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Acta Medica Hungarica, 41 (1), pp. 3—6 (1984)

COMMEMORATION OF THE TENTH ANNIVERSARY OF
THE DEATH OF PROFESSOR MIKLOS JULESZ

F. A. Laszlo
Received: February 28, 1983

It is now 10 years since the death of Professor Miklds Julesz, Director of
the First Department of Medicine at the University Medical School in Szeged,
Hungary.

He was appointed to lead the Department in 1959, under difficult condi-
tions. As a consequence of the events in 1956, several of the staff had left the
Department, and even the country. Further, it was necessary for him to follow
in the footsteps of such famous predecessors as Istvan Rusznyak and Géza
Hetényi. On his arrival, Professor Julesz expressed his hopes that, in spite of
the losses, all of the valuable features of the department would he preserved.
Now, more than 20 years later, it can be said categorically that his hopes in
this respect were fully realized. He not only maintained the high standard of the
clinical work, but instituted further substantial developments. | shall mention
only two examples: in 1960 he created the now independently functioning
Endocrine Unit, and in 1962, the Isotope Laboratory.

Send offprint requests to F. A. L&szl6 6701 Szeged P.O.B. 469, Hungary
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4 LASZLO, F. A.

Miklés Julesz was a physician, a pedagogue and a medical researcher,
but at the same time he was very active in public affairs.

He can be regarded as the founder of clinical endocrinology in Hungary.
He was a physician with great experience, with a good power of observation
and wide-ranging knowledge, and an excellent organizer. He had a great depth
of feeling for his patients, dealing not only with the disease, but also with the
human individual. His attitude to the patients was characterized by a profound
humanism, which he epxressed as “The patient is always right”. Indeed, under
all circumstances he remained faithful to the patients, and they remained
faithful to him.

His powers of observation and his excellent theoretical knowledge were
accompanied by a most up-to-date versatility in biochemistry. These features
led him in 1957 to make use of his literary background and the abundant casu-
istic material by writing a much needed monograph “The pathology and diag-
nostics of neuroendocrinological diseases”. This book proved of great help to
general practitioners and internists, and for a long period it was the standard
work of reference for endocrinologists. This important handbook was followed
in 1966 by the monograph “The treatment of endocrine diseases and its theoret-
ical basis” that can he regarded as the fundamental handbook of Hungarian
clinical endocrinology.

The thoroughness of his clinical observations and his ability to discern
relationships were exemplified by his descriptions of new diseases. He outlined
the essence of secondary Cushing’s disease and the secondary Morgagni syn-
drome, and he described the clinical picture of basophilism in puberty, which
was later named after him.

He very much liked to teach; he considered it an essential part of the
duties of a university professor. He prepared seriously and thoroughly every
lecture he delivered. He kept careful notes, and supplemented them with
recent data before his lectures. His enthusiastic pedagogic work did not extend
only to the endocrine diseases; he enjoyed lecturing also on the circulation and
on renal diseases. He dealt in an exemplary manner with the students and
gualified doctors alike. As a consequence of his material and spiritual support
ofthe activities of his young colleagues he succeeded in creating clinical endo-
crine schools in both Budapest and Szeged and these schools have continued
to thrive.

A close study of the two monographs mentioned above clearly demonstrates
that his clinical research work covered virtually the whole ofendocrinology:
he dealt with the normal and pathological functioning of the thyroid, the
parathyroid, the adrenals and the gonads, just as with the functions of the
dienceplialon and the pituitary. Of his numerous important observations only
a few need to be mentioned. He showed that ketosis was a strong stimulus of
the function of the basophilic cells of the pituitary. He described the effect

Ada Medica Hangarica 41, 1984



COMMEMORATION OF PROFESSOR MIKLOS JULESZ 5

of vitamin Bxon the function ofthe adenohypophysis; the experience stemming
from this observation is still used in clinical practice. He observed the beneficial
effect of hyaluronidase in the treatment of exophthalmos of thyroid origin.
He was among the first to emphasize the significance of the periphery in endo-
crinology. He spoke on thistopic in his inaugural lecture when appointed to the
Chair in Szeged. The concept described 23 years ago has proved an extremely
fruitful one. Its validity isdemonstrated by the fact that research of the periph-
ery is at present one of the most promising branches of experimental endo-
crinology. A product of this research attitude and his studies with biochemists
was his next monograph “Steroids in human skin”. In this book he and his
colleagues were the first to describe the importance of one of the large peripheral
organs, the skin, in androgen steroid metabolism. They showed that important
androgen metabolism processes take place in human skin. Their work led to an
entirely new approach to the pathogenesis of hirsutism. Among others, they
proved that androgen production in the skin is considerably enhanced in cases
of idiopathic hirsutism, exhibiting normal systemic androgen conditions.

Even if his work could be regarded as basic research, it always had the
aim of answering questions raised at the patient’s bedside. He continued and
further developed the concepts applied by Rusznyak and Hetényi: in the uni-
versity departments it is not only possible, but necessary to carry out basic
research, with the organization of appropriately qualified research groups who,
cooperating with the clinicians, attempt at solving problems posed by life and
practice.

More than 20 years ago, Professor Julesz clearly Bany that fundamental
results in endocrinology can only be achieved by organized research cooperation
between chemists, biochemists, physiologists, pathophysiologists and naturally
clinicians. This guiding principle and the attainment of the appropriate condi-
tions led in 1978 to the development in Szeged of a coordinated endocrine
research programme with the participation of four research groups (Depart-
ments of Medical Chemistry, Pathophysiology, Internal Medicine and Gynae-
cology), with the central support of the Hungarian Academy of Sciences.
Even on a national scale, the effectiveness of the new type of organization is
well recognized and is considered to be exemplary.

Professor Julesz understood that, from the aspects of endocrine research,
the necessity for development within Hungary must he accompanied by inter-
national recognition. He therefore organized the First Hungarian Endocrine
Symposium in 1958, and made considerable efforts lonya”s the foundation of
the Hungarian Endocrine and Metabolism Society, of nblcll he later became
the first Chairman, remaining in this post until his death.

The activities of Professor Julesz received state recognition with his
award of the Kossuth Prize. He was also elected a Corresponding Member
of the Hungarian Academy of Sciences.

Acta Medica Hungarica 41, 1984



6 LASZLO, F. A.

At the end of my commemoration | should like to speak of Miklés Julesz
as a man, as aleader, and as a chief.

His whole life was characterized by his wide-ranging erudition, by his
passionate love for literature and music, by his deep humanism and by his
permanent optimism. In physique he was not strongly built, but he was
nevertheless a strong man. In the course of his life he underwent severe ordeals,
buthe remained a human even under inhuman conditions.It was his unshakable
faith that helped him to return from “the depths of hell”, as he referred to his
experiences in Buchenwald.

He helped his colleagues from a professional aspect, but they could also
turn to him at any time with their personal problems. It was his guiding prin-
ciple that his young colleagues must not only be taught, but also educated,
to accept their responsibilities, to be upright, and to be irreproachable in their
research. The most powerful means that he used for this purpose was his own
personal example. He lived in accordance with strict medical ethical demands
and in an exemplary family environment. With strong will-power, a clear
conception of the goal and limitless diligence, from day to day he strived to
achieve ever more results.

Characteristic features of his leadership were his quiet voice, but at the
same time his resolution. He never attempted to monopolize the department.
He always avowed, and in practice too adhered to the principle that the best
functioning department in present age is one with several profiles. He not only
preserved the existing clinical profiles and ensured the suitable balance be-
tween them, but also assisted their development. He built up his own research
group without haste or aggression; the basis was always willingness, interest
and enthusiasm. This played a part in the consequence that his research team
proved a durable and effective one, and is still operating well even 10 years
after his death.

Life is fleeting, but life goes on in the following generation of children and
students. Such an occasion as this one is always sad, for we all remember what
we have lost; we must, however, remain optimists if the work that has begun
continues to flourish.

The activities of Professor Julesz were worthy of his great predecessors:
he not only carried on the traditions of Rusznydk and Hetényi, but raised these
to higher levels. He maintained the existing values and created new schools of
endocrinology in both Budapest and Szeged.

Perhaps a fitting way to commemorate the figure of Miklos Julesz is to
present some of the most recent scientific results of his school to all those of
you who have joined us to pay tribute to him on this occasion.

Acta Medica Hungarica 41, 1984
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METABOLISM AND CONCENTRATION OF
ANDROGENIC STEROIDS IN ABDOMINAL SKIN OF
HIRSUTE WOMEN WITH ANDROGENITAL
SYNDROME

l. Toth and |. Faredin

ENDOCRINE UNIT AND RESEARCH LABORATORY, FIRST DEPARTMENT OF MEDICINE,
UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

Received: February 28, 1983

An in vitro study has been made of the steroid metabolism in the abdominal
skin in two hirsute women with adrenogenital syndrome, and the concentrations of the
various steroids in the skin tissue have been determined. The urinary excretion of the
total 17-Ks, and particularly P-triol, was pathologically high, while of the androgens
examined in the serum, primarily the levels of W-dione and Test, were found to be
elevated. The 21-hydroxylase deficiency meant that the plasma ACTH level was like-
wise extremely high in both patients.

In vitro incubation studies demonstrated that in one patient (with the higher
androgen overproduction) more Test, than normal was formed from the precursors
(DHA, zl6-diol, zl4-dione), i.e. the biosynthetic pathway (17/i-HSD, zI53/i?-HSD) leading
towards the androgens was enhanced in the abdominal skin. In the other patient (where
the androgen production was less high as a consequence of the earlier adrenalectomy)
the metabolism in the abdominal skin was not enhanced; indeed, for many metabolites
the extent of the transformation did not even attain the level for normal women. The
activity of Test. 5a-reductase was not increased in the skin of either patient.

The results on the steroid contents of the skin tissue revealed that numerous
free steroids (DHA, And., /P-dione, z!5diol, Test., DHT) and Ci9-steroid sulphates
were present in higher concentrations than in the abdominal skin of healthy women.
The extents of steroid accumulation compared to the serum level in the same patient
were pathologically high in the case of zP-diol, DHT and DHA-S in the abdominal
skin of the two hirsute women with adrenogenital syndrome. This confirmed that
a state of hyperandrogenism does exist in the skin of these patients.

Keywords: adrenogenital syndrome, steroid metabolism, skin steroids

Introduction

Hirsutism is the pathological growth of hair in females, importance being
attributed in its development to the skin, and within this to the hair follicles,
as target organs. The main stimulants of the growth of hair in both males and

Send offprint requests to I. Toth H-6701, Szeged, P.O.B. 469, Hungary

The following abbreviations have been used: 17-Ks =17-ketosteroid; 17-OH-CS = 17a-
hydroxycorticosteroid; P-diol 5/?-pregnane-3a,20a-diol; P-triol = 5/?-pregnane-3a,17a, 20a-
triol; 5a-ane-dione = 5a-androstane-3,17-dione; zP-dione = 4-androstene-3,17-dione; And. =
3a-hydroxy-5a-androstane-17-one; zP-diol = 5-androstene-3/?,17/?-diol; DHA = 3/i-hydroxy-
5-androstene-17-one; DHT 17/l1-hydroxy-5a-androstanc-3-one; Test. = 17/S-hydroxy-4-an-
drostene-3-one; Epiand. -= 3/?-hydroxy-5a-androstane-17-one; And.-S - 3a-sulphooxy-5a-an-
drostane-17-one; DHA-S--3/?-sulphooxy-5-androstene-17-one; zP-diol-S = 5-androstene-3/?,17/?-
diol-3-sulphate; Test.-S = 17/?-sulphooxy-4-androstene-3-one.
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8 TOTH, 1., FAREDIN, I.

females are known to be the androgenic steroids (testosterone, 5a-dihydrotesto-
sterone). At the time ofthe leadership of Professor Julesz, we set out from these
considerations and put forward a working hypothesis: all human skin has a
definite steroid turnover, the composition and quantitative relations of which
are determined jointly by the androgenic steroids passing into the skin with the
blood stream, and by those formed locally in the skin [14]. On this hasis, hirsute
females may be divided into two main groups:
(@) hirsutism of known origin, where the adrenal cortex or the ovary is respon-
sible for the overproduction of androgen, and
(b) idiopathic hirsutism of unknown origin, where the androgen level of the
peripheral blood is normal.
This paper presents our results relating to the steroid metabolism in
females with hirsutism of adrenocortical origin, and to the hyperandrogenism
of the skin.

Materials and methods

The chemicals and solutions used in the investigations were of analytical purity. The
organic solvents were purified in accordance with described procedures, and were then sub-
jected to fractional distillation [14].

1. Radioactive steroids: The [4-14C]-labelled déhydroépiandrostérone (DHA; specific
activity [S.A.] = 57.1 mCi/mmol), 5-androstene-3/?,17/?-diol (A5-diol; S.A. = 57.1 mCi/mmol),
4-androstene-3,17-dione (/l4dione; S.A. = 56.6 mCi/mmol) and testosterone (Test.; S.A. =
22.19 mCi/mmol), and the [3H]-labelled [7-3H(N)]JDHA (S.A. = 24 Ci/mmol), [1,2(N)-3H]-
dihydrotestosterone (DHT; S.A. — 60 Ci/mmol) and [I/?,2/?-3H]Test. (S.A. = 44.6 Ci/mmol)
were products of the Radiochemical Centre (Amersham, England). The [7-3H(N)]JA5diol
(S.A. = 20 Ci/mmol), [l,2-3H(N)]androsterone (And.; S.A. = 40 Ci/mmol) and the ammo-
nium salt of [7-3H(N)]DHA-sulphate (DHA-S; S.A. = 24 Ci/mmol) were bought from New
England Nuclear (Boston, U.S.A.).

Before use, these radioactive steroids were purified by column and thin-layer chromatog-
raphy [14, 19].

2. Steroids in the urine and the serum were determined as described previously [5, 6, 22].

3. Patients. An account will be given of the examinations on two hirsute women from
among the adrenogenital syndrome in-patients of the Endocrine Unit. An intensive growth
of hair could be observed all over the body of the 18-year-old R. A. and the 34-year-old O. S.,
particularly on the face, arms and chest. The enlarged clitoris had been amputated in both
cases, while the left adrenal had been removed from the 34-year-old patient at the age of
12 years in an attempt to lower the hormone level.

In both patients the urinary total 17-ketosteroids, the 17-ketosteroid fractions, and
particularly the pregnanetriol, were pathologically high (Table 1).

Of the androgens examined in the serum (Table I1), especially the levels of zl4-dione
and the Test, formed from it were pathologically elevated. The plasma ACTH level was ex-
tremely high in both patients (79 and 40.6 pmol/l; normal range 8.8—26 ptolf).

The diagnosis of adrenogenital syndrome was established on the basis of the clinical
picture, gynaecological examinations and the laboratory results. Skin samples were excised
by a surgeon from the suprapubic hair-covered abdomen.

4. Incubation of skin slices. In vitro incubation studies were carried out to establish
whether the activities of the enzymes metabolizing the androgens are changed in the abdominal
skin of women with hirsutism of adrenocortical origin. A 0.5 g portion of the excised skin was
cut into 1—2 mm slices, which were incubated with various [4-#4C]-labelled steroids in the
presence of coenzymes in KRPG medium [4, 7, 8, 9, 14]. The metabolites produced were
identified, and their percentage conversions were determined. Conclusions were drawn as to
the activities of the individual enzymes from the percentage transformations.
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Table 1

Urinary steroid excretion in hirsute women
with adrenogenital syndrome

Total 17-Ks Total 17-OH-CS> P-triol

Patients (jU.mol/d) (umol/d) (umol/d)
R. A. 18 years 600 25.4 241
510 23.7 199
413 21.2
0. S. 34 years 63.5 1.9 71
103.7 2.8 119
140.9 6.6 125
Normal range: 17.4-52.0 5.0 16.6 1.2 7.7

17-Ks fractions (/tmol/d)

R. A. 18 years 0. S. 34y. Normal range:

DHA 83.6 15.3 4.8-15.3

And. 207.1 47.5 7.3 142

Etio. 105.1 17.0 8.7-17.0

Il-oxyd.-And 44.1 14.6 0.5-3.5

Il-oxyd.-Etio. 84.7 21.2 12 45
Table 11

Serum androgen levels in hirsute women with adrenogenital syndrome (nmol/l)

zP-dione J 5-diol Test. DHT
Patients R. A. 18 years 55.59 8.19 18.22 2.37
0. S. 34 years 13.78 7.08 12.49 2.17
Healthy women mean 6.28 3.65 2.39 2.17
(18-46 years) range 297 9.36 2.10-5.61 0.87 3.29 0.34-3.79
5. Study of steroid content of skin tissue. In parallel with the incubation a 1 g portion

of the excised abdominal skin was used to determine the concentrations of the free androgenic
steroids (DHA, And., Z4dione, ,d5diol, Test., DUT) and the more important C19steroid
sulphates (And.-S, DHA-S, Zs-diol-S, Test.-S [11, 24].

The skin sample was cut into 15 -20 u slices at 20°C in a cryostat, and the slices
were then soaked in a 15 : 10 mixture of 2 NNH40H and diethylether. Subsequently, the skin
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tissue residue was extracted with 4x5 ml methanol while being strongly triturated. The
[3HJ- labelled forms of the examined steroids were used as internal standards.

After halfsaturation with (N H4)2504 the aqueous phase was extracted with ethyl
acetate, and the extract was then combined with the dry residue from the organic solvents.
From the resulting “crude extract”, the free and the sulphate ester fractions were separated
on a florisil column [19]. The fraction of free steroids was chromatographed on an A120 3
column, and the individual steroids were next isolated by thin-layer chromatography [14].
The 17/9-OH-steroids were measured directly, and the 17-ketosteroids after reduction with
NaBH4 and subsequent thin-layer chromatographic purification, by protein-binding assay
(PBA) or radioimmunoassay (RIA) [22].

After solvolysis, the sulphate ester steroids were chromatographed and measured
similarly as for the free androgens.

The results are expressed in units of nmol/kg wet skin tissue.

6. Measurement of Cl9-steroid sulphates in serum. Blood samples were taken between
8 and 9 a.m., and the concentrations of DHA-S, And.-S, /Is-diol-S and Test.-S in the serum
were measured with the previously described method [20] or with the procedure used in the
determination of the C19steroid sulphates of human hair and axillary sweat [21, 23, 25]
by means of P.B.A.

Results

« /ra Vitro» metabolism offree androgens in abdominal skin

From the quantities of metabolites formed during the incubation studies
with abdominal skin slices from the two hirsute women with adrenogenital
syndrome, conclusions were drawn as to the activities of the enzymes catalyzing
the transformations. The percentage transformations referred to the radioactive
substrate were compared with the corresponding values for normal, healthy
women.

When the abdominal skin slices from these two hirsute women were
incubated with [4-14C]DHA (Table I1l) the skin of the 18-year-old patient
synthetized Test, and the androgenic 17-ketosteroids (And., /l4dione and 5a-
-ane-dione) with pathologically high percentage conversions, while only the
formation of 5a-ane-dione was enhanced for the 34-year-old woman.

As compared with the corresponding data for healthy women, from
[4-14C]/15-diol (Table 1V) elevated amounts of Test, and And. were produced
by the skin of the first patient, and of DHT by the skin of the second patient.
The other metabolites were formed in lower than normal percentages in the case
of the second patient (O. S.).

The skin slices from the 18-year-old patient converted [4-14C]/J4-dione
(Table Y) to Test, and to androgenic 17-ketosteroids (And., 5a-ane-dione) in
higher percentages than for normal women, while in the case of the 34-year-old
patient only 5a-ane-dione was produced in pathologically high amount, all of
the other metabolites being produced within the normal limits.

When [4-14C]Test. (Table VI) was incubated with the abdominal skin
slices from these two patients, in the first case And. and 5a-ane-dione were
formed in higher quantities, whereas for the other compounds the conversion
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Table I11

The in vitro metabolism of [4-14C] dehydroepiandrosterone by human skin

[4- AC]DHA

Test.

d5-diol

ZI'-dione

5a-ane-dione

Healthy women
17—45 yeaxs

0.20
(0.08-0.33)
n- 3

132
(1.03 1.90)
n=3

2.14
(0.81  3.70)
n=4

5.34
(0.85 13.00)
n=7

1.76
(0.85-2.22)
n=3

Hirsute women with
adrenogenital syndrome

18 years

34 years

conversion %

1.62

28.84

Table 1V

0.30

1.20

1.92

9.73

4.80

Healthy men

0.48
(0.04-1.38)
n==6

1.85
(1.19-2.97)
n=5

2.53
(0.62 -6.84)
n==6

6.00
(1.37—12.39)
n=9

1.86
(0.30 4.84)
n 5

The in vitro metabolism of [4~uC]5-androstene-3B8,17R-diol by human skin

[4-,4C]J 5-diol

Teet.
DHT

And.

/f-dione

5a-ane-dione

Healthy women
(22—46 years)
n=3

18.73
(13.2  26.8)

0.67
(0.40-0.98)

0.57
(0.52- 0.66)

5.23
(1.40-11.16)

0.53
(0.34 0.64)

Hirsute women with
adrenogenital syndrome

18 years

34 years

conversion %

28.73

0.83

1.79

0.64

11.81

0.27

0.43

0.30

Healthy men
(19—45 years)
n=6

8.75
(4.06—15.13)

1.31
(0.30 2.72)

0.41
(0.28—0.54)

1.41
(0.45 -4.08)

0.65
(0.30-1.86)

was normal (Epiand., zX4-dione) or lower than normal (DHT). For all of the
metabolites, the skin of the 34-year-old patient metabolized the radioactive
testosterone with lower than normal percentages.
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Table ¥

The in vitro metabolism of [4-uC]4-androstene-3,17-dione by human skin

[4-14C]J4dione

Test.

DHT

And.

Epiand.

5a-ane-dione

Healthy women
(26—43 years)
n=7

1.80
(1.33—2.28)

0.37
(0.10-0.56)

8.34
(2.57—11.42)

6.01
(1.26-10.30)

10.85
(4.2—16.14)

Hirsute women with
adrenogenital syndrome

18 years

conversion

3.55

25.90

13.55

17.57

Table VI

34 years

%

23.40

Healthy men
(19—37 years)
n=5

1.96
(0.91-2.62)

0.54
(0.18-0.86)

10.82
(7.09-15.87)

2.39
(0.98-4.85)

12.93
(9.15-15.45)

The in vitro metabolism of [4-uC]testosterone by human skin

[4-14C] Test.

DHT

And.

Epiand.

zl4-dione

5a-ane-dione

Healthy women

(26—43 years)
n=5

5.61
(3.70—7.21)

0.83
(0.61-1.36)

0.69
(0.33—1.59)

3.52
(1.82 -5.11)

0.81
(0.50 1.14)

Hirsute women

with

adrenogenital syndrome

18 years

34 years

conversion oy,

2.73

2.17

1.42

2.94

1.86

0.33

141

0.47

Healthy men
(19—37 years)
n=5

6.39
(3.84-9.33)

1.37
(0.57-2.69)

0.71
(0.24-1.25)

4.20
(3.43-6.30)

1.22
(0.50-1.78)

Concentrations of androgens and C19-steroid sulphates in abdominal

tissue

Since our examinations relating to the steroid content of the skin tissue
have not yet been reported so widely, we shall first present our results for

healthy individuals.
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Of the free steroids measured in the abdominal skin tissue of healthy
women and men (Table VII), DHA is to be found in the highest amount
(mean + S. E. M.: 79 + 29, and 165 + 78 ninol/kg, respectively). Whereas And.
occurs in almost the same quantities in the abdominal skin of women and men
(55 + 19, and 48 + 25 nmol/kg), the concentration of /I4dione is substantially
higher in the male abdominal skin (101 i 36 nmol/kg) than in that of women
(36 ~ 8nmol/kg)./I5diol, Test.,,andDHT are to be found in decreasing amounts
in the abdominal skin, but all three androgen-active steroids are more concen-
trated in men.

Table VII

Androgenic steroids in abdominal skin tissue from healthy women and men and
hirsute women with adrenogenital syndrome (nmol/kg wet weight)

DHA And. J 4dione A -diol Test. DHT
Healthy women mean 79 55 36 30 17 9
(28—46 years) +S.E.M. +29 +19 +8 +14 +6 +4
(n=7)
Healthy men mean 165 48 101 35 35 21
(28—47 years) +S E.M. +78 +25 +36 +8 +9 +9
(n=5)
R. A. 18 years 731 132 280 295 148 73
0. S. 34 years 206 1 151 131 61 73

We next compare the steroid quantities found in the abdominal skin
tissue from the two adrenogenital syndrome patients with the corresponding
values for healthy women. The concentrations of all of the free steroids (partic-
ularly in the case of the 18-year-old patient) far exceed the skin steroid levels
for normal women.

In the abdominal skin of the 34-year-old patient, only the And. content
was lower than the value for healthy women, the levels of the other androgenic
steroids were considerably in excess of the corresponding values for healthy
women. It is noteworthy that in the abdominal skin from both patients the
DHT was more than 8 times as concentrated as in normal women.

