957) who observed
among mariners stationed in an isolated basis an outbreak of focal nephritis,
despite the preventive use of penicillin. Haematuria had been preceded by
pharyngitis, the latent period between infection and haematuria having been
as short as 24 hours in most cases. Streptococcal infection could be ruled out
on the ground of serial throat cultures and of serum antibody studies. The
clinical signs and symptoms were consistent with those of viral infection.
Renal biopsy revealed focal glomerulonephritis in a number of cases, it showed
no structural abnormality in some others. Ross (1960) presented biopsy evi-
dence in support of the relatively favourable outcome of the process,any progress
having been absent on the evidence of follow-up studies extending over several
years. Singer et al. (1968) demonstrated by electronmicroscopical method
electron-dense deposits on the basement membrane of glomerular capillaries
which, on light microscopic investigation, were segmental glomerulitis. Bodian
et al. (1965) identified by immunofluorescence method immunoglobulin de-
posits in diffuse arrangement in the glomeruli; immunoglobulins were demon-
strable in far more glomeruli than it might have been expected on grounds of
conventional light microscopic staining procedures. These authors too believe
that while the inflammatory reaction is focal or segmental in character, the
immunological abnormalities in focal nephritis affect the total of the glomeruli.
Their observation that the presence of demonstrable immunoglobulins is
confined to the early stages and that they are no longer detectable after
two years duration of the process is also of interest. Voitharda and Fanr
suggested that the histological appearance of focal glomerulonephritis may
represent a diffuse glomerulonephritis in its initial stage as well as in some
phase of its resolution. Although, as a result of the simultaneous presence of
normal and still diseased glomeruli, the resolution in diffuse glomerulonephritis
may assume a focal pattern (Porrak et al. 1958), here, in resolving diffuse
glomerulonephritis, in contrast with focal glomerulonephritis, proliferation
of the mesangial cells persists for months (Heptinstat1 and Joekes 1959).
The beginning of diffuse glomerulonephritis may, however, be definitely
marked by a focal-segmental pattern, probably in cases of insidious onset
(Singer et al. 1968)
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The literature on the pathogenesis of glomerulonephritis alleges a wide
range of factors being apt to give rise to the process; the most common are
streptococci, basement membrane and nuclear fractions, malaria, syphilis,
heterologous sera, drugs. It has not been possible thus far to demonstrate
any involvement of streptococcal antigens in the immune reactions asso-
ciated with focal nephritis (Bates and Jennings 1957), on the other hand,
viruses or bacteria seem to play a part, particularly tuberculosis, as it did in
the case of Voinara and Fanr and by which these authors illustrated the
pathogenesis of focal nephritis (1914). The observation that laboratory animals
develop focal glomerulitis with proteinuria as a result ofrepeated intramuscular
injections of nonbacterial substances giving rise to local tissue reactions
(Manatigod et al. 1969) also deserves interest since it seems to suggest that
various substances released from extrarenal inflammatory tissues may also
be involved in the mechanism responsible for glomerular inflammatory
processes of focal character.

The process offers a more favourable outlook than does streptococcal
nephritis, owing to better prospects of spontaneous recovery. Chronic forms
are, however, fairly common and for the time being we are unable to form any
definite view about their final outcome since the contracted kidneys of patients
died of uraemia are no longer suitable for differentiation. At any rate, as
the observations indicate, the process is slow in its progress, even though the
possibility of recurrences has always to be taken into account, not only
because of their life-threatening significance but also because of a further
impairment of renal function.

Elimination of the nephritogenic factor would amount to causal therapy,
provided the role of the microorganism accessible to antibiotic treatment
could be ascertained beyond doubt. The probability that this type of nephritis
belongs to the immunopathological reactions, still adds to the therapeutic
difficulties, because it means that the very first episode seen and correctly
interpreted by the physician is actually an acute flare-up of a latent process
which has been in existence before. Catarrhal infections of the upper respira-
tory tract, enteral infections, physical stress, may precipitate acute recurrences
and impose the need for eradication of foci, long-term antibiotic treatment,
avoidance of physical overstrain. Immunosuppression has its theoretical
justification, but our observation in a single case where it has been used with
benefit is no adequate basis for the assessment of its value.
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Immunoassays have been performed for the identification of a substance
detected in duodenal juice and found similar to the intrinsic factor. Activity of this
duodenal factor was inhibited by serum from pernicious anaemia patients, owing to
the presence of antibody to intrinsic factor. These findings support the earlier claim
that the duodenal factor is closely related to the intrinsic factor.

A substance similar to Castle’s intrinsic factor (IF) has been demonstrated
bacteriologically in the duodenal juice of patients with pernicious anaemia
(PA) [1]. In some cases of untreated pernicious anaemia the factor was found
in reduced amounts, but administration of vitamin B 12 restored its normal
level [2]. Reliability of the procedure was controlled by the reproduction of
Castle’s clinical assays with identical results [3].

Detection of intrinsic factor or of a substance closely related to it in
the duodenal juice of pernicious anaemia patients was found of sufficient
importance to call for further studies. Research of pernicious anaemia in
recent years has been centering on its immunological aspects. This trend
proved fruitful in clinical respects too and seemed to offer a promising angle
of ap proach to the present study.

The presence of antibody (ab) to intrinsic factor in the serum, gastric
juice and saliva of most patients with PA has been borne out by ample experi-
mental evidence [4—8]. Antibodies of other kind, irrelevant to the subject
of the present study [9—14] have also been identified. Antibodies to IF of
two types, i.e. blocking and precipitating antibodies, have been demonstrat-
ed in the serum by different procedures. These revealed that the antibodies
inhibited absorption to and binding of labelled vitamin B12 electrophoretic
migration, immunoelectrophoretic binding and immunodiffusion. Lymphocyte
transformation, luorescein fixation and RBC-agglutination tests are also
suited for their demonstration [15—17]. It is a point of interest that absorp-
tion of B12 in pernicious anaemia is inhibited even when no antibody is de-
monstrable [18, 19]. The identifiable gastric antibodies are partly directed
at the cytoplasm of the parietal cells, partly at the microsomal antigens.
Theoretically, these antibodies should be of pathogenetic significance. Their
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formation seems to be connected with the presence in the gastric mucosa
of immunocompetent elements (plasma cells, lymphocytes), though there are
views [20, 21] that they originate from the blood. While the antibodies of
serum are of IgG-character, those of the gastric juice belong to the IgA-im-
munoglobulins and have been located by electrophoresis to the IgG fraction.

Immunoassays belong to the most sensitive procedures for the detection
and identification even of vanishingly small amounts of proteins. For the
identification of the E. coli mutant factor found in the duodenal juice, serum of
patients with pernicious anaemia, or more correctly, the antibody to intrinsic
factor contained in it, was used and this, in turn, was checked by the growth
and inhibition of an E. coli mutant strain.

Material and methods

The factors of serum and duodenal juice under study are unstable, therefore the mea-
surements were performed either on the day of sampling or within 3 days. The samples were
kept in a refrigerator at 4 °C until processing; deep-freezing was avoided. The normal serum-
antibodies of complement dependent activity have an inhibitory effect on the growth of the
E. coli mutant test strain, therefore the sera were previously inactivated in a water bath
at 56 °C for 30 min. This inactivation procedure did not affect the activity of the complement-
independent immunoglobulins of higher thermostability [24]. For the collection and preserva-
tion of duodenal juice, paraffin-coated test-tubes were used in view of the adsorption of
intrinsic factor to glass [25]. The duodenal juice was filtered through sterile gauze in order
to free it from mucus. Particular care was given to correct duodenal drainage, reaction of
the contents being checked repeatedly by Congo red paper and the position of the tube, if
necessary, by fluoroscopy. The inactivated serum was brought together with equal amounts
of duodenal juice and the mixture was kept at 37°C for 30 min. Generally, 1 ml amounts
of each were used but smaller quantities are also sufficient since the actual measurement
requires 0.05 ml only. The subsequent steps of the procedure were identical with those de-
scribed earlier and the mixture was kept with chopped meat at 37°C for 3 hours.

Test and control sera were measured for their activity side by side on the same plate
on which vitamin B12 was also placed for reference purposes. All parallel plates yielded iden-
tical results. Here, too, the amount ofthe growth factor thus formed was judged on the basis
of the growth rings of the E. coli mutant strain. Serum was obtained from 25, and duodenal
juice from 5 patients with pernicious anaemia. Three of these subjects were untreated or in
relapse, the others were in remission. The tabulated data belong to 21 patients of the series.
In four cases the findings were unsuited for evaluation because of coexisting diabetes, ethylism
or hyperthyroidism. All measurements were performed against controls consisting of serum
or duodenal juice of subjects without any evidence of haemopoietic or digestive abnormalities.
The sera of nine pernicious anaemia patients were submitted to repeated studies at intervals
of a few days, on the average of one week, with the same results.

Results

Results are shown in Table | and Fig. 1. It can be seen that the perni-
cious anaemia sera gave smaller growth rings all throughout; from this it
has been concluded that pernicious anaemia serum, in contrast to normal
serum, contains an inhibitory factor. Duodenal juice obtained from five pa-
tients with pernicious anaemia was used for parallel assays. The results are
shown in the column at the right side of Table I. Here too, the inhibitory
effect is distinct and in some of the cases very marked. On the evidence of
Student’s t test the results have proved significant. Neither the untreated
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Table |

Inhibitory effect of E. coli mutant growth factor formed in a mixture
of duodenal juice and meat

Effect of an incubated mixture of meat and
duodenal juice from

normal subjects patients with pernicious anaemia
nﬁ?\?gler on the growth of £. coli mutar;grslmir%n(%ea of growth ring in sg. mm)
normal subjects PA patients normal subjects PA patients
added to the mixture prior to assay
1. 63 18 - -
2. 54 16 — —
3. 54 32 — —
4. 72 29 — —
5. 50 18 — —
6. 39 16 63 50
7. 54 39 39 16
8. 50 29 39 18
9. 50 25 39 25
10. 50 39 50 25
11. 58 39 — —
12. 58 35 — —
13. 58 35 — —
14. 46 32 — —
15. 46 32 — —
16. 63 50 — —
17. 50 32 — —
18. 54 39 — —
19. 54 18 — —
20. 54 39 — —
21. 54 18 — —
mean 54 30 46 27
SD +7 + 9.7 +10.6 +13.6
t 9.2 2.44
p 0.05% 5°4

cases nor those in relapse or in remission have been listed separately, because
this factor did not affect the result. In the light of these facts it seems of
interest to recall the observation [26] that cases of pernicious anaemia showed
the same degree of responsiveness to and the same absorption of vitamin B 12
regardless whether or not antibody to intrinsic factor was demonstrable in
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Fig. 1. In the middle of the plate the effect of vitamin B2 used as reference substance can be

seen on the growth of the E. coli mutant strain incorporated in the culture medium. The

largest of the four growth rings represents the effect of normal serum, and each of the three

others that of serum of different pernicious anaemia patients, added to the incubated mixture
of meat and duodenal juice

that particular case. With the exception of the five patients referred to above,
all cases were outpatients on maintenance therapy prescribed in the last two
years.

Discussion

The present study has been focused on the assumption that if the E.
coli mutant growth factor detected in duodenal juice is of similar nature as
the intrinsic factor, then it must be necessarily inhibited by the serum of
patients with pernicious anaemia, owing to the presence of antibody to intrin-
sic factor. By the demonstration of an inhibitory effect of this kind new evi-
dence has been furnished in support of the claim that the E. coli mutant
growth factor identified in duodenal juice corresponds in fact to the intrinsic
factor. The high sensitivity and specificity of the immune reactions makes
them particularly suited for objective assessment. Moreover, the described
findings seem to account for the seeming contradiction that duodenal intrinsic
factor may be present in spite of pernicious anaemia. Obviously, this intrinsic
factor is liable to inactivation by the antibody demonstrated at the same time.

The above results permit to attribute an important role to intrinsic
factor-antibody in the pathogenesis of pernicious anaemia. It is assumed
that when the production of gastric intrinsic factor has ceased, as reflected by
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the atrophy of the gastric mucosa which is in fact inseparable from pernicious
anaemia, the presence of antibody asserts itself by a blocking mechanism
directed at the duodenal intrinsic factor. The presence of the gastric and of
the postulated duodenal intrinsic factor implies that the utilization of the
extrinsic factor involves a mechanism of two phases. In the light of these
facts we no longer feel justified in reducing the pathogenesis of pernicious
anaemia to a deficiency of gastric intrinsic factor. An additional role involved
in the breakdown of the equilibrium must be attributed to a suppression of
duodenal intrinsic factor resulting from the production of an inhibitory factor.
The intricacy of the mechanism is still enhanced by the fact that the defi-
ciency in vitamin B12 and probably also in other vitamins associated with
the process may be inhibitory or even suppressive to the formation of anti-
body [27], thus resulting in a delay or in a temporary standstill of the prog-
ress of anaemia. This would account for the occurrence of spontaneous remis-
sions reported chiefly in earlier literature.
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LONG-TERM STUDY OF SOME PARAMETERS OF
THE POST-ISCHAEMIC KIDNEY

By
I. Taraba,* Agnes Fekete and L. Molnar

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received March 20, 1972)

Creatinine and PAH extraction have been studied two hours after renal isch-
aemia in dogs. While a gradual improvement was demonstrable in the group where
ischaemia had been induced under general anaesthesia, a progressive deterioration
was found in the other group where the same intervention had been performed in
conscious dogs. The differences are attributed to a shifting of intrarenal blood flow.

Constriction of the renal artery for two hours or longer after unilateral
nephrectomy in dogs has been found to result in a condition similar to human
acute renal failure (Hamitton et al. 1948, Pnirtips et al. 1948, Selkurt,
1945, Batint et al. 1960). The condition marked by azotaemia and oliguria
is fatal in the majority of the laboratory animals. When renal ischaemia was
induced in unanaesthetized dogs (Taraba et al. 1966) or under superficial
anaesthesia (Batint et al. 1964b), the animals died with acute renal failure
in a few days. If, however, for the induction of ischaemia of the same duration
the same technique was applied under deep general anaesthesia, azotaemia
was only transitory, renal failure did not develop and the animals survived the
intervention (Barint et al. 1964b). Participation of the central nervous sys-
tem in the condition was supposed, and we have produced evidence in sup-
port of this claim that, by denervation of the kidney (Fekete et al. 1965,
Fekete and Taraba, 1965) or by suitable drugs (Taraba, 1965) we could
prevent the fatal renal failure.

Since the duration of the renal ischaemia is practically the same in all
model experiments of this kind, the grade of severity of renal failure, in other
words, survival of the animals after transitory ligation of the renal artery,
seems to depend on factors connected with the immediate post-traumatic
period. As shown by the results of our acute experiments performed on succes-
sive days of the crucial postischaemic period (Barint et al. 1964a), in the
dogs where the intervention had been carried out under anaesthesia, diuresis
set in and the NPN levels rose slightly or not at all, in the unanaesthetized

* Present address: 2nd Medical Clinic, Semmelweis Univ. Medical School, Szentkiralyi
utca 46, 1088 Budapest
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dogs oliguria and azotaemia ensued. Though RBF decreased in both groups,
a complete renal ischaemia was not observed.