Of the C19steroid sulphates (Table VI111) And.-S occurs in the highest
amount in the skin of women (132 i 29 nmol/kg), whereas DHA-S does so in
the abdominal skin of men (2162 i 406 nmol/kg). /T-diol-S and Test.-S are
found in lower concentrations in the skin tissue of both women and men, but
here too the difference between the sexes can be demonstrated.
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Table VIII

C19-steroid sulphates in abdominal skin-tissue from healthy tvomen and men and
hirsute women with adrenogenital syndrome (nmol/kg wet weight)

And-S DHA-S J 5diol-S Teet-S
Healthy women mean 132 82 42 14
(28—46 years) +S.E.M. +29 +27 +7 +3
(n=7)
Healthy men mean 204 2162 132 22
(28 47 years) +S.E.M. +64 +406 +41 +10
(n=5)
R. A. 18 years 839 2391 48 11
0. S. 34 years 46 136 4 7

Of the Ci19steroid sulphates And.-S and DHA-S were extremely high in
the abdominal skin of the first patient (839 and 2391 nmol/kg). The concentra-
tions of the other steroid sulphates (zP-diol-S, Test.-S) in the skin did not differ
appreciably from the normal values for women. In the skin of the other patient
the levels of And.-S and DHA-S were substantially lower (about one-twentieth).
However, as we shall see later, when these values are compared with the
corresponding serum concentrations, the large differences between the two
patients disappear.

Discussion

It is generally known that the most frequently occurring enzyme defect
in the adrenal cortex, the lack of or the decreased activity of 21-hydroxylase,
is responsible for the androgen overproduction in adrenogenital syndrome.
As a consequence of a 21-hydroxylase or 11/3-hydroxylase insufficiency, the
production of the corticosteroids is hindered; this leads to an enhanced ACTH
secretion, and hence an excess of steroid precursors arises [13, 16]. Extensive
steroid analyses on the urine and plasma suggest that the formation of a large
guantity of Test, (resulting in hyperandrogenism) proceeds via the 3-keto-zl4
precursors (progesterone —»17a-OH-progesterone —»zJ4dione). This pathway is
confirmed by the pathologically enhanced excretion of the metabolites of
progesterone and 17a-OH-progesterone (P-diol and P-triol) in the urine, and
by the elevated plasma levels of zI*dione and Test. [15, 18].

Earlier skin incubation studies in our laboratory [4,7 — 9,14] proved that
healthy female and male abdominal skin contains all those enzyme systems
(zI5-3/3-HSD, 3a-HSD, 17/3-HSD, A45a-R) which catalyze the transforma-
tions of the C19-steroids. We demonstrated that human skin is not only capable
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of transforming Test, to DHT, as studied in detail by other authors [17, 26],
but is also able to synthetize Test, from the weakly androgenic precursors
(DHA, Z4dione, ZI5diol). Thus, the possibility exists for these androgens to
form locally in the skin itself, and if these transforming enzymes display a
higher than normal activity around the hair follicles, the enhanced peripheral
androgen biosynthesis may lead to hirsutism even though the plasma androgen
level is normal.

How do the activities of the enzyme systems participating in the skin
steroid metabolism change in adrenogenital syndrome, when the androgen
overproduction by the pathologically functioning adrenal cortex is responsible
for the hirsutism and the virilization ? Our in vitro incubation investigations
showed that in the case of the first patient (R. A.), where the androgen produc-
tion was substantially higher, more Test, than normal was formed from the
precursors (DHA, Z5diol, zl4dione), i.e. the biosynthetic pathway (17/i-HSD,
Z25-3/S-HSD) leading towards the androgens was enhanced. In the other patient
(0. S.), where the androgen production was less high as a consequence of the
earlier adrenalectomy, the metabolism was not enhanced; indeed, for many
metabolites the extent of the transformation did not even attain the level for
normal women. It is interesting that the activity of the Test. 5a-R enzyme
was not increased in the abdominal skin of either patient, similarly as found
by Bouchard et al. [1] in the pubic skin of hirsute women with a 21-hydroxylase
insufficiency of complete type. As concerns the other enzyme systems, the
differences in activity found in the abdominal skin of the two adrenogenital
syndrome patients may be explained by the considerably different androgen
concentrations measured in the peripheral blood and in the skin, but the role
of their different ages cannot be excluded.

From the results relating to the steroid content of the skin tissue, it
emerges that numerous free (non-conjugated) steroids and C19-steroid sulphates
are to be found in higher concentration in the adrenogenital cases than in the
skin of healthy women. The extent of steroid accumulation in the skin can be
better expressed, however, if the skin steroid quantities found in the individual
cases are compared with the serum levels in the same patient. Accordingly,
for all of the steroids examined, the values measured in the skin (nmol/kg) were
divided by the level of the corresponding steroid in the serum (nmol/l); the
steroid-accumulating ability of the skin (as androgen target organ) may be
better approximated to with the resulting quotient [12].

For the free steroids (Table IX), this quotient is in all cases a number
larger than one (the mean values for normal women lie in the range 4—8), i.e.
the concentration of each of the androgenic steroids is higher in the skin tissue
than in the blood. The quotients of Z5diol and DHT in the skin of the two
adrenogenital syndrome patients i.e. their relative concentrations, are far higher
than the corresponding values for healthy women.
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Table IX

Correlation between androgenic steroid contents in abdominal skin tissue and in serum of
healthy women and men and hirsute women with adrenogenital syndrome
steroid cone, (nmol/kg) in abdominal skin tissue

Ratio =
atio steroid cone, (nmol/) in serum
J 4dione J 5-diol Test. DHT

Healthy women mean 5.7 8.1 7.1 4.1
(28 —46 years) range 3.8—121 5.3-14.3 5.2-19.5 2.4-26.5
n=7
Healthy men mean 23.0 6.9 2.0 7.0
(28—47 years) range 143—322 4.7—13.6 1.2—3.7 4.8—10.7
n=5
R. A. 18 years 5.0 36.0 8.1 30.8
0. S. 34 years 10.9 18.5 4.9 33.6

There is an interesting correlation between the abdominal skin tissue and
the serum in the case of the C19steroid sulphates (Table X). Here, the value
of the quotient (with the exception of Test.-S) is substantially less than one
(0.01 —o.1), which means that under normal conditions the sulphate ester
steroids are to be found in 10— 100 times higher concentrations in the blood
than in the skin. The cause of this may be the water-solubility of the steroid
sulphates, or their lower affinity for the binding proteins. In adrenogenita

Table X

Correlation between C19-steroid sulphate contents in abdominal skin tissue and in serum of
healthy women and healthy men and hirsute ivomen with adrenogenital syndrome

Raifp = = L
steroid cone, (nmol/l) in serum

And-S DHA-S J 5diol-S Test-S
Healthy women mean 0.08 0.01 0.12 1.12
(28 —46 years) limits 0.04 0.20 0.006 0.03 0.06-0.22 0.94-3.44
n=7
Healthy men mean 0.10 0.21 0.07 1.71
(28 -47 years) limits 0.04-0.40 0.14 0.65 0.03-0.25 1.04-2.56
n=5
R. A. 18 years 0.19 0.18 0.10 0.64
0. S. 34 years 0.10 0.25 0.04 1.98
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syndrome only DHA-S showed an accumulation relative to the level for normal
women in both cases.

Few data have been found in the literature concerning the concentrations
of steroids in skin tissue [18]. Deslypere et al. [2, 3] determined the concentra-
tions of three androgenic steroids (Test.,, DHT and 5a-A-diol) in skin tissue from
men. The evaluation of their results is hampered by the circumstance that
they obtained their skin samples from corpses; the metabolism occurring up to
the time of examination of the samples may have caused appreciable changes
in the ratios of the individual steroids. Nevertheless, they demonstrated that
the scrotal skin contained the most androgen; the concentration was lower in
the pubic skin, and even lower in skin from the thigh. Thus, comparisons may
be made only between steroid levels in skin tissue from the same area of the
body. In every case we performed steroid analyses on skin tissue from the ab-
dominal region, and thus the steroid concentrations found reflect the in vivo
hormonal state of the abdominal skin.

An ever increasing number of data now support the assumption that the
androgen-sensitivities of the various tissues can be characterized by the num-
bers of androgen-binding sites (receptors), the latter varying in parallel with
the concentration of the androgens. Accordingly, the androgen accumulation
(hyperandrogenism) found in the abdominal skin ofthe adrenogenital syndrome
patients may be explained by the accumulation of certain binding proteins in
the pathologically hairy skin. However, the proof of this must be the task of
following investigations.
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METABOLISM AND CONCENTRATION OF
ANDROGENIC STEROIDS IN THE ABDOMINAL
SKIN OF WOMEN WITH IDIOPATHIC HIRSUTISM
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The in vitro metabolisms of [4-,4C]-labelled DHA, Z5diol, /I1-dione and Test
were studied in skin tissue excised from the hairy hypogastric region of three patients
diagnosed as suffering from “idiopathic hirsutism”. The concentrations of DHA, And,
zl4-dione, A5-diol, Test, DHT, DHA-S, And-S, /I5diol-S and Test-S were determined
in other portions of the same skin tissue.

In the knowledge of the concentrations of the androgens and the C19steroid
sulphates in the blood and in the skin tissue, and also of the metabolisms of the main
androgen precursors and Test in the hairy abdominal skin, new diagnoses can be
established within the group of idiopathic hirsutisms: “pure peripheral hirsutism”
and “mixed peripheral hirsutism”. In the former the hyperactivity of the enzymes
of the skin tissue takes part in the emergence of the disease form, while the latter
involves the joint participation of the hyperactivity of the enzymes of the skin tissue
and the high level of Z4-dione in the blood.

The picture of the metabolism in the hairy abdominal skin of the hirsute pa-
tients was dominated by Test formed in pathologically high amount from the precursors
as a consequence of the hyperactivity of 17/S-HSD. The formation of DHT and the
activity of 5a-R were of only secondary importance.

Keywords: idiopathic hirsutism, human skin, steroid metabolism

Introduction

Hirsutism is a special disease of ivomén, which finds no parallel in the
animal world. A hirsute woman endures her disease throughout her life. Her
feeling on inferiority causes her not to marry, or if she is already married her
family life may undergo a crisis. Perhaps nowhere does the clinician encounter
so much disappointment as in the diagnostics and therapy of hirsutism.

Send offprint requests to I. Faredin H-6701 Szeged P.O.B. 469, Hungary

The following abbreviations are used: 17-KS = 17-Ketosteroids; 17-OH-CS = 17-
Hydroxycorticosteroids; P-triol = 5/5-pregnane-3a,17a,200c-triol; Test = 17/3-hydroxy-I-an-
drostene-3-one; DH T= 17/5-hydroxy-5a-androstane-3-one; 5ot-ane-3a,17/?-diol=5a-androstane-
3<x,17/?-diol; 5a-ane-3/9,17/?-diol = 5a-androstane-3/5,17/5-diol; /I5diol = 5-androstene-3/5,17/5-
diol; /l4-dione = 4-androstene-3,17-dione; 5a-ane-dione = 5a-androstane-3,17-dione; And =
3a-hydroxy-5a-androstane-17-one; Epiand = 3/5-hydroxy-5ot-androstane-17-one; DHA = 3/5-
hydroxy-5-androstene-17-one; And-S = 3a-sulphooxy-50c-androstane-17-one; DHA-S = 3[-sul-
phooxy-5-androstene-17-one; zI5-diol-S = 5-androstene-3/5,17/5-diol-3-sulphate; Tcst-S = 17/5-
sulphooxy-4-androstene-3-one.
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Hirsutisms of unknown origin are referred to in the literature under the
collective name “idiopathic hirsutism” (1. H. [24, 31, 36, 43]). About 40%
of our own hirsutism cases involve I. H. This means that the available method-
ological diagnostic possibilities fail in almost every second case [25, 36].

The failures have convinced us that the previously employed methods
can not lead us further in the approach to the problematics of hirsutism.
Accordingly, we began to make a study of the connection between the skin
and the hormonal activity of the endocrine system from the side of the periph-
ery, i.e. the skin.

It is known from previous experiments that pubic and abdominal skin
slices intensively metabolize radioactive déhydroépiandrostérone (DHA),
4-androstene-3,17-dione (A4-dione), testosterone (Test) and 5-androstene-
-3/3,17/9-diol (ZI5dio]) under in vitro conditions [7, 8, 10, 11, 14—16, 21].
These investigations demonstrated that human abdominal skin contains
numerous enzymes which are of great importance from the aspect of the andro-
gen metabolism. We have therefore carried out in vitro incubation studies with
hairy abdominal skin slices excised from the suprapubic abdominal area of our
I. H. patients, and with [4-14C]-labellecl DHA, zI5diol, Z4-dione and Test, in
order to acquire information on the activities of the enzymes metabolizing the
androgens in the hairy abdominal skin of our patients.

In parallel with these experiments, we have examined the concentrations
of the free androgens and the C19-steroid sulphates in the excised hairy abdom-
inal skin slices, to decide whether the hyperandrogenism assumed in the hairy
abdominal skin of I. H. patients [1, 24, 25] can be confirmed.

The present publication gives an account of the results of these exper-
iments.

Chemicals, patients and methods
Chemicals

The solutions used in the examinations were prepared from p.a. grade chemicals dis-
solved in water distilled from glass.

The [4-14C]-labelled radioactive steroids DHA (specific activity [S.A.] = 57.1 mCi/
mmol), ZI5diol (S.A. = 57.1 mCi/mmol), zl4dione (S.A. = 56.6 mCi/mmol) and Test (S.A. =
22.19 mCi/mmol); and the [7-3H(N)]-DHA (S.A. = 24 Ci/mmol), [I<x,2a(n)-3H] DHT (S.A. =
60 Ci/mmol), [l,2-3H(n)]d4-dione (S.A. = 45 Ci/mmol) and [I/?,2/?-3H]Test (S.A. = 44.6 Ci/
mmol) were products of the Radiochemical Centre (Amersham, England). The [7-3H(N)]/I5diol
(S.A. = 20 Ci/mmol), [1,2-3H(N)]-And (S.A. = 40 Ci/mmol) and the ammonium salt of
[7-3H(N)]IDHA-S (S.A. = 24 Ci/mmol) were purchased from New England Nuclear (Boston,
U.S.A)).

Before use, the free radioactive steroids were purified on a 4 g A120s column (E. Merck,
Brockmann IlI/1Y activity), and their purities were then checked by chromatography on an
Al203-60 G thin layer (E. Merck Type E) in the TLC-G system (n-hexane—ethyl acetate—abs.
ethanol—glacial acetic acid = 120 : 130 : 1 :2 by volume [24].

The sulphate ester steroids (DHA-S, zT-diol-S) were purified on a 1.5 g florisil column
(60/100 mesh, Floridin Co., Tallahassee, U.S.A.) before use [46], and their purities were checked
by chromatography according to Sarfaty and Lipsett on a silica gel G (E. Merck) thin layer
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in the TLC-1 System (abs. ethanol—ethyl acetate—cone. NH40H = 50 : 50 : 10 by volume)

[24].
The non-radioactive authentic steroids were purchased from lkapharm (Ramat-Gan,
Israel). Their purification and the checks on their purities were performed as described above.

Patients

Two 16-year-old (M. I. and T. A.) and one 17-year-old (K. E.) girls were examined
in our Unit; they complained that they had observed an enhanced growth of hair all over
the body, which required cosmetic treatment. Their pubic hair was found to be of male type,
while an enhanced growth of hair could be seen on their faces, around their nipples, and on
their lower limbs. Their blood pressures were normal. Clinical and gynaecological examination
showed normal conditions. Their menstruation cycles were regular.

The listed laboratory results indicated that the hirsutism was idiopathic in all three
patients (Table I —I11).

Table 1

Urinary steroid excretion in women with idiopathic hirsutism (funol/d)

Patients Total 17-Ks*  Total 17-OH-CS** P-triol***
M. . 16 years 30.5 7.4 2.7
33.3 9.7 1.2
T. A. 16 years 51.7 11.6 2.4
39.2 10.5 1.8
K. E. 17 years 39.2 10.2 2.4
40.9 11.0 2.7

Normal women 17.4-52.0 5.0-16.6 12 7.7

(16—50 years)

* Total 17-Ketosteroids
** Total 17-Hydroxycorticosteroids
*** Pregnanetriol (5/?-pregnane-3a,17a, 20a-triol)

Table 11
Serum androgen levels in women with idiopathic hirsutism
(nmol/l)
Patients Test DHT J 5diol J 4dione
M. 1. 16 years 2.6 0.89 3.0 3.9
T. A 16 years 2.5 0.48 3.3 13.3
K. E. 17 years 2.9 1.27 1.9 11.5
Normal women
(16 50 years)
mean: 2.4 2.2 3.7 6.3
range: 0.87—3.29 0.34-3.79 2.10-5.61 2.97—9.36
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Table 111

Serum C19steroid sulphate and cortisol levels in women with idiopathic hirsutism

patients iLimain imoin Vo AmoilL ol
M. 1. 16 years 3.18 7.87 0.66 - 370
T. A. 16 years — 4.54 — — 364
K. E. 17 years 0.89 7.52 0.19 9.93 419
Normal women
(16—50 years)
mean: 1.57 8.28 0.35 12.05 345
range: 0.67—3.40 3.04-11.89 0.19-0.65 4.07-14.95 220-550

Skin samples

Skin samples from healthy men and women were obtained during appendectomy under
general anaesthesia. These] individuals were not suffering from endocrine or other diseases.

W ith the consent of the three |. H. patients, skin was excised from the suprapubic
area under general anaesthesia. In all three cases the skin samples were very hairy.

The skin samples were purified from antiseptic and from the accessory fat tissues.
Experimental processing occurred within 20 minutes of surgery.

The abdominal skin samples used for examinations contained both dermis and epi-
dermis.

Incubation of skin tissues

A portion of the cleaned abdominal skin samples was cut with scissors into 1—2 mm
slices, and 0.5 g quantities were incubated separately with 0.5 /iCi [4-14C]DHA, [4-14C]A5diol,
[4-,4C]/14-dione and [4-14C]Test as described previously [10, 12, 13]. The metabolites formed
were determined.

Determination of concentrations offree androgens and Cl9-steroid sulphates in abdominal
skin tissue

In another portion of the cleaned abdominal skin tissue, the concentrations of free
androgens (DHA, And, /)4diono, ,P-diol, Test and DHT) and Ci9steroid sulphates (DHA-S,
And-S, zI5-diol-3-S and Test-S) were determined as described previously [12, 13]. The con-
centrations of the individual steroids are given in units of nmol/kg wet skin tissue.

Determination of concentrations of androgens and CI9-steroid sulphates in serum

In the serum of blood samples taken at 8. a.m., Test, ZI5diol, DHT and zP-dione were
determined as described previously [47]. The results are expressed in units of nmol/l.

Of the Cl19steroid sulphates, the concentration of DHA-S in the serum was determined
by direct radioimmunoassay (RIA). The results are expressed in units of pmolB.

The concentrations of And-S, zP-diol-S and Test-S in the serum were determined with
the P.B.A. procedure of Téth [45]. The And-S and zP-diol-3-S concentrations are expressed
in units of pmolR, and the Test-S concentrations in units of nmol/1.

The serum cortisol level was determined with a modification of the extraction procedure
of Mattingly and the fluorimetric procedure of Spencer—Peet [6, 30, 42].

The total 17-Ks, the total 17-OH-CS and the P-triol in the urine were determined as
described previously [9].
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For none of the three I. H. patients did the examination of the amounts
of setroids excreted in the urine (Table 1) reveal differences which could be
correlated with the high degree of hirsutism.

In the 8 a.m. blood samples the serum total Test, DHT and zI5diol
concentrations (Table Il1) were normal in all three patients. The Zl4-dione level
was normal in patient M. T., but pathologically high in the other two cases.

The concentrations of the C19steroid sulphates (And-S, DHA-S, A5
-diol-3-S and Test-S) and cortisol for the three I. H. patients (Table I11) did not

differ from the values for healthy women.

Metabolic examinations in abdominal skin

The percentage conversions of the radioactive metabolites formed during
the in vitro incubation of the radioactive steroid substrates and the hairy
abdominal skin slices from the three
results obtained under similar conditions for healthy women (Tables IV-VII).

Table IV

The in vitro metabolism of [4-uC] dehydroepiandrosterone by human skin

[4->*C]DHA

Test

Z5-diol

zl4-dione

5a-ane-dione

And

llealthy women

(17—45 years) M. I. 16 years
0.20

(0.08-0.33) 143
n—3
132

(1.03  1.90) 351
n 3
5.34

(0.85-13.00) 15.20
n—7
176

(0.85 2.22) 2.50
n=3
2.14

(0.81-3.70) 6.13
n=4

T. A. 16 years

conversion %

0.14

1.45

0.40

Patients with idiopathic hirsutism

K. E. 17 years

0.49

13.67

1.92

Healthy men
(19—46 years)

0.48
(0.04 1.38)
n=6

1.85
(1.19-2.97)
n—>5

6.00
(1.37-12.39)
n=9

1.86
(0.30-4.84)
n=5

(0.62-6.84)
n==6
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Table V

The in vitro metabolism of [4-uC] 5-androstene-38,17R-diol by human skin

Healthy women Patients with idiopathic hirsutism Healthy men
22—46 years ’ 19—45
[4-14C] £ -diol ( n:??, ) M. I. 16 years T. A. 16 years K. E. 17 years ( nzsyears)

conversion %

Test 18.73 24.55 1.86 16.25 875
(13.20—26.80) (4.06-15.13)
DHT 0.67 1.31
(0.40-0.98) 1.90 0.22 0.58 (0.30-2.72)
/14-dione 5.23 141
(1.40-11.16) 2.20 0.28 1.05 (0.45-4.08)
5a-ane-dione 0.53 0.65
(0.34-0.64) 5.02 0.13 0.25 (0.30-1.86)
0.57 0.41
And (0.52-0.66) 1.26 0.15 0.32 (0.28-0.54)
DHA 4.92 6.79
(3.43-6.09) 3.44 4.62 3.76 (3.40-20.98)
Table VI

The in vitro metabolism of [4-biC]4-an(1ro8lene-3,17-dione by human skin

Healthy women Patients with idiopathic hirsutism Healthy men
(26—43 years) (19—37 years)
n=7 =

M. |. 16 years T. A. 16 years K. E. 17 years n=g

[4-u Clid4-dione

conversion %

Test 1.80 1.96
(1.33—2.28) 2.65 3.63 2.30 (0.91-2.62)
DHT 0.37 0.54
(0.10—0.56) 1.85 0.69 0.43 (0.18-0.86)
5a-ane-dione 10.85 12.93
(4.20—16.14) 42.80 17.26 12.00 (9.15-15.45)
And 8.34 10.82
(2.57—11.42) 17.00 16.62 13.33 (7.09-15.87)
Epiand 6.01 2.39
(1.26—10.30) 2.87 1.83 10.15 (0.98—4.85)

Androgens and C19-steroid sulphates in abdominal skin tissue

The results on the androgens and the Clg-steroid sulphates in the hairy
abdominal skin from the three I. H. patients are given in Tables VI1I-1X.
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The in vitro metabolism of [4-*C] testosterone by human skin

[4-14C] Test

DHT

5a-ane-diols

Zl4-dione

5a-ane-dione

And

Epiand

Healthy women
(26-£ L rar,)

5.61
(3.70-7.21)

3.45
(2.26-4.58)

3.52
(1.82—5.11)

0.81
(0.50—1.14)

0.83
(0.61-1.36)

0.69
(0.33-1.59)

Table VII

Patients with idiopathic hirsutism
K. E. 17 years

M. 1. 16 years

11.39

2.64

0.28

T. A. 16 years

conversion

Table VIII

4.86

3.41

0.24

%

3.00

2.65

0.55

0.50

0.40

Healthy men
(19— 37 years)
n=5

6.39
(3.84-9.33)

3.36
(1.20-8.51)

4.20
(3.43  6.30)

122
(0.50-1.78)

1.37
(057  2.69)

0.71
(0.24  1.25)

Androgenic steroids in abdominal skin tissue from women with idiopathic hirsutism
(nmol/kg wet weight)

Patients

Patients with idio-
pathic hirsutism
M. I. 16 years
T. A. 16 years
K. E. 17 years

Healthy women
mean

+S.E.M.
(28—46 years)
n=7

DHA

716

116

79
+29

And

105
181
163

55
+19

/P-dione

248

54

36
+8

d5-diol

203
70

30
14

Test

63

326

17
+6

DHT

264
48

1+
» ©

25

Quotients of androgen concentrations in abdominal skin tissue and serum

Table X lists the quotients of the concentrations of the androgens in the
skin tissue and those in the serum, while the corresponding data for the C19
steroid sulphates are to be found in Table X1.
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Table IX

Clt-steroid sulphates in abdominal skin tissue from women with
idiopathic hirsutism (nmol/kg wet weight)

Patients

Patients with
idiopathic hirsutism
M. 1. 16 years

T. A. 16 years

K. E. 17 years

Healthy women
mean:
+S.E.M.
(28—46 years)
n=17

And-S DHA-S
4.018 33.631
780 398
1.069 6.889
132 82
+29 +27
Table X

zi5-diol-S

4.987

699

42
+7

Test-S

Correlation between androgenic steroid contents in abdominal skin tissue and
in serum of women with idiopathic hirsutism

Patients

M. 1. 16 years
T. A. 16 years
K. E. 17 years
Healthy women
mean:
range:
(28—46 years)
n=17

zl4-dione J 5diol
63.6 67.7
9.9 21.2
4.7 30.5
5.7 8.1
3.8—121 5.3—14.3
Table XI

Test

24.2
20.4
112.4

7.1
5.2-19.5

DHT

29.6
100

4.1
2.4-26.5

Correlation between C19-steroid sulphate contents in abdominal skin tissue and
in serum of women with idiopathic hirsutism
(abdominal skin tissue nmol/kg/serum nmol/1)

Patients

M. 16 years
T. A. 16 years
K. E. 17 years
Healthy women
mean:

range:
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And-S DHA-S

1.26 4.28

— 0.09

1.20 0.92

0.08 0.01
0.04-0.20 0.006-0.03

J 5-diol-S
7.55
3.68

0.12
0.06-0.22

Test-S

17.52

1.12
0.94—3.44
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Discussion

Human skin and the accessory appendages (sebaceous and apocrine sweat
glands, hair follicles) are currently regarded as typical androgen target organs
[34, 35]. In skin tissues originating from the various anatomic regions (scrotum,
prepuce, pubes, abdomen, face, etc.), an intensive androgen metabolism occurs,
to an extent depending on the type of the skin [8, 10, 11, 14, 15, 23, 28]. Test is
formed from the weakly androgen-active precursors (DHA, zI5diol, /d4-dione).
DHT is synthetized from Test in the skin: this is metabolized ot 5a-androstane-
-3a,17/3-diol and to 5a-androstane-3/?,17/?-diol [28]. The enzymes A5ZRB-
-hydroxysteroid dehydrogenase (/13-3/?-HSD), 3a-HSD, 3/1-HSD. 17/1-HSD and
/j~a-reductase (5a-R) play important roles in these biochemical processes.

Relatively few authors have studied the metabolisms of the androgen
precursors and Test in skin tissues from various anatomic regions in women
with I. H. The findings are not clear-cut either. Thomas and Oake [44] observed
an intensive metabolism of DHA in the in vitro incubates of skin tissues from
the area of the linea alba in women with I. H. Particularly the formation of
Test and the weakly androgen-active 17-Ks was enhanced in comparison with
the values for healthy women. No difference in utilization of Test was observed
between similar skin tissue from I. H. and healthy women. In contrast, Kuttenn
et al. [28] and Mauvais-Jarvis et al. [32] demonstrated intensive DHT, 5a-ane
3a,17/3-diol and 5a-ane 3/3,17/3-diol formation in the pubic skin of I. H. patients
in the course of metabolism of Test.

Our investigations reveal that the hairy abdominal skin of the three I. H.
patients metabolized the radioactive precursors (DHA, /I5diol, /l4dione) in
different ways. A significant difference was also observed in the metabolism of
radioactive Test (Table X11).

Although the blood androgen levels were normal, the hairy abdominal
skin of patient M. I. formed Test, DHT and androgenic 17-Ks with pathological-
ly high percentage conversionsfrom DHA and zl4-dione precursors. In the metab-
olism of [4-14C] Test too, the syntheses of DHT, the 5a-ane-diols and the
androgenic 17-Ks were pathologically enhanced: only the formation of Epiand.
was diminished. These results indicate that the activities of 17/1-HSD, 5a-R,
25-3/5-HSD and 3a-HSD were enhanced in the hairy abdominal skin of the
patient, while the activity of 3/3-HSD was decreased. On the basis of our exami-
nations, the hirsutism is regarded as the most severe in this case. Some support
for this assumption is provided by the fact that the mother of this patient was
also shown to suffer from hirsutism [29].

The hairy abdominal skin of patient T. A. formed Test, DHT and the
androgenic 17-Ks with pathologically high percentage conversions only from
the precursor /l4dione. From the precursors DHA, A3diol and Test, the andro-
genic metabolites were formed in normal or decreased amounts. These results
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Table XII

Activities of androgen precursor and testosterone metabolysing enzymes in abdominal hairy
skin samples of women with idiopathic hirsutism

DHA J 5-diol £ -dione Test
Substrates
o @ 2 4 o £ 4 4 4 o [
g 3 3 3 g " 3 3 B g 3 %
> > > > > > > > > >
© © ~ © © t © © ~ © © t—
Metabolites = - - = - = - - = =
= < wi = < 7] = « wi = % bl
S £ ¥ s = K x = =
Test (17/9-HSD) t N t N N t t t - - -
DHT (5a-R) - - - t * N t t N t N *
zI5-diol (17/S-HSD) t t t —
5a-ane-diols (3a,-3/?-HSD) t 1 N
zlJ-dione (zI5-3/9-HSD) 1 N 1 N j 7 - = — t N
5a-ane-dione (5a-R) t * N t i J t t N t N
And (3a-HSD) t * N t i 1 t t t t t *
Epiand (3/3-HSD) —_ - - - — — N N N i 1 N
DHA (17/S-HSD) — — — N N N
N = normal conversion HSD = hydroxysteroid dehydrogenase
t= increased conversion R = reductase
J= diminished conversion y = years

require consideration, if it is borne in mind that the blood ZI™-dione level was
pathologically high in this patient, while at the same time the activities of the
enzymes 17/5-HSD, 5oc-R and 3a-HSD catalyzing the metabolism of this pre-
cursor were enhanced in the hairy abdominal skin.

The metabolisms of the precursors DHA and zl4dione were the most
significant in the abdominal skin of patient K. E.: the metabolisms of Z5diol
and Test did not play an appreciable role in the formation of the androgens.
Besides the pathologically high blood level of zl4-dione, the hyperactivities of
17/2-HSD, /153/?-HSD and 3oc-HSD could be detected in the hairy abdominal
skin tissue.

Our investigations indicated that the deciding role in the hairy abdominal
skin of the three 1. H. patients is played by the hyperactivity of 17/S-HSD,
which catalyzes the conversion of zl4dione to Test. In this respect, the metabol-
ism of /b-dione in the skin is of primary importance. The hyperactivity of
5a-R, which synthetizes DHT from Test, is only of secondary importance.
The hyperactivity of Z5-3/S-HSD plays a role in the metabolism of the precursor
(DHA).

The hyperactivities of the enzymes in the hairy abdominal skin of the
three 1. H. patients suggested the possibility that the androgenic steroids are
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formed locally in pathologically high amounts from various precursors reach-
ing the skin from the blood stream.

The literature contains very few data on the steroid concentrations in skin
tissue. Deslypere et al. [3] examined the concentrations of Test, DHT and
5a-ane-3a,17/3-diol in the prostate gland, sexual skin (scrotum and pubes),
non-sexual skin (thigh) and striated musculature (m. gastrocnemius) in corpses,
within 24h of death. Their results showed that the androgen concentrations of
the prostate gland and the sexual skin were much higher than those of the
non-sexual skin and musculature. Deslypere and Vermeulen [4] studied the
concentrations of Test, DHT and 5a-ane-3a,17/?-diol in the same tissues post
mortem as a function of age between 20 and 82 years. As the age increased,
the concentrations of the three androgens decreased only in the pubic skin.

In these investigations the Test and DHT concentrations of the sexual
and of the non-sexual skin were much lower than we found in the abdominal
skin of healthy and of I. H. women. The explanation of this may be the differ-
encebetween the two methods and the different manners of collecting the skin
samples. Further experimentation should be carried out to clarify these points.

From the study of the free androgens it may be stated that all of the
examined androgens were present in the hairy abdominal skin of patient M. I.
in considerably higher concentrations than in healthy women. With the excep-
tion of DHA in patient T. A. and DHT in patient K. E., all of the androgenic
steroids were to be found in pathologically high amounts in the hairy abdominal
skin of the other two cases. The extremely high Test concentration and the
normal DHT concentration are striking.

Of the C19steroid sulphates, the concentrations of And-S, DHA-S and
H5-diol-S were pathologically high in the hairy abdominal skin of all three I. H.
patients. The concentration of Test-S was pathologically elevated in patient
K. E., but normal in the other two patients.

The results demonstrate that most of the free androgens and C19steroid
sulphates were present in much higher concentrations in the abdominal skin of
the 1. H. patients than in that of healthy women. Thus, the hyperandrogenisin
assumed on the basis of the in vitro incubation experiments was confirmed by
androgen analysis of the abdominal skin tissues.

The extent of accumulation of the androgens and the C19steroid sulphates
in the hairy abdominal skin ofthe I. H. patients can be expressed more illustra-
tively by the quotients of their concentrations in the skin and in the serum.

All of the free androgens were accumulated considerably in the abdominal
skin of patient M. I. In the abdominal skin of T. A., the zI5diol, Test and DHT
were accumulated to a pathological extent, while in patient K. E. the concen-
trations of /I5-diol and Test were pathologically high, whereas that of DHT was
normal. The Cl19-steroid sulphates were accumulated considerably in the hairy
abdominal skin of all three I. H. patients.

Ada Medica Hungarica 41, 1984



30 FAREDIN, 1., TOTH, I.

The quotients of the steroid concentrations in the abdominal skin tissue
and in the serum confirmed that there were considerable accumulations of
Test and zl5diol in the hairy abdominal skin of the three I. H. patients. The
DHT concentration was pathologically high in patients M. I. and T. A., while
that of Zl4dione was normal in patients T. A. and K. E., in spite of the fact
that the A4dione level was pathologically high in the serum of these two
patients.

It is known that human skin is unable to synthetize androgens from
cholesterol or pregnenolone. Thus, the androgenic steroid content of human
skin arises from Test, DHT and the weakly androgen-active precursors reaching
the skin tissues from the blood stream. There is an intensive androgen metabo-
lism in human skin, however, and the androgen precursors (DHA, /I5diol,
J4-dione, etc.) are metabolized in various directions, depending on the activities
of the enzyme systems of the skin, e.g. towards the strongly androgenic Test
and DHT [8, 10, 11] and also towards sulpho-conjugation (DHA-S, Z5diol-S)
[10, 15]. Therefore, the prevailing composition and quantity of the androgens
in the skin tissue are determined jointly by the androgenic steroids formed
locally in the skin or reaching the skin from the circulating blood.

On entering the blood stream, the bulk of the steroid hormones produced
by the endocrine glands bind to protein (SHBG, transcortin, alboumin), while
the remainder circulates in the free state. The free hormones are of particular
importance in this steroid hormone transport. If, for instance, the testosterone
binding globulin (TeBG) level in the blood decreases, the free Test level in the
blood rises: on passing into the skin and the hair follicles, it causes hirsutism
[2, 43]. “Low TeBG level hirsutism” has thus been separated from the group
of I. H. [2, 48].

The hirsutism is attributed to the enhanced sensitivity of the hair follicles
if the level of total androgens circulating in the blood stream and the TeBG
level are normal. In such cases, either the concentration of androgen receptors
increases around the hair follicles, or the peripheral conversion increases in the
skin, and pathologically high amounts of Test and DHT are formed from the
precursors. Such hirsutism is regarded ad “pure peripheral hirsutism” [2].

Little is known of the state of the steroids in the tissues. An increasing
number of data support the hypothesis that the androgen sensitivity of the
tissues may he characterized by the number of binding sites of the androgen
receptors. The latter varies in parallel with the concentration of the androgens
[27]. Not only the androgens, but also the C19-steroid sulphates exhibited high
concentrations and accumulations in the hairy abdominal skin of our I. H.
patients: this phenomenon can not be explained by the androgen receptors
alone [34, 35]. It is possible that there is a change in the mechanism of elimi-
nation of the C19steroid sulphates formed in the abdominal skin or reaching it
from the blood stream, hut it is also possible that in the hairy abdominal skin
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of I. H. women there is an accumulation of protein causing binding of the
steroid sulphates examined [20, 26]. The importance of these steroid sulphates
and their role, if any, in the development of hirsutism have not yet been elu-
cidated.

Consideration of the above results leads to the following diagnoses for
our three I. H. patients:

Patient M. l.: “pure peripheral hirsutism”. This is supported by the
following data:

1. The concentrations of androgens and C19steroid sulphates in the
peripheral blood are normal. The cortisol and DHA-S levels are normal.

2. The metabolisms of Test and two precursors (DHA and Zl4-dione) in the
hairy abdominal skin are enhanced. It follows that the enzymes 17/3-HSD,
50c-R, zI53/?-HSD and 3a-HSD in the skin are hyperactive.

3. The concentrations and accumulations of the androgens in the hairy
abdominal skin are pathologically high.

4. With the exception of Test-S, the concentrations of the C19steroid
sulphates in the hairy abdominal skin are pathologically elevated. The accu-
mulations of these steroids in the skin are similarly pathologically high.

Patient T. A.: “mixed peripheral hirsutism”. This is confirmed by the
following results:

1. In the peripheral blood the Test, DHT and Z5diol levels are normal,
while the concentration of Z4dione is pathologically high. The cortisol and
DHA-S levels are normal.

2. The picture of the metabolism in the hairy abdominal skin is dominated
by the metabolism of zl4-dione. The activities of 17/1-HSD, 5a-R and 3a-HSD
in the skin are enhanced. The formation of DHT from Test is normal.

3. With the exception of DHA, the concentrations of the androgens in the
hairy abdominal skin are pathologically high. With the exception of Test-S, the
guantities of the C19-steroid sulphates too are high.

4. With the exception of zl4dione, the accumulations of the androgens in
the hairy abdominal skin are pathologically high. The accumulation of DHA-S
is also enhanced.

Patient K. E.: “mixed peripheral hirsutism”. This is supported by the
following data:

1. In the peripheral blood, the levels of Test, DHT and A5diol are normal,
while the /l4dione concentration is pathologically high. The levels of cortisol,
DHS and the C19steroid sulphates are normal.

2. The metabolisms of DHA and zj4-dione are the most marked in the
hairy abdominal skin. The metabolisms of zP-diol and Test do not play a signif-
icant role in the formation of the skin androgens. It follows that the activities
of 17/3-HSD, /P-3/1-HSD and 3a-HSD are enhanced.The formation of DHT from
Test is decreased.
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3. With the exception of DHT, the concentrations of the androgens and
the C19-steroid sulphates in the hairy abdominal skin are pathologically high.

4. The accumulation of Test in the hairy abdominal skin is extremely
high, and the accumulation of A5diol too is pathologically enhanced. The
Z4dione and DHT levels are normal.

5. The accumulations of all the C19-steroid sulphates in the hairy abdomi-
nal skin are pathologically high.

To evaluate our results, it may be stated that study of the levels of the
androgens and the C19steroid sulphates in the blood and in the skin tissue,
together with study of the metabolisms of the androgens in the skin tissue,
permits the distinction of certain forms of I. H.: “pure peripheral hirsutism”
and “mixed peripheral hirsutism”. In the former, a role is played only by the
hyperactivity of the enzyme systems of the skin tissue: in the latter, parts are
played jointly by the hyperactivity of the enzyme systems of the skin tissue
and by the high blood level of A£-dione.

The development and growth of sexual hair (moustache, beard, chest
hair, etc.) is mainly a consequence of the effects of genetic and hormonal factors.
Of the hormonal factors, special significance is attributed to the androgens
[5, 22, 23]. Anintensive androgen metabolism is known to take place in the hair
follicles [18,19, 39—41]. It was previously not known what roles are played by
Test, DHT or other androgens in the development of the hair follicles and in the
growth of the hair. Farthing et al. [17] examined the connection between the
growth of hair on the face of men and the concentrations of Test and DHT in
the plasma. Their investigations appear to confirm that Test and DHT play
independent roles in the growth of face hair on men. Test influences the develop-
ment of the hair follicles and the thickness of the hair, while DHT influences
the growth of the length of the hair. Their results are supported by their studies
on coeliac patients: the blood Test level was enhanced, the blood DHT level
was decreased, the thickness of the facial hair was significantly higher, and the
growth in length of the facial hair was considerably diminished. These results
are in accordance with those of Randall et al. [37, 38], who demonstrated in
experiments on rats that the mechanisms of action of the androgens in the
skin differ from those observed in the prostate gland. The role of DHT is not so
important in the skin as in the prostate gland, and Test itself is responsible
for the androgen effect in the skin.

The above studies support what we observed in our hirsutism patients.
The picture of the metabolism was dominated by the pathologically high
guantity of Test formed from the precursors, as a consequence ofthe hyperactiv-
ity of 17/3-HSD, this was confirmed by the pathologically high concentration
of Test in the hairy abdominal skin. The formation of DHT and the activity
of the enzyme 5a-R are only of secondary importance in the hirsutism cases we
examined. Further investigations are required to recognize the binding proteins
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responsible for the accumulation of the androgens and C19steroid sulphates in
the hairy skin.
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Using a primary cell culture of rat anterior pituitary and corticotropin (ACTH)
R1A, the effects of various steroids have been investigated. Dexamethasone inhibited
the ACTH release stimulated by a-melanotropin and Pitressin (posterior pituitary
extract), but did not influence the non-stimulated release. The effect of all the investi-
gated steroids was significant; aldosterone exhibited a more marked inhibition than
spironolactone. Simultaneous administration of aldosterone and spironolactone resulted
predominantly in the manifestation of spironolactone action. A newleffect of spirono-
lactone has been demonstrated in vitro; the evaluation of its pharmacological impor-
tance requires studies in vivo.

Keywords: corticotropin, dexamethasone, aldosterone, spironolactone, a-melano-
tropin, Pitressin

Introduction

PitressinR (Parke-Davis) is a sterile, aqueous solution of vasopressin.
The manufacturers have recently changed the method of preparation: the
earlier purified extract of bovine posterior pituitaries, substantially free from
oxytocin, has been replaced by synthetic arginine-8-vasopressin (AYP). We have
published our experiences with the corticotropin-releasing (CRF) activities
of both PitressinR preparations [10]: the earlier PitressinR (posterior pituitary
extract) caused a more pronounced stimulation of ACTH release in vitro as
compared to the effect of the new synthetic preparation®

Consequently, we presumed that the preparation from posterior pitu-
itaries contained a substance or substances which enhanced the corticotropin-
-releasing activity of pure vasopressin. It was earlier reported that PitressinR
(posterior lobe extract) is contaminated with a-melanotropin (a-MSH) [24].
We have recently demonstrated the CRF-like activity of a-MSH and the
synergism of the combination of a-MSH and AYP in vitro [15].

In further studies, we tested the inhibition of ACTH release stimulated
by a-MSH and PitressinRin primary cell cultures of the rat anterior pituitary

[11]. Some of our results with various steroids as inhibitors are presented in
this paper.

Send offprint requests to Dr. J. Julesz, H-6701 Szeged, P.O.B. 469.
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Materials and methods

Pitressin® (posterior pituitary extract, Parke—Davis) and synthetic a-MSH (MW
1665.0, Dr. N. Ling) were used as stimulants of ACTH release; the inhibitory actions of dexa-
methasone (MW 392.45, Sigma), aldosterone (MW 360.44, Merck) and spironolactone (MW
416.60, Sigma) were challenged. The cell culture method was a modification of the technique
ofVale et al. [21]. Twenty Fisher 344/Lis male rats of 220—280 g body weight were decapitated,
and the anterior pituitaries carefully separated from the intermediate-posterior lobes. The cells
of the anterior lobes were cultured as described previously [16]. The experimental incubation
period was 3 hours: steroids were added to the cell cultures at the start of the experiment,
followed 1 h later by the stimulants, with subsequent incubation for a further 2 h. A similar
schedule has been employed by others [1, 2, 18] because steroids exert their effect through de
novo synthesis of ribonucleic acid, and consequently the onset of their action requires a longer
time than that for peptide hormones [14]. After the experiment, the incubation medium was
removed for ACTH radioimmunoassay (RIA); in certain cases, for determination of the internal
ACTH content of the cells, the cell walls were lysed with a buffer containing paramethyl-
sulphonyl fluoride, iodoacetamide and detergent, and by repeated freezing. ACTH measure-
ment was performed in a 1 :4 dilution of the medium and a 1 : 100 dilution of the lysed cells.
The experimental medium and the lysing buffer did not interfere with the hormone determi-
nation.

The details of RIA for ACTH have been published elsewhere [6]. The assay was sensi-
tive (1.08 pmol/1) and reproducible (coefficient of variation 11.3%). The antiserum used in the
RIA was specific for the NH2terminus of ACTH, but it showed only a weak cross-reactivity
with a-MSH (0.16% at 50% displacement of I28-ACTH 1—39), and no cross-reactions with
AYP or the investigated steroids.

The measured values should be considered as ACTH immunoreactivity. Control in-
cubations in the absence of pituitary cells and at appropriate concentrations of the tested
preparations were estimated simultaneously and the values of cross-reactivity subtracted
when necessary. The latter never exceeded 20% of the immunoreactive material produced by
the cells.

The steroids were dissolved in absolute ethanol and serial dilutions were made with
the cell culturing medium, leading to final ethanol concentrations in the interval 4X 10-7 —
— 4X 10-1 v/v%. Ethanol at a concentration of4x 10_1v/v%, was added also without steroid
to the media above the untreated control cells and those treated only by stimulation. Ethanol
at the said concentration did not affect the release of ACTH.

Statistical analyses

The experiments were repeated 5 times and resulted in similar responses to the steroids.
One representative experiment of each was chosen for presentation.

Mean of ACTH concentrations are given in pmol/l + S.D. Data were analysed by
Student’s two-tailed t test, Dunnett’s test, and one-way analysis of variance.

Results

The effect of high doses (10~5g/ml) of a-MSH and dexamethasone on the
pituitary cell culture medium is shown in Figure 1. Administration of a-MSH
aloneresultedin asignificantly increased ACTH release. Dexamethasone inhibit-
ed the ACTH release stimulated by a-MSH, but did not influence the ACTH
concentration in the medium of non-stimulated cells. The internal ACTH
content of the cells was not affected by either a-MSH or dexamethasone.

We also tested the effect of various concentrations of dexamethasone on
ACTH release stimidated by 1 U/ml of PitressinR (Table I). For doses of 10~5—
10_e g/ml, the inhibitory action of dexamethasone was significant and dose-
-dependent.
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Fig. 1. Inhibitory effect of dexamethasone on a-M SH-stimulated ACTH release. ACTH in

the medium and in the cells of rat anterior pituitaries mean + S.D. (n = 4). The stimulatory

effect of a-MSH on ACTH release was significant by Dunnett’s test as compared to the release

from untreated control cells. Dexamethasone did not affect the non-stimulated ACTH release

(Dunnett), but significantly suppressed the stimulatory action of a-MSH (Student’s two-

tailed t test, P < 0.001). The internal ACTH content of the cells was not affected by any ofthe
treatments (Dunnett)

Various concentrations of aldosterone, spironolactone and spironolac-
tone -f aldosterone were challenged in simultaneously performed experiments
(Table Il a, b and c). PitressinRin a concentration of 1 U/ml was used as stimu-
lant. Treatment of the cells with 10-5—10-10 g/m| doses of aldosterone or
spironolactone induced a significant and dose-related decrease in stimulated
ACTH. Inhibition was also observed with T0-5—10-8 g/ml concentrations of
their combination (smaller doses of this combination were not investigated).