In the present series of experiments, a continuous study of the post-
ischaemic period has been undertaken under long-term condition in animals
with implanted catheters, so as to be able to follow the postischaemic changes
in the parameters of renal function over prolonged periods.

Material and methods

Adult dogs of both sex weighing 12 to 20 kg were studied. The catheters for blood sam-
pling were inserted in the preliminary stage of the operation under aseptic conditions. One
catheter was placed into the right carotid artery. The other catheter was introduced into the
jugular vein, passed through the heart, directed into the left renal vein and sutured with a
nontrdumatic needle to the wall of the vena cava from the mid-line approach. A plastic
thread was placed round the left renal artery, pulled into a plastic tube 3 mm in diameter
which was brought out to the surface and fixed to the animal’s flank, then the abdominal
wound was closed. By pulling the plastic thread tight, the renal artery can be compressed
by the tube and blood flow will be arrested (Taraba et al. 1966). Forty-eight hours after the
preliminary operation the position of the catheter in the renal vein was checked by fluoros-
copy. Then, first by preliminary doses, subsequently by continuous intravenous infusion,
adequate plasma creatinine and PAH levels were maintained. Control values were obtained
by withdrawal of two or three arterial and venous blood samples at five-minute intervals
for studying creatinine and PAH extraction and 0 2 values. The animals were divided into
two groups. One group was anaesthetized with 0.1 g/kg of chloralose after sampling for the
control values, immediately before the injury, whereas the other group was left without any
anaesthesia. Then renal ischaemia was induced by pulling the thread tightly around the renal
artery, and the state was maintained in both groups for two hours.

After the lapse of two hours, the loop around the renal artery was loosened from the
outside and removed. During the postischaemic phase blood samples were obtained at 30 min
intervals, on a total of six occasions. (The animals of the anaesthetized group were still under
deep anaesthesia during these manipulations.) Then the animals were returned into their cages
and were allowed food and water ad libitum. Subsequently, blood samples were obtained
through the catheters in both groups in the waking state, at 1, 2, 3 and 4 days following the
intervention.

For the estimation of plasma creatinine the method of Popper, Mendel and Mayer
as modified by Barint and Visy (1965), for that of PAH, the method of Finkelstein was
used. O2 was measured in the blood samples with an Atlas oxymeter. Statistical evaluation
was based on Fisher’s tables.

Results

The results obtained in the unanaesthetized group (six dogs) are repre-
sented in Figs 1 and 2. Normal values for endogenous creatinine and PAH
extraction were plotted at 0 min. At 1, 2, and 3 hours after release of the
constriction, EC and EPAH had fallen to fractions of their original value and
declined still further in the course of the following days. The regression coeffi-
cient for both Ecr and EpaH was negative, the regression line being
Y = 0.026 —(0.00028 + 0.0001)x for ECr, and Y = 0.042-(0.00078 + 0.0003)x
for EpAH.

The five animals of the anaesthetized group had been in deep anaesthesia
not only during constriction of the renal artery but also in the first hours after
release. In this group too, ECr fell to low values (Figs 3 and 4), but during
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Fig. 1. ECr before and after renal ischaemia, in terms of hours and days, in the unanaes-
thetized group. Each line represents the data of an individual animal

Fig. 2. EpaH before and after renal ischaemia, in terms of hours and days, in the unanaes-
thetized group. Each line represents the data of an individual animal
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Fig. 3. ECrbefore and after renal ischaemia, in terms of hours and days, in the anaesthetized
group. Each line represents the data of an individual animal

e pah

Fig. 4. EpaH before and after renal ischaemia, in terms of hours and days, in the anaesthetized
group. Each line represents the data of an individual animal
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the successive days a slow increase was noted and the regression coefficient
was positive [Y =0.048 + (0.00087 = 0.0003)x]. These dogs displayed a
considerable reduction also in Epgpb but a significant improvement was
demonstrable in the postischaemic period [Y = 0.08 -)- (0.0021 ~ 0.00061)x].

The values for renal arterio-venous 0 2 difference in the two groups are
shown in Fig. 5. While as compared with the controls, the 0 2difference in-
creased during the postischaemic period in the unanaesthetized group, it

——we \\y
0—oO0a
0-1TTT =TT YT Tttt T r==r==r
0h 1h 2h 3h 1 2 3 U day

Fig. 5. Renal arterio-venous 0 2 difference before production of renal ischaemia (0h) and dur-
ing the postischaemic period, in terms of hours and days. W = Wakened (unanaesthetized),
A = Anaesthetized

remained practically unaffected in the anaesthetized group. The differences
between the individual values for the two groups were considerable, but not
invariably significant at all points of time.

Discussion

The present study extending over several days allowed to ascertain
definite differences in the time-relationships of individual parameters of renal
function, according to whether the dogs had been in conscious state or under
anaesthesia at the time of the renal ischaemia. Ecr and EpgH fell in both
groups to excessively low values. However, on the first day after the inter-
vention there was already a distinct difference between the two groups and
subsequently the anaesthetized one showed a continuous improvement of the
extractions, attaining a significant level by the fourth day. In the unanaesthe-
tized group there was no amelioration of these functions.

The low extraction values found in the postischaemic period seem to
have been due to a reduction in RBF. The reduced extraction in the unan-
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aesthetized group is suggestive of impaired glomerular and tubular functions,
as a result ofthe reduced RBF, as it has been demonstrated earlier. The gradual
increase in GFR as well as in EpaH in the anaesthetized group may be con-
nected with an increase in RBF.

The renal arterio-venous 0 2 difference in the unanaesthetized group
exceeded that found in the anaesthetized group. It has been demonstrated
by Barint et al. (1964a) that the correlations between filtration and 02
consumption are linear in the post-ischaemic state, too. 0 2utilization by the
kidney is ensured by RBF and AVDo2 The larger AVDqg2in the unanaesthe-
tized group seem to suggest that the kidney increases its 0 2 utilization in
order to counteract the postischaemic reduction in RBF.

The present as well as our earlier results suggest that the difference in
RBF between the two groups was due to neurogenic factors. The existence
of connections between the central nervous system and renal blood supply
has been borne out by ample experimental evidence. The injury resulting in
renal ischaemia is followed by a shifting of the intrarenal blood supply. Experi-
mental proof of a readjustment of this kind under various conditions has
been produced by several authors (Gomori and Nagy 1961, Shaldon et al.
1963, PiLKiNGTON et al. 1965, Carriere et al. 1966, Gomori et al. 1968,
Pomeranz et al. 1968, Balint et al. 1969, etc.). The functioning renal paren-
chyma is bypassed by the circulation for some length of time. This neurogenic
effect has been shown to be suppressible by surgical or pharmacological dener-
vation (Fekete and Taraba 1965, Taraba 1965).

From the present study it emerges that improvement of creatinine-
and PAH-extraction in the anaesthetized animals while being incontestable,
is by no means complete. In our earlier studies where the tests had been per-
formed two weeks after ischaemization, restitution of renal function had
reached a far more advanced stage. Full normalization requires, however, a
longer time extending several weeks or even months.
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Methyl-piperazinyl prednisolone and prednisolone succinate have been com-
pared for their immunosuppressive effect by means of the rosette inhibition test.
The procedure based on the inhibition in vivo of immunospecific rosette formation has
been found more suitable for this purpose than in vitro inhibition. Rosette formation
was inhibited more intensively by massive doses of prednisolone succinate than by
its derivative. With reduced doses, the difference between the two compounds tended
to diminish.

Therapeutic observations with two steroids, prednisolone succinate
(Di-Adresone-F aquosum, Organon, Oss, Netherlands) (PS in the following)
and deoxy-methyl-piperazinyl prednisolone (Depersolone, Richter, Budapest)
(MPP in the following ) have made us to assume that the effect of the two
compounds on the acute symptoms of autoimmune disease or on the asthmatic
state involved a different dynamism. In order to substantiate this impression,
we had to find a model suitable for the discrimination of two steroids of the
same active groups, differing only in their side chains. The procedure based
on the inhibition of immunospecific rosette formation seemed suitable for
this purpose.

Immunospecific rosette formation is basically the following process:
lymphonodular, splenic or peripheral lymphoid cells of some laboratory
animal immunized with xenogeneic or allogeneic cells adhere in vitro to the
antigenic cells by clustering into rosettes. Under suitable experimental con-
ditions, the rosette-forming lymphocytes are prevalently thymus-dependent,
antigen-sensitive lymphocytes, in other words they are carriers of cell-mediated
immunity [1—4] and thus suited for its study.

The number of rosette-forming cells is decreased by immunosuppressive
agents, by administration of these drugs in vivo or by adding them to lympho-
cyte suspensions in vitro [4]. The inhibition is related to the allograft-protective
capacity of the agents in question [5], therefore the bioassay in vitro may be
used as a model of the effects in vivo. The rosette model is of adequate sensi-
tivity and lends itself to the comparative study of cytostatic drugs, steroids
and antilymphocyte globulins which are similar in their range of activity hut
dissimilar in their structure and potency [5, 6].
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Material and methods

Two months old Akr-mice were injected intraperitoneally with 2.2 X 10s sheep erythro-
cytes. For the inhibition of the rosette-forming cells in vivo, identical doses of PS and of
MPP, i.e. 5, 1and 0.25 mg per mouse were administered intraperitoneally on a single occasion
on the day of immunization. Taking into account the population dynamics of the rosette form-
ing [4], they were counted on the 9th day. After sacrifice of the mice, cell suspensions were
prepared from their spleen in Parker’s 199 medium. The cells were washed twice, the cell
counts were adjusted to 25 X 106m|l. The same volume of washed sheep erythrocyte suspension
at a concentration of 108ml was admixed to the splenocytes. The following steps were centri-
fugation (500 r.p.m.) for 10 min, resuspension and counting. The number of rosette-forming
cells per thousand lymphocytes was counted; results are given in terms of per thousand and
in absolute figures.

Inhibition of rosette formation in vitro

From the spleen of mice which had been immunized but not drug-treated, a cell-
suspension was prepared on the 9th day to which identical dilutions of PS and MPP were
added. After incubation at 37 °C for 60 min, sheep red cells were added to the splenocytes.
The further steps of the procedure were identical with those of the previous test.

Results

Rosette inhibition by the two steroids in mice in vivo is shown in Fig. 1.
The first full column represents the spontaneous rosette proportion in
normal, untreated mice, the second full column that of immunospecific

16x 107
rosette/splenocytes

3x107
rosette /splenocy tes 1,4x 107

rosette/splenocytes

7,1x10e
jrosette/splenocytes

4x10°
3,3X10° 4 rosetteé
rosette/Splenocytes v/, splenocytes
v/

ABx10 rosette)
rosette/splenocytesl| Isplenocytes

normal  1x immunized 5mg 1mg 0,25mg 5mg 1mg 0,25mg

controls  untreated Diadresone F-aquosum- Depersolone

controls groups groups

Fig. 1. Inhibitory effect of MPP and of PS on immunospecific rosette formation in

rosette formation. The hatched columns represent the rosette formation by
splenocytes of mice treated with identical doses of PS and MPP. It can be
seen that the original number of 3.3 X KO7 immune rosette-forming lympho-
cytes was decreased to 8.6 X 105(2.6%) by 5 mg doses of PS and to 4 X 10%
(12%) by the same doses of MPP. In 1 mg doses, MS reduced the original
number of rosette-forming cells to 3.3 X 10° (10%) and MPP to 7.1 X 10°
(21.5%). With 0.25 mg doses a reduction to 1.6 X 107 (approximately 50%)
and of 1.4 X 107 (42.5%) respectively, was observed.
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cytotoxic effect of
Depcrsolone

lig /mi

Fig. 2. Inhibitory effect of MPP and of PS on immunospecific rosette formation in vitro

The results of in vitro inhibition of immunospecific rosette formation
are presented in Fig. 2.

Rosette formation by splenocytes of untreated mice with sheep red
blood cells amounted to 80%. It can be seen that

(1) full inhibition of the immuno-rosette model has been achieved by
1500 fig/ml of MPP and by 2000 /tg/ml of MS;

(2) in the range of 50 to 250 /tg/ml of MPP, and in that of 100 to 250 /tg/ml
of PS, the rosette inhibitory efficacy did not change significantly;

(3) at higher concentrations (1 to 2 mg/ml) MPP exerted a direct
lymphocytotoxic effect, in opposition to PS which exhibited no effect of this
kind at similar concentrations.

Discussion

Both MPP and PS were found to inhibit rosette formation in vivo as
well as in vitro.

Upon administration to immunized mice, massive doses of PS proved
more suppressive to rosette formation than did similar doses of MPP. This
difference dwindles, however, parallel with the reduction of the doses. At dose
levels of 0.25 mg, the inhibitory effect of the two drugs is practically the same.

The graphs representing the rosette-inhibiting effect of PS and of MPP
are of the same shape. However, as it can be seen in Fig. 2, the inhibitory
effect of MPP in vitro was more intensive than that of MS, its graph showing
a shift to the left as compared with PS. Evaluation of the inhibitory effect
in vitro is blurred by the direct lymphocytotoxic activity of MPP.
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Inhibition of rosette formation in vivo thus seemed more suitable for
the comparative evaluation of the immunosuppressive properties of MPP and
of PS than their inhibition in vitro. Clinical observations concerning the
advantages of PS over MPP in respect of the potency and rapidity of their
immunosuppressive effect are consistent with the present results obtained
at high dose levels. For instance, the rosette-suppressive activity of 5 mg
doses of PS is five times as intensive as that of MPP.
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Iron kinetics have been studied in 3 patients with Dubin-Johnson’s syndrome, in
2 with Rotor’s syndrome, and in 7 with Gilbert’s disease. The following abnormalities
were found.

(1) Of the 12 patients with functional bilirubinaemia 4 were anaemic, and
1 of the 4 suffered from iron deficiency anaemia.

(2) The disappearance of radioiron from plasma was accelerated in 3 patients
and normal in the others.

(3) In 7 patients iron turnover in the plasma was increased, and in the others
it was normal.

(4) Utilization of radioiron in the erythrocytes was considerably decreased in
4 patients, and moderately decreased in 6 patients.

(5) Erythrocyte survival was normal in all but one of the patients studied.

(6) Measurement of radioactivity in vivo revealed an increased storage of iron
in the liver.

Theoretically, jaundice is spoken of when the blood level of bilirubin
is elevated. This may be due to any of four different causes: (1) increased
deposition of bile pigment in the liver cells; (2) disturbance of bilirubin uptake
and transport in the liver cells; (3) faulty bilirubin conjugation by the hepatic
microsomes; and (4), impaired excretion of bilirubin into the canaliculi or
mechanical obstruction of the bile ducts [12].

Since its description by Gilbert about six decades ago, a familial form
of jaundice has been known in which there are no complaints or haemolysis
and for which a disturbance of bilirubin metabolism is responsible. From the
above aetiologic schema, the disturbance of intracellular transport is impli-
cated in Gilbert’s disease, enzymatic insufficiency of bilirubin conjugation in
the Crigler—Najjar syndrome, and a disturbed excretion of bilirubin into
the bile canaliculi inthe Dubin—ohnson and Rotor syndromes [3, 4, 8, 10, 11].
A review of the differential diagnosis of functional hyperbilirubinaemias in
adults is given in Table I. Although each type of functional hyperbilirubinaemia
originates from the dysfunction of a different phase of bilirubin metabolism,
all types have certain characteristics in common, which can be found in the
bilirubinaemias due to a disturbance oftransport, to enzymopathy, or impaired
excretion. Such common features are the usually congenital origin of the disease,
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Table |
Differential diagnosis of Gilbert's disease, Rotor's and Dubin—Johnson's syndrome

Dubin-Johnson’s

Gilbert’s disease Rotor's syndrome syndrome
Beginning Before puberty Before puberty Before 25 years
Hepatomegaly Infrequent — 50% of cases
Serum bilirubin Under 3 mg per About 5 mg per About 5 mg per 100 ml
100 ml indirect 100 ml indirect 50% dominantly direct
Bromsulphaleine Normal Pathological retention  Increasing retention
after 45 min.
Histology Fine gold-brown Normal liver tissue Rough brown pigment
pigment

its familial character, its juvenile onset and benign course. Only the Crigler—
N ajjar syndrome is an exception, because in most cases its outcome is fatal.

The liver being the largest iron depot in the healthy human, its role in
iron metabolism is of great importance. Under pathological conditions, iron
storage may be increased and cause damage to the liver cells, but increased
storing of iron may also be observed as a concomitant phenomenon in diseases
of the liver. As we do not know of any study of iron kinetics in hyperbiliru-
binaemia, it seemed warranted to carry out examinations in patients suffering
from the above described conditions.

Material and methods

The material comprised 3 patients with Dubin—Johnson’s syndrome, 2 with Rotor’s
syndrome, and 7 with Gilbert’s disease. In addition to routine laboratory examinations, a
histological study of the liver was also made for diagnostic purposes. Examinations of iron
kinetics was carried out by a modification [2] of Huff and Henessy’s method [9].

Results

Four patients with functional hyperbilirubinaemia could be regarded
as anaemic on the basis of their haematocrit values. Two of them displayed
Dubin-Johnson’s syndrome, and two Gilbert’s disease. In 3 patients the
fasting serum iron and the haemoglobin level were moderately decreased,
the mean erythrocyte diameter was indicative of microcytosis. An increased
serum iron level (256 fig per 100 ml) was found in one case (K. Sz.) A low
serum iron level was recorded in 5 patients (M. K., L. S., F. A., I. B. and
K. Sz.). Acceleration of the disappearance of radioiron was observed in three
patients who had low serum iron levels (L. S., F. A. and K. Sz.). The other
important parameter of iron kinetics, plasma iron turnover, was higher than
normal in more than half of the patients. There was a considerable increase
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mainly in the anaemic patients, of whom F. Sz. should be mentioned first,
since in this patient the pathologically increased serum iron value (256 /ig
per 100 ml) was associated by a considerably increased iron turnover (Table
Il and Fig. 1). Incorporation of radioiron into red blood cells is presented
graphically in Fig. 2. It can be seen that the rate of incorporation followed
for 12 days was below the empirical limits obtained in subjects with normal
haematopoiesis (Fig. 2). Only small differences could be found between the
the groups of functional hyperbilirubinaemia; on this basis, apart from the
uniformly decreased rate of incorporation, it was the group of patients with
Gilbert’s disease that was nearest to normal conditions.

Table Il
iioa. Conju-  Uncon-
Name Haema- Se iron Plasma iron U%i'(l;ﬁa gatéd jugated
age, sex tocrit  per 100 m|  Clearance PIT* mg/24h BRFe Type of disease
per cent TI/2 min. max/day Se. bilirubin
M. K. 22 34 80 90 0.88 65/8 4.4 14 Dubin-
M Johnson’s
syndrome
J. P. 21 43 100 100 1.00 71.5/8 2.4 14 Dubin—
M Johnson’s
syndrome
L. S 32 30 80 25 3.20 30/12 3.0 1.2 Dubin-
F Johnson’s
syndrome
M. B. 31 45 110 120 0.90 30/8 4.2 0.2 Rotor’s
M syndrome
I. K. 14 42 130 80 1.62 85/8 slight 0.8 Rotor’s
M syndrome
D. V. 38 45 130 90 1.44 55/12  slight 3.6 Gilbert’s
M disease
L. Sz. 41 46 100 120 0.83 69/8 — 2.3 Gilbert’s
M disease
F. A. 25 43 70 45 1.55 70/8 0.4 1.3 Gilbert’s
M disease
I. B. 25 46 79 70 1.00 73/12 0.5 1.2 Gilbert’s
M disease
K. Sz. 20 36 60 30 2.00 86/8 0.7 1.3 Gilbert’s
M disease
F. Sz. 26 42 256 80 3.20 34/12 0.5 2.0 Gilbert’s
M disease
Sz. F. 28 34 110 65 1.65 39/12 slight 4.6 Gilbert’s
M disease

Normal
value 41-45 85-125 70-120 0.45--0.75 78-98 0.1 0.9

*Plasma irem turnove

10* Acta Medica Academiae Scientiarum Hungaricae 29, 1972



334 T. BURGER et al.

P 1Yo pa— O
« DUBIN - JOHNSON
130 - 0o
O ROTOR
120 | | | D GILBERT-MEULENGRACHT
110 - 1
100 -
o-] 11
80-
70- O
60- o
50-
PLASMA  IRON PLASMA  IRON PLASMA  IRON
T CLEARANCE TURNOVER

/ MIN. / mg / 24 h/ kg

Fig. 1. Distribution clearance and turnover of plasma iron in relation to normal values
(hatched areas indicate the limits of normal values)
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O ROTOR
O GILBERT-MEULENGRACHT

Fig. 2. Incorporation of 59Fe (radioiron) into erythrocytes in three types of functional bili-
rubinaemia

The patients showed equally striking differences in organ surface activ-
ity. In relation to the controls in Fig. 3 the most striking disturbance was
found in Dubin-Johnson’s and Rotor’s syndrome, while in the patients
with Gilbert’s disease the differences from normal were more modest.

The disturbance manifested itself mainly with a changed iron storage
by the liver. In relation to the normal cases, the liver was the dominantly
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active organ, and its activity did not decrease considerably during the 12
days of examination. Even in comparison with the sacrum, considered the
representative of hone marrow, hepatic activity was dominating, and iron
turnover in the bone marrow decreased. The difference appeared also in the
decreased utilization of radioiron (Fig. 2).

Discussion

Radioiron bound to transferrin seemed to disappear rapidly and com-
pletely from plasma. Under normal conditions most of it migrates into the bone
marrow and, representing the labile iron pool there, gradually takes part in
the formation of haemoglobin. Transferrin molecules carry one or two iron

THOUSAND THOUSAND

Fig. 3. Radioactivity over liver, spleen and sacrum in normal controls and in patients with
Dubin-Johnson’s, Rotor’s and Gilbert-Meulengracht syndromes. (The values indicated on
the ordinate represent counts per min)

atoms; the normal iron saturation of transferrin amounts to 30%. The affinity
oferythrons and of hepatic cells to transferrin carrying two iron atoms is almost
identical [6]. Just like bone marrow, the liver also takes up a certain amount
of iron in the form of ferritin, but the liver gives it off rapidly partly through
the circulation and partly through a lymphatic shunt. The ferritin iron found
in the liver also forms part of the labile pool and takes part in haematopoiesis.
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Ferritin is a protein compound with a molecular weight of 460,000 M in
which there are ferrihydroxide bundles and 20—23% iron in crystallin
form. It is colourless, and so finely dispersed in the tissues that it cannot be
demonstrated with the light microscope, only by a special method by electron
microscope [1]. The steric distribution and iron content of haemosiderin is
larger, its demonstration is possible with the traditional staining methods
and also with the light microscope.

In functional bilirubinaemias the uptake of iron by the bone marrow
decreased and its uptake by the liver increased. It may be assumed that one
of the causes of this is that the liver stores more ferritin than under normal
conditions. The increased ferritin storage manifests itself in an increased
radioactivity. In the course of the histological study the sections prepared by
the usual methods and studied under the light microscope failed to show an
increased storage of iron. This contradiction can only be resolved by assuming
that the iron which had shown increased activity was contained in ferritin,
which, as has been said, cannot be demonstrated by usual methods. The partic-
ular nature of this disturbance of storage, which occurs in all three functional
hyperbilirubinaemias under consideration, has not been clarified. It may,
however, be stated that, just like the disturbance of bilirubin metabolism, that
of iron metabolism does not cause a severe change in haematopoiesis, since
the clinical picture is not associated with grave anaemia. In only one of the
four patients with anaemia (K. Sz.) did we find characteristics pointing to the
aetiological role of iron deficiency, namely a shortened plasma iron clearance,
increased iron-binding capacity and normal iron utilization by the erythrocytes.
We have failed to clarify the origin of anaemia in the other three patients
(L. S., F. Sz. and M. K.) during the time of examination and they did not
report for reexamination.

The disturbance manifested itself first of all in a protracted iron uti-
lization. There was a discrepancy between normal iron turnover, observed in
about half of the patients, and the decreased iron utilization.

In several haematological conditions the above change is due to an
increase in ineffective erythropoiesis. This can hardly be the case in functional
hyperbilirubinaemia, hut is in connection with the increased iron storage
in the liver. The same phenomenon must be reckoned with, although to a lesser
extent, in the spleen.

Literature contains several data on increased deposition of iron in the
liver. Fawwaz et al. [5] demonstrated an increased deposition of iron in
cirrhosis, which they ascribed to an increased iron absorption and to a de-
creased iron-binding capacity of the serum. Another assumption of the
above-mentioned authors explains the increased storage of iron by the cirrhotic
liver as a result of abnormal iron binding by transferrin. In other pathological
conditions (haemolytic anaemia, aplastic anaemia, haemochromatosis, etc.),
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in the presence of an increased fasting serum iron level, and in the case of
decreased free iron-binding capacity, an increased iron binding by the liver
is met with. Estimation of the capacity to hind free iron carried out in some
of the patients (M. K., 63%; M. B., 51%; F. Sz., 58%; normal, 70%), showed
a slight decrease.

Friedman et al. [7] observed quantitative and qualitative changes
of alpha-2-globulins, pointing to the possible role of the elevated Coerulo-
plasmin level in increased deposition of iron. All these may cause a depo-
sition of iron, and a protracted and in some cases decreased iron utilization
in the functional hyperbilirubinaemia. A further possibility would be that
affinity to transferrin of hepatic cells is changed in functional bilirubin-
aemia.

The splenic surface activity of the patients suffering from Dubin—ohn-
son’s or Rotor’s syndrome also indicated a slightly increased erythrocyte
sequestration, which, however, was not observed in each case. In one patient
with Dubin-Johnson’s syndrome (I. P.) this was quite marked and on the
12th day the amount of utilized radioiron decreased in parallel with the increase
in activity over the spleen. This finding was in agreement with the findings
of a slight shortening of the erythrocyte life-span. In our own material, plat-
elet survival was determined with 51Cr in some cases; however, a pathological
value was obtained in the single patient mentioned above (T12 = 21 days).

Clarification of the anomalies observed in iron kinetics awaits further
studies. Thus, the conditions of iron absorption, and the definition of the
whole iron pool of the body and the kind of protein binding of the iron which
forms this pool must he clarified.
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SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received May 25, 1972)

It has been observed that a protein-deficient diet results in general disturbances
of dental development, as reflected by a slower rate of growth of the teeth, alterations
in their chemical structure and a loss of resistance to acids. The findings indicate that
inadequate dietary protein intake during the period of dental development affects
the resistance of the teeth.

Though the importance of proteins to the whole organism including the
individual organs and tissues has long been known, the influence of protein
intake on the development and structure of the teeth and on their resistance
to decay has received little attention. The significance of protein intake as
well as of minerals as regards dental development, calcification and resistance
of bones has been fully borne out by many experiments [5, 7]. Though the
structure of the bone tissue differs in many respects from that of the hard
dental material, it is none the less evident that dietary protein intake plays an
essential part in the development of the teeth.

Stein and Ziskin [6] described alterations involving the odontoblast
layer and the root surface of the molars and the dentinal surface surrounding
the pulp of the incisors, in addition to other oral changes in albino rats kept
on a protein-free but otherwise adequate diet for 3 to 4 weeks. Shaw [3] fed
female albino rats on a protein deficient diet during gestation and lactation
and noted a delay in the eruption of the third molar of the orogeny, moreover
the dental cusps had an unusual shape and there was an increase in the inci-
dence of caries.

In the light of these observations we have studied the effect of dietary
protein intake on the incisors of albino rats.

M aterial and methods

A total of 120 female albino rats of our own breed was studied. The animals were kept
on a semi-synthetic diet (S6s [4]) the protein content was: a) low-protein diet (3% casein),
b) high-protein diet (30% casein), ¢) normal-protein diet (18% casein).

The animals of the first series were divided into three groups, each fed a different
type of diet. Before beginning the diet and subsequently at 14-day intervals, the left lower
incisor was cut off 1 to 2 mm from the gum. The distance between the edge of the intact
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tooth and the cut surface of the amputated tooth was measured every 1to 3 days until the
tooth had attained its former size. The rate of growth was reflected by the decrease of this
difference.

The second series included three groups, viz. 1) low-protein diet (30 animals); 2) high-
protein diet (20 animals); 3) normal-protein diet (10 animals). After six weeks diet the first
(low-protein) group was divided into three subgroups and the diets were modified according to
the following schedule: the animals of group la remained on the low-protein diet, those of
group Ib were fed the high-protein, and those of group Ic, the normal-protein diet. Group 2
(high-protein diet) was divided into two subgroups, group 2a being given the low-protein, and
group 2b the normal-protein diet. The animals of group 3 continued on the normal-protein
diet (Table 1).

Table |

Animal groups and dietary schedules

At the start of experiments After the sixth week

1. Low protein la. Low protein
Ib. High protein
Ic. Normal protein

2. High protein 2a. Low protein
2b. Normal protein

3. Normal protein 3. Normal protein

The third series comprised two groups. The first (20 animals) were fed the low-protein,
and the second (10 animals), the normal-protein diet. The left lower incisors were amputated,
as indicated earlier, at two-week intervals. In 50% of the animals of each group the removed
dental fragments were cleaned, washed in distilled water, dried at 90 °C for 24 hours and
studied for nitrogen and phosphate contents. In the other 50% the dental tissue was subjected
to a similar treatment and tested for calcium contents and resistance to acids.

Dental nitrogen was estimated by the micro-Kjeldahl method. Anorganic phosphates
were determined in specimens destroyed and extracted with an organic solvent. The proce-
dure was adapted by Zeries [9] to estimations in biological material.