Table |

Inhibitory effect of dexamethasone on ACTH release stimulated by 1 U/ml of Pilressin n
(posterior pituitary extract)
ACTH concentration in medium2 (pmol/1)

Dexamf”ras"”ev 0 10® 10® 10-» 10® 10-"  tO-io 10-¢
g/m

n 7 8 4 4 4 4 4 4
mean 338.36 171.16 149.38 231.44 239.36 254.32 334.40 370.04
+S.D. 3491  42.04 40.26 44.66 3155 43.03 52.29 45.78
level of significance with

Dunnett’s test related 99% 99% 99% 99% 99% NS NS

to cells not treated with
dexamethasone (0)

1ACTH release was stimulated by 1 U/ml of Pitressin® in each column of the Table.
2Mean of 12 control incubations was subtracted from the values obtained with treated
cells.
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Table N

Inhibitory effect of aldosterone and spironolactone on ACTH release stimulated
(posterior pituitary extract)

by 1 U/ml of Pitressin

ACTH concentration in medium* (pmol/1)

a Effect of aldosterone

Aldosterone, q 10-5 10-« 10-*
g/ml
n 7 8 4 4
mean 338.36 60.72 7458 106.92
+S.D. 3491 3582 35.22 8.58
level of significance with
Dunnett’s test related 99% 99% 99%

to cells not treated with
steroids (0)

b Effect of spironolac tone

Spironolactone, q io-s 10-« 10-*
g/ml

n 7 4 6 4
mean 338.36 163.68 170.94 198.44
+S.D. 3491 26.84 25.94 35.73
significance (Dunnett) re-
lated to cells not treated 99% 99% 99%
with steroids (0)
significance (1 way anal-
ysis of variance) related 99% 99% 95%
to identic doses of
aldosterone
P 0.0012 0.0034 0.0144

¢ Effect of spironolactone + aldosterone

Dose of steroids, 0 10-¢
g/ml

n 7 7
mean 338.36 155.03
+S.D. 34.91 30.25
significance (Dunnett) related to cells 99%
not treated with steroids (0)
significance (one way analysis of 99.9%
variance) related to identic doses of
aldosterone
P 0.0005
significance (one way analysis of
variance) related to identic doses of NS

spironolactone

10-« io-> 10-1« 10-«
4 4 4 4
154.88 178.42 263.56 322.08
28.12 44.70 43.74 44.18
99% 99% 99% NS
10-» 10-» 10-" 10-«
4 7 4 4
213.18 201.52 251.46 338.80
33.40 13.18 40.85 26.20
99% 99% 99% NS
NS NS NS NS
10-« 10-* 10-«
4 7 4
135.00 167.35 247.28
26.49 34.30 19.78
99% 99% 99%
NS NS 99%
0.0060
NS NS NS

1ACTH release was stimulated by 1 U/ml of Pitressin™ in each column of the Table.
*Mean of 12 control incubations is subtracted from the values obtained with treated cells.
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The inhibitory effect of large doses (10_", 10~6 and 10~5 g/ml) of aldosterone
was significantly higher than that of spironolactone. Less marked was the inhi-
bition by a combination of spironolactone and aldosterone than of aldosterone
alone. The effect of the spironolactone -|- aldosterone combination did not
differ significantly from that of spironolactone, suggesting that, when adminis-
tered simultaneously with aldosterone, the effect of spironolactone prevailed.

Discussion

Thus, a high dose of dexamethasone did not influence the basal release
of ACTH in our pituitary cell-culture system, although it inhibited the stimula-
tory effect of a-MSH and Pitressin®. Similar observations have been reported
by others [2, 18, 22]: the corticotropin release stimulated by hypothalamic
extracts and by potassium was suppressed by glucocorticoids, but not below
the basal level. In contrast, it is known from clinical experience and animal
experiments that dexamethasone decreases the plasma ACTH concentration to
below its non-treated value.

The contradiction may be explained by several facts, viz. (1) the in vivo
inhibitory action of the steroid may manifest itself not only directly on the
pituitary but also through higher regulatory systems; (2) the value considered
as the hasal level in vivo is in fact a consequence of a stimulated secretion as the
pituitary may continuously be influenced by various endogenous CRF-like
stimuli; (3) the characteristics of the cell receptors might be altered by the
enzymatic treatment of the cells during the culturing process.

ACTH stimulates the secretion of glucocorticoids, mineralocorticoids
and sex hormones from the adrenal cortex. Though it is widely accepted that
only the glucocorticoids play an important role in the regulation of in vivo
ACTH secretion by their negative feed-back effect [1, 2, 7, 9, 18], a less pro-
nounced inhibition has been observed in vitro with some other steroids such as
aldosterone [19, 20]. Thus, our experience with aldosterone is in partial agree-
ment with the findings of other authors, although aldosterone induced a more
marked suppression of ACTH release than did dexamethasone in our cell culture
system. This phenomenon may be due to certain differences in the experimental
conditions.

Our finding with spironolactone deserves some attention. As a competitive
antagonist of aldosterone, spironolactone is widely employed in the therapy
of various diseases. Numerous effects and side-effects have been reported, for
instance chronic administration of spironolactone induces secondary hyperal-
dosteronism; its presence inhibits the aldosterone-secretion stimulating effect
of ACTH; spironolactone has progestative and antiandrogeneic actions; it
disturbs the fluorimetric determination of cortisol etc. [3, 4, 5, 8, 12, 13, 17,
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23, 25]. We have demonstrated a new effect of spironolactone in vitro: it inhibits
the release of ACTH. However, the limited conclusiveness of the rat pituitary
cell culture technique employed in our experiments has to be considered.
Accordingly, the significance of these findings in clinical use still remains to be
investigated.
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Tritiated vasopressin analogues (LYP, AVP, dDAVP) of high specific activity
were produced. The labelled peptides were purified by RP-HPLC. The biological half-
life, organ distribution and in vivo metabolism of the hormones were studied in the
rat. The half-life of dDAVP was longer than that of LVP or AVP. The half-life cal-
culated from [3H]AVP isolated from bloods was shorter than the value based on total
radioactivity. The hormones were degraded in the kidney, the liver and small intes-
tine, the main metabolic product being [3H]Tyr. Large radioactivity accumulations were
detected in the neurohypophysis and the adenohypophysis.

Keywords: tritiated vasopressin analogues, half-life, organ distribution, meta-
bolism

Introduction

Experimental endocrinology first defined the physiological significance
ofthe neurohypophyseal hormones. Vasopressin and oxytocin are nonapeptides
which play a role in the regulation of a number of vital processes. To clarify
the mechanism of action of vasopressin, we felt it necessary to establish its
manner of disappearance from the blood circulation; we also wished to collect
data on its metabolism in vivo. It is difficult to perform such experiments
because of the low hormone levels and the rapid enzymatic degradation; this
necessitates the use of a considerable multiple of the physiological hormone
concentration. Investigation of these processes by bioassay is complicated and
inaccurate [1, 5, 9, 12, 33], while studies involving radioimmunoassay without
a sufficiently specific antiserum failed to give reliable results [20, 31, 39].
Work at themolecular levelwas greatly aided by the availability of radiolabelled
peptides of high specific radioactivity. A physiological vasopressin concentra-
tion has been attained with iodine labelled vasopressin [2, 20, 35, 36, 43], but
the biological activity of the iodinated peptide was different from that of the
unlabelled hormone. In experiments with tritiated vasopressins, although the
employed amount of hormone was higher than the physiological level, these
compounds had full biological activity [15, 22, 36, 38, 40, 43, 45].

Send offprint requests to Dr, T. Janaky, H-6701 Szeged, P.O.B. 469.
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Earlier attempts to label vasopressin with tritium started with the appli-
cation of the Wilzbach method [11]. A more advanced approach was the incor-
poration of a labelled amino acid ([3H]Tyr, [14C]Gly) into the hormone by
classical techniques of peptide synthesis [37, 41]. Now, catalytic dehalogenation
is the usual method of producing tritiated neurophyseal hormones of high
specific activity [10, 16, 18, 29].

The present paper reports on the tritiation of vasopressin analogues via
their diiodo derivatives, and on the organ distribution and disappearance from
the circulation of intravenously injected [3H]8-lysine-vasopressin ([3H]LVP),
[3H]8-arginine-vasopressin (PHIAVP) and [3HIl-deamino-8D-arginine-vaso-
pressin ([3H]JdDAVP).

Materials and methods

Radioactive materials

The tritiated vasopressin analogues were prepared by catalytic tritiation from dihaloge-
nated tyrosine-containing synthetic vasopressin derivatives [16]. 3,5-Dibromotyrosine2-8-
-lysine vasopressin was synthetized by the conventional solid-phase method. After tritiation
the peptide was purified in two consecutive steps by Sephadex G-15 gel-chromatography
[ Synthesis of 3,5-diiodotyrosine28-arginine-vasopressin and 3,5-diiodotyrosine2I-de-
amino-8D-arginine-vasopressin was carried out by the method of Flouret et ah [10] with some
modification [16]. The reaction products were purified by reversed-phase high-performance
liguid chromatography (HPLC) [17].

1 /imol diiodo-AVP or diiodo-dDAVP was tritiated in 0.1 M phosphate buffer pH 6.0
in the presence of 15 mg Pd/A120s catalyst during 20 min, in a special-purpose tritiating ap-
paratus [27]. After purification on a Sep-pak Cl8cartridge, the tritiated peptides were separat-
ed by reversed-phase HPLC.

The specific radioactivities of the labelled hormones were determined by their UV
spectra and amino acid analysis.

During the experiments, the dilute acid solutions of the tritiated peptides were stored
jn liquid nitrogen.

High-performance liquid-chromatography

Purification of the iodinated and tritiated vasopressins was carried out on an ALTEX
HPLC apparatus, consisting of two pumps (Model 110A), a System Controller (Model 420) and
a Rheodyne injector (Model 7120). Column eluates were monitored for UV absorbance at 254
or 278 mm, using an ISCO Absorbance Monitor (Model 1800). The metabolic products of the
labelled peptides in blood and the tissues were analysed by a Waters 6000A pump, a U6K
universal liquid-chromatographic injector and an LKB Uvicord Ill fixed-wavelength UV
monitor. Chromatography of the peptides was performed using a /iBondapack C18 column
(3.9 mmX 30 cm) and a Nucleosil 5Clg column (4.6 mm X 25 cm). All solutions were prepared
with glass-distilled and deionized water, and passed through a 0.45 pm Millipore HA membrane
filter. Analytical grade methanol (E. Merck, Darmstadt, FRG) was filtered on a 0.5 /111 Milli-
pore FH filter. The ammonium acetate buffer was 0.05 M in total acid and was freshly prepared
by titration with ammonia solution to the desired pH. The iodinated and tritiated peptides
were purified by gradient elution, while isocratic chromatography (pH 6.5 buffer — metha-
nol = 60 — 40; v/v) was used in the metabolic experiments. Just before chromatography, the
mobile phase was degassed for 5 min in an ultrasonic bath. Fractions were collected, and the
radioactivity was measured in Luma-Gel liquid scintillation fluid (LUMAC B.V., The Nether-
lands), using a Packard liquid scintillation spectrometer (Model 3255). Quench correction was
carried out with external standard ratios.
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Determination of biological half-life

For investigation of the disappearance of the radioactivity from rat plasma, male R-
Amsterdam rats weighing 220 —250 g were anaesthetized with ether. A polyethylene cannula
was inserted into the right carotid and diluted heparin was injected. The femoral vein was
exposed and 15 /tCi (555 KBq) tritiated vasopressin analogue in a volume of 200 fil was ad-
ministered. A stop-watch was started when half of the radioactive sample had been injected.
Blood samples were then taken through the carotid cannula after 20 and 40 s and 1, 2, 4, 8,
16, 32 and 60 min. The plasma was obtained by microcentrifugation; 50 fil was added to 10 ml
Insta-Gel liquid scintillation fluid (Packard Instrument) and the radioactivity was determined.

To establish whether the measured radioactivity had originated from the [3H]AVP
itself or from some metabolite, the in vivo clearance of tbe labelled 8-AVP was also determined
in another way. After a single injection of 15 («Ci [3H]AVP, blood obtained at various intervals
was extracted and analysed by HPLC. It was established what percentage of the radioac-
tivity originated from the intact peptide.

For calculation of the biological half-life, the logarithms of the radioactivities measured
after different intervals were plotted versus time. A plot of the disappearance time proved
to be a multiexponential curve. The curve appeared linear in the interval 8 60 min and these
values were used to calculate a regression line by least-squares analysis. When the extra-
polated curve was subtracted from the original curve, point by point, a second linear curve
was resolved. The half-life (tt/2) was calculated from the slope of the straight line relating the
natural logarithm of the radioactivities to time (lu® In 2/slope).

Organ distribution

One hour after the administration of tritiated peptide, the animals were decapitated
and the organs were rapidly removed. The smaller organs in their entirety, and 100 mg tissue
from the larger organs, were dissolved in Soluene-350 (Packard Instrument), and the radio-
activities were measured. The results were expressed as percentages of the total radioactivity
added, measured per 100 mg wet organ weight.

In those organs in which the metabolism of vasopressin occurs (kidney, liver, small
intestine), a study was made of the extent to which the accumulated radioactivity originated
from the undecomposed [3H]JAVP. The [3H]AVP (15 /rCi) was administered through the
femoral vein to urethan-anaesthetized rats. At 2, 5 and 60 min one of the kidneys, one lobe
of the liver, and a portion of the small intestine were removed simultaneously from the animals
and immediately placed in liquid air. Samples from these organs were homogenized, the pro-
teins were precipitated and supernatants were analysed by HPLC by the method described
above.

The radioactivity of urine taken from the bladder at the end ofthe [3H]JAVP experiment
was determined in a similar manner.

Results

In the iodination of AYP and dDAVP, the reaction product was 95%
diiodinated peptides accompanied by a small amount of unreacted vasopressin,
monoiodinated vasopressin and other, unidentified peptides. The diiodopeptides
were easily separated from other products by reversed-phase HPLC. The yield
of iodination and purification exceeded 80%. The purities of these diiodo-
vasopressin analogues were checked by HPLC, TLC and their UV spectra.
The iodination of tyrosine shifted the peptide spectra to longer wavelength:

Amex = 286 mm, shoulder 294 mm, A = 310.5—311 nm.

Figure 1 demonstrates the separation of the reaction products of tritiation
of AVP by the gradient mode of HPLC. Four peaks could be detected: A:
[diAlale]-vasopressin, B: vasopressin, C: monoiodovasopressin, D: diiodovaso-
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Fig. 1. Separation of peptides on ,«Bondapack C18 HPLC column after tritiation of diiodo-8-

-arginine-vasopressin. Elution was performed isocratically from 0 to 10 min (10% methanol

in 8% acetic acid), following a linear gradient between 10% methanol in dilute acetic acid

and 50% methanol in the same solution (10—50 min), at a flow rate of 1 ml/min. The eluate
was monitored at 278 nm

pressin. The amino acid composition of the compound in the first peak was
determined by amino acid analysis.

The specific radioactivities of the peptides used in the biological experi-
ments were 3.5 Ci/mmol for LYP, 8.5 Ci/mmol for AYP, and 16 Ci/mmol for
dDAVP (Fig. 2).

The homogeneity of each of the radioactive hormones was investigated
prior to and after the experiments. Checking of the [3BH]LVP was performed by
silica gel thin-layer chromatography. After scanning, one peak became visible,
it coincided with the spot of standard LYP developed with ninhydrin (Fig. 3A).
The chromatographic purity of the tritiated AVP was 97.2%, as determined
by FIPLC. The retentiontime of [BH]JAVP was 11.2 min, the same as for synthet-
ic AVP (Fig. 3B). The radiochemical purity of [3BH]JdDAYP was investigated
by HPLC. The retention time of the tritiated dDAVP was 18 min, which is
equal to the value for the non-labelled compound (Fig. 3C).

It may be concluded from Table I that the biological activities of the
tritiated peptides are the same as those of the non-labelled hormones. After
completion of the experimental series, the antidiuretic activity exhibited a
moderate decrease in every case.

Tritiated vasopressin analogues

12 3 A5 6 7 8 9
HiN-Cys-Tyr-Phe-GIn-Asn-Cus-Pro-Lys-G ly-NH2

8-lysine-vasopressin (LVP)
specific activity :35Ci/mmol

HjN(}/s—Tyr— Phe-GIn-Asn- Cﬁ/s—Pro—Arg—G ly-NH2

8-arginine-vasopressin (AVP)
specific activity: 87Ci/mmol

H-Cys-Tyr-Phe-GIn-Asn- Cys-Pro-D-Arg- Gly-NH2

1deamix>-8D-arginine-vasopressin (dDAVP)
specific activity: 16Ci/mmol

Fig. 2. Structures and specific radioactivities of tritiated vasopressin analogues
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Time, min

Fig. 3. Radiochemical purities of the labelled peptides. A: [3H]LVP: silica gel TLC sheet;

chromatographic system: n-hutanol — water — acetic acid (8:5:4, v/v/v). B: [3H]AVP:

Nucleosil 5C18 HPLC column; elution system: ammonium acetate buffer (0.05 M, pH 6.5) —

methanol (60 : 40, v/v); flow rate 1.2 ml/min C: [3H]dDAVP: HPLC was performed as for
[3H]AVP

Table |
Biological activities of tritiated vasopressin analogues

Biological activity (I4U./ra|g)

Tritiated peptides

Compound Non-labelled
(cold) before after
experiments
8-lysme-vasopressin 270.0x17.5* 267.5+18.5 248.3+21.4
8-arginine-vasopressin 411.3+26.7 397.2+19.9 380.9+21.6
I-deamino-8D-arginine-vasopressdn 955.1+37.5 928.0+47.3 907.4+45.3

*mean +S.E.M.

These results indicated that the compounds were biologically active and
radiochemically homogeneous.

For investigation of the disappearance of radioactivity from the rat
plasmathe activities measured at individual points oftime were plotted separate-
ly for each animal on semilogarithmic paper. The plot followed an at least
double exponential function, with a rapid distribution component (fast phase)
and a slower clearance component (slow phase). The typical disappearance
curve of tritiated vasopressin in a rat is shown in Fig. 4.

Table Il shows the mean half-life of the labelled vasopressin analogues
in ten rats. The half-life of AYP and dDAVP barely differed in the fast phase,
while the value for LYP slightly less. The half-life calculated for the slow phase
was almost the same for LVP and AVP, but it was significantly longer for
dDAVP.
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Fig. 4. Disappearance of radioactivity from the plasma of a rat after intravenous administra-
tion of tritiated vasopressin. Line 1 denotes the elimination (slow) phase; line 2 shows the
distribution (fast) phase

Table 11

Biological half-lives of vasopressin analogues in R-Amsterdam rat

Fast phase Slotv phase
Compound (min) (min)
8-lysine-vasopressin 1.21+0.07y 26.55+6.11
8-arginine-vasopressin 2.49+0.51 27.90+5.08
1-deamino-8D-arginine-vasopressin 2.15+0.22 48.78 £8.62

*mean *S.E.M.

HPLC analysis ofblood after the injection of [3H]AYP into the rat showed
that initially vasopressin was metabolized rapidly; apart from that of AYP,
two additional radioactive peaks appeared after only 30 s. One eluted with the
solvent front this was proved by thin-layer chromatography to be [3H]tyrosine
and the size of the peak increased with time, while the other peak diminished.
The quantity of [BH]JAVP decreased with time. From these data the biological
half-life of intact vasopressin was 1.74 + 0.22 (SD) min (n = 3) in the fast
phase and 16.98 ~ 1.01 min in the slow phase. These half-lives were shorter
than the values calculated from the total radioactivity.

Figure 5 contains data relating to the organ distribution of the radio-
activities 1 hour after the administration of tritiated vasopressin analogues to
rats. In the case of [BH]LV P, activity was highest in the neuro- and the adeno-
hypophysis and in the kidney, lower in the small intestine and the liver, and
very low in the muscle, the hypothalamus and the cerebral cortex. After injec-
tion of [BH]JAYP, most of the activity accumulated in the adenohypophysis,
the small intestine, the neurohypophysis and the kidney. Activity was minimal
in the cerebral cortex, the hypothalamus, and the muscle. When [SH]dDAVP
was given, activity was highest in the kidney, followed in turn by the small
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Fig. 5. Organ distribution of the radioactivity after [3H]LVP, [3H]JAVP and [3H]dDAVP
administration to rats

Fig. 6. Distribution of radioactivity in time as percentage of total radioactivity in organs
(three animals)

intestine, the liver the neuro- and the adenohypophysis. Activity was very low
in the muscles, the hypothalamus and the cerebral cortex.

HPLC revealed that after one hour the radioactivity in the tissues origi-
nated not from unchanged [BH]AVP, but from [3H]tyrosine. The data obtained
after 2 and 5 min indicated that the vasopressin had undergone inactivation
most rapidly in the small intestine, followed in turn by the liver and the kidney
(Fig. 6). Ofthe radioactive substances, only [BH]JAVP and [BH]Tyr were present.

One hour after administration of [SH]JdDAVP, 20—25% of the activity
measured in the kidney and 0—5% of that in the liver and the small intestine
originated from unchanged [3BH]dDAVP.

Discussion

Investigations of the metabolic fate of circulating vasopressin have been
hindered by the lack of reliable methods for hormone measurement. In contrast
with the bioassay and radioimmunoassay employed in this study, experiments
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involving labelled vasopressin yielded much more information. Although the
labelling of vasopressin with and 131l resulted in products of high specific
activity, and the use of these tracers allowed investigations to be carried out
with concentration levels approximating the physiological levels of the hor-
mones, iodination means a loss in biological activity [2,11]. There are differen-
cesin the clearance of unlabelled and monoiodinated vasopressin. The reduced
clearance of iodinated AVP might be due to its biological inactivity [43], due
to steric hindrance caused by the addition of iodine atom to a functionally
important portion of the vasopressin molecule.

The incorporation of tritium atom(s) into the vasopressin abolished the
difference characteristic of the labelled and non-labelled hormones.The catalytic
tritiation of diiodo-Tyr-vasopressin was a convenient way to produce 3H-
labelled peptides with 10—25 Ci/mmol specific activity [10,16, 29]. Reversed-
phase HPLC proved to be a method suitable for the preparation of tritiated
vasopressins and allowred a rapid and complete separation of iodinated and
tritiated peptides from other products.

8-Lysine-vasopressin [22, 38, 45], 8-arginine-vasopressin [15, 36, 43]
and I-deamino-8D-arginine-vasopressin [23] were tritiated by different methods
and examined in biological experiments. Although a hormone concentration
higher than the natural one was used in these investigations, the biological
activities were complete. When considering the metabolism of the hormones,
it is theoretically necessary to take into account the excretion from the circula-
tion, the binding to plasma proteins, the outflow into the tissues, the accumu-
lation there, and enzymatic inactivation. The vasopressin disappeared rapidly
from the circulation when it had been injected intravenously. In experiments
in vitro the plasma of normal rats decomposed the vasopressin slowly, and thus
it is probable that the plasma does not participate directly in the metabolism
of the hormone [8, 14]. There have been some earlier investigations of the
biological half-life of vasopressin [1, 7,9, 12, 13, 15, 22, 23, 25, 35, 36, 43], but
species differences, the inaccuracy of the bioassays, the insufficient specificity
of the radioimmunoassays, turnover differences between the analogues, the
different conditions of hydration, differences in the doses administered and the
different means of determination and half-life calculation make it difficult to
compare the results. The disappearance of vasopressin from the plasma followed
a multiexponential curve, suggesting a multicompartmental system. The rapid
component is presumably saturable and receptor-mediated, while the slow
componentinvolves non-saturable, non-receptor-mediated processes. According
to Weitzman and Fisher, vasopressin clearance correlated with its antidiuretic
activity: the biologically inactive monoiodinated AVP disappeared more slowly
than did AVP [43]. In our results the half-life in the slow phase ofthe biologically
more active dDAVP was longer than that of LVP or AVP. The higher antidi-
uretic activity of dDAVP could thus be due to a higher receptor affinity, an
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increased resistance to degradation of the peptide or a decreased clearance
from the circulation, or their combination [7, 34].

It is obvious that estimation of the total activity measures not only the
intact [3H]vasopressin, but also the labelled metabolic product(s) in the blood,
and thus it is not useful to assess intact hormone turnover. The undecomposed
blood vasopressin level falls very rapidly after intravenous administration of
the hormone. It is likely that the disappearance during the first 2 min is due to
reversible migration outwards into a space approximating the extracellular
fluid volume, as well as to irreversible inactivation [38]. This conceptis support-
ed by our finding that the vasopressin level extrapolated to zero time is approx-
imately one-third of the value expected on the basis of the plasma volume,
while inactivation is also fast: 2 min after injection, of [3BH]JAVP, only 58%
of the plasma activity persists in the form of undecomposed vasopressin. The
discrepancy between the biological half-lives calculated from the disappearance
of the total activity and the decrease in the intact AVP level may be due to the
different metabolic clearances of [3H]JAVP and its metabolites.

One hour after the injection of tritiated vasopressins we found the follow-
ing values for the non-metabolized hormones: 0—10% for LVP, 0—10% for
AYP and 25—35% for dDAVP. Désamination is an important structural
change, as removal from the vasopressin molecule of the amino group on the
hemicysteine in position 1 decreases the rate of splitting of the Cysl-Tyr2
bond by aminopeptidase [32, 34, 42].The larger and more prolonged antidiuretic
effect of dADAVP can be explained by the longer biological half-life.