The resistance of the hard dental tissues to acids was estimated on the basis of the
amount of calcium brought into solution by 2% hydrochloric acid in 24 hours. The dental
fragments were placed in the diluted acid and 1 ml samples were taken at 24 hours. The concen-
tration of the solution was then adjusted with concentrated hydrochloric acid to 10% and
left to stand for seven days thus allowing the entire calcium content to be brought into solu-
tion (Tersic and Tersic [8]) which was estimated by complexometry (Erdey [l], Schwar-
zenbach [2]).

Results

The gain in body weight and the growth of incisors have been found
to decrease under the influence of the protein deficient diet. The high-protein
diet had apparently no influence on these parameters (Fig. 1). Normalization
of the protein intake or its increase beyond normal levels was found to accel-
erate the rate of body weight gain and of the growth of the incisors in the
animals which earlier had been fed the low-protein diet. The rate of growth
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low - protein
gr mm control
high - protein

150-
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Fig 1. Body weight (A) and weekly rate of dental growth (B) under the influence of diets of
different protein contents

— e—e— o— Jow-protein
________________________ control

— X— X—X— high-protein

A B

Fig. 2. Body weight (A) and three-daily rate of dental growth (B) under the influence of vary
ing diets of different protein contents

was restored more rapidly by the high-protein than by the normal-protein
diet. Change-over from the high-protein to the low-protein diet was soon
followed by a loss of body weight and in four weeks growth of the incisors
was also slowing down. Change-over from the high-protein to the normal-
protein diet did not seem to have any distinct influence on the processes under
study (Fig. 2).
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Fig. 3. N-content of the hard tissues of the incisors

Fig. 4. Ca-content of the hard tissues of the incisors

The hard tissues of the incisors showed in response to the low-protein
diet a loss of nitrogen and calcium (Figs 3, 4) and an increase in phosphorus
(Fig. 5). As a result of calcium depletion and phosphorus retention, a shift
in the calcium-phosphorus ratio from 2 :0.97 to 2 :1.26 was noted. The resis-
tance to acid of the hard dental tissues diminished. The amount of calcium
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Fig. 6. Acid resistance of the incisors (amount of Ca in mg brought into solution by 2% HC1
in 24 hours)

per g dental tissue dissolved by 2% hydrochloric acid in 24 hours increased to
270 mg at six weeks as against 140 mg in the controls (Fig. 6).

The changes in dental growth, chemical composition and resistance to
the solvent action of acids became manifest in four weeks and were found to
increase during the following two weeks.
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Fig. 7. Changes in the parameters studied, in per cents (Reference value, 100%)

Discussion

As a result of the low-protein diet, development in the animals gave
way to a loss of weight in one or two weeks. Some two or three weeks later the
rate of growth of the incisors also slowed down. The high-protein diet in itself
had no influence on the growth of the incisors. However, it helps the resto-
ration of body weight and the growth of the incisors more rapidly than did
the normal protein diet.

In the animals fed a protein-deficient diet the chemical structure of the
hard dental substance underwent profound alterations which became measur-
able four weeks after the start of the diet when the rate of dental growth also
showed a sharp decline. The changes in the parameters under study were of
opposite direction. While the dental substance lost calcium, it retained phos-
phorus. As a result, the Ca/P-ratio shifted to the advantage of phosphorus
and the dental substance became less resistant to acids.

The adverse influence of protein lack on the teeth was more closely re-
flected by the loss of resistance of dental tissue to the solvent action of acids
than by the changes noted in the other parameters (Fig. 7).
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RENAL VENOUS PLASMA RENIN ACTIVITY AFTER
UNILATERAL SPLANCHNICOTOMY IN DOGS WITH
INDUCED HYPERTENSION

By

Agnes Fekete, A. Fazekas, |. Forgacs and Katalin Gaal

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST
(Received June 2, 1972)

Development and persistence of arterial hypertension have been observed in
dogs after complete ligation of one renal artery, whether the opposite kidney had been
left innervated or denervated by splanchnicotomy. In the early phase of hypertension,
renin activity in the renal venous blood of the ischaemic kidney was high, in contrast
to the denervated kidney where it remained in the range of the control values. A gradual
increase in renin activity occurred in the later stage of hypertension after removal of
the ischaemic kidney. The results are indicative of a role of the renin-angiotensin system
in the stabilization of hypertension.

In earlier studies it has been found that ligation of one renal artery in
dogs is followed within a few days by arterial hypertension and later by its
stabilization in the presence of the other, unmanipulated, kidney (Fekete
1970). This induced hypertensive state may he regarded morphologically
and clinically as an experimental model of human renovascular hypertension
(Fekete 1970, Fekete et al. 1970). Both the ischaemic and the nonoperated
kidney revealed an enhanced venous renin activity, and removal of the isch-
aemic kidney failed to normalize the renin activity in the venous blood of the
unoperated kidney (Fexkete et al. 1971). In view of the involvement of the
sympathetic system in the control of renin secretion, the model was reproduced
in the present study by combining it with splanchnicotomy of the unoperated
kidney with the purpose of its denervation. The aim of the experiments was
to throw light on the mechanism and stabilization ofrenovascular hypertension.

Material and methods

A total of 20 adult mongrel dogs of either sex was used. The operation was performed
under pentobarbital anaesthesia. From midline approach the right renal artery was ligated
close to its origin, and the major splanchnic nerve supplying the left kidney was surgically
divided. Arterial pressure was measured percutaneously in the femoral artery with a mercury
manometer preoperatively and at regular intervals postoperatively in conscious state of the
animals which had been used to the manipulation. Blood samples for determination of the
renin activity were obtained preoperatively (day 0) and postoperatively at determined inter-
vals from both renal veins and from peripheral arterial blood. The procedure was as follows.
Between the 20th and 70th days of hypertension, pentobarbital anaesthesia was induced,
blood samples were drawn from the femoral artery by needle puncture, subsequently the
abdominal cavity was opened under aseptic conditions, blood samples were taken from the
vein of the ischaemic kidney which was then removed and weighed. Then the vein of the

11 Acta Medica Academiae Scientiarum Hungaricae 29, 1972



348 A. FEKETE et al.

denervated kidney was also punctured for blood samples, care being taken that all venous
blood samples should be strictly of renal origin. After these manipulations the abdominal
wound was closed.

In the further course of the study, blood pressure was measured at 20-day intervals.
Renin activity was repeatedly estimated in the venou3 blood of the denervated kidney as well
as in peripheral arterial blood. At some later stage of hypertension the animals were sacri-
ficed and at the same time the denervated kidney was also removed.

Plasma renin activity was estimated by the method of Kaneko et al. (1967) with
slight modifications. The procedure has been described in detail earlier (Fekete et al. 1971).

Results

1) Arterial blood pressure (Fig. 1). Compared with the control value of
130 + 2mm Hg, an approximately 30 to 40 mm Hg increase was demonstra-
ble in the first 10 days after ligation of one renal artery. Blood pressure
was significantly increased all throughout the experimental period (p <7 0.02

Fig. 1. Arterial blood pressure in dogs before ligation of the right renal artery (K) and after
production of renal ischaemia, in the presence of a denervated left kidney. Removal of the
ischaemic kidney between the 20th and 70th days of hypertension

and <C 0.01, respectively). Removal of the ischaemic kidney between the 20th
and 70th day had no influence on high blood pressure.

2) Renin activity, a) Values for renin activity in renal venous and periph-
eral arterial blood are summarized in Table I (1 £ S. E. M.). The first column
represents the data for the normotensive controls, the other columns show
those for the hypertensive animals. The plasma sodium level estimated simul-
taneously is also shown.
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Renin activity in the normotensive state and in hypertension induced by unilateral ligation of the renal artery (x + S.E.M.). Renin activity in
venous blood of the ischaemic and of the denervated kidney, and peripheral arterial blood, ng/ml plasma; plasma sodium concentration, mEq/I
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b) The renin activity ratio (RAR: the renin activity of the renal venous
blood divided by the renin activity of the peripheral blood) in the normoten-
sive state and in the successive stages of experimental hypertension is presented
in Fig. 2. The RAR values of the ischaemic kidney (column 2) as compared
with the normotensive controls (column 1) was significantly increased. On

day after ligation of right renal artery

Fig. 2. Renin activity ratio (x + S.E.M.) in the normotensive state (column 1) and in the

successive stages of hypertension after unilateral ligation of renal artery in the ischaemic

kidney (column 2), in the opposite unmanipulated kidney (columns 3, 5, 7, 9), in the opposite

denervated kidney (columns 4, 6, 8, 10). The ischaemic kidney was removed between the

20th and 70th days of the hypertensive state. All mean RAR-values differ significantly from
those of columns 1 and 4

the contrary, the RAR values of the splanchnicotomized kidney determined
simultaneously (column 4) was in the control range. After removal of the
ischaemic kidney repeated measurements of renin activity in blood samples
obtained from the denervated kidney revealed a significant increase in the

RAR values between the 20th and 70th days, whether referred to the controls

or to the former values for the same kidney (columns 6, 8 and 10).

c) The RAR values of the unmanipulated innervated kidney is showr

in Fig. 2 (columns 3,5, 7 and 9), on the same basis as above. These data have

been published earlier (Fekete et al. 1971) but are presented here for compar-

ative purposes.
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Table 11

Renin activity ratio (x + S.E.M.) in the normotensive state and in the successive stages of induced hypertension

Normo-
Time of assay tensive
(day) controls
®
0 1.48+0.13
n= 15
20-70
71-160
161-300
301-540

O

o0 o+

ischaemic

@

Oc +d
2.68+0.45
n= 19

unmanipulated

innervated
(©)

Oc +C
3.53+0.97
n==6

denervated

1.38+£0.08
n= 12

significance in comparison with the controls

significance in comparison with the denervated kidney (column 4)

p < 0.05
T p < 0.02
p < 001
©p < 0.001

unmanipulated

innervated

®

oc +C
3.13+0.52
n= 16

Hypertensive

denervated innervated
©) Ul

Ob +b
2.34+0.32
n= 15

Oa +a

2.83+0.6a

n= 1

unmanipulated

denervated

®

ocCc zC
2.36£0.29
n= 12

unmanipulated

innervated

C)

denervated

0Od +d 0Oc +d
2.84+0.37 2.50+0.28
n==6 n= 12
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d) All data relative to RAR (mean values with standard deviations,
results of statistical evaluation based on the t test) have been summarized in
Table Il. The RAR values for the normotensive controls are shown together

with those for the groups with ischaemic kidney in the presence of innervated
and denervated opposite kidney, respectively, together with the distinctive
differences.

3) Kidney weight, a) The weight of the ischaemic kidney removed 20
to 70 days after ligation of the renal artery decreased to 38% of the ori-
ginal, as a sign of atrophy (Table IIl, column 6). Calculation of the normal
renal weight was based on the equation y = 12 +; 4.33 body weight, where
y represents total kidney weight, i.e. the weight of both kidneys of a dog of a
given body weight (Batint 1969).

Table 111
Renal weight in hypertension induced by unilateral ligation of renal artery
Weight of Weight
Number ) |schaem|c Weight of  calculated
Body weight, Kkidney unmanJJ for one 3/5 4/5
animals kg g removed lated kidney  kidney of
between g normal
20—70 days animal
(0 @ ® © ©) ©) V)

Unilateral renal artery
ligation, other kidney
unmanipulated 14 17.2+ 0.7 146+ 1.3 42.7+ 1.8 43.3+1.4 34+3 99+ 8

Unilateral renal artery
ligation, other kidney
splanchnicotomized 17 13.8+1.1 13.7+1.9 37.8+ 26 36.0+2.4 38+4 105+ 7

Normotensive controls
after unilateral
nephrectomy 20 14.6+0.6 36.5+ 1.3 50.2+1.8 37.6+1.4 97+3 138+ 13

b) The opposite, denervated but otherwise unmanipulated, kidney
removed after 100 to 400 days of hypertension was found macroscopically as
normal and its weight agreed with the predicted value calculated from the
total kidney weight of normal animals (Table Ill, column 7). In contrast,
unilateral nephrectomy in normal dogs resulted in a marked hypertrophy of
the other kidney in 20 days.

Discussion

The mechanism responsible for the development and persistence of
renal hypertension has been widely discussed in the literature but no convinc-
ing explanation has been offered. Page (1936), H oussay and Braun-Menen-
dez (1942), Haas and Goldblatt (1959), Pickering (1945, 1968), Floyer
(1957), Frank (1963), Genest et al. (1964), McP haul et al. (1964), Borkowsky
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et al. (1965), Hayduk et al. (1970) found a high renin activity in the venous
blood, orinthe urine of the ischaemic kidney of laboratory animals and Anichini
and Gross (1965) regard it as a primary causal factor of the increase in periph-
eral resistance. Other authors including McDonald et al. (1970) and Funder
et al. (1970) disclaim any participation of renin-angiotensin system in the
production of renal hypertension.

There is still less experimental evidence to support the various theories
offered for the explanation of the mechanism responsible for the maintenance
of permanent hypertension. As Goldblatt (1937, 1958), Skeggs and Kahn
(1958), Huber (1960), Helmer (1964), Masson et al. (1962, 1964), Scornik
and Palladini (1964) believe, there is a slight but continuous production of
renin in the ischaemic kidney, and the increase in vascular resistance produced
by renin-angiotensin is responsible for the stabilization of the hypertension;
no simultaneous enhanced renin-activity having been found in the unaffected
kidney. This interpretation agreed with the results of Koletsky et al. (1965)
and of Berman (1971) who could induce an acute hypertensive state associ-
ated with vascular changes, a condition indistinguishable from experimental
renal hypertension.

In our earlier studies in dogs (Fekete et al. 1971), after unilateral liga-
tion of the renal artery an increased renin activity was found in the venous
blood of the ischaemic kidney and, after its removal, in that of the unmani-
pulated kidney, over long periods of observation. It seemed obvious to con-
nect the maintenance of the hypertension with the production of renin by
the intact kidney itself, marked by profound changes of the vascular walls.
Studies showing that antirenin treatment in dogs and monkeys was followed
by a reduction in blood pressure are also consistent with the role of renin
in the maintenance of permanent hypertension (Goldblatt 1958, Helmer
1958, Wakerltin 1958, Deodhar et al. 1964, Frank 1963).

McCubbin and Page (1963) reconcile the “humoral” and “neural”
theories by assigning to renin, more accurately to angiotensin, merely an
additional stimulating influence on the sympathetic system. Pritchard
et al. (1964) attributed the increase in the tone of the vatcular smooth muscu-
lature to a neuropressor mechanism elicited by the humoral factor. The
results by Guyton and Coleman (1969), Funder et al. (1970), McDonald
et al. (1970) are at variance with intermediate theories outlined above, the
authors having been able to induce a Goldblatt type hypertension in rabbits
immunized against angiotensin-Il, an observation which seems to disprove
the existence of any relationship between blood pressure and the renin activity
in renal venous blood, thus connecting the maintenance of permanent hyper-
tension with extrarenal factors instead of a renal mechanism.