The radioactivity in the blood not originating from the hormones must
be due to the metabolism of the hormones in the tissues and the subsequent
release of the metabolites into the blood. Our study of the accumulation of
radioactivity in the tissues after the injection of tritiated peptides showed that
activity was high in those organs (kidney and liver) in which the vasopressin
was quickly metabolized. Attention must however be drawn to the considerable
accumulation in the small intestine, an amount exceeding that in the liver.
It was shown earlier that an extract of the small intestinal mucosa destroyed
the pressor activity of vasopressin; it thus contains vasopressin-degrading
enzyme(s) [21]. HPLC after 2 and 5 min indicated that the inactivation of AVP
was fastest in this organ. The high accumulation of activity in the kidney
suggested that metabolic activity was more marked in the kidney than in the
liver and thus, in agreement with the observations of other authors, the bulk
of the hormone is removed from the circulation by the kidney [26, 30]. It has
oeen shown that vasopressin is secreted in the distal nephron and readsorbed
br degraded in the proximal nephron [19]. The rate of inactivation is more
pronounced in the liver than in the kidney [6]; this is supported by our radio-
chromatograms taken after 2 and 5 min: after 2 min the intact [SH]AVP
accounted for 5.4% of the total activity in the kidney, but only 2.7% in the
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liver. The rate of degradation was the same for dDAVP, and the results con-
firmed the finding that this analogue was more stable than the natural AVP.
The phenomenon may be explained by different enzymatic activities or by the
fact that there are specific vasopressin receptors in the kidney, whereas only
non-specific membrane binding has been found in the liver [30].

The neurohypophyseal hormones vasopressin and oxytocin are stored
together with theirrespective neurophysins [4]. It is natural that alarge amount
of activity was observed in the neurohypophysis in the case of LVP and AYP.
The binding between neurophysin and vasopressin results from the ion-pair
interaction of the a-amino group of the first amino acid of the hormone and the
free carboxyl group of the protein [3]. The presence of the a-amino group is
therefore indispensable from the aspect of binding; the 1-deamino derivative
dDAVP is unable to hind to neurophysin. [3H]JdDAVP uptake by the neuro-
hypophysis was considerably less than that of [3H]LVP or [3H]JAVP. This
finding supports the inability of neurophysin to bind to dDAVP. It is note-
worthy that large radioactivity accumulations were found in the adenohypo-
physis after administring [SH]LVP or [3H]JAVP. The phenomenon agrees with
the concept that vasopressin, as one of the corticotrophin releasing factors,
may play a role in the enhancement of adrenocorticotrophin secretion [46].
This hypothesis is supported by our observation that of tritiated dDAVP,
which does not exhibit a corticotrophin releasing effect [24], less is accumulated
in the adenohypophysis than of LVP orAVP.The present data are in accordance
with earlier studies [45] in which considerable activities were measured in the
neuro- and the adenohypophysis after the intravenous administration of
[BH]JLVP. The measured radioactivity is probably not due to intact vasopressin,
as there are vasopressin-inactivating aminopeptidase and trypsin-like enzymes
in the neurohypophysis [28].
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The effect of the non-opiate ,0-endorphin (/JE) fragment 2—9 and related peptides
on immunoreactive (IR) arginine8vasopressin (AVP) levels was studied in the rat eye
plexus plasma. Additionally, the effect of /JJE 2—9 on AVP release from pituitary
neurointermediate lobes (NILs), in vitro was studied. IR AVP levels in the eye plexus
plasma increased after subcutaneous (s.c.) injection of /JJE 2—9. In female rats peak
values were observed 2 min after the administration of /JE 2—9 (10 /ig/rat). Male rats
were 100 times more sensitive than female rats. A dose-response study revealed a U-
shaped relationship for this effect of /?E 2 9 in animals of both sexes.

From structure-activity studies it appeared that /JE 2—9 was the most effective
fragment. Intracerehroventricular (i.c.v.) administration of /JE 2—9 did not affect
the IR-AVP levels in eye plexus plasma. Moreover, AVP release from the rat NILs
cellsin vitro was stimulated by perfusion with /JE 2—9, indicating a direct effect of the
peptide on the pituitary. Therefore we suggest that /JE 2—9 increases AVP release by
a direct action on the posterior pituitary.

Keywords: vasopressin, /J-endorphin 2—9, eye plexus blood, in vitro, radio-
immunoassay

Introduction

R-Endorphin (/J-LPH 61 —91, gE) is an endogenous peptide with opioid
activities. It has been shown that circulating arginine8vasopressin (AVP)
levels are altered by /JE. Studies of the effect of /JJE on AVP release have, how-
ever, produced conflicting results: both enhancement [7, 17] and inhibition
[10, 16] have been reported. The non-opiate /JE fragment 2—9 (/JJE 2—9)
exerts a long-term facilitatory effect on passive avoidance behaviour in rats
similar to that found after administration of AVP. The question arose whether
JJE 2—9 elicited its effect by modulation of AVP release by an action on the
pituitary or brain cells. In the present study the effect of /JJE 2—9 and related
peptides on immunoreactive (IR) AVP levels in the eye plexus plasma was
investigated. Additionally, we studied the effect of /JJE 2—9 on AVP release
from the pituitary neurointermediate lobes (NIL) perfused in vitro.
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Materials and methods

Release of AV P in vivo

Female and male rats of a random bred Wistar strain (Cpb-WU; TNO, Zeist, The
Netherlands) weighing 150 g were used. The animals had free access to water and food. The
animal house was illuminated from 6 a.m. to 8 p.m. Animals were handled daily before start-
ing the experiment. They were transported from the animal house to the experimental room
1h before the experiment. All observations were made between 9—10 h a.m. Peptides, dissolved
in saline, were administered subcutaneously (s.c.) in the neck of the animal; each animal
was used only once.

For intracerebroventricular (i.c.v.) injections male Wistar rats were equipped with a
permanent polyethylene cannula which had been placed under Hypnorm anaesthesia into one
of the lateral ventricles of the rat brain at least 5 days before the experiment. The animals
were housed singly and handled repeatedly prior to the experiment. Localization of the tip
of the cannula was determined at the end of the experiment by i.c.v. injection of Evans Blue
and microscopical inspection of the staining of the brain-ventricular system.

For collection of eye plexus blood, rats were anaesthetized by ether for a strictly con-
trolled period of 45 sec. Samples of eye plexus blood were taken in cooled heparinized poly-
ethylene tubes (3). These were centrifuged at 4°C to obtain plasma. To standardize the experi-
ments, plasma samples were always assayed by RIA on the day of blood collection.

AVP determination was carried out in unextracted eye plexus plasma using a specific
radioimmunoassay (RIA) system [11]. The antiserum used was highly specific for AVP, the
crossreactivity on a molar basis with oxytocin being 0.0019% and with vasotocin 0.27%.
Synthetic AVP (Organon, Oss, pressor activity: 509 U/mg was used as a standard and for prep-
aration of the tracer [6]. Plasma of homozygous diabetes insipidus rats (TNO-code: Brat(Cpb-
DI1) was used for the control of possible aspecific effects.

RIA data were calculated by a Hewlett Packard 104 calculator equipped with a logit
curve fitting program. IR AVP levels were expressed in fmol/ml plasma.

The following peptides were used: /5-endorphin 2 —9 (RE 2—9, /5-1PH 62—69), R-
endorphin 2—5 (RE 2—5, /5-LPH 62—65), /5-endorphin 5—9 (RE 5—9, /I-LPH 65—69), /5-
endorphin 2-6 (BE 2—6, /5-LPH 62-66), /5-endorphin 2—7 (BRE 2-7, /5-LPH 62—67),
/B-endorphin 2—8 (RE 2—8, /5-LPH 62—68), /5-endorphin (RE, /5-LPH 61—91), des-tyrosine-
-y-endorphin (DTyE, /5-LPH 62—77), des-tyrosine-a-endorphin (DTaE, /5-LPH 62—76) and
/5-LPH 78—91. The peptides were obtained from Organon International b.v., Oss, The
Netherlands.

Release of A VP in vitro

The method used for the perfusion of isolated rat NILs cells was a variation of that
described by Gillies and Lowry [8].

The NILs cells taken from male W istar rats were stimulated with test material dissolved
in perfusion medium for 3 min every 20 min. Four min fractions (2 ml) were collected into
small plastic tubes containing a mixture (100 //1) of 2 M-HCI and aprotinin (Boehringer Mann-
heim GMBH, West Germany) to give 100 KIU/ml. Fractions were neutralized with 1.1 M-
NaHCO03before RIA.

The AVP content of the incubation medium was determined by RIA. The RIA proce-
dure used was avariation of that of Dogterom et al. [6].|The assay had a sensitivity limit of 1.09
fmol/assay tube. None of the test substances used had any effect on the RIA. Hormone release
per 20 min was expressed as a percentage of the control (unstimulated) value.

Statistical analysis

Nonparametric tests of significance were used, because the conditions in data under
analysis met the requirements of these tests. (The data populations were not equal in variance
and the level of measurement achieved a partially ordered scale.) Statistical analysis was done
by Kruskal—Wallis one-way analysis of variance followed by Mann-Whitney U-test. A prob-
ability level of less than 0.05 was accepted as a significant difference.
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Results

Release of A VP in vivo

In the first series of experiments the time course of the effect of RE 2—9
(10 yug s.c. per animal) on eye plexus plasma IR AYP levels was investigated.
Female rats (n = 5—8)were treated with placebo (0.2 ml saline s.c.) or BE 2—9,
and 2, 5, 10, 30 or 60 min later eye plexus blood samples were collected.

As shown in Figure 1 plasma IR AYP levels were significantly increased
over control values at 2, 5 and 10 min, reaching a peak at 2 min after the injec-
tion of BE 2—9. The levels returned to the control values 30 min after treatment.

In the second set of experiments the dose-response relationships were
determined. Female animals (n = 8—12) were injected with placebo (0.2 ml
saline s.c.) or graded doses of BE 2—9 (0.0001 —10.0 /xg/rat s.c.). Two min later
eye plexus blood samples were withdrawn. Likewise, male rats (n = 8) were
treated with placebo (0.2 ml saline s.c.) or graded doses of RE 2-9
(0.01 —10.000 ng/rats.c.). Two min later eye plexus blood samples were taken.

Graded doses of BE 2—9 induced a U-shaped dose-response curve in
animals of both sexes (Figs 2, 3). In female rats the maximum effect of RE 2—9
on the eye plexus plasma IR AVP levels was observed at a dose of 100 ng/per
animal. Ten and 100 times higher doses of BE 2—9 also significantly increased
the IR AYP levels in eye plexus plasma over the control value, however, the

lime oller S.C.injection,m!n
* P<Q05 *XXP<0.001

Fig. 1. IR AVP levels in eye plexus plasma at 2—60 min after s.c. injection of 10 fig BE 2—29.
Each group contained 5—8 female W istar rats. Asterisks indicate significant differences be-
tween /?E 2—9-treated and placebo-treated groups
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Fig. 2. IR AVP level in eye plexus plasma 2 min after s.c. injection of graded doses of /SE 2—9
(0.0001—10.0 Ug per animal). Each group contained 8—12 female W istar rats. Asterisks
indicate significant differences from placebo-treated groups

Fig. 3. IR AVP level in eye plexus plasma 2 min after s.c. injection of graded dose of /?E 2—9
(0.01—10.000 ng per animal). Each group contained 8 male Wistar rats. Asterisks indicate
significant differences from placebo-treated group

increase was smaller in extent. In male animals a maximum effect of /3E 2—9
was reached at a dose of 1.0 ng per animal. At thousand and 10.000 fold
higher doses of /3E 2—9 the IR AVP levelsin eye plexus plasma were not differ-

ent from the control values.
To investigate structure-activity relationships, female rats (n = 8—22)

were injected with placebo (0.2 ml saline s.c.) or 100 ng /?E 2—5, /3E 5—09,
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RE 2-6, BE 2-7, RE 2-8, BRE 2-9, DTaE, DTyE, B-LPH 78-91 or BRE and
2 min later eye plexus blood samples were collected. Plasma IR AYP levels
were significantly increased after administration of RE 2—9, DTaE or DTYE.
From these peptides BE 2—9 was the most potent. The other RE fragments did
not significantly change the IR AYP levels in the eye plexus plasma (Table I).

Table |

IR A VP levels in eye plexus plasma 2 min after s.c.
injection of R-endorphin (0.1 fig/rat) or its fragments
(0.1 fig/rat) in female Wistar rats

Treatment (If'?nolA/¥T; nl
Placebo 602 22
Ne _5 270 8
13E5-9 104 8
RA2 -6 72 8

27 67 8
/NE2_8 174 8
/?Er—9 1462%** 12

DTaE 331* 15
DTyYE & o 13
ALPH78_fil 183 10
RE 91 10

lnumber of animals

2median

* P < 0.05 (treatment vs placebo)
*** p < 0.001 (treatment vs placebo)

In a further series of experiments the effect of BE 2—9 was investigated
after i.e.v. administration. Male rats (n = 5 10) bearing a permanent poly-
ethylene cannula in one of the lateral ventricles of the brain were injected i.e.v.
with placebo (1 /N artificial cerebrospinal fluid (CSF)) or BE 2—9 (0.01 or 0.1
ng/rat dissolved in 1 /A artificial CSF) and, 2,10 or 30 min later eye plexus blood
samples were obtained.

BE 2—9 did not affect the IR AYP level in eye plexus plasma in any of
the experimental groups (Fig. 4).

Release of A VP in vitro

NIL-cells obtained from male rats were perfused with BE 2—9 at different
concentrations. The peptide induced an increase in IR AVP concentration in
the perfusate and BE 2—9 increased basal IR AVP release (Fig. 5). The differ-

Acta Medica Hungarica 41, 1984



60 LACZI, F. et al.

Fig. 4. IR AVP level in eye plexus plasma 2, 10, 30 min after i.c.v. administration of various
doses of /?E 2—9 (0.01 or 0.1 ng/rat dissolved in 1 /1 CSF). Number in bars represents number
of male Wistar rats used

*P<0,05 **P<0.002 *K*P<0.001

Fig. 5. Effect of BE 2—9 on AVP release from neuro-intermediate lobes in vitro. Columns

represent median value of the data expressed in per cents of the control. Number in bars

shows number of stimulations with each investigated dose of BE 2—9. Asterisks indicate
significant differences from control

ences from control values were significant at doses of 1 (P < 0.05), 10 (P <
0.05), 100 (P < 0.001) ng/ml and 1 (P < 0.02) /tg/ml of RE 2—9. The maximum
effect of BE 2—9 (a more than 4 fold increase over the control) was observed
at the dose of 1 ~g/ml. A ten times higher dose (10 /tg/ml) failed to increase
significantly the basal AYP release. Perfusion with 45 mM KCL markedly
elevated the AYP output.
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Discussion

The present study clearly indicated a powerful stimulatory effect of
BE 2—9 on IR AYP secretion into eye plexus blood. The peptide had a direct
effect on the posterior lobe of the pituitary gland.

The time-course of plasma IR AYP levels after a single s.c. injection of
BE 2—9 (10 (Ug/rat) revealed a marked increase in plasma IR AVP content
with a peak value at 2 min after administration of the peptide. The IR AVP
levels in eye plexus plasma had returned to control values 60 min after the
injection of BE 2—9, indicating a short-lasting effect of the peptide. Graded
doses of RE 2—9 resulted in a U-shaped dose-response curve in animals of both
sexes. De Rotte [5] investigated the effect of i.c.v. administration of des-
-enkephalin-y-endorphin (DEYE) on the plasma a-melanocyte stimulating
hormone (a-MSH) level and he too observed a U-shaped dose-response relation-
ship. The reason for such a dose-response curve is not entirely clear. It is
possible that high doses of /3E 2—9 might inhibit the release of AYP. The peak
effect of BE 2—9 on the IR AVP level in eye plexus plasma was reached at a
dose of 100 ng/rat in the female animals while male rats were 100 times more
sensitive in this respect. The explanation of these observations may be that sex
steroids might modulate the AVP release induce by RE 2—9 from the neuro-
hypophysis. This assumption is supported by several reports underlining the
importance of sex steroids in the modulation of AVP release [1, 2, 13, 15].
Moreover, sex differences in AVP secretion have been observed during passive
avoidance behaviour in rats [11]. From structure-activity studies concerning
the effect of BE fragments on AVP release, it appeared that BE 2—9, DTaE
and DTYE were able to augment the plasma AVP level. The most active frag-
ment in this respect was BE 2—9. Shorter fragments of RE, i.e. RE 2—5, BE
5—9, BE 2—6, BE 2—7 and BE 2—8, appeared to be inactive. RE itself was
also ineffective in increasing AVP levels in the eye plexus plasma, which is in
disagreement with other observations. In vivo studies too have produced con-
flicting data on the role of RE in the control of neurohypophyseal function.
Roth stimulatory [7, 17] and inhibitory effects [10, 16] of BE on AVP secretion
have been reported. Unlike BE, DTaE and DTyYE when administered i.c.v.
had no effect on the basal AVP level in peripheral plasma [16]. These findings
may not necessarily be in contradiction with the present observations concern-
ing BE, DTaE and DTyE, taking into account the differences between species,
doses, the sites of administration and the time of the observation.

The N-terminal amino acid tyrosine (position 61) of BE is essential for the
opiate-like activity of BE [4, 9, 14], as the removal of tyrosine caused a loss of
the opiate-like activity. It is therefore assumed that the stimulatory effect of
BE 2—9 on AVP secretion is not mediated by opiate receptors. l.c.v. adminis-
tered doses of BE 2—9 (0.01 —0.1 ng/rat) had no effect on the plasma AVP level
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after 2,10 and 30 min suggesting that the effect of /3E 2—9 s.c. is mediated by a
direct action on the pituitary rather than at the level of the brain. Indeed,
AYP release by rat NIL cells in vitro could be stimulated by adding RK 2—9
to the perfusion medium. This indicates a direct effect of /?E 2—9 on the pitu-
itary in the regulation of AVP release.

The observation that s.c. administration of /3E 2—9 did not affect blood
pressure and heart rate in rats [12] excludes a reflectory AYP release induced
by hypotension.

It is suggested that /3E 2—9 has a powerful stimulatory effect on the
plasma level of IR AVP. /LI 2—9 did not seem to exert its effect by an action
on the brain neither through a mechanism involving the cardiovascular system.
It affects AVP release by a direct action on the pituitary. Whether or not RJL
2—9 plays a physiological role in controlling the release of AVP from the
neurohypophysis, has to be elucidated.
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The effect of [I-(/?-mercapto-/S,/?-cyclopentamethylene-propionic acid)2-0-ethyl-
tyrosine,4-valine] arginine vasopressin on the water metabolism was studied in rat.
The compound was found to be able to block the antidiuretic action of both exogenous
and endogenous vasopressin.

A rat model of the Schwartz—B artter syndrome was created by the administra-
tion of a high dose of a posterior pituitary preparation (Pitressin tannate) together
with a forced water intake. The antagonist prevented water retention and averted the
enhanced natriuresis and hyponatraemia, and cerebral oedema did not develop. The
observations suggest that this vasopressin antagonist might be of use in the future as
an effective drug against the Schwartz—B artter syndrome.

Keywords: vasopressin antagonist, antidiuretic action, Pitressin tannate, watet
retention, hyponatraemia, cerebral oedema’

Introduction

Hyperadiuretism was first described by Schwartz et al. in 1957 in
connection with a case of bronchial carcinoma [12]. Increasingly great impor-
tance has recently been attributed to the Schwartz-Bartter syndrome, involving
hypernatriuria, hyponatraemia and cerebral oedema.

Table I, prepared on the hasis of the survey by Edwards [3], presents the
states, diseases and drugs that can induce the syndrome. The first group relates
to ectopic vasopressin formation, i.e. the paraneoplastic endocrine syndrome.
The vasopressin is produced by various tumour tissues (carcinoma of the bron-
chus, pancreas, duodenum and ureter). Bronchial carcinoid and pulmonary
tuberculosis too are included here. An enhanced vasopressin efflux may also be
caused by a physiological or pathological volume stimulation. Mention may be
made of ventilation at positive pressure and benign pulmonary diseases. The
pressure fall in the left atrium is presumably the causal factor in postcommis-
surotomy; the reduction in the circulating blood volume may play a role in
haemorrhage and in endocrine and congestive heart diseases. The third group
contains those diseases in which the excessive vasopressin production probably

Send offprint requests to F. A. Laszld, H-6701 Szeged P.O.B. 469
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Table 1
(Edwards, 1971)

Causes of Schwartz—Bartter syndrome

1. Ectopic vasopressin formation (paraneopl, end. s.)
— carcinoma of bronchus, pancreas, duodenum, ureter
— bronchial carcinoid
pulmonary tuberculosis
2. Abnormal vasopressin volume stim. (phys.-path.)
— ventilation at pos. pressure
— benign pulmonary disease (pneumonia, aspergillosis)
— postcommissurotomy
— haemorrhage
— endocrine diseases (hypopit., hypothyr., hypadr.)
— congestive cardiac diseases
3. Nervous system stim.  vasopressin release
— cerebral (trauma, neopl. inflammation, bleeding, surgery)
— Guillain—Barré S.
— acute intermittent porphyria
— drugs: clofibrate, vincristin
4. Drugs —»renal sens, increases to vasopressin
— chlorpropamide, carbamazepine
5. Vasopressin overdose
— VP, dDAVP

arises as a consequence of stimulation of the nervous system. Causes other than
cerebral lesions include the Guillain-Barré syndrome, acute intermittent por-
phyria and the drugs clofibrate and vincristin. Drugs may enhance the sensi-
tivity of the renal tubules to vasopressin (chlorpropamide, carbamazepine).
Finally, mention should be made of the possibility of vasopressin overadmin-
istration.

This listing itself demonstrates that the Schwartz-Bartter syndrome is
notrare. Its adequate treatment poses an appreciable problem; water withdraw-
al and sodium-retaining hormone administration may be tried. Apart from
the theoretical interest, therefore, it is of very great importance to prepare
compounds with effects opposite to that of vasopressin as regards the influence
on the water metabolism. Of the several hundred neurohypophyseal peptide
analogues synthetized in the Department of Biochemistry at the Medical
College of Ohio, several exhibited an antagonist effect as concerns the antidi-
uretic action. One of the most important of these compounds is a vasopressin
analogue: [I-(/?-mercapto-/3,/I-cyclopentamethylene-propionic acid),2-O-ethyl
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tyrosine,4-valine] arginine vasopressin, abbreviated as d(CH2)5Tyr(Et)YAYP.
We have made a study of the influence of this compound on the water metab-
olism in rat, with two main aims: to establish how the susbtance acts on the
antidiuretic effects of exogenous and endogenous vasopressin, and to learn
whether the changes induced by the administration of a high dose of a vasopres-
sin preparation (water retention, hypernatriuria, hyponatraemia, cerebral
oedema) can be prevented with the vasopressin antagonist.

Materials and methods

Details of the preparation of the compound have been reported by Manning et al. [6,
8]. The chemical composition is presented in Fig. 1. Compared with the structure of the vaso-
pressin molecule, differences may be observed at three sites. The hemicysteine at position 1 is

1 2 3 4 5 6 7 J 3
CH2- CO-Tyr (CjHgl-Phe-Val-Asn-Cys-Pro-Arg-Gly-NH,
,CH2-CH2 | !
cn,
'‘CHj-CHj I
S S

Fig. 1. Chemical structure of d(CH25Tyr(Et)VAVP

replaced by cyclopentamethylene-propionic acid; there is an ortho-ethyl group on the tyro-
sine in position 2; the glutamine at position 4 is replaced by valine. Preliminary experiments
demonstrated that the analogue causes a considerable decrease in the antidiuretic action of
vasopressin [6, 7, 11]. This property (ability) of the antagonist is characterized by the “effective
dose”; this is defined as the quantity of the substance which halves the antidiuretic effect
observed 20 minutes after the intravenous administration of 2 1.U. vasopressin. In the present
case this proved to be 1.9 ninol/kg (1 nmol = 1.14 /tg). The antagonism can not be regarded as
selective. The compound also displays a marked antipressor action; Manning et al. [8] found
the “effective antivasopressor dose” to be 0.49 ninol/kg.

Our first experimental series dealt with the question of how this antagonist influences
the antidiuretic action of an exogenously administered vasopressin preparation. Female homo-
zygous rats of the Brattleboro strain, weighing 160 -180 g, were used; these animals do not
possess an endogenous ADH reserve. Doses of 10 /tU or 30/tU arginine vasopressin (Organon,
Oss) were injected intravenously into animals prehydrated by the method of de Wied [1] and
anaesthetized with ethanol. The antidiuretic effect was expressed as a percentage diuresis
change; this was taken as the quantity of urine collected with a bladder catheter in a 10-
minute period before injection of the hormone, as a percentage of the corresponding quantity
after the injection. The antagonist was administered intravenously in the “effective dose”
(1.9 nmol/kg = 2.16 (Ug/kg) 20 minutes before the injection of vasopressin.

We subsequently studied whether d(CH25Tyr(Et)-VAVP is able to suspend the
antidiuretic effect of endogenous vasopressin, and whether it can induce a state corresponding
to diabetes insipidus. Male rats of the R-Amsterdain strain, weighing 180 —200 g, were used
in these experiments. The animals were placed individually in cages suitable for urine collec-
tion; the amount of urine was measured in 1-hour periods for 4 hours after administration
of the antagonist, and the osmolality of the urine samples was determined with and Advance
osmometer. Both before and during the study the rats received water ad libitum. The antago-
nist was injected intravenously in a dose of 10 or 30 /tg/kg, dissolved in 0.2 ml physiological
NaCl. Besides the rats of the R-Amsterdam strain, homozygous Brattleboro rats too were used
as controls. Instead of the antagonist, the control groups received 0.2 ml physiological saline
solution intravenously.

In the following experiments, physiological NaCl solution in a dose of 5% of the body
weight was administered via a stomach tube to rats of the R-Amsterdam strain, and the urinary
output was measured in 1-hour periods for 4 hours. In the meantime the animals did not con-
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sume liquid. This method is suitable for inducing water retention by enhancing endogenous
vasopressin release [4, 5]. Instead of physiological NaCl solution, tap-water was administered
to the control group. The vasopressin antagonist, in a dose of 30 //g kg. was injected intra-
venously immediately before the loading with physiological NaCl or tap-water.

W ith a view to deciding how suitable the antagonist might be as a drug for the treatment
of the Schwartz-Bartter syndrome, an attempt was made to induce a situation inrat correspond-
ing to the human syndrome. The rats were treated daily with a large subcutaneous dose (1
1.U.) of long-acting posterior pituitary extract (Pitressin tannate; Park Davis, Munich); to
attain the necessary degree of hydration, the rats also received tap-water via a stomach tube
in a dose of 5% of the body weight, three times daily. Besides the Pitressin, the vasopressin
antagonist too was administered subcutaneously to some of the animals, in a dose of 3x60
fig/kg b.w. During these experiments, the daily urinary output and the urinary osmolality
were measured as before, and the urine and serum sodium levels were determined with a flame
photometer. Following the examinations, on the 6th day of treatment the change in the water
content of the brain was established by dehydration to weight constancy; the water content
was calculated per 100 mg wet brain weight.

Results

The data relating to diuresis inhibition, expressed as a percentage of the
urinary output, are to be seen in Fig. 2. Arginine vasopressin decreases the
urinary output in a dose-dependent manner. Administration of the antagonist
before the arginine vasopressin injection moderated the diuresis inhibition
considerably.

The results of the experiments aimed at suppressing the antidiuretic
effect of endogenous vasopressin are given in Figs 3—5. It may be observed
that a 10 (Wg/kg body weight dose of the antagonist caused hardly any change
in the urinary output (Fig. 3), whereas the dose of 30 pg/kg body weight
enhanced the diuresis appreciably. The maximum in the polyuria is to be seen
in the fraction from the 2nd hour. In this period the quantity of urine attained
the level for the homozygous Brattleboro rats with a total ADH deficiency.
The diuretic action of the antagonist is atemporary one; after 4 h the urinary
output has returned to the normal level. The urinary osmolality varies accord-
ingly (Fig. 4). Itis decreased by the vasopressin antagonist in a dose-dependent
way. With this method a considerable difference can be demonstrated between

° AP

Fig. 2. Percentage change in urine excretion in response to vasopressin antagonist (n = 10)
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Fig. 3. Effect of vasopressin antagonist on urine excretion (n = 10)

Fig. 4. Effect of vasopressin antagonist on urinary osmolality (nj= -10)

the osmolality values for the controls and even that following administration
of the low dose of the antagonist. After water loading, the antagonist enhances
the diuretic reaction only moderately (Fig. 5). The administration of physiolog-
gical NaCl in place of tap-water led to a marked water retention in the control
group. The antagonist averted this effect completely; the extent of urine excret-
ed in the fraction from the 2nd hour far exceeded the mean measured after
tap-water loading.

A considerable water retention can be observed following administration
of a large dose of the posterior pituitary extract (Fig. 6). The rats excreted

Fig. 5. Effect of vasopressin antagonist on diiiretic reaction following water and phys. NaC
loading (n = 10)
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Time,d

Fig. 6. Effect of vasopressin antagonist(on urin;e excretion of rats treated with Pitressin
n= 10
about one-third of the artificially administered water. With simultaneous
application of the vasopressin antagonist, the water retention could be prevent-
ed. The osmolality of the urine of Pitressin-treated animals is increased to a
great extent on the first day after administration of the drug (Fig. 7). The
osmolality later decreases, and on the 4th—5th day of the therapy approaches
the mean level for the controls. The vasopressin antagonist abolished the change
in urinary osmolality; the values measured in this group did not differ from
those for the control rats. Sodium excretion in the urine was expressed in
mmol/24 h (Fig. 8). In response to Pitressin administration, the sodium output
rose considerably; it was the highest on the day after treatment, and subse-
guently fell progressively, reaching the control level on the 5th day. The vaso-

Fig. 7. Effect of vasopressin antagonist on urinary osmolality of rats treated with Pitressin
(n= 10)

Fig. 8. Effect of vasopressin antagonist on sodium excretion of rats treated with Pitressin
(n= 10)
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Fig. 9. Effect of vasopressinjantagonist on serum sodium level of rats treated with Pitressin
(n = 10)

pressin antagonist substantially moderated the elevated natriuresis; the sodium
content ofthe urine did not exceed (or only slightly) the value for the untreated
rats. Corresponding changes were observed in the serum sodium level (Fig. 9).
On the action of the posterior pituitary extract (with forced hydration), the
serum sodium level decreased on the first day of treatment. The hyponatraemia
later became more marked, falling below 100 mmol/1 by the end of the experi-
mental period. The animals tolerated the hyponatraemia badly, one-third
of them dying within 5 days. These data were not taken into consideration
in the evaluation. In animals which received the vasopressin antagonist together
with Pitressin, only a moderate serum sodium level decrease was found on the
3rd —>5th days of treatment.

The serum osmolality and the cerebral water content were determined
at the end of the experimental period. The results are given in Table Il. In the
Pitressin-treated animals the serum osmolality was decreased significantly,
while the weight of the brain was higher, due to its increased water content.

Table 11

Effect of vasopressin antagonist on serum osmolality and water content of brain in rats
treated with Pitressin

W ater content of

Number of Body weight Se osmolality Weight of brain brain
Groups animals ) (inosin/kg) ) (mg/100 mg wet
weight)
1 Untreated 10 180.7+ 7.1* 285.0£20.7 1.56+£0.11 75.0x1.1
2 Pitressin 10 198.2+12.3 236.2+11.3 + 1.87+0.13 + 78.1+0.6 +
3 Pitressin + 10 187.0£10.6 275.4£16.9 1.57+0.10 745+1.3

antagonist

* mean *S.E.M.
+ P < 0.05 compared with untreated rats (Student’s t-test)
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Although the difference was not too high numerically, this latter result is
indicative of the existence of a marked cerebral oedema. By means of admin-
istration of the vasopressin antagonist, these changes could be prevented
completely.

Discussion

Our results demonstrate that the vasopressin antagonist examined,
d(CH2)5Tyr(Et)YAVP, is able to block the antidiuretic effect of both exogenous
and endogenous vasopressin.

One of the main conditions for the practical introduction of vasopressin
antagonists is that they should be highly potent and selective compounds.
The action of the present antidiuretic antagonist has also been described by
other authors [8, 9, 11]. This compound appears to be of promise from the
aspect of clinical application. However, two problems must be considered:
(@) The strength of the effect of the antagonist is much lower than that of the
naturally occurring hormone agonist, arginine vasopressin. In human [3]
and in rat [2, 10] the effective circulating hormone level is in the pg/m1l order,
whereas the antidiuretic effect of endogenous vasopressin could be blocked with
a 30 jUg/kg dose. The dose difference is even more striking in the experiment
aimed at averting the antidiuresis caused by exogenous vasopressin. To halve
the antidiuretic effect of 10 pg (30 juU) arginine vasopressin, 4.0 —4.3 /xg
antagonist had to be administered to the homozygous Brattleboro rats, with
no endogenous vasopressin reserve, (b) d(CH25Tyr(Et)YAYP possesses an
appreciable antipressor effect. The “effective antipressor dose” of the com-
pound (0.49 nmol/kg = 0.56 /xg/kg) is lower than the effective antidiuretic
dose. When the drug is used, therefore, the blood pressure-decreasing effect
must be taken into account.

Recently, D-tyrosine has been built into the molecule in place of the
L-tyrosine at position 2 [9]. The “effective dose” of the antidiuretic antagonist
d(CH2)5D-Tyr(Et)VAYP is 1.1 nmol/kg, but the strength of its antipressor
effect is the same as that of the L-tyrosine analogue. The most potent anti-
diuretic antagonist compound found so far is d(CH2)5D-Phe-VAVP (“effective
dose” = 0.67 nmol/kg); here too the antipressor action is marked (“effective
dose” = 0.58 nmol/kg) [7]. The most promising compound appears to be
d(CH25D-Leu-YAVP, which primarily exerts antidiuretic antagonist action
(“effective dose” = 1.2 nmol/kg) [7], while its antipressor effect is more than
20 times weaker (“effective dose” = 26 nmol/kg).

In human therapy the compound seems to be of promise primarily in the
treatment of the Schwartz—Bartter syndrome. In our experiments we attempt-
ed to induce in rat conditions corresponding very closely to those in the human
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syndrome. In the event of sufficient hydration, marked water retention, hyper-
natriuria, hyponatraemia and cerebral oedema could be induced by administra-
tion of a large dose of a long-acting vasopressin preparation (Pitressin tannate).
These changes could be prevented by the simultaneous administration of
d(CH2sTyr(Et)VAVP. Our observations support the hypothesis that this
compound might be of use in the future as an effective drug in the treatment
of the Schwartz —Bartter syndrome.

10.

11.

12.
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SELF-POISONING AS A MODEL
FOR THE STUDY OF THE MUTAGENICITY
OF CHEMICALS IN HUMAN BEINGS

A. Czeizel, |I. Szentesi, G. Molnar

DEPARTMENT OF HUMAN GENETICS, NATIONAL INSTITUTE OF HYGIENE, AND DEPARTMENT
OF TOXICOLOGICAL MEDICINE, S. AND F. KORANYI HOSPITAL, BUDAPEST, HUNGARY

Received: February 11, 1983

Individuals who poison themselves in a suicide attempt with extremely large
doses of chemicals may comprise a population that is useful for the study of the possible
mutagenicity of drugs and other compounds. After the demonstration of the demographic
data of completed and attempted suicide cases, the methodology of short-term somatic
and long-term germinal mutagenesis systems are described. Finally the advantages
and disadvantages of this human experimental epidemiological model are discussed,
pointing out the practical and theoretical importance of the approach.

Keywords: self-poisoning, suicide attempt, mutagenicity of drugs, human experi-
mental model

Introduction

It would be best if human beings as a test system could be excluded
from research. The fulfilment of this postulate is particularly true in medical
genetics and within it, in dysgenics i.e. the study of mutagenesis. Thus it
would be important to identify potential mutagens with sensitive and reliable
screening systems of lower organisms and to prevent their contact with the
human population. We are, however, far from this ideal case. First, the screen-
ing systems are imperfect and are not enough widespread in use. Secondly,
owing to species differences, the extrapolation of results from experimental
animals to human beings can he realized with difficulties. Thirdly, mankind
is permanently exposed to many naturally occurring chemicals. “Consequent-
ly, the harsh reality is that observations on human beings will provide the
ultimate information” [9]. Thus man himself as a unique authentic measure
could not be excluded from the study of mutagenesis and it is important to
develop efficient epidemiological methods for human populations. The subject
of this study will be the populations at risk exposed to one or more specific
compounds.

Send offprint requests to A. Czeizel, National Institute of Hygiene, H-1966 Budapest,
Gyali ut 2-6
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In recent years there has been an increased interest in the studies of
chronic low doses of potential mutagens, e.g. occupational and medical ex-
posures [3]. In contrast, there are few studies of large doses of chemicals e.g.
in the victims of accidents. Still, asthe first publication of ICPEMC [2] entitled
“Genetic monitoring of human populations accidentally exposed to a suspected
mutagenic chemical” stated: “There is currently little relevant information
on mutagenesis which can be directly applied to humans because the most
readily observable effects may be relatively rare and it is often difficult to
locate groups which have been exposed to one specific factor ... For this
reason close study of the victims of accidental exposures could yield unique
scientific information which would provide the data base for future applica-
tion. We therefore strongly advocate that the groups of accidentally exposed

Table |
Death ratesfrom suicide in some selected countries on 1979

Suicide and self-inflicted injury

Selected countries Total deaths

No. No. per 100 000
persons
Europe
Austria 92 012 1883 25.1
Bulgaria 94 403 1267 14.4
Denmark 54 369 1318 25.8
England 593 019 4 195 8.5
Germany F.R.* 723 218 13 620 22.2
Greece* 81 615 290 2.9
Hungary 136 829 4770 44.6
Italy**=* 550 565 3 199 5.7
Netherlands 112 565 1 465 10.4
Norway 41 632 494 121
Poland* 325 104 4 640 13.3
Spain** 294 324 1486 41
Sweden 91 060 1703 20.5
Switzerland 57 454 156 24.7
Other continents

USA* 1927 788 27 294 12.5
Canada** 167 498 3317 14.2
Japan 689 664 20 823 18.0
Israel* 25 153 208 5.6

* Data from 1978
** Data from 1977
*** Data from 1970
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people be studied thoroughly ... ” Besides the victims of accidents, the sub-
jects who commit suicide by taking chemicals may represent similar — and
perhaps even more adequate — material for the study of mutagenicity of

large doses of chemical compounds. The features and utility of this human
model will be discussed in this paper but first an attempt is made to charac-
terize the data derived from such individuals.

Completed suicide

Table I explains the particular interest of Hungarian experts in the death
rate from suicide. According to statistical data, Hungary has an extraordinary
high death rate caused by suicide (so-called completed suicide) and self-in-
flicted injury. Some other European countries such as Austria, Denmark, Fin-
land and Switzerland have about 25 prevalences. Previously high values were
known from East-Germany (e.g. 34.0 in 1974) but recently these figures have
not been published. Europe has a peculiar distribution of suicide mortality
(Fig. 1). Hungary is the epicentrum, in general the central-European countries
have intermediate values, while countries in the Mediterranean area as well
as the U.K. and the Netherlands show low prevalences.

The highest Hungarian value has been the consequence of a continuously
increasing trend from 1951, though it has been high since the last decades of
the last century (Fig. 2). In Hungary the suicide deaths seem to be endemic

Known mortality rales of suicides per IQQQQ0
population in European countries in the late
seventies

Fig. 1
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Fig. 2

i.e. habitually prevalent and due to permanent local causes. What are these
causes ? An important point may be the high proportion of violent methods.
The efficacy of suicide methods is considerably different, and the distribution
of methods is not the same in various countries. The Hungarian percentage
rates of suicide methods are shown in Table Il. (The Hungarian ones originate
from the years 1965—1974 because reliable figures are available from that
period.) The predominance of hanging with high efficacy is obvious in Hungary.
The other explanations of the very high Hungarian values may be the more
reliable statistical registration, the increasing rate of old people and some
traditional social patterns. The point is that suicide is among the main causes
of deaths in Hungary (Table I11).

From the genetic point of view, a completed suicide does not pose
a problem, because it is a kind of man-made biological selection, and the
possibility of late consequences can be excluded. The long-term mutagenic and
carcinogenic effects, however, may be important in the later life of attempted
suicide cases and probably in their offspring. Thus, the data of such persons
deserve particular attention.

Attempted suicide with chemicals

Self-poisoning and attempted suicide are not identical terms [10, 19],
but in the majority of our cases, self-poisonings were attempted suicides, thus
these terms will be used as synonyms in this paper.

Acta M edica Hungarica 41, 1984



Percentage of methodsfor persons who had committed or attempted suicide in Hungary,
1964-1975

male female

Self-poisoning
drugs 8.4 26.7
gas 3.0 8.1
other substances 9.9 10.8
Stabbing 1.9 1.2
Hanging 61.6 35.1
Drowning 3.7 9.0
Leaping 25 4.6
Running over 4.0 35
Fire-arms 3.6 0.2
Electric shock 12 0.7
Others 0.2 0.1
Total 100.0 100.0

Table 111

SELF-POISONING AS A MODEL FOR THE MUTAGENICITY

Table 11

Completed suicide

total

13.9
4.5
10.1
1.7
53.7
5.3
3.1
3.9
2.6
11
0.1

100.0

Attempted suicide

male female
73.0 89.0
2.3 18
7.8 4.0
8.1 2.6
4.4 0.6
1.0 0.6
0.4 0.2
0.7 0.2
0.4 0.0
0.9 0.3
1.0 0.7
100.0 100.0

Main causes of deaths in Hungary, 1978

Causes of death

Ischaemic heart disease
Neoplasm

Cerebrovascular disease
Accident

Hypertensive disease
Bronchitis, emphysema, asthma
Other forms of heart disease
Suicide and self-inflicted injury
Cirrhosis of liver

Others

Total

Per cent

20.8
19.2
14.3
5.3
4.8
3.5
3.4
3.3
1.7
23.7

100.0

total

84.1
2.0
5.2
4.1
1.8
0.7
0.3
0.4
0.1
0.5
0.8

100.0

81

4.3
411
34.7

9.9
88.9
67.4
73.4
76.0
84.2
42.5
335

21.4
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Completed and ottempted suicide rate (per 100,000
aqe-specified population ) by age and sex in

Rote Hungary 1965-7A

per 100,000
population

Fig. 3

Both the sex ratio and the age distribution of suicide attempters differ
significantly from the ratios of completed suicide (Fig. 3). While there is
a significant male preponderance in completed suicides (70% in Hungary),
only 32% of the attempted suicides are male. The age specific incidences are
also reversed i.e. the completed suicide death rates increase with advancing
age in both sexes. In contrast, the majority of suicide attempters is found
among young people of reproductive age. The age distribution of fertility has
a somewhat similar pattern, but the peak of suicide attempts (at the age of
17—19) precedes the peak of childbirths (at the age of 21-26).

Drugs and other chemical substances account for 90% of attempted
suicides. In Great Britain there has been a 20-fold increase in the annual
number of admissions to hospital in the last 20 years due to what has been
called an “epidemic of self-poisoning” [8]. It amounted to almost 10% of all
admissions and 20% of all medical emergencies was self-poisoning in Sheffield
in the early 1970’s [22]. In some areas poisonings are a major cause of admis-
sion to hospital, more than ischaemic heart disease [8]. The efficacy of self-
poisoning by drugs is low and the mortality shows a decreasing trend: only
2.6% of persons who had attempted suicide by drugs died in Budapest in 1979.

The ratio of completed to attempted suicides (“parasuicides”) shows
a changing pattern in different countries. The estimated ratios are 1to 7—8 [21]
and 1 to 39 [13], respectively, in the USA and 1to 9.7 in England and Wales
[14], while in Hungary the ratio of completed suicides to registered attempted
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suicides is 1 to 3.7. Naturally, patients who did not seek medical advice after
a suicidal attempt or those who were treated at home by general practitioners
are not included in these figures. They may be a certain part of suicide at-
tempts mainly with weak poisonings. Furthermore some country hospitals
do not report all attempted suicides. The real ratio might be around 1 to
5-8 in Hungary.

According to calculations made by Cseh-Szombathy and Czeizel (Table
1V), based on the registered figures of attempted suicide in the 15-34 year

Tabic IV
Estimation of rate of attempted suicides between 15 and 34 years of age Hungary,
1965-1974
Age group
. 15-19 20-24 25-29 30-34 Total
Estimation ~'—
Registered per cent of attempted
suicides 0.29 0.25 0.20 0.17 0.23
Corrected per cent of attempted
suicides 0.58 0.50 0.40 0.34 0.46
Cumulated per cent of age-group
cohort 2.90 2.50 2.00 1.70 2.30
Cumulated per cent of total cohort 9.10

age-groups, the range was 0.17-90.29% with a mean value of 0.23%. Owing
to the obvious underestimation of self-poisoning cases a correction was neces-
sary. The corrected value is 0.46%, a two-fold increase. The cumulated per
cent of the age group cohort of attempted suicides ranged from 1.7 to 2.9% and
that of the total cohort was 9.1%. (Our figures were limited only to these age-
groups, because in Hungary more than 95% of the mothers deliver their babies
before the age of 34.) Since this 9.1% figure may seem incredibly high, some
comments are necessary, (i) In 1972 an estimated annual suicide attempt rate
of 0.38% was obtained for Boston [13] thus there the cumulated total cohort
value may be even higher, (ii) the 9.1% figure is in keeping with the 3.3% of
all deaths caused by suicide and self-inflicted injury in Hungary, 1978 (Table
I11), and (Hi) the per cent of repeaters has to be deducted from this 9.1%. The
registered repeat rate is 12.9% and the true rate is estimated at double. Thus
the per cent of the cumulated total cohort value of suicide attempters is 6.8%.
Since 90% of the suicide attempters use drugs, the rate of self-poisoning per-
sons within the 15—34 year age-group may be about 6%, i.e. 1 in 17 persons.

The main conclusion is that self-poisoning by chemicals is a common
social problem, so that mutagenic effect of attempted suicide must also he
taken into consideration both in the later life of suicide attempters as well as
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in their offspring. The incidence of these cases is far greater than of the victims
of accidents and of patients treated with cytostatics under the age of 34 [12,
24].

Summing up the data of suicide attempters from the genetic point of
view, we have to face some threatening facts:

1. The number of suicide attempters is very high.

2. Within the attempted suicides the percentage of self-poisoning shows
a dramatic rise and it is one of the major médicosocial phenomena of the past
30 years.

3. It is paradoxical to say that because of a more and more effective
medical treatment the ratio of survivors with possible long-term consequences
increases continuously.

4. One of the most threatening points is the predominance of young
among the suicide attempters people who may have children later.

5. The new pattern of suicide morbidity shows that the majority of
suicide attempters are not physically ill, thus previously healthy organisms
are subjected to self-poisoning [16].

The mutagenic monitoring of self-poisoning persons seems to be neces-
sary for two reasons. First as a high risk population, and secondly as a model
for the study of the mutagenic effect on human beings of large doses of dif-
ferent chemicals.

Study of the short-term somatic mutagenic effect

Since 1971 we have systematically studied the somatic mutations of
persons who had attempted suicide by chemicals [1, 4, 11, 23].

This approach involves the study of short-term effects of acute poison-
ing in persons attempting suicide by drugs. The first and second blood samples
were taken at 4-8 h (Study 1) and at about the 72nd h (Study I11) after the
poisoning. Chromosome aberrations including the usual study of breakage
analysis of chromatid and chromosome type aberrations and the study of
stable chromosome aberrations with G-banding technique, sister chromatid
exchanges (SCEs) and some immunoproteins (IgA, 1gC, IgM and C3) were
analysed in peripheral blood samples. The third blood sample (Study I11) was
planned to be taken at about three months after poisoning and the above-
mentioned methods were completed by analysis of sperm abnormalities and
menstrual disorders.

A sample of individuals from the surgical department of the same
hospital matched for sex, age, and socio-economic conditions with the exposed
persons, ensuring a closely similar environmental background, served as the
control. These individuals underwent surgery for appendicitis or hernia.
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The blood samples from both the control and study Il of the exposed
groups were processed together. Bias in scoring was avoided by coding the
samples and the scorer had no prior knowledge of which slides were from
exposed and which from control samples. Chromosome aberrations were evalu-
ated after approximately 72 h of cultivation at 37°C. It is well-known that
for the study of chromosome aberrations in lymphocytes following in vivo
exposure of individuals to suspected mutagens, the best culturing time is
50 h [7]. A suitable number of mitoses did not, however, appear in 50 h culture
from acutely poisoned persons, so a longer culturing was sometimes necessary.

The method for the detection of SCEs was essentially the same as re-
ported earlier by Raposa [18] and Perry and Wolff [17]. IgA, 1gG, IgM and
Complement Component C3 were studied by the Beckman Immunochemistry
System. The DNA-repair capacity and HGPRT locus testing have also been
studied.

The chromosome aberrations and sister chromatid exchanges showed
a transient increase after the poisoning [3], in the first part of our study. At
present, in the second part of our research we deal with the evaluation of
mutagenic effect of separating chemicals.