The current theories attribute the release of renin, besides the well-
established intrarenal mechanisms, primarily to sympathetic innervation
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(Genest 1971), as confirmed by ultramicroscopic studies of the JGS (Ba-
rajas 1964) as well as by histochemical immunofluorescence studies (Wager-
mark et al. 1968, Gomba et al. 1969), furthermore by experimental evidence
showing that denervation of the kidney had a depressive effect on renin
secretion (Taquini et al. 1964, Hollander et al. 1964, Tobian et al. 1965,
Ueda et al. 1967) and that ganglion (Bunag et al. 1966) and alpha re-
ceptor blocking agents (Forgacs et al. 1972, Birbari 1971) inhibit the
release of renin, whereas sympathetic stimulation or infusion of catecholamine
are enhancing its secretion (Vander 1965, Gordon et al. 1967, Niijima
1971, Rieu et al. 1971). The role of the renal nerves, as far as the JGA is
concerned, may well be that of a signalling mechanism rendering the renal
vasculature abnormally sensitive to changes in pressure and volume (Tobian
1967).

The aim of the present study has been to obtain convincing proof of
the adrenergic control of renin secretion in experimental hypertension. Under
these aspects the ratio renal vein renin to peripheral arterial renin of the
denervated kidney was compared with the same values for the unoperated,
innervated kidneys of hypertensive dogs (Fekete et al. 1971). No increased
secretion of pressor agents by the unoperated kidney subjected to splanchnico-
tomy simultaneously with the production of ischaemia of the other kidney
was demonstrable, whereas in the case of a preserved sympathetic nerve supply
its pressor activity was significantly increased. The effect of denervation
may be either a direct mechanism resulting from the cessation of the direct
efferent effect on the JGA, or an indirect mechanism owing to an inter-
ruption of the connection between the sympathetic pathways and the afferent
arteriole, the dilatation of which is unfavourable to the release of pressor
agents (Tobian 1964). It is moreover possible that the denervated tissue
fails to store catecholamines (Hollander et al. 1964) or to release renin.

These interpretations are, however, not valid in the advanced stages
of hypertension. A follow-up over longer periods revealed that the hyperten-
sion remains unaffected after removal of the ischaemic kidney and the blood
samples obtained at regular intervals showed a gradual rise in RAR as com-
pared with the normotensive control values as well as with the low figures
exhibited by the same animal during the early stage of hypertension. The
RAR and the weight of the denervated kidneys no longer differ from those
of innervated kidneys.

According to Grimson (1949), regeneration of nerve fibres is a fairly
rapid process. Therefore, a second splanchnicotomy may again induce a hypo-
tensive response. The surgical dividing of the major splanchnic nerve, though
being a generally adopted procedure, is certainly inadequate for radical dener-
vation. In the case under study, hyperactivity of the residual fibres may have
reactivated renin secretion which then resulted in a further constriction of
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the vessels and a further release of renin. Moreover, in view of the excessive
reactivity of denervated tissue, the loss of nerve supply may well lead to an
undue responsiveness to catecholamines of the JGA and of the vascular
structures.
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DIE KREATININAUSSCHEIDUNG BEI FRAUEN
WAHREND DER FASTENKUR

Yon

W.-H. Peters, V. Grosser und A. Knapp

FORSCHUNGSSTELLE FUR MEDIZINISCHE ERNAHRUNGSLEHRE AN DER HAUTKLINIK
DER ERNST-MORITZ-ARNDT-UNIVERSITAT GREIFSWALD (D.D.R.)

(Eingegangen am 5. Juli, 1972)

Urinary Creatinine excretion has been studied in 24 fasting adipose female
patients. The 24-hour excretion of creatinine as well as the creatinine coefficient de-
creased during fasting. The results are interpreted as due to an influence of food on
creatinine excretion. If urinary creatinine is used as a standard parameter of other
excreted metabolic substances, the changes caused by fasting should be taken into
consideration.

Einleitung

In der Diskussion Uber die Variabilitdt der Kreatininausscheidung nimmt
die Frage der Beeinflussung durch die Nahrungszufuhr gréBeren Raum ein.
Neuere Arbeiten (Ubersicht bei [13]) stellendes klassische Konzept von der
Konstanz der Kreatininausscheidung [8, 18, 22, 23] in Frage, wobei dieses
Problem auch das Interesse des Erndhrungswissenschaftlers findet [33].
Die unverdnderte Kreatininausscheidung wahrend einer Fastenkur dient als
Kontrollparameter, inwieweit wé&hrend des Fastens nur Fettgewebe unter
Schonung des Proteinbestandes des Kdrpers eingeschmolzen wird [24]. Alleyne
et al. [2] benutzen einen Kreatinin-Kdérperhdhe-Index (c. h.i.), um bei unter-
erndhrten Kindern das Defizit an Muskelmasse einfach und schnell charak-
terisieren zu kénnen. Ein fiir die Praxis brauchbares Nomogramm wurde von
Mendez und Buskirk [26] publiziert. Wir haben bei der Bearbeitung klinikseige-
ner Normalwerte fir die Kreatininausscheidung bei Kindern und Erwachsenen
[30] dem Problem der individuellen Variabilitdt dieser Ausscheidungsgréfle
besondere Aufmerksamkeit gewidmet undzur Brauchbarkeit des Kreatinins
als Standardisierungsgrofe Stellung genommen [31].

Uber die Kreatininausscheidung bei Fettsiichtigen findet man keines-
wegs einheitliche Angaben (Ubersicht bei [38]). In der vorliegenden Arbeit soll
Uber die Kreatininausscheidung bei weiblichen adipdsen Patienten wdahrend
einer Fastenkur berichtet werden, wobei wir auftretende Verdnderungen im
Zusammenhang mit dem Nahrungsentzug betrachten wollen.

Methodik und Untersuchungsgut

Wir bestimmten die Kreatininausscheidung im 24-Stunden-Urin nach der Methode
des DAB 7 [14] bei obesen Patienten im Verlaufe eines mehrwdchigen Saftfastens. Zur Aus-

Acta Medica Academiae Scientiarum Hungaricae 29, 1972



358 W.-H. PETERS u. Mitarb.

Tabelle |
Ubersicht tber die Patientengruppe

N wame Al . DR A me e cmice S

Fastens kg kg kg kg/Tag
| E. V. 27 2 25 87,5 1,37 78,5 9,0 0,36
2 E. A 65 3 32 111,0 1,68 104,2 6,8 0,21
3 E. B. 47 3 32 98,5 1,76 84,9 13,6 0,43
4 R. F. 49 3 32 101,3 1,51 89,9 11,4 0,36
5 E. G 39 3 35 91,4 1,83 82,2 9,2 0,26
6 M. S. 33 3 32 83,8 1,44 74,5 9,3 0,29
7 B. P. 56 2 26 86,5 1,29 81,0 55 0,21
8 K. R. 18 3 36 86,0 1,30 75,2 9,8 0,27
9 l. L. 42 3 22 90,1 1,24 83,2 6,9 0,31
10 E. M. 26 3 30 83,8 1,21 73,6 10,2 0,34
11 R. E. 17 3 31 75,6 1,24 66,0 9,6 0,31
12 S. H. 19 3 29 74,0 1,21 67,2 6,8 0,23
13 l. P. 39 2 30 84,1 1,40 78,8 ' 53 0,18
14 H. K. 41 3 27 85,6 1,36 78,0 7,6 0,28
15 G. H. 44 3 27 91,8 1,35 86,0 5,8 0,22
16 B. T. 38 2 20 110,0 141 101,5 8,5 0,43
17 K. Z 42 3 32 108,5 1,62 97,6 10,9 0,34
18 T. P. 49 3 32 84,4 1,36 75,9 8,5 0,27
19 G. B. 48 3 29 91,0 1,36 82,5 8,5 0,29
20 E. B. 44 2 25 80,5 1,46 74,4 6,1 0,24
21 F. E. 46 3 32 84,0 1,50 78,9 51 0,16
22 C. M 32 2 19 77,2 1,15 70,8 6,4 0,34
23 O. M. 35 3 22 68,2 1,12 65,0 3,2 0,15
24 A. S 55 3 51 101,0 1,74 91,8 9,2 0,18

Wertung gelangten 24 weibliche Patienten, die im Jahre 1970 stationdr behandelt wurden.
Tabelle | gibt eine Ubersicht iiber die Patientengruppe. Es handelt sich um Patienten mit
essentieller Fettsucht [38]. Metabolische Storungen sowie andere Krankheiten konnten durch
ein umfangreiches Routine-Untersuchungsprogramm ausgeschlossen werden. Das Alter der
Stichprobe betrug 40 Jahre (Zentralwert 41,5 J.). Aufnahme- und Entlassungsgewicht sowie
Gewichtsabnahme sind der Tabelle | zu entnehmen. Durchschnittlich wurden Gewichts-
abnahmen von 81 + 2,1 kg (VK = 26%) erzielt, wobei unsere tdglichen Durchschnittswerte
von 0,28 + 0,08 kg (VK = 29%) unter den bei Null-Diét zu erreichenden taglichen Gewichts-
abnahmen lagen [15, 19]. Wir fihrten die Kreatininbestimmung 1—2 Tage vor Fastenbeginn,
in der Fastenmitte (10.—16. Tag) und am Fastenende (19.—30. Tag) durch. Als Vergleichs-
gruppe wurden 14 Frauen aus vorangehenden Untersuchungen ausgewé&hlt, deren einfacher
Broca-Index nicht uber 1,10 lag.

Die statistischen MaRzahlen berechneten wir nach dem bei Richterich [36] angege-
benen Verfahren. Das Rechenzentrum der Ernst-Moritz-Arndt-Universitat Greifswald hatte
die Korrelations- und Regressionsanalysen {bernommen.*

* Herrn Dipl.-Math. H. Poser sei fur die Ausfuhrung der Berechnungen an dieser
Stelle gedankt.
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Ergebnisse

In Tabelle Il sind die in unseren Untersuchungen ermittelten Werte fir
die Kreatininausscheidung angegeben. Trotz héherer Alterszusammensetzung
der Adipdsen betrug die als Normalwert anzusehende Kreatininausscheidung
bei stationdrer Aufnahme 1,30 + 0,24 g und liegt damit signifikant tber den
W erten der Vergleichsgruppe. Die groRere Varianz der Normalgruppe erweist

Tabelle 11

Kreatininausscheidung und -koeffizient bei adipsen Frauen gegeniiber Normalpersonen

KEmS lemmn Komergewion
mg/24 Std. mglkg kg
X + s 1033+ 393 18,9+ 6,1 54,4+ 8,4
Vergleichsgruppe n =- 14 $X 105 1,6 2,2
VK 38% 32% 15%
X + s 1302+ 241 14,8 + 3,4 88,9+ 11,3
Fastenpatienten n = 23 5- 50 0,7 2,3
VK 19% 23% 13%
Irrtumswahrscheinlichkeit PA 2% P <i2% P~ 0,1%

sich im Streuungsvergleich (F-Test) als signifikant (P = 5%). Der Kreatinin-
koeffizient der Fettsiichtigen ist mit 14,8 +; 3,2 mg/kg signifikant vermindert.

W éhrend der Fastenkur (Saftfasten) sinkt die Kreatininausscheidung
ab (P = 1%, Abb. 1). Der Korrelationskoffizient betrdgt r —— 0,387, wobei
die dazugehorige Regressionsgerade durch die Funktion

y= 1321 - 11,2 X

bechrieben wird.

Das abweichende Verhalten einiger Probanden kann durch Urinverluste
bedingt sein. Da der Sammelfehler im Gesamtmaterial zufallsmé&Rig verteilt
ist, wurden keine Einzelwerte eliminiert.

Der Kreatininkoeffizient (Abb. 2) fallt in gleichsinniger Weise wie die
Gesamtausscheidung ab. Die berechneten statistischen Prifgrofen dber-
schreiten hier jedoch nicht das geforderte Signifikanzniveau fir ein P = 5%.
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Bestimmungstag

Abb. 1. Kreatininausscheidung (mg/24-Std.) bei obesen Frauen waé&hrend einer Fastenkur
y = 1321 - 11,2*; s= %250 (r= - 0,387)

Bestimmungstag

Abb. 2. Krratininkoeffizient (mg/kg Korp.-Gew.) bei obesen Frauen wéahrend der Fastenkur
y = 151—0,08*; s= +3,2 (r= —0,235)
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Diskussion

Die Hohe der Kreatininausscheidung wird durch den Kodérperbestand
an Muskelmasse bestimmt. Isotopenversuche an Ratten und beim Menschen
ergaben, daR tdglich etwa 1,6% —2% des zu 95% in der Muskulatur lokali-
sierten Kreatinbestandes des Organismus als Kreatinin renal eliminiert wer-
den [6, 21]. Untersuchungen uber die normale Kreatininausscheidung bei
Kindern und Erwachsenen widerspiegeln deren altersparallelen Verlauf zur
Entwicklung und Rickbildung der Muskelmasse [1, 12, 30, 39, 41]. Mit 12
Jahren tritt ein signifikanter Geschlechtsunterschied auf [12]. Bei Adipdsen
ist die Kreatininausscheidung im 24-Std.-Harn vermehrt. Andererseits ist
die auf das Korpergewicht bezogene Ausscheidungsmenge (Kreatininkoeffi-
zient) gegentber Normalgewichtigen deutlich vermindert (Tab Il). Aufgrund
des hoheren Kdrperfettanteils ist der niedrigere Kreatininkoeffizient der Adip6-
sen erkl&rbar [8a, 18, 37].

Die Untersuchung der Kreatininausscheidung wdhrend des Fastens
erfolgte vor allem deshalb, um Aufschlisse Uber nahrungsbedingte Verénde-
rungen dieser Ausscheidungsgréfle zu erhalten. In einem vorangehenden Ver-
gleich fanden wir bei 11 Kindern unter 24-stindiger Nahrungskarenz keine
unterschiedlichen Werte zu einer Vergleichsgruppe [30]. In der Literatur wird
der EinfluR der Nahrung auf die Kreatininausscheidung nicht einheitlich beur-
teilt. Neuere Arbeiten machen im Hinblick auf die erhebliche individuelle

Tabelle 111

Regressionsgleichung (y = a  hx), Korrelationskoeffizient (r) sowie Priufgréfe (t) und Streuung
der y-Werte (s) bei den untersuchten Beziehungen (y zu x)

Y X y = a+ B r t 9= +
Kreatininaus- Bestimmungs-
scheidung tag y = 1321 - 112 x -0,387 -3,36** 249,6
mg/24 Std.
Kreatininkoeffizient Bestimmungs-
mg/kg Korp. Gew. tag y = 151 — 0,08 x -0,235 -1,94 3,2
Kdrpergewicht kg Bestimmungs-
tag y = 889 - 0,33 x -0,273 -2,27% 10,8

(»—2= 64, *p 5%, **pAl%)

Variabilitdt der Kreatininausscheidung auf den Faktor Nahrungszufuhr
aufmerksam [4, 5, 10, 25, 32, 35]. Wéahrend der Fastenkur sinkt die Kreatinin-
ausscheidung bei unseren Patienten t&glich um etwa 11 mg. Der Kreatinin-
koeffizient bleibt ebenfalls nicht konstant, sondern fallt im Gesamtmaterial
durchschnittlich um 2 mg/kg ab. Johnson et al. [24] sahen unter |Otdgiger
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Didttherapie (500 kcal, Eiweil- und Kohlenhydratkost) bei Mé&nnern keine
Verdnderungen. DaR unter vollstindiger Nahrungskarenz die Kreatininaus-
scheidung im Urin abf&llt, ist bereits friher publiziert worden [22,23,27,28].
Bileiler u.Schedl [5] untersuchten tUber 2—3 Wochen unter standardisierten
Bedingungen nahrungsabhé&ngige Verdnderungen der Kreatininwerte in Blut
und Urin. Wurde Casein als Nahrungseiweill verabfolgt, fielen sowohl das Se-
rumkreatinin als auch die Urinausscheidung bei konstanter Kreatininclearance
ab. Aufunverdnderte Clearancewerte wéhrend des Fastens wies auch Cheifetz
[11] hin. Ein EinfluRB der Nahrungszufuhr auf das Serumkreatinin wird all-
gemein negiert [4, 16, 17, 20, 34, 40], obwohl die Befunde von Camara
et al. [9] und Bireiter und Schedl [5] eine Bestdtigung sind. Der diurnale
Rhythmus von Serumkreatininkonzentration und Harnausscheidung wird
zwar durch eine Nahrungskarenz modifiziert, aber nicht aufgehoben [29].
Brown et al. [7] berichten Uber einen ansteigenden Hydroxyprolin-Kreatinin-
Index im Urin bei fastenden adipdsen Patienten, ohne auf kreatininbedingte
Anderungen dieses Quotienten einzugehen. Korte et al. [25] machen darauf
aufmerksam, daR bei unterern&dhrten Kindern durch die herabgesetzte Krea-
tininausscheidung hdohere Indexwerte erhalten werden, wenn die Ausscheidung
anderer Stoffwechselmetaboliten auf die Kreatininmenge bezogen wird. Stoff-
wechseluntersuchungen bei adipdsen Kindern zeigen, dafl diese Kinder neben
anderen Stoffwechselparametern weniger Kreatinin ausscheiden [3]. W &hrend
bei Normalkindern unter Eiweilbelastung eine Erhdhung der Kreatininaus-
scheidung um 22,5% eintrat, war bei den Adipdsen als Ausdruck der groBeren
N-Retention lediglich ein Anstieg um 12,9% zu beobachten. Im Hinblick
auf unsere Fragestellung entnehmen wir diesen Ergebnissen noch, daR bereits
kurzfristige Anderungen der Nahrungszusammensetzung die 24-Std.-Menge
des Kreatinins beeinflussen. Unsere Ergebnisse bestatigen ebenfalls, daB die
Kreatininausscheidung bei ldngerer Nahrungskarenz kontinuierlich abféllt.
W ir werten diese Verminderung im Sinne eines nahrungsbedingten Einflusses
und nicht eindeutig als Indikator einer abnehmenden Muskelmasse unter
der Fastenkur. Um Aufschlisse Uber Verdnderungen des Proteinbestandes
des Organismus wéahrend des Fastens zu erhalten, sind umfangreichere Unter-
suchungen der N-Bilanz erforderlich.

Zusammenfassung

Es wird Uber das Verhalten der Kreatininausscheidung im Urin bei 24
adipdsen Frauen wdahrend einer Fastenkur berichtet. Sowohl die 24-Stunden-
Ausscheidung als auch der Kreatininkoeffizient fielen im Verlauf der Fasten-
kur ab. Die Ergebnisse werden als Ausdruck des Nahrungseinflusses auf die
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Kreatininausscheidung gedeutet. Soll das Harnkreatinin als Standardisierungs-
groBe anderer Stoffwechselparameter herangezogen werden, sind die durch
den Nahrungsentzug bedingten Verdnderungen zu berlicksichtigen.
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PE3SIOME

O CYBK/IMHNYECKOM MNH®APKTE CEPALA

NW. KEHEAW, IO. LEBAM w ®. TOHAA

Y 36 60/bHbIX, B aHaMHe3e KOTOpbIX He 6blN0 faHHbIX 06 OCTPOM MpuUcTyne MHGapKTa,
66110 06HapY>XXeHO COCTOAHUE Mocne UH(papKTa cepgua no. Minnesota Code.

Ha 9Kl kapTMHY nocTuHtapkTHOro pyb6ua 6e3 ocTporo, AnMTenbLHOro 60n1eBOro npu-
CTyna MOryT Bbl3BaTb YeTblpe PasNMyHbIX NatomexaHnsma: 1. UCTUHHbIWA, HeMOW, 6e3601eBOI UH-
thapkT, 2. npexojsuias, OAHOKpaTHas cepjeyHas 60nb, nogpaxawlwas rpyaHyt xaby, 3.
0CTpble CMMNTOMbI CO CTOPOHbI cepAua (HefoCcTaTOYHOCTL KPOBOOGpalLeHUs UM puTM ranona)
6e3 6oneii, 4. CUMNTOMbI APYroro 3aboneBaHNa MackupyT NpuU3HaKu NHMapKTa cepaua.

Y 60nbHbIX CTapwe 55 n1eT CMMTOMOKOMMAEKC, Ha3BaHHbI/ MOAKANHNYECKUM WH(APKTOM,
6bin BbIABNEH Yalle, NpUYeM NPU MHGapKTe 3afHei CTeHKW Yalle, YeM Npu MHGapKTe nepefHei
CTEHKM.

COCTAB ®oOCoOPAMNNAOB B KPOBW MNP PACCEYEHOM CKNEPOSE

MN. XYCAK, A. PAMAHOUW, N. TAUKOBWY u N. NTEXOTAMN

YpoBeHb 1 cocTaB GocthopAnnuioB B nnasme N B HOPMaHHbIX 371eMeHTaX KPOBU 60NbHbIX
paccesHHbIM CK/EPO30M W KOHTPO/bHbIX NUL, Bbinbl ONpeAeneHbl NPY MOMOLWM MeTof4a XpomMaTo-
rpaum Ha TOHKOM C/0e U Ha cTon6e.

Hu obwee, HN yacTHOe cofepxaHue ocHopnMNUAOB He NOKa3ano HUKaKWX AOCTOBep-
HbIX OTK/NIOHEHWIA. OfHaKo cnefyeT OTMETUTb, YTO YPOBEHb YaCTHbIX POCHONNNMAOB B Nnasme U B
KPOBAHbIX KNeTKax KonebaeTca Kak y KOHTPOAbHbIX NUL, TaK Uy 60NbHbIX PaCCEAHHbIX CKNepo-
30M, Npuyem KonebaHus, 6bITb MOXeT, 60Nee 3HaUYNTENbHbI Y 60NbHbIX PACCEAHHBIM CK/1IEPO30M.
370 HabnofeHne MoXeT ObiTb 06bACHEHMEM TOrO (akTa, YTO HEKOTOpble aBTOPbl B CBA3U C CO-
fepxaHuem tocopnmnuigoB B KPOBW 60NbHbIX PacCessHHbIM CKepo30M ny6aMKoBanum NpoTUBO-
peunBble AaHHbIE.

CbIBOPOTOUYHBIE UMMYHOT/IOBYINHbI ¥ AETEN C BUNTAPLUMO30M

M. X. CONUMAH, A. 3/1-BACEE®, A. A. KOMBOP u K. M. 31-KAW NAH

1. WccnepoBaHusa 6binn npoBefeHbl y 23 peteld, 3apaxeHHbix S. haematobium u 15
feTell, 3apaXKeHHbIX S. mansoni U y 5 KOHTPONbHbIX AeTei.

2. B o6oux TMnax LWKN30CTOMO3a 6bIN0 BbIABNEHO [OCTOBEPHOE MOHVKEHWE KOHLeHTpa-
LUun anbbyMunHa B KPOBM, BbI3BaHHOE NGO (hakTopoM NuTaHus (npu 3apaxeHuun S.haematobium),
NGO CHMXXEHMEM CWHTe3a anbbymuHa BCMeACTBME MNOpPaXeHWs nedeHn (Npu LWINTO30MO3e
MaHcoHa).

3. Tnno-anbbymnHemmnsa 6Gblna CONPOBOX/AEHA JOCTOBEPHbIM MOBbILEHNEM COAEpPXaHWA
y-rno6ynnHOB, BbI3BAaHHOr0 3HaYMTeNbHbIM MOBbILEHWEM TONbKO (pakuumn igG. Kak copepxa-
Hue 06WuNX y-rnobynnuHoB, Tak M KOMNoHeHTa 1gG okasanucb ropasfo 60/ee NOBbILEHHbIMU Y
60NbHbIX KWLWEYHbIM LINCTO30MO30M, OCNOXHEHHOW renaTocniaeHoMeranuei, 4yem Npu LIMCTO-
30M03e MOYEBbIX OpPraHoB. 3TO fABMeHWe NpUNUCbiBaeTcA 60nee 3HAYNTENbHOW aKTUBHOCTU
PernkynosHAoTannanbHblX KNeTOK Npu MHPekumax S. mansoni.

4. PekomeHfaeTcs 06paTuTb BHUMaHWe Ha (DakToOpbl MUTaHWA, TaK KakK OHW MOTYT 6biTb
0THACTU OTBETCTBEHHbIMW 32 HEKOTOPOE CHUXEHWEe KOHLEeHTpauuu anbObyMWHOB U 3a KOMMEH-
caTOpHOEe MOBbILIEHME COAepPXaHW Y-rnobyNNHOB B KPOBW.

5. Cnefyet OTMeTUTb, YTO YBenu4yeHne pakLum 66110 06HapYXeHo WecTb MecsALeB nocne
MHDEKLUN Bunrapunosom.



OMNPEAENEHNE MWMMYHOPEAKTUBHOIO MHCYJTMNHA B CbIBOPOTKE U B
FEMAPUHOBOW N 3ATA-NMNA3ME

M. BANAX W v M. W T UENDb

B cbiBOpoTKe, B renapuHoBoit u SATA-nna3max, NOMYYEHHbIX U3 TOXAECTBEHHbIX 06-
pasLoB 4enoBe4eckoi KpoBW, aBTOpaMy OblNM NpOBeAeHbl MapannenbHbie ONpPefeneHnus UM-
MYHOpPeaKTUBHOIO MHCYNUHA. BblNo ycTaHOBNEHO, YTO f06aBfeHne renapnuHa K KpoBu B Lienax
nony4vyeHus nnasmbl (B KOHUeHTpauum 12,5 n 50 ME Ha mn kpoBu) unm SATA (B KOHLEHTpauuu
5 Mr Ha M1 KPOBU) He Bbl3blBaeT AOCTOBEPHOI0 U3MEHEHUA KONIMYECTBA UMMYHOPEaKTUBHOIO UH-
CyNuHa, onpejeneHHoOro B aTUX naasmax, Mo CpaBHEHUIO C BeMYMHAMU WMMMYHOPEAKTUBHOIO
WHCYNNHA B TOX[JECTBEHHbIX CbIBOPOTKax. CneposaTelbHO Nna3mbl, NMOAY4YeHHble nocne gobas-
neHus renapvHa unn 3ATA B yKa3aHHbIX KOHLEHTPALMUAX, N CbIBOPOTKN paBHbIM 06pasoM npu-
rofHbl NS OnNpefeneHns UMMYHOPeaKTUBHOIO UHCYNMHa. BBuAy TOro, 4To MexAy BenvynHamu
UMMYHOPEaKTUBHOIO WHCYNMHAa B CbIBOPOTKE W B nnasMme 6biM NOMyyeHbl He[OCTOBEPHbIE
pasnnyunsa, peKoOMeHAyeTCcs NPU NPOBELEHNN IKCMEPUMEHTaNbHbIX CEpUiA NOArOTOBNATL 06pasLbl
KPOBW ANa onpefieneHns B OAUHAKOBbIX YCNOBUAX.

B cnyvae npumeHeHus renapuHa, paCTBOPEHHOro B 6y(epHOM pacTBOpe B KOHLEHTpaL K,
He NPUMeHAMON ANna nonyyeHnsa nnasmbl (500 ME Ha Mn), 66111 nonyyeHbl 60nee BbICOKME BeNN-
YNHbI MMMYHOPEaKTUBHOrO MHCynuWHa. Mpu onpejeneHnn B YenoBeyeckoi nnasme B MPUCYT-
ctBum D4 TA B 6onee BbICOKON KOHLEHTpaLuu (25 Mr Ha M1 KpOBU), BEIMYNHBI UMMYHOpPEaKTUB-
HOrO MHCYNMHA OKa3anucb AO0CTOBEPHO 6onee HU3KMMUK. C Apyroii CTOpoHbl npubasneHne d4TA
He B/IMANO Ha peKynepauuto MHCY/IWHa, pacTBOpPeHHOro B Oy(epHOM pacTBOpe, COAepXKaliem
anbOyMuH.

Ha ocHOBe 3TUX pe3yNbTaTOB aBTOPbl CUMTAIOT BEPOATHBLIM, YTO FenapuH Bbl3biBaeT CHU
XeHue peakUuUW WHCYIMHA C NPOTMBOTENAMWU, CBA3bIBAKOLWMWMU WHCYNUH, YTO MPOUCXOAUT K
He3aBWCUMO OT HanuMuuMa nnasmbl, B TO BpeMms Kak geiictBue IS TA, nosbillaloliee peakuuio
MeX[y WHCYNUHOM W CBA3bIBAIOWMWM WHCYNIUH aHTUTenamu, 3aBUCUT OT Kakoro-to cakrtopa,
NPUCYTCTBYIOLWErO B MiasmMe.

LENCTBUE KNO®UBPATA HA AOPTAJIbHbIE T/IKOKO3AMWHOTUKAHBI, BE/-
KN U HA YPOBHb CbIBOPOTOYHbLIX AUMnaoB MNP 3KCMNEPUMEHTAJIbHOM
ATEPOCKNMEPOS3E

M. BUXAPU-BAPITA, 9. ®EXEP, M. BAPW AHbW n W. FEPE

ABTOpamMu 6blN0 N3yyeHO AelicTBME KNogubpaTa Ha KPOJMKOB, MONYYaBLIMX XONECTEPOSI.

1. MaTemMaTu4yecku OuyeHb AOCTOBEPHOE YMEHbLUEHWE YPOBHSA CbIBOPOTOUYHbLIX NMNUA0B
6blI0 YCTAHOBMEHO YXe CNycTs ABe HeAenu rnocne BBefeHUs Knogubpata.

2. B aopTax KpO/NMKOB, KOPMJ/IEHHbIX X0N€CTEPOSIOM, NPU FUCTONOTNUYECKOM, TUCTOXUMU-
UECKOM W 3/7eKTPOHHOMUKPOCKONUYECKOM WCCMEA0BaHUAX 6bIN0 BbIABAEHO HE3HAuYUTeNbHOe
NOBbILIEHUE KOHLEHTPaUWM FNHOKO3aMWHOTIMKAHA U MHTEHCUBHOE OT/NOXeHWe nunueog. Mpw
nomMoliM TepManbHOro aHanuW3a B MHTUME XWBOTHbIX YAanoch [0Ka3aTb HanMume KOMMIEKCOB
aopTaNbHbIX FNOKO3aMUHOFIMKAHOB — CbIBOPOTOYHbIX GETa-IMMNONPOTENHOB U aKKyMYyNsaLuio
«MaToN0rNYeCKNX» NepeKPecTHbIX COEANHEHU B BONOKHUCTbIX TKAaHEBbIX NMPOTENHAX.