Study of the long-term germinal mutagenic effect

In 1979-1981 an epidemiological follow-up cohort study was organized
to analyse pregnancy outcomes of individuals who previously had poisoned
themselves. The specific question was whether in semilethally intoxicated
persons large doses of chemicals produced germinal mutations with epidemio-
logically detectable consequences in their subsequent reproductive outcome.
The answer to this question was negative as there was no evidence whatever
of germinal mutations produced by epidemiologically detectable semilethal
drug poisoning [6]. Here the questionnaire used for personal interview is shown
(Table V) and the distributions of the so-called confounding variables are
summarized in the study sample 1399 persons (i) attempting suicide (ii)
with extremely large doses of chemicals causing of unconsciousness for at
least one day (iii) below the age of 30 years (guaranteeing subsequent repro-
ductive activity), (iv) treated in 1960-1967 (allowing time for realisation
of the reproductive potential), (v) in a special department of poisoned per-
sons in Budapest and in the control sample 881 persons (i) who had
surgery for varicosity, appendicitis and hernia repair (ii) in the surgical
department of the same hospital (iii) in 1960—967 (iv) matched for sex,
age, and district of residence. All male index cases were matched but
owing to the preponderance of females among the suicide attempters, age and
district concordant pairs were selected from female index cases and each pair
had only one matched control female. Nearly, 7 400 control cases were obtained
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Table V

Data ofquestionnaire

Questionnaire for family planning attitude

A) Personal data:

1. Data ofbirth

2. Present marital status

3. Previous marital status (at time of self-poisoning)
4. Highest educational qualification

B) Health status

5. Occupation, working places (period), possible occupational exposition and risk (name)
6. Main diseases: date (duration) and names

7. Hospitalization: date (duration) and cause

8. Chronic drug treatmentunder physician guidance: date (duration) and names of drugs
9. Diagnostic and therapeutic X -ray or isotope: date and cause

10. Acute poisoning by chemicals or drugs; date and name

11. Smoking: duration and quantity per day

12. Alcoholic drinks: duration and quantity per day/per week

C) Obstetric events

I. Number of livebirths. Date of birth, Sex, Birth weight.

Il. Number of stillbirths. Date of birth, Sex, Abnormality in fetus.
I1l1. Number of spontaneous abortions. Date of events, Sex, Cause.
IV. Number of ectopic pregnancies. Date of events

V. Number of induced abortions. Date of events, Cause

V1. Any events during pregnancy (date, name, consequences)
V1I. Occurrence of delayed conception and/or infertility (cause)
V III. In cases of planned pregnancy how many cycles did it take to become pregnant

D) Main diseases (and cause of death if died) of children

Anomaly, Kepeated infections, Tumour, Hospitalization (name, time)
Other

Remarks

Name ofaffected children

Address (ifnot mother’shome address)

Name and address ofthe physician

Other remarks

Date Name of questioning official

from the medical files, thus all index cases were matched from the reserve
material if the original cases could not be found. Unpaired control cases were
excluded.

Confounding factors

There was a highly significant difference in marital status between the
males in the study and the control sample at the time of attempted suicide
(Table VI1): 3.5 times more males were married among the self-poisoning per-
sons. In females the difference was much lower.
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Distribution of the educational level according to the finished school
grade did not differ in the study and control samples (Table VI1). Nevertheless,
mainly in the matched control males there was a predominance of higher
grades.

Table VI

Marital status of self-poisoning and. matched control cases at the
time of self-poisoning (SP) and ofthe epidemiological study (ES)

Married Unmarried Total

Sample Sex Time
No. per cent No. per cent No. per cent

Mal SP 205 56.5 158  43.5 363 100.0

ale

Self-poisoning persons ES 219 60.3 144 39.7 363  100.0
SP 202 195 834  80.5 1036  100.0

Female
ES 691 66.7 345 33.3 1036  100.0
Mal SP 59 16.3 304 83.7 363 100.0
ale
Matched control cases ES 199 54.8 164 45.2 363 100.0
SP 54 10.4 464 89.6 518 110.0
Female

ES 311 60.0 207 40.0 518 100.0

Table VU

Distribution of educational level in the study and control samples

Sample Self-poisoning Matched control
Male Female Male Female
Number of
school grades No. per cent No. per cent No. per cent No. per cent
0—7 18 5.0 24 2.3 19 5.2 24 4.6
8 133 36.6 426 41.1 112 30.9 215 41.5
9—11 107 29.5 145 14.0 106 29.2 53 10.2
12 76 20.9 373 36.0 89 24.5 187 36.1
13 18 29 8.0 68 6.6 37 10.2 39 7.6
Total 363 100.0 1036 100.0 363 100.0 518 100.0

Evaluation of the occupational distribution showed an opposite trend in
self-poisoning males and females (Table VIII). In self-poisoning males there
was significant surplus of occupations with lower qualification (semi- and
unskilled) or without employment (mainly owing to ill-health). They did not
correspond to their educational distribution, showing a social come-down. In
self-poisoning females the skilled workers and persons without employment
were predominating and the per cent of semi- and unskilled workers was lower
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TableVin

Occupational distribution of index and control cases

Sample Self-poisoning Matched control
Male Female Male Female
Occupation No. per cent No.  percent No. per cent No. per cent
Intellectual 28 7.7 59 5.7 41 113 46 8.9
Clerk 8 2.2 67 6.5 5 1.4 29 5.6
Skilled worker 166 45.7 337 325 231 63.7 115 22.2
Semi-skilled worker 97 26.7 354 34.2 56 15.4 224 43.2
Unskilled worker 40 11.0 135 13.0 15 4.1 81 15.7
Unemployed 24 6.7 84 8.1 15 4.1 23 4.4
Total 363 100.0 1036 100.0 363 100.0 518 100.0

than that in the matched control sample. The rate of possible dangerous
occupational exposures of self-poisoning persons did not differ from their
matched control cases.

The per cent of habitual drinkers was significantly higher in both sexes
of the study sample than in the control group (Table 1X).

Table IX

Estimated consumption o f alcoholic beverages in the self-poisoning and matched
control persons at the time of the epidemiological study

Self-]Jpoisoning persons Matched control
Degree ofdrinking Male Female Together Male Female Together
Habitual No. 84 65 149 16 9 25
Per cent 231 6.3 10.7 4.4 1.7 2.8
Occasionally No. 164 466 630 162 187 349
Per cent 45.2 45.0 45.0 44.6 36.1 39.6
Abstinent No. 90 424 514 164 284 448
Per cent 248 40.9 36.7 45.2 54.8 50.9
No information No. 25 81 106 21 38 59
Per cent 6.9 7.8 7.6 5.8 7.4 6.7
Total No. 363 1036 1399 363 518 881
Per cent 100.0 100.0 100.0 100.0 100.0 100.0

80 and 57% of the self-poisoning males and females, respectively, were
smokers, while this rate was 46 and 41% in the control males and females
(Table X).
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Table X

Per cent of smokers among self-poisoning and matched control persons
at the time of the epidemiological study

Self-poisoning

Group
Male Female Together
Smoker No. 291 585 876
Per cent 80.2 56.5 62.6
Total No. 363 1036 1399

Matched control

Male

166 212
40.9

45.7

363

Female

518

89

Together

378
42.9

881

The medical interventions studied did not show a significant increase
in the study sample as compared with the data of the control group (Table X1).
These data e.g. the somewhat lower socio-economic status and the higher
rate of alcohol consumption and smoking of self-poisoning persons have con-

firmed the previous observations [20, 25].

Obviously, some of the above-

mentioned variables may have an effect on the pregnancy outcome. Still,
owing to the negative results of our study, a separate evaluation of these con-
founding factors did not seem necessary.

Tabic XI

Medical interventions in the study and control samples

Medical intervention

X-ray or isotope therapy

Chronic drug treatment under physicians
guidance

Previous hospitalization except for the
event studied

Total

Medical intervention

X-ray or isotope therapy

Chronic drug treatment under physicians
guidance

Previous hospitalization except for the
event studied

Total

Male
No. per cent
0 0
45 12.4
82 22.6
363 100.0
Male
No. per cent
8 2.2
39 10.7
74 20.4
363 100.0

Self-poisoning

Female
No. per cent
5 0.5
132 12.7
233 225
1036 100.0

Matched control

Female

No. per cent
n 35
66 20.8
124 39.0
318 100.0

177

315
1399

19

105

198
881

Together

per cent

0.4

12.7

22.5
100.0

Together

per cent

2.2

11.9

22.5
100.0
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Pros and cons of the human self-poisoning model

The advantages of a study of the possible mutagenic effect of chemicals
in self-poisoning persons are as follows.

1. A great number of cases of attempted suicide by chemicals is available
in the toxicological departments.

2. There is an opportunity for a planned, well-organized and continuous
study of suicide attempters, as opposed to the unexpected and mostly single
occurrence of accidents.

3. The patients in hospital are thoroughly examined thus for example
series of blood samples are available and there is no need for special organisa-
tion.

4. In general, the quantitative estimates of exposure can he solved.
Partly the quantitative values of chemicals in blood, partly in general the
severity of clinical symptoms, partly the case history of surviving patients
can offer a good basis for estimation of the dose as well as of the type of com-
pounds.

5. As suicides are attempted by different doses of chemicals there is
a possibility to study the correlation between dose and response.

Of course, this approach as all the others has some limitations and
drawbacks as well.

a) The persons or study samples of those who have attempted suicide
cannot be considered to be representative for the whole population.

b) The use of extremely large doses is not frequent and an extrapola-
tion from the large doses to the more common low ones may sometimes raise
problems. The generalized dose-response curve has five main regions (Fig. 4).

Generalized dose-response curve

response

Fig. 4
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The 1st region at very low doses is mostly inaccessible to practical experi-
ments. The region Il at low-intermediate doses has a predominating linear
correlation. The region Il with intermediate-high doses shows a more or
less pronounced exponential rise. The region IV at very high doses shows a
fall of the response. The region Y with lethal doses elicits no response any
more. In general, the cases of attempted suicide are to he found in the regions
I to V.

c) Treatment of these patients with antidotes and other drugs may
cause some confounding effects.

d) Chemicals are often combined in self-poisoning thus it is difficult
to study a single compound. On the other hand it provides a chance to study
the interaction of chemicals.

e) The persons who attempt suicide often use continuous medication.

f) These persons, in general consume alcoholic beverages and are smokers.

g) Repeated self-poisonings are not infrequent and may confuse the
consequences of different events.

Evaluating the pros and cons, this human “experimental” epidemio-
logical model seems to be practical.

It is a general experience that there is a considerable social hostility
against suicide attempters (Robertson, 1977). They do not inspire public
concern, they are depressing and unrewarding to deal with. This may be
one of the explanations that no study of the possible mutagenic damage has
been done in self-poisoning persons and their offspring.
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Haemostasis was studied in 34 diabetic patients with and without detectable
vascular complications (micro- and macroangiopathy). Information on platelet functions
was obtained by beta-thromboglobulin determination, and of heparin-thrombin coagu-
lation time, platelet aggregation in vivo, and on the condition of the vessel walls by
estimation of factorV Ill-protein(VIIIR:Ag).The results were suggestive of an increased
platelet activity, the most marked abnormalities having been found in cases of angio-
pathy. Attention is drawn to the therapeutic possibilities offered by studies of the patho-
genetic role of the abnormalities of haemostasis in diabetes.

Keywords: diabetes mellitus, micro- and macroangiopathy, thrombocyte
function, V111 related antigen (VIIIRrAg)

Introduction

Arterial disease in the form of acute arterial occlusion, or of chronic
angiopathy (disease of small and large arteries), is common in diabetics.
Haemostasis, in the first place the platelet function, in diabetics, has been
the subject of extensive studies. Changes in various platelet functions includ-
ing an increase in platelet-reactivity, have been found by several authors,
and abnormalities of the clotting and fibrinolytic systems resulting in enhanced
haemostasis have also been described.

There is mounting evidence in support of an involvement of the haemo-
static systems, particularly of platelet hyperfunction, in the pathogenesis of
atherosclerosis [23, 40]. In view of the close association of diabetes with
atherosclerosis, i.e. with macroangiopathy, it is not surprising that the pos-
sibility of an altered platelet function in the aetiology of microangiopathy,
the other typical corollary of diabetes, has also been raised [9, 11, 33, 41].
It is still uncertain whether hyperreactivity is an intrinsic property of the
platelets, or it is conferred on them by some plasma factor. The possibility
that the abnormal platelet function is a consequence rather than a causal
factor of microangiopathy has also been suggested, a view which has found

Send offprint requests to Dr. Méria Misz, Second Department of Medicine, University
Medical School, 11-4012 Debrecen, Nagyerdei krt 98, Hungary
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large support [1, 39]. But even if this claim is valid, the pathogenetic role of
platelet functions, not in the production, but rather in the maintenance and
progression of angiopathy, deserves close attention.

The following parameters of haemostasis have been extensively studied
in diabetics and found abnormal by several authors.

Platelet adhesiveness measured in vitro (generally by adherence to glass
beads) has been found excessive by the majority of workers [21, 22, 32, 43],
but this method is not reliable, its result is affected by aggregation, in addi-
tion to adhesion. Hyperadhesiveness has been connected with increased plasma
levels of the Willebrand-factor in diabetes [8, 9, 30, 37], this humoral factor
being closely involved in platelet adhesion.

The results of the aggregation test are also consistently positive. Hyper-
sensitivity of the platelets to ADP was demonstrated many years ago [4],
particularly in cases of advanced retinopathy [21], but also in the absence
of vascular disease [9, 10, 41]. The view that the primary cause lies not in
the platelets but rather in a platelet-stimulating plasma factor gaining access
to the circulation, has been voiced by several authors [11, 12, 29]. This plasma
factor has been identified lately with immunocomplexes [13] stimulating the
aggregation and release of platelets. The immunocomplexes may play a part
in the pathogenesis of diabetic angiopathy, taking effect by the activation
of the platelets [14].

Secondary platelet hyperaggregation is inhibited by aspirin, an inhibitor
of prostaglandin-synthetase (cyclo-oxygenase) [41]: the platelets of diabetics
are hypersensitive to arachidonic acid and form prostaglandin-E-like material
in increased amounts under the effect of ADP, adrenaline, arachidonic acid
and thrombin [18]. The synthesis of thromboxan-A2 (TXA2 is also signif-
icantly increased, the increase being related to the blood glucose levels [19].
Impairment of prostacyclin (PG 12 synthesis by the vascular endothelium may
also contribute to the platelet abnormalities [20, 44].

Alterations of platelet turnover [10] and elevated plasma levels of the
platelet-specific protein, beta-thromboglobulin (BTG), have been observed [5,
39]. This may be connected with the aggregation and release reaction in vivo,
in the same manner as the augmented plasma level of platelet factor 4 (PF4)
with known antiheparin activity [7].

The protein of factor V111 complex, VIIIR:Ag or Willebrand-factor, has
been extensively studied in diabetes, with consistent findings of elevated
plasma levels. The first important observation was that the abnormal haemo-
stasis in Willebrand’s disease responds better to the plasma of diabetics than
of nondiabetic patients [17]. This factor attains the highest levels in diabetic
retinopathy [8], but it is increased in chemical diabetes as well [9, 30] and
declines in response to strict dietary and drug control of glucose metabolism
[7, 38]. VIIIR:Ag originates for the greatest part from the endothelium, only
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15% of the circulating antigen comes from the megakaryocyte-platelet system
[28]. This factor plays an essential part in haemostasis under both physio-
logical and pathological conditions. It was, therefore, justified to look for
causal relationships between the raised levels and angiopathy. Though we lack
any conclusive evidence in this respect, a high concentration of the Wille-
brand-factor is none the less regarded as a sign of permanent damage to the
vascular endothelium [38].

The relationships between the abnormalities of haemostasis, first of all
those of platelet functions and vascular complications in diabetes, have yet
to be clarified, and we are still unable to assess the possible benefits of the
present therapeutic attempts directed at these abnormal functions.

The aim of the present study was to throw light on the relationship
between haemostasis and angiopathy in diabetics.

M aterials and methods

Thirty-four diabetic patients aged from 26 to 60 years were studied. Apart from insulin
or oral antidiabetic agents drugs were avoided.

Group | included 16 patients known to have diabetes for 2to 5 years; 5 of them were on
insulin, 11 on oral antidiabetics, in addition to the diet. The history, clinical features, ECG,
ophthalmoscopy, oscillometry and renal studies ruled out the presence of considerable vascular
disease in all of the cases. In the 18 patients of Group Il the disease had been known for more
than 5 years; 8 patients were on insulin, the other 10 on oral antidiabetics, in addition to the
diet. The investigations revealed vascular complications (macro- and microangiopathy).

Beta-thromboglobulin (BTG) was determined from platelet-poor plasma by radioimmu-
noassay (RIA kit, Radiochemical Centre, Amersham). The mean plasma BTG level of 30
non-diabetic subjects with no apparent vascular disease was 21 £4.1 ng/ml.

The heparin-thrombin coagulation time (HTCT) measures platelet factor 4 indirectly.
A radioimmunoassay for the measurement of the heparin neutralizing factor of platelets
(Abbot) was outside of our facilities, so the indirect assay was performed by the method of
O’Brien with some modifications [34]. A thrombin solution causing the control plasma to
coagulate in 20 s is prepared, and heparin is added to the plasma in an amount to give a co-
agulation time of 40+1.5 s. The higher the antiheparin activity of the unknown plasma, the
shorter the coagulation time with the same thrombin solution.

For quantitative determination of circulating platelet-aggregates the method of Wu and
Hoak [45] modified by Schmidt [42] was used. The method permits to define the platelet-
aggregate ratio. Venous blood is drawn with minimum stasis, one part directly into an EDTA-
formalin solution, the other into EDTA, and kept at room temperature for 15 min. The aggre-
gates are fixed by formalin, but they disaggregate in EDTA. After low-speed centrifugation
to sediment, the erythrocytes, leukocytes and fixed aggregates, the platelet count was deter-
mined from the uppermost layer of the sample by direct phase-contrast microscopy. The
platelet-aggregate ratio is the quotient of the platelet count in EDTA-formalin and platelet
count in EDTA. The ratio in 20 controls was 0.99+0.07. If aggregates are formed in the cir-
culating blood, the platelet count in the formalin sample declines as compared with the EDTA-
sample and the values of the platelet-ratio decrease.

VIIIR: Ag was determined by the rocket technique of Laurell, on the basis of quantita-
tive immunoelectrophoresis [46]. The normal value was 113+40% . The clotting activity of
factor VIII (VIII:C) was determined on the basis of a monophasic test by means of plasma
deficient in factor-VIIl (Goedecke) and of activated partial thromboplastin (Platelin,
Goedecke), using a semi-automatic coagulometer (Clotek, Hyland). The mean value in 10
controls was 84+3. The VIIIR:Ag/VIIIC-ratio, calculated in 10 controls, was 1.34+0.48.
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Results

Elevated plasma BTG levels were found in both groups, i.e. in the pa-
tients with no vascular complications (NVC) and in those with vascular com-
plications (VC). The difference between the two groups (70.3 ~ 19.2 vs. 156 »
52.5 ng/ml) was highly significant (Fig. 1).

The heparin-thrombin coagulation time in Group | (39 ~ 3.3) failed to
differ significantly from the control group. Shortened coagulation times were

ng/ml 128
200-
c
:
100
0
X1
E
0
X
e
0
VC
P <0.001

Fig. 1. Beta-thromboglobulin levels in diabetics with no vascular complications (NYC), with
vascular complications (VC) and in the controls (C)
mean + S. D. (hatched area)

Fig. 2. Heparin-thrombin coagulation time in diabetics with no vascular complications (NYC)
and with vascular complications (VC)
mean = S. D. (hatched area)
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found in Group Il (35 A 3.7 s). The difference between the two groups was
slightly significant (Fig. 2).

The VIIIR:Ag levels were augmented in both groups, the mean values
being 133 ~ 47 for Group | and 248 ~ 125 for Group Il. The differences
between the two groups and between Group Il and the controls were signif-
icant. The VII1:C values gave no evaluable differences between the control
group and the two study groups. The mean VIIIR:Ag/VIII:C ratio was
152~ 7 in the 10 NVC patients of Group | and 2.79 ~ 1.08 in the 14 VC
patients of Group II; the difference was significant (Fig. 3).

Fig. 3. VIII-.C, VIIIR :Ag levels and the quotient of the two values in diabetics with no
vascular complications (NVC), with vascular complications (VC) and in the controls (C)
mean + S. D.

12 -

C NVC
P>0,05

Fig. 4. Platelet-aggregation ratio in diabetics with no vascular complications (NVC), with
vascular complications (VC) and in the controls (C)
mean + S. D. (hatched area)
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The platelet-aggregation ratio (aggregation-index) was lower in the
diabetic groups than in the controls where it approximated 1.0. The reduction
was more marked in the VC group. The difference between Group Il and the
controls was significant, between Groups | and 1l it was not significant

(Fig. 4).
Discussion

Though the last decades have witnessed considerable advances in the
therapy of diabetics, their life expectation, particularly in the insulin-depen-
dent form, is far below that of the general population. This is due in the first
place to the associated macro- and microangiopathy. Renal failure and acute
cardiac death also contribute to the mortality and blindness is a common
complication.

The role of platelets in the pathogenesis of diabetic vascular disease has
been receiving increasing attention. A platelet hyperfunction has been found
by several workers, and the biochemical mechanism underlying these ab-
normalities is also under investigation. It is sought to establish the value of
anti-platelet drugs, even though the relationships between abnormal platelet
functions and diabetic vascular disease are still far from being clarified. Nor
is it certain whether in vitro assays reflect abnormalities in vivo. The increased
platelet turnover [10, 15] as well as the elevated plasma concentration of
certain platelet-specific proteins, in particular of BTG, do, however, point to
relationships of this kind. But even in this case, neither the abnormal platelet
function, nor the increase in prostaglandin synthesis should be considered
characteristic of the diabetes itself. Both may be secondary to the vascular
disease and to the shortened platelet life-span. In diabetes the percentage
of young platelets, often of macrothrombocytes, is increased [15]. These cells
are hypersensitive to ADP and adrenaline, they form more prostaglandin-
endoperoxide and more malonyldialdehyde than normally, and are charac-
terized by a metabolic hyperactivity [26]. The question whether the increased
platelet function was the cause or rather a consequence of angiopathy, or even
whether there was any causal connection between the two, has remained
largely unanswered.

It is generally accepted that an increased plasma BTG level reflects in
vivo platelet aggregation and release. Abnormally high levels in diabetes have
been found by the majority of workers, but there is also evidence to the
contrary. Campbell et al. [6] observed normal values even in diabetes with
YC and alleged for the explanation of their findings that if aggregates are con-
fined to a small proportion of the vasculature, the platelets involved in the
process are small in number, therefore too little BTG is released to be demon-
strable by the method used. Moreover, the turnover of platelets taking part
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in the aggregates is small, and when the stores are depleted, the plasma-BTG
remains low, owing to the comparatively short half-life of platelets. While
the test fails to indicate a minor local platelet aggregation, it shows high
levels in the case of generalized platelet activation, that is, under conditions
of hypercoagulability.

In the present study increased plasma concentration have been found
in the absence as well as in the presence of vascular disease (Groups | and I1),
but the levels were significantly higher in Group Il than in Group I. Accord-
ing to data in the literature the BTG level is not related to the blood glucose
level or to the proportion of glycosylated haemoglobin (HbAic), but depends
on the lipid levels and the condition of the vessels. The highest levels have
been found in cases associated with renal failure or with retinopathy [3, 31].
The results of BTG determination give the strongest support to the claim that
an abnormal platelet function contributes to the development of vascular
disease in diabetes.

The PF4levels are also increased [3, 7]. This factor has been found
similar in behaviour to BTG, but the pertaining data are sparse. In the present
study the reduction in heparin-thrombin coagulation time was confined to the
group with vascular complications. Attention has been drawn recently to
the informative value of parallel measurements of BTG and PF4. Increased
levels of the two proteins are indicative of platelet activation in vivo. The
half-life of PF4 being shorter, the concentration of BTG is higher, so the
BTG/PF4 ratio is also high [25]. If only one of the factors or activities in-
creases, an artifact may he suspected in all probability due to the release of
the factor in vivo.

The protein of factor VIII complex (VIIIB:Ag) has been widely studied.
Its level is abnormally high in diabetics. This is independent from the metab-
olism of glucose but it increases with the severity of vascular disease. The
highest concentrations were found in diabetic retinopathy [2, 38]. It is un-
related to HbAic, but the level may decline in response to dietary or anti-
diabetic treatment [8]. We found increased plasma concentrations in both
groups, but the values in Group Il were significantly higher than those in
Group I. A mean value of 219% was found in 113 unselected adult diabetics.
We have noted similarly high values (221%) in 28 cases of acute myocardial
infarction, a mean value of 193% in 30 cases of atherosclerosis (unpublished
data). The plasma VIIIR:Ag-level indicates a permanent vascular damage.
Its increase is a secondary manifestation. The factor may, however, play
a part in the maintenance and progression of the angiopathy.

An abnormally low level of factor VIII1:RAg, thus of Willebrand’s factor
or of the ristocetin cofactor (Willebrand’s disease) results in an impaired
platelet adhesion. Abnormally high levels are, on the other hand, obviously
associated with hyperadhesiveness. Assays for this factor are very cumber-
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some. An increase in bleeding time has been reported in diabetes [24], but
even this apparently simple issue has yet to be ascertained. The increased
YIIIR:Ag-levels do not seem to be responsible for the hyperaggregative
tendency demonstrable already in the early stage [38].