3. B pesynbTaTe BBefjeHUs KnogpubpaTa B a0pTax KPONMKOB CIKCMEPUMEHTaNbHbLIM aTepo-
CKNepo30M 6bI0 HalifileHO LOCTOBEPHOE MOBbILIEHWE COLepXaHWs FNOKO3aMUHOTIMKaHa. B To
Xe TpeMs 6bl10 YCTaHOBMEHO YMeHblLUeHWe KONM4YecTBa aopTaNbHbIX TNOKO3aMUHOTMKAH-
6eTa-NMMNONPOTEMHOBLIX KOMMAEKCOB. MpOTUBO-aTeporeHHas akTWBHOCTL knodubparta BAMsANa
TakXe Ha MaToNorMyecku W3MEHEHHYH MpPOTeMHOBYI CTPYKTYpPY: Bbi3BaHHble KOPMJ/IEHUEM
X0NecTepMHOM M3MEHEHUsl 0TYacTU 0Kasanucb 06PaTUMbIMU.

TAK HA3. “WASTING DISEASE” W TETAHWNA MOCJIE NOCAEPOAOBOIO
YOANEHVNA WNWKOBMAHOIO TENA

A. YWABA, U. PAAOW , 3. BONMYT

ABTOpbl UccnefoBanu nNocne yganeHns WUWKoBUAHOro Tena y ubinnat (Gallus domesti-
cus) pasBuTtue, pU3MoNornyeckne napameTpbl ¥ TMCTONOTNYECKYHO KapTUHY WWTOBUAHOW, OKONO-
WMTOBUAHBIX Xenes, ynbTUMo6paHxunanbHoro tena n ®abpuuymneBoir cymkn. OHU ycTaHOBUAMU,



4TO 3NUPM3EKTOMMPOBAHHbIE LibINAATA OTCTAOT B PasBUTUMN, OHU TEPSAIOT Mepbs, YTO 06BACHA-
eTca 60ne3Hblo «wasing disease», BO3HMKalOLell B pe3ynbTaTe atpomm 306HOM xenesbl U dab-
puuuneBoin cymMku. ¥ 50% ubinnaT HacTynuna tetaHusa u 35% norubnu ot Hee. MNpu 3ToM oKono-
WNTOBNAHbIE >Kene3bl 6blMM WHTaKTHbIMU. ABTOPbl pPaccMaTpuBalOT BO3MOXHbIV MeXxaHWU3Mm
Toro 3abonesaHusa n npegnonaraldT CyL,ecTBOBaHWE NMUHEANbHOrO PerynnpoBaHna SHLOKPUH-
bIX Xefe3 3HTOAepManbHOro NPOUCXOXAEHMNS.

LEPEEPANIbHBIE TEMOAVMHAMWYECKWE TMPOLECCBI N METABOJIN3M TPU
MWEMWYECKNX TOPAXEHMNAX KPOBOOBPAWEHWMA TONOBHOIO MOSIrA

L. XALAXWEB, 6. NOPAAHOB, WT. AHYEBA n b. BANKY W EB

OnpefeneHHble napameTpbl LepebpanbHblX reMoAnHamMUYecKux npoueccos (Kposoobpa-
LLleHWe, COCYANCTOe CONPOTUBEHME, NePdY3NOHHOE faBneHe TOOBTHONO Mo3ra) u LepebpanbHblii
meTabonn3m (noTpebneHne KMCNOpoAa, MOrnoLLeHne FoKo3bl, 06pasoBaHuNe ABYOKUCK Yrneposa,
fblXaTenbHbl KO3(ULMNEHT, COOTHOLIEHNE NTHOKO3a: Kucnopog) 6binm n3ydeHsl y 30 601bHbIX
C WILIEMUYECKUM MOpaxeHUAMU LepebpanbHOro KposoobpauieHuns. BennuuHa uepebpanbHOro
KpOBOTOKa Oblna onpeAeneHa MeTo40M BEHHOW AWNKOLMMW U30TONA, @ fblXaTeNbHble rasbl — npu
NOMOLLM MUKPOFra3soMeTpUYeCKoi TeXHWKU. B nonywapumn, nopaxeHHOM naTtonormMyeckum npo-
LeccoM, 6biN0 BbISIBNEHO MOHMXeHWe KPOoBOTOKa (268,76 mn/MuH), noTpebneHma kucnopoga
(35,10 ma/muH), nornoweHus rokKo3bl (28,90 mr/muH), obpasoBaHus ABYOKUCU Kucnopoga
(18,72 mn/MuH), AbixaTtenbHoro koaduumernta (0,58) n cooTHoweHUs rawkosa: kucnopog (0,89).
Llepe6bpanbHoe nepdys3noHHOE faBfieHWe 0Ka3anocb MNOBbiWeHHbIM (106,33 MM pT. cT). Bbin
aHann3npoBaHbl KOPPeNnaLnuyM Mexay napamerpamu LepebpanbHOW reMoguHamMukn v Lepebpane-
HbIM MeTabonusmom. KoppenauuoHHble KO3IPhULUUEHTb 6blM CONOCTaBNEHbl C BENMYMHAMMA,
WUCYUCNEHHBIMW Ha OCHOBE AaHHbIX, MOAY4YeHHbIX MeTogoM 13Y-uoaHTunupuHa O. M. PeiiH-
MyTa U COTPYAHWKOB Y 3[0POBbIX NUL W Yy 60NbHbIX aHaNOrMYHOW Tpynnbl. ¥ 60AbHbIX 6biNK
BbISIBNIEHbl paccTpoiicTBa B FeMOAMHAMUKO-MeTaboNnYecKNX KOPPenauusax, 3a WUCKOYeHneM
TecHO Koppensauuyu mexay LepebpanbHbiM KPOBOTOKOM W KWUCMOPOAHbIM NoTpebneHneM mo3ra.
Mpn uepebpanbHOW WWeMWN BO3HWMKAOT HOBble FeMOAMHAMWKO-MeTabonnyeckne B3aMMOOT-
HOLWeHNs, 06BACHAK LW ME HEKOTOPble NaToreHeTUYeCKMe MexaHW3Mbl, U TakuM o6pa3om cnocob-
cTByloLme 6onee paLmMoHanbHOMY TepaneBTMYeCKOMY BO3AeNCTBMIO Ha MopaxeHue Lepebpans-
HOro KpoBOOGpaLLeHus.

W3MEHEHUA, HACTYMNAIOUWMWE BCNEL 3A XPOHWUYECKOW 3ATPABKOWM KPbIC
MPEMAPATOM CALEPHO

A. CETEAW wnw . KNACHAWN

ABTOpbl MPOBOAMIN MOCNE XPOHWYECKOW fauu Kpbicam npenapaTa cauepHo UMMYyHocepo-
NOTUYECKNe M TUCTONOTUYECKMUEe WCCnefoBaHus. MapannenbHo ¢ yBeAMYEHUEM NPOAOIKUTENb-
HOCTV BO34eiiCTBUSA NOBbILWANCA NPOLEHT MMMYHOCEPONOrMUYECKUX U3MEHEHWNIA: NOABNEHUS aHTH-
HYKNEeOoNpOTEMHOBLIX aHTUTEN, aHTU-raMMarno6ynunHa. MapannenbHo ¢ 3TUM HaGAOAanuch ru-
nepnpoTeMHaMmsa W runepraMmarnoGynmHemus. B nuMpaTWUeckux ysnax KpbiC, AAUTENbHO
nonyyaBlIWX NpenapaT, HabMAanNCh PasNUYHbIe TUCTONOTMYECKNE OTKIOHEHNUSA. V3 HUX Hau-
Go/bliee BHWMaHUe 3acNyXMBaeT Nia3MakieToyHas MIeoOMOP{HO-KNETOYHas OMyXoneBUAHas
nponudgepayns. BO3HWKHOBEHMA WCTUHHOW OMyXonW aBTopbl He Ha6nwganu. ABTOpbl pac-
CMaTpMBalOT MEXaHW3M CBOICTBA FMAAHTMOHOBLIX MpenapaToB MPOBOLUPOBaTL ayTOMMMYHHble
3a6oneBaHuns. Mo MHEHUIO aBTOPOB, MOP(ONOrNYecKMe W3MEHEHUs, BO3HWUKAOLWME B NUMGBATH-
uecKUX y3nax nof npsiMbiM BO3AeCTBMEM MeAMKAMEHTa, NPeACTaBNAT OCHOBY PasfNnyHbIX UM-
MYHOCEPONOrNYECKUX WU3MEHEHUIA.

MOAE/IbHbIM OMNbIT ANA W3YUYEHUA KAWHUKOMATONOINN MWUOKAPLAUTA

n. WBAPUMAH, . AEMETEP, E. MALAP

ABTOpbl Npu6aBnnnM K 06bIYHON AneTe Kpbic aTunnaypeaT. MNpu aToil AneTe B MUOKapae
BO3HUKaNW Takue AUPHY3Hble W3MEHEHUA, KOTOPble COOTBETCTBYIOT KPUTEPUAM MUOKapAUTa.
ABTOpbl MCCNeAoBany napannenbHOCTb MeXAy TSXXeCTbl TMCTONOTMYECKOW KapTWHbI U U3Me-
HeHnAMM O3I. OHM coobLaloT 0 BbIBOAAX, CAeNaHHbIX HAa OCHOBaHUWN 242 afieKTpoKapamorpadm-
4YeCcKMX nccnefoBaHuii.



BblISBBAHHAA OBNYYEHWMEM YJ/IbTPASBYKOM MECTHAA PEAKUWA PEAKUWA
LIBAPLUMAHA

w. TOT, T. CUANAAUN, T. KAPOH, r. nasawm

B koxe, npeaBapuTenbHO MOATOTOBNEHHOW BHYTPW KOXHbIM BBEfeHMEM 3HLOTOKCMHA
KMWeYyHon nanoykm 0111, MecTHbIM 06N1yYeHNEM YyNbTpa3ByKoOM (2 BaTT/cM2 Ha npoTsxeHum 10
MUWUHYT Mbl Bbl3Ba/in Ha KPOSIMKaxX TpoOMbBOremopparmyeckoe, HEKPOTUYECKOE NMOpPaXeHNe KOXW.
KnHeTka BO3HMKHOBEHUA peakuuu, a TakXe MakKpoCKOnuyeckas M MUKPOCKOMUYEecKas ee
(hopMbl NPOABAEHWUA, MO CyTU fena, ObiNM TOXAECTBEHHbIMW C TaKOBbIMU MECTHON peakuum
LliBapLMaHa, Bbl3biIBaEMON BHYTPUKOXHbBIM U BHYTPUBEHHbIM BBEAEHWEM 3HLOTOKCUHA.

MpoBounpy Wit MecTHbIli (eHoMmeH LUBapumaHa 3ddekT 06/1yyYeHUs 06bACHsAETCH
KOMMNNEKCHbIM AeiCTBMEM ynbTpa3ByKa, B KOTOPOM PO/b MTpalT NMopaxeHne MeCTHOW TKaHu 1
NelKouNTOB, MUKPOLMPKYNATOPHbIE M3MEHEHWS, a Take — BepOATHO — aKTMBaLus (hakTopoB
CBEpPTbIBAHUSA KPOBMU.

3AWNTHOE QHOEWCTBUWE OBPAWEHHOIO TMPOTUB MbIWMHOIMO KOXHOIO
SMUTENNA KPOJNIMYBENO 1gG HA KOXHbI TPA®T MblLLEW

b. PEKETE, A. CEFTEAW, T. TACTOHW, . CABO, A. NETPAHMNU

ABTOpbI KOHCTATUPYIOT, 4YTO Kponuybn 1gG, obpalieHHbIn NpoTMB Banbb/c MbIWKNHOTO
ANUTENNA KOXW YyBENWYMBAET BPeMS BbDKUBAHUA Banb/c KOXHOro rpata B mbiwax CBA, B
peicteumn 1gG o6palyeHHOro NpoTMB 3NUTENNSA KOXMW M TakoBOro, o6pal,eHHOro NpoTuMB TWUNO-
LUMTOB, MHOFO CXOAHbIX YepT. B 3awuuiatowiem KoXHbIA rpatT feAcTBAM 06palleHHOro NpoTuB
3aNUTeNUs KOXM Kponmybero IgG aBTopbl NpegnonaraldT Hannuyne Tpex CBA3aHHbIX MeXAY CO60i
(haKTopoB:

1. aHTUMOUMTOPHOE felicTBMe,

2. 3aliMTHOe, MOKPbIBaloLLlee NOBEPXHOCTb AelicTBME 1

3. NposABNAOLWYIOCA Ha MakKpodarax Cynpeccuto aHTuTen.

WCCNEAOBAHWE UYYBCTBUTENbHOCTU B OTHOWEHWUU LUTOCTATUUYECKUX
MPEMNAPATOB IN B1TRO MNPV XPOHWUYECKOWN MUWENOUAHOW
NEVKEMUN

n. TrEPFTEW, . CABO, 4. CETEAW, 6. ®EKETE, 4. METPAHMN

ABTOpbl UCCNefoBany MpuU XPOHWYECKOW MUENoufHoil nellkeMunm YyBCTBUTENbHOCTb
KyNbTypbl Nepugepuyecknx NeMKoLMTOB B OTHOLIEHWU LUTOCTAaTUYECKMX npenapatoB. M3 8
60NbHbLIX, Y KOTOPbIX MPOBOAMNOCL WCCNEOBaHWE, B 7-MU CAy4yasX MeAWKaMeHT, KOTOpbIA Ha
OCHOBaHMU TecTa in Vitro okasancs 3deKTUBHbLIM, Bbl3aBan KAUHUYECKYIO PEMUCCUIO.

CBA3b MEXAY FMCTONOTMUYECKOWN KAPTUHOW CAN3NCTON XENYAKA W EE
CEKPETOPHOW AKTUBHOCTbLIO ¥ UEJTOBEKA

B. BAPPO, '. KAPAYOHb n 3. NAX

ABTOpbl MPOBOAWAN HA HenoAo6GpaHLOM 60AbHUYHHOM MaTepuane KAUHUYECKOFo OT-
[eneHnss CpaBHEHWe TUCTONOrMYECKUX AaHHbIX CMU3UCTON AHA Xenypaka, NoayyeHHOW nyTem
cnenoii 6MoONCcumn, N faHHbIX CEKPeLUn Xenesamu CONSAHON KUCMOThI.

BblNno yCTaHOBNEHO, YTO Y SIML, C HOPManbHOW CAM3UCTOM, Mocne faynm ructamuHa, 06-
pasoBaHMe COMSAHOW KWCNOTbl [OCTOBEPHO MpeBbllWaeT CEKPeuuto y 60abHbIX racTpUToM. Y no-
CNefHNX No Mepe TSXECTU racTpuTa YMeHbLaeTCs KONMYECTBO CONMSHOW KUCNOTHI:

BbISIBMEHO TaKXe, YTo TO/MUMHA aKTUBHON NapeHXWMbl Gosiee BEPHO OTpPaXKaeT CTeneHb
MOPhONOrMYeckoro U yHKLUMOHANLHOTO NOPaXeHNs CAM3UCTOM, YeM BeIMYMHbLI TONMLUHBI BCEi
CNN3UCTOIA.

Yuncno knetok, o6pasyolux akTUBHYO MapeHXMMy, CHWXAeTcs napanfenbHo CTEreHu
BblPaXXEeHHOCTU TFacTPUTUYECKOFO MOpPaXKeHMus.

ABTOpPbI CYUMTAIOT UHTEPECHBIM, YTO CPeAM XeneancTbiX KNeTOK rnaBHble KNeTKu, No-BUAMN-
Momy, 60ofiee 4YyBCTBUTENbHbI B OTHOLWEHUW MPOrPecCUpPyoW X racTpUTUYECKUX NpPOLECcCoB.



KINHWYECKWNE N TUCTONATONOIMMYECKUNE WCCAELOBAHWA TMPU
TEPATMEBTUYECKNMX MOYEYHbLIX BOJTE3HAX

nW. BAPIFrA, 3. BEPEITU, 6. KEHES3

Ha 0CHOBaHMM U3YUYEHUS KNUHUYECKUX U TUCTONATONOMNYECKUX AaHHbIX 41-r0 B3pOCNOro
6ONBLHOrO U MO NNTepaTypHbIM AaHHbIM Mbl efaMeM BbiBOAbl OTHOCUTENbHO AMArHOCTUYECKOi
LLEHHOCTU reMaTypun N KNMHUYECKOTO 3HaYeHUs 04aroBoro HedpuTa:

1. MOBTOPHO BO3HMKAlOLWas B CBA3N C KAaTAppPOM BEPXHUX AbIXaTeNbHbIX NyTel, ¢ pusn-
ueckoil Harpyskoii remaTypus WM MOCTOSSHHAs MWKPOCKOMWYecKas remaTypus siBnseTcs BO
B3pOC/IOM BO3pacTe OYeHb pefKWM CUMNTOMOM 0YaroBOro He(ppuTa M B 60NbLIMHCTBE C/yyaes
3TOT CUMNTOM O3HauaeT AUGQY3HbIA rnoMmepynoHedpuT. CUHAPOM rnoMepynoHedpuTa, NposBAs-
I0LLErocs C 04aroBoil CTPYKTYpOii He SBNSETCA eAWHbIM U MOITOMY €ro KNAMHUYecKoe pacnosHa-
BaHWe HeBO3MOXHO0e. OuaroBblil HePUT — 3TO TUCTONOTUYECKUIA [UArHO3.

2. OuaroBblil HepUT — KakK W AUDY3HbIA FNOMepyNnoHeppUT — ABNSAETCS COMPOBOX-
fatouieiics ¢ MMMYHONATONOrMYECKMM MNPOLLEcCOM, BOCManMTenbHON KAyGo4yKOBOW peakuueii ¢
04aroBoii CTPYKTYpoii. B KNy60UYKOBLIX NETASAX OTNOXEHWE UMMYHOrNoGynuHoB 6osee pacnpo-
CTpaHeHHOe, YeM 3TOro cnefoBano 6bl 0XMAATL HA OCHOBAHMM O4aroBOW BOCMAaNMTENbHOI peak-
UMM, Ponb CTPENTOKOKKOBOW MH(EKLMM B NaToreHese He J0Ka3aHa; B OTAENbHbIX CAy4YasnxX Heg-
PUTOTEHHOI BPEAHOCTLIO MOXET GbiTh BUPYCHAA MH(EKLUS Unu apyras 6akTepuanbHas UHpeK-

us.

! 3. OuvaroBblii He(pUT ABNAETCA TUNOM FIOMepynoHedpuTa CO CPpaBHUTENbHO A06poOKa-
UeCTBEHHbIM TEYEHWEM, HO OH He MOXEeT PacCcMaTpuBaTbCH HEBUHHbLIM IBEHWEM. Y B3POC/bIX
3TO 06bIYHO XPOHMYECKM MpoTeKawlas 60ne3Hb, 060CTPeHUs KOTOPO MOryT, OfHAKO, COMpo-
BOXAATbCA YXYALEHUEM MOYEUHOR (YHKLUM BNAOTb A0 YPeMuUn. BeposTHO oTAeNbHble caydaun
npeAcTaB3sioT HauyasbHYU (hasy AMPdY3HOro rnomMepysoHedpuTa, XoTs B HACTOALE Bpems 3To
npesnonoXeHue elle He foKa3aHo. B Tepanuu, Hapsagy C 3aluToii OT UH(EKLUM U C U36exaHum
Harpysku MOXHO MPUMEHATb TaKXe W MMMYHOCYNpPeccuo.

O MATOTEHE3E MEPHULMWO3HOW AHEMWW
M. XOPAHU, 3. X. WAP®OMK

Ona vwaeHTudukaumm BelecTBa, BCTpeyaloLlerocs B fyofeHanbHOM COKe, OMMCaHHOro
aBTopaMu B CBOEM MpeAblfyLieM CO06LEeHNN, BO MHOTUX OTHOLIEHUAX MOXO0XEro Ha BHYTPEHHWI
(intrinsic) gakTop, aBTOpbl MPOBOAMAMN UMMYHO6MONOrM4veckoe mccnegosaHne. OHW BbISBUNK,
4yTO MpubaBneHne CbIBOPOTKM 60MbHOrO NEepHWULMO3HON aHeMueld MHTMbupyeT felicTBUE 3TOro
fyodeHanbHOro akropa 3a CYeT COAepXKalierocs B 3TOW CbIBOPOTKE NPOTBOTENa MNpOTUB
BHYTpeHHero akTtopa. 3To HabnlofeHne TakXe NOATBEPXJaeT cTapoe NpefnonoXeHue asTo-
pOB, YTO AYyOfieHanbHbI (PaKTOp AEACTBUTENbHO BO MHOFOM MOXOXWI Ha BHYTPEHHWI thakTop.
WcecnegoBaHus npesocTaBuUNM HOBble AaHHble K MaTtoreHesy NepHULMO3HOW aHeMuu.

WCCNELOBAHWE OTAE/IbHbLIX TMAPAMETPOB MOCTUWIEMWYECKOM MOYKM
B XPOHWYECKOM OTIbITE

n. TAPABA, A. DEKETE, . MOJTHAP

ABTOpbI MCCNeA0BaNN B XPOHUYECKUX OMblTax Ha cobakax U3MEHEHWe BblfieNleHNs Kpea-
THWHa 1 MATK nocne 2-4acoBOi MOYEYHON MILIEMUN. Y TeX XMUBOTHbIX, Y KOTOPbIX ULIEMMN3ALUS
npoBoAMNAchk Mof HapKO30M, BbilleyKa3aHHble BENMYUHBI yayYyllanuch, B TO BpemMsa Kak y 6oap-
CTBYIOLWUX XXUBOTHbLIX OHU YXY[LWanucb. PasHuLy aBTopbl 00BLACHAKT BHYTPUNOYEYHbIM pacnpe-
fleneHneM KposoobpalyeHus.

NCMONb30BAHNE TOPMOXEHUA OBPA3OBAHUA WMMYHOCMNELUMBUYECKON
PO3ETKWN ANnA CPABHUTE/NbHOIO WCCNAEAOBAHWA ABYX TMPOUM3BOAHbIX
MPEAHWN30OMTOHA

E. PEKETE, 4. CEFTEAW, N. TEPFEN, . CABO, 4. METPAHMU

MeTojoM TOPMOXeHUs 06pa3oBaHUs MMMYHOCMELN(HUYECKON Po3eTKU aBTOPbl MCCNeao-
Ba/M UMMYHOCYNpPECCUBHOE feiicTBME [enepconoHa U AnafpK3oH ®-akBo3ym. OHM YCTaHOBUN,
UTO TOPMOXEHWe 06pa3oBaHWs WMMYHOCMELU(UYECKO pO3eTKM in Vivo sBASeTCH AN 3TOro



6onee NMPUroAHbLIM METOAOM, YeM in Vitro. B Go/bluoii fo3e Auagpe3oH ®-akBO3yM 3afjepXxuBaeT
06pa3oBaHMe PO3ETKM 3HAUMTENbHO CU/IbHEE, YeM AeNepCOOH, HO C MOHMKEeHNEeM J03bl pa3HULa B
UHTMGMpytouem 06pas3oBaHue PO3eTKW [eiCTBUU ABYX MPOM3BOAHBLIX MPEAHU30/0HA YMEHbLUIA-
eTcs.

METABO/IM3M N AKKYMYNAUWNA XENE3A NPW BONE3HW XWMIMbBEPTA
MCMHOPOMAX POTOPANAYBUNH-OXXOHCOHA
T.BYPIFEP, A. TOT/, T. ABOP n A. MATAK®ANbBY

KnHeTnka xenesa 6bina n3yyeHa y 3 naymeHToB ¢ CMHAPOMOM [y6uH-[KOHCOHA, Y fBYX
60NbHbIX C CMHAPOMOM PoTopa M y 7 60MbHbIX ¢ 60ne3Hbl0 XKunbbepTa.

O6HapyXeHbl Cnefyole aHOManuu:

T. 4 n3 12 nauneHToB C PYHKLNOHANbHON 6UNMpy6uHemMmnen okasanucb aHeMUYeCKUMU, 1
OfiVH M3 HWX CTpajan aHeMueild OT HefocCTaTKa xenesa.

2. Wcye3HoBeHWe papmockenesa U3 nnasmbl 66110 Y TpeX 60NbHbIX YCKOPEHHbIM W Y
0CTaNbHbIX HOPMaNbHbLIM.

3. Y 7 HauneHTOB 06MeH > ene3a B Mnasme Obi1 MNOBbILEHHbLIM, Y 0CTanbHbIX 60bHbIX OH
6bl1 HOPMaNnbHbIM.

4.YTunnsauna paguoxnesa 3puTpoumTamu 6bina3HaYnTeNbHO MOHUXEHHOW Y 4 nauneH-
TOB, 1 YMEPEHHO MOHUXEHHOW Y WecTn 6ONbHBbIX.

5. BbhKnBaHue TpoM6OLMTOB 6bIN0 — 32 UCKIOYEHWEM OAHOrO MauneHTa — y BCex 06-
CNnefoBaHHbIX 60MbHBIX HOPMaNbHbIM.

6. V3amepeHnaAMN pafMoaKTUBHOCTM in Vivo 6biN0 BbISABNEHO MOBbILIEHNE aKKyMYNALUm
Xenesa B MeYeHU.

NENCTBUE AWET CPA3/IMUHBLIM COAEPXAHWEM BENKOB HA PE3Lbl BE/bIX
KPbIC
T. ®ABWAH, W. CENEHW, T. UENAEW , N. ®EEPAMU

B X0ze CBOMX OMbITOB aBTOPbLI YCTAaHOBU/W, 4TO GegHas 6enkaMu gueTa Bbi3biBaeT o6Liee
HapyleHue pa3BUTUA 3y60B. POCT 3y60B 3aMefNIsIeTCsA, MEHAETCA UX XUMUUYECKUI COCTAB, yMeHb-
WaeTcs MX KUCNOTOYCTOMUMBOCTb. M3 MCCNeAOBaHHbIX KPUTEPUEB HauboNbllee MU3MEHeHue
nokasbiBaeT PacTBOPUMOCTb B KMCNOTax. Pe3ynbTaTbl UCCNEA0BAHMI MO3BONAIOT feaTh BbIBOA,
uTO B pe3ynbTaTe HejocTaTka B 6esKax B Mulie B Nepuoj pasBuTus 3y60B BO3HWKAOT MeHee
yCTOWYUBLIE B OTHOLIEHWUUN fie/iCTBUS BHELIHUX (haKTOPOB 3y6bl.

LENCTBUE OQHOCTOPOHHEW NMEPEPE3KUW YPEBHOIO HEPBA HA AKTUBHOCTb
PEHMHA B MOYEYHOW BEHHOW KPOBW COBAK C PEHOBACKYNAPHOW
FTMMNEPTOHUEN

A. PEKETE, A. ®A3EKAW , . OPIrA4Y, K. TAN

MonHoi nepeBsi3koil NOYEYHON apTepun Ha OfHON CTOpPOHe, aBTOpbI HaGnwAanu y co6ak
npu Cyu ecTBOBaHUW KaK MHHEPBUPOBAHHON, TaK U «AEHEPBMPOBAHHOM» CMAAHXHUKOTOMMUEN
ApYroii MOYKM, BOSHUKHOBEHWE U MPOYHOE CyllecTBOBaHME FMMNEpPTOHWW. B HauvanbHOW cTaguw
rMNepToOHUYU aKTUBHOCTb PEHWHA B BEHHO KPOBU ULLIEMUYECKON MOYKM BbICOKAs, B TO BpeMs Kak
B «/leHEepPBMPOBAHHON» MOYKE OHA HE OT/MYAETCA OT KOHTPONbHbLIX BeAUYUH. ocne yaaneHus
MWeMUYecKO MOYKW HOBble ONpejeseHns, NpoBedeHHble B 60nee No3gHel CTaguu runepToHuu,
MoKasblBasy MOBbLIWAKLWYIOCA aKTUBHOCTb peHMHA. Pe3ynbTaTbl OMbITOB YKa3biBalOT Ha Pob
PEHUH-aHTMOTEH3MHOBOW CUCTEMbl B fene MOAAepPXaHWs XPOHWUYECKON TUNepToHUK.

Bl AENEHWE KPEATUHWHA ¥ XEHWWMH BO BPEMA KYPCA NEYEHWUA
FrONOJAHVMEM

B. X. NTETEPC, B. TPOCEP u A. KHAMNN

O6cyxXpaaeTca UHAMUKA BbIJle1eHUA KPeaTUHUHA B Moue y 24 XEHLUH C 0XXWPEHUEM BO
BpeMs Kypca fieuyeHus ronogaHuem. Kak cyTouHoe BbifeneHue, Tak U KOIPHULMEHT KpeaTUHUHA
MOHW3UNUCL BO BPeMs Kypca. ABTOpPbI pacCMaTpMBAlOT pe3ynbTaTbl KaK BblpaXeHUe BAUAHUSA
NUTaHUS Ha BblfeNeHne KpeaTUHUHA. TPu MCMONbL30BAHWM COAEpPXaHWsA KpeaTUHWHA B Moue B
KauyecTBe BEWYMHbLI ANS CTaHAapTW3ayWnW Apyrux napamMeTpoB O6MeHa BellecTB Heob6XoguMo
YUMUTHIBATh TaKXe U3MEHEHUs, BbI3BAHHbIE IMLIEHNEM MULLN.
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