An increase in the YIIIR:Ag/YII1:C quotient has been found by several
authors, particularly in the case of complications [2, 7, 16]. It is assumed that
the vascular endothelium produces VIIIR:Ag only and VIII:C joins the
molecule at a later stage. It should be remembered that even small amounts
of intravasal thrombin are highly destructive to VIII:C. We lack precise
knowledge about the stimulus eliciting the release of the antigen of factor
V1l from the endothelium. According to several observations, the plasma
level of the Willebrand-factor correlates with the growth hormone level in
diabetes [2, 36].

We have not studied the aggregation tendency of platelets in vitro,
seeking instead to quantify the aggregates formed in vivo. In the VC patients
the ratio was significantly lower than in the controls. This finding also points
to an activation of the platelet system.

The present results have furnished evidence relating to the connection
between haemostasis, in particular platelet functions, and the vascular disease
of diabetics. Though all the observed abnormalities may be secondary to the
vascular process, yet the increased BTG-level in diabetes even in the absence
of any apparent angiopathy, points to a primary alteration of the platelet
functions. Therapeutic attempts directed against this hyperfunction are justi-
fied, even if the role of the abnormal platelet activity is confined to the main-
tenance and progress of the angiopathy [27].

From the present findings the following conclusions may be drawn:

1. The high beta-thromboglobulin level, the reduced heparin-thrombin
coagulation time (thus an increased plasma activity of platelet factor 4), and
the reduced platelet-aggregation ratio (i.e. the enhanced aggregation tendency
of platelets in vivo), found in early, particularly in juvenile, diabetes, reflect
a hyperfunction of the platelet system and suggest a possible role of abnormal
platelet functions in the production of angiopathy. For this reason drug
therapy directed at platelet hyperfunction seems promising and is, therefore,
justified.

2. High VIIIR:Ag-concentrations are suggestive of extensive angiopathy.
Determination of this factor is of diagnostic value. High levels imply the
necessity for dietary restrictions and/or drug therapy.

3. Our results, though obtained in a small number of cases, highlight
the need for further studies of haemostasis in diabetics, in order to gain closer
insight into the pathogenesis of atherosclerosis.
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Combined clomiphene -f- ethinyl-oestradiol therapy was applied to 103 women
with functional infertility. Ovulatory responses were obtained with clomiphene in a
number of cases, but no pregnancy ensued. Ethinyl-oestradiol was then administered
in low doses together with clomiphene over 3 cycles until the day before the expected
date of ovulation. This resulted in a further increase in the number of ovulatory cycles,
and one-third of the women had become pregnant. Comparing the two types oftreatment
on the basis of quality, quantity and sperm-penetration of the cervical mucus, low doses
of oestradiol were found to affect these parameters favourably. If the treatment is
unsuccessful, i.e. if the parameters of mucus or of the conditions of penetration fail to
respond, further investigations are required to find out whether a permanent damage to
the cervical epithelium or some penetration disorder of immunological origin is reponsible
for the infertility.

Keywords: infertility, cervical factor, clomiphene, ethinyl oestradiol

Introduction

Hypoplasia, surgical or obstetric injuries, strictures of the uterine cervix
are common sources of female infertility [15]. Cyclic changes in the amount
and biochemical characters of cervical mucus play a decisive part in impreg-
nation. The mucus of the cervical canal is produced by the epithelial cells
which form thousands of crypts in the cervical wall [2]. These are essential
to the survival and transport of spermatozoa. In the secretory epithelium there
are also ciliated cells which presumably play a part in directing the flow of
mucus, in other words, of the migration of macromolecules [16].

The secretory activity of the cervical epithelium is under hormonal
control. With approaching ovulation the mucus increases in volume, it be-
comes clear and fluid. At the time of ovulation sperm penetration of the cer-
vical mucus is at its maximum [42]. The daily amount of mucus varies between
20 and 600 mg [25]; its volume and composition depends on the levels of the

Send offprint requests to Dr. M. Sas, Department of Obstetrics and Gynecology,
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regulatory hormones, on the number and hormone-sensitivity of the secretory
units. The cervical mucus is of aqueous character. Its water content is in-
creased by oestrogen, reduced by progesterone. It also contains soluble com-
ponents such as inorganic salts and carbohydrates, further lipids and proteins
including immunoglobulins and enzymes, and mucin macromolecules [4, 8, 10,
34, 38]. It may also contain specific anti-sperm antibodies which either orig-
inate from the plasma, or are produced locally, and affect the viability, the
migration of spermatozoa.

Involvement of the cervical factor in infertility has been the subject
of extensive research [1, 11, 12, 21, 23, 26, 35, 40]. Studies in vitro of sperm
penetration of cervical mucus were done first by Miller and Kurzrok [26].
A widely adopted assay based on the follow-up the cervical factor in the
successive phases of penetration was described by Jaszczak and Hafez [14].

Inadequacy of the cervical mucus calls for investigation of ovarian func-
tion, though it reflects the ovarian cycle less closely than does the condition
of the endometrium [10]. It may be e.g. inadequate in normally ovulating
females with normal sexual steroid levels.

Observations in connection with clomiphene treatment have shown that
the crypts fail to be released from antioestrogen control until shortly before
the preovulatory phase [7]. Clomiphene is inhibitory to the cervical crypts
and a thick, adhesive mucus interfering with penetration and conception is
formed. Though clomiphene represents a definite hallmark in the management
of ovulatory disturbances there remained a number of cases in which despite
satisfactory ovulatory responses, the rate of pregnancies was lower than
expected.

In the present study the effect of oestradiol treatment on the cervical
factor and on ovarian function was examined in women who despite a success-
ful ovulatory response to clomiphene, had failed to become pregnant.

Materials and methods

In women with functional infertility with a normal prolactin level our current practice
isto administer clomiphene over three cycles during which information is gained on the pattern
of the cycles and tests in vitro for the quality of cervical mucus and for sperm penetration. To
103 women who had failed to conceive under this treatment, ethinyl oestradiol (MIKRO-
FOLLIN mite) was administered in doses of 0.01 to 0.02 mg in addition to clomiphene, and the
investigations were continued.

The cycles revealed the following patterns, established by measurement of the basal
temperature and by estimation of the progesterone level in the luteal phase.

1. Ovulatory cycles with regular biphasic basal temperature curve and a serum proges-
terone level over 30 nmol/1;

2. No distinct cycle (basal temperature indistinct, long proliferation phase, short hyper-
thermic phase, serum progesterone between 15 and 30 nmol/1);

3. An ovulatory cycle (monophasic basal temperature curve, serum progesterone less
than 15 nmol/1).

Acta Medica Hungarica 41, 1984



‘Iy eomebunn 0dIpa N BIOY

86T

Mucus quantity

Spinnbarkeit

Arborization

Cervix

None

None

None
(amorphous mucus)

Closed
(pale red mucosa; probe
passes the cervical canal
with difficulty)

Table |

Parameters and classification of cervical score

Scanty

Poor
(mucus-thread extensible to
14 of portio-vaginal distance)

None
(in places straight lines with
no collateral branches)

Closed

2

Medium: In the external orifice
the mucus forms a glistening drop
which comes off readily

Medium
(mucus-thread extensible to /, of
the same distance)

Partial
(pattern of straight lines, in
places with collateral branches,
in other places amorphous mucus)

Partly open
(pale red mucosa; cervical canal
readily passed by probe)

3

Plentiful mucus pouring from
the external uterine orifice

Marked
(mucus-thread extensible to
the external orifice

Complete
(typical fernlike arborization
over the entire specimen)

Patent
(hyperaemic mucosa)
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Cervical score and in vitro sperm penetration were studied on the day before the expected
date of ovulation, in the early follicular or luteal phase, depending on the aims of the study.

Study of mucus:

1. Spinnbarkeit (ductility, its capacity to be drawn out into a thread)

2. Ferning’stest (arborization)

3. Viscosity

4. Cell count

5. pH

The cervicalfactor is evaluated by a 12-point score. The volume of mucus, its spinnbarkeit
the degree of arborization and the width of the external cervical orifice scored 0 to 3 points each
[11, 12]. Classification: 0—3 negative, 4—7 initial, 840 good, 112 excellent (Table I.).

In vitro sperm-penetration test:

1. Slide-test [26]

2. Capillary tube test [19]

Sperm penetration is considered normal if more than 6, unconvincing if 3 to 6, poor if
less than 3 motile spermatozoa are found per visual field [24].

During oestradiol treatment the mucus is again scored and the sperm penetration test is
repeated in the preovulatory phase. If the results are unsatisfactory, the doses are increased
from 0.01 to 0.02 mg. Ifimprovement ofthe quality of mucus, in the presence ofa normal sperm
penetration, has been attained by 0.01 mg, the cervical factor is adequate. If the higher dose
has to be administered to elicit an adequate response, we deal with a relative dysmucorrhoea.

Earlier inflammatory processes, surgical interventions or other lesions, may affect the
number of muciferous units and their responsiveness to hormonal impulses. If high doses of
oestradiol also fail to elicit a response, the mucus isimpermeable to sperm: absolute dysmucor-
rhoea. In’some cases oestradiol produces mucus of good quality (score over 8), but penetration
remains inadequate with husband’s and donor’s sperm alike. This is a penetration dysmucor-
rhoea, which may be ofimmunological origin. If the mucus of the wife is of good quality, pene-
trable by donor sperm, but the sperm of the husband penetrates the mucus of wife and donor
poorly, we have to deal with an inherent sperm-defect, the cause of which may remain unidenti-
fied by seminal analysis.

Results

The results obtained are shown in Table Il. The ovulatory response to
unsuccessful clomiphene treatment has also been listed. Actually, clomiphene
allowed to attain a pregnancy rate of 30% [32]. In infertility due to abnor-
malities of the cervical factor, thus also in the present material, the pregnancy
rate can further be increased by additional oestradiol. A certain increase
in the ovulatory rate may be ascribed to a positive feedback mechanism of
ethinyl oestradiol on LH-secretion.

Table H

Results obtained with clomiphene and with clomiphene -f- ethinyl-oestradiol

i Clomiphene f
Cycle pattern Before treatment Clomiphene Toestradiol
Monophasic 61 19 "
Indistinct 23 22 19
Biphasic 19 62 73

Pregnancies: 34 (33%)
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Table 111 lists the results of sperm penetration tests in vitro. We gener-
ally used the capillary tube method, the slide method having been confined
to cases in which the mucus was scanty.

Table 111

Study of sperm penetration in vitro

Grading of . Clomiphene £

penetration Clomiphene + oestrogen
Good 31 64
Poor 47 27
None 25 12

The majority of the patients displayed relative dysmucorrhoea which
proved responsive to oestradiol. Failure of the penetration parameters to
respond to this treatment calls for differentiation between penetration dys-
mucorrhoea, absolute dysmucorrhoea and inherent sperm defect, on the basis
of crossed tests with donor mucus and sperm, and exclusion of an anatomical
malposition.

The diagrams in Figs 1, 2, 3, 4 and 5 represent typical findings and
responses to combined therapy, on the basis of case reports.

Case 1.The patient aged 26 years had had two improductive marriages. The investigations
revealed functional infertility. Clomiphene administered over three cycles was of no benefit.
The cycle showed no definite pattern. The preovulatory cervix score and sperm-penetration
were inadequate. Administration of ethinyl-oestradiol was followed by a regular biphasic cycle
and good penetration (Fig. 1).

Case 2. This 28 years old patient had failed to conceive since her last childbirth which had
been followed by surgical repair of the portio vaginalis. The cycles in the course of clomiphene

Successful treatment with low oestrogen doses

TempAC  1st cycle 2nd cycle

370-p1- y y

36.5---------

360-

. 5 9. 13 2022 5 9 1B 2022
clomiphene”: nimmt 100 mg/day nuwia100 mg/day

ethinyl-oestradiol:
Fig. 1 Successful treatment with low dose of ethinyl-oestradiol
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Absolute dvsmucorrhoea
serum -progest.

ethinyl-oestradiol : WunKwWwHK 0.02 mg/day

Fig. 2 Absolute dvsmucorrhoea

Relative dvsmucorrhoea
Se-progest.
Cervix-score nmol/l

clomiphene:100mg/day 100mg/day 100 mg/day
oestrogen : 00Lmg/day 0.02mg/day

Fig. 3 Relative dysmucorrhoea

Penetration dvsmucorrhoea

Se-progest,
Cervix-score nmol/l
1 1st Qf/cle T 2ndeyele J 3rd :ycle 45
4 1 ]
1 1
) g °©
J— 1 ! Be
1 ks 3
§ 1 o, ] Pg g | s
\ 0 11 20y
% i o
I M X M £ Zs,_
J ‘O 19] w o+l ©«x
3 20. B3 20— 13 20,
clomiphene: 100mg/day 100mg/day 100mg/day
oestrogen: 0.01mg/day 0.02mg/day

Fig. 4 Penetration dysmucorrhoea
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»Inherent sperm - defect"
Se-progest.
Cervix-score nmol/|

clomiphene:100mg/day 100mg/day 100mg/day
oestrogen: 0.01mg/day 0.02mg/day

Fig. 5 Inherent sperm defect

therapy were found to be regular, but the cervical score was low, penetration was absent.
Combined clomiphene -)- ethinyl-oestradiol therapy failed to give any benefit, in all pro-
bability because of permanent damage to the muciferous units (Fig. 2).

Case 3. A woman aged 22 sought our advice for primary infertility. Her cycles were
monophasic. In the course of clomiphene therapy she developed regular ovulatory cycles, but
sperm penetration was poor. Clomiphene was combined with ethinyl-oestradiol, the dose of
which had to be raised to 0.02 mg to ensure an adequate cervical score and penetration (Fig. 3).

Case 4. This patient of 33 years had failed to conceive for years subsequent to two inter-
ruptions. Both fallopian tubes were patent. The cervical score was adequate, the husband was
fertile, but sperm penetration was inadequate. Combined treatment failed to modify the results
of the penetration test to any significant degree, either with husband’s or donor’s sperm (Fig. 4).

Case 5. A couple presented after three years of infertile marriage. W ith the exception of
hypozoospermia of the husband, all findings were negative. Both husband and wife were started
on clomiphene, whereupon the husband became normozoospermic. In the course of combined
ethinyl-oestradiol therapy sperm penetration of the good quality cervical mucus remained
inadequate with the husband’s and a donor’s sperm. (Fig. 5).

Discussion

Migration of spermatozoa across the cervical mucus has been exten-
sively studied [20, 28, 39]. Both the slide-test [30] and the capillary tube-
test [3, 18, 19] are suitable for the study of sperm-penetration across the mucus
which is optimum in the preovulatory phase [42]. The duration of this phase
shows wide individual variations. According to Davajan and Nakamura [6]
and others, these in vitro tests are best carried out 2 days before the expected
rise of body temperature, on the basis of the temperature chart of the previous
cycle. The mucus remains penetrable for a period of 4 to 6 days. Inhibition
of penetration is thus considerable on the 9th day of the cycle or 1 to 2 days
after ovulation [27].

According to Moghissi [27], abnormalities of the cervix or its secretion
account for 15% of infertile marriages. Examination of mucus for volume,
spinnbarkeit, Ferning’s test, cell count and viscosity, provides reliable infor-
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mation. The tests are simple and require no expensive equipment. This is also
valid for the various penetration tests in vitro.

The cervical score correlates well with oestrogenization, reflected in
sperm penetrability of the mucus [17]. It is advisable to test the muciferous
capacity of the crypts also after administration of exogenous oestradiol. If the
score rises to 8 or more, stimulation has been successful.

Dajavan [5] observed abnormalities of the mucus in 50 to 60% of his
patients. In 45% of these cases the quality, in the remaining cases the quantity
of mucus was at fault. The favourable effect of oestradiol, indicated by the
spinnbarkeit value and arborization, is qualitative as well as quantitative.
Sperm penetration in this period is excellent.

Relative dysmucorrhoea responds well to oestradiol treatment. In case
of absolute dysmucorrhoea, combination of oestradiol with antibiotics, even-
tually with electrocoagulation and cervical curettage is advocated, but the
results are unconvincing [9, 24]. In penetration dysmucorrhoea which is pre-
sumably of immunological origin, the crossed test by the use of donor mucus
and donor sperm may be informative, since the presence of antisperm-anti-
bodies is apt to interfere with penetration and thus be responsible for in-
fertility. Adrenocortical steroids are of little benefit, but a decline of the anti-
body-titres has been reported after regular long-term use of a protective sheet
during coitus [22]. The necessity ofintrauterine insemination may none the less
arise [22].

The difference between the ovulation and conception rates after clomi-
phene therapy is due to the inhibitory effect of the drug on the cervix [29, 41].
An average ovulation rate of 70% versus a pregnancy rate of no more than
30% has been reported by the majority of authors. In one of our series the
pregnancy rate was 34% [31]. The difference between the ovulation and
pregnancy rates may be due to an inadequacy of the clomiphene-induced
luteal phases [41], to an abnormal fallopian transport, or to the poor quality
of the cervical mucus [13]. In this case the results may be considerably im -
proved by combined clomiphene-oestradiol therapy [13, 33, 37]. According
to the results of Lunenfeld and Insler [24], supported by our own observations,
proper selection of the cases and combined therapy may narrow the gap
between the two figures significantly.
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AUTOLOGOUS ROSETTE-FORMING CAPACITY
OF T-LYMPHOCYTES IN HODGKIN’S DISEASE
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Distribution of the T-lymphocyte subpopulation capable of binding own erythro-
cytes was examined in patients with Hodgkin’s (H) disease. Parallel with the autologous
rosette-forming cells (Tar-cells) the absolute lymphocyte count and the proportion of
sheep-E-rosette forming T-cells were studied in various stages and histological types of
H-disease. A considerable increase in the proportion of Tar-cells was found in untreated
or recurrent H-disease, whereas in the periods of remission resulting from therapy no
distinct differences between these figures and the mean values of the controls were
demonstrable. In the generalized stage of the disease as well as in its mixed-cell and
lymphocyte depletion types of poor prognosis, the proportion of Tar-cells was increased.
The absolute lymphocyte count and the proportion of T-cells showed a significant fall
with the increase of Tar-cells. It is assumed on the grounds of the functional properties
of T-cells that the increase in the proportion of Tar-cells in H-disease may be interpreted
as a sign of suppressor hyperactivity.

Keywords: autologous rosette-forming cells, regulator mechanism, helper-sup-
pressorbalance, clinical stage, histological type, Hodgkin’s disease

Introduction

In Hodgkin’s disease (H) the delayed type immune reactivity is mainly
affected. Blast transformation of lymphocytes in response to various mitogens
is depressed, homograft-rejection is delayed, the susceptibility to bacterial
and viral infections is high [1, 2, 5, 10, 12, 13, 16, 19, 23, 36, 38]. According
to Moretta et al. [27], Romagnani et al. [32] and others [3, 23, 37, 39], the
proportion of the individual T-lymphocyte subpopulations is also altered, and
an increase in the T-cell population of suppressor type is assumed to contribute
to the impairment of immune reactivity.

The present study has been concerned with the number and proportion
of autologous erythrocyte binding T-cells in H-disease. The character of these
T-cells is like of young T-precursor cells migrating from the thymus into the
blood stream. They have not yet developed surface IgG or IgM binding Fc-
receptor structures. They are vulnerable to steroid hormones in vitro and in

Send offprint requests to Dr. Edit Bodolay, Third Department of Medicine, University
Medical School, H-4004 Debrecen, P. O. Box 3, Hungary
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vivo alike. Approximately 20% of the Tar-cells bind peanut-agglutinin (PNA),
as a sign that the lymphocytes of this group are still undifferentiated. Their
differentiation in the helper or suppressor direction proceeds in vitro under
the effect of thymic hormones or of concanavalin-A [29]. On the evidence
of studies with monoclonal antibodies, the Tar-cells are heterogeneous, the
majority being already identifiable with the surface markers Okt 4 (helper)
or Okt 8 (suppressor) [15]. According to Palacios et al. [30] and Heijnen et
al. [15], this lymphocyte subpopulation plays an important part in the pro-
duction and maintenance of the helper-suppressor balance. The scarcity of
information on the numerical distribution and role of the Tar-cells in the
various human malignant diseases has prompted us to examine the questions
how the number of Tar-cells, compared with the mean values of normal
controls, was affected in H-disease, whether it was related to the extent or
grade of the disease and in what manner it responded to therapy. The pro-
portion of sheep E-rosette-forming T-cells was also examined parallel with
that of the Tar-cells.

Patients and methods

Thirtyfour patients with H-disease were studied. Their average age was 48.5 years, the
male to female ratio was 15:19. Clinical staging was based on the Ann-Arbor criteria [9]. Five of
the patients had recently diagnosed untreated H-disease, 29 patients had undergone chemo-
therapy or/and radiotherapy. Among the five untreated patients in 4 the disease was in clinical
stage |11 and one patient stage 1V. At the time of the study, of the treated patients 2 were in
clinical stage I, 9 in clinical stage 11, 12 in clinical stage Ill and 6 in clinical stage I1V. The
histological type corresponded to the lymphoproliférative form (LP) in 8, to nodular sclerosis
(NS) in 8, to the mixed cell type (MC) in 15 and to the lymphocyte depletion (LD) type in 3
cases [25]. Of the treated patients 12 were in an active, 17 in an inactive period of the disease.
In addition to the still untreated and to the recurrent cases those with incomplete remission
were also regarded as active. Twentyone patients were subjected to chemotherapy or e0Co-ir-
radiation in mantle or inverted Y field, and 4 had combined therapy. The interval between
completion of treatment and the studies averaged 6.5 months (1 to 25 months). The data of 30
normal subjects, of 35.5 years average age served as control.

For lymphocyte separation from venous blood the method of Béyum [6] was used.
The E-rosette test was performed according to Jondal et al. [17].

Autologous rosette-test

After the last washing the lymphocytes were taken up in Caand Mg free Hank’s solution
and the cell-count was adjusted to 2 X 107ml. The erythrocytes were washed in Ca and Mg free
Hank’s solution, and a cell suspension of 3x10&ml was prepared. To a mixture of 0.1 ml
lymphocytes (2x106) and of 0.1 ml autologous erythrocytes (3x107) calf serum exhausted
with human erythrocytes of group AB was added in a small test-tube. The mixture was cen-
trifuged and incubated at ;*1°C for 24 h.

Evaluation: 2 min before resuspension the lymphocytes were stained with 0.2% toluidine
blue in Ca and Mg free Hank’s solution. The number of lymphocytes attaching a minimum
of three human erythrocytes was referred to 200 lymphocytes.

For statistical analysis Student’s t test was used. The results are expressed as mean

I+

SD.
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Results

The absolute lymphocyte count was higher in the normal controls than
the mean for the patients with treated or untreated H-disease (P 0.001)
(Table 1) and if the comparison was based on the stage of progression, the

Table |

Proportion ofTtand Tar-cells in the peripheral blood of patients with
Hodgkin's disease and of normal subjects (mean + S.D.)

Absolute lymphocyte T total rosettes f T autologous rosettes
count per cent per cent
Control group
n= 30 2823.5 + 310 69.2 + 5.3 20.4 £ 31
Patients with untreated Hodgkin’s
disease
n=1>5 1660.4 + 207** 46.2 + 3.8** 28.6 = 2.2**
Patients with treated Hodgkin’s
disease
n= 29 1417.6 + 630** 50.2 + 5.9* 23.6 £ 1.8*
Active period
n= 12 1150.5 + 420** 39.2 £ 47** 28.2 = 2.3**
Inactive period
n= 17 1695.6 + 250** 56.8 + 3.2 19.6 + 2.0
*= P < 0.01
** = P < 0.001

number of patients

difference was still more marked. In the MC and LD types of poor prognosis
the absolute lymphocyte counts were lower than in the LP and NS forms of
the disease. The number of E-rosette forming T-cells also failed to attain
the mean value for the control group in the treated and untreated groups
alike (P < 0.001). In the active periods of the disease the number of T-lympho-
cytes was lower than in the periods of remission. In the generalized stage, as
well as in the MC and LD types, the number of T-cells identifiable on the ground
of their rosette-forming capacity was also lower (Table I1).

In untreated H-disease the number of Tar-cells was significantly higher
than in the group of normal controls (P < 0.001). In the patients with treated
H-disease the number of Tar-cells was increased, but not significantly so.
An increase in the proportion of Tar-cells was demonstrable in treated, active
cases (P 0.001) as also in the MC and LD types (P < 0.01). In the 4 in-
active patients who had undergone radiotherapy 4 to 12 months earlier, the
number of Tar-cells was considerably reduced (14% ;- 2.5).
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Table 11
Proportion of Tf and Tar-lymphocytes in patients with treated Hodgkin's disease, according to clinical
stage and histological type (mean D))
Absolute lymphocyte T total rosettes T autologous rosettes
count per cent per cent
Control group
n = 30 2823.5 + 310 69.2 + 5.3 204 + 3.1
Patients with Hodgkin’s disease
Clinical stage
l. n= 2 2078.0 £ 150 60.5 £ 3.2 195 + 3.9
1. n= 10 1660.8 + 180** 49.4 + 3.8** 205 + 2.9
1. n=11 1281.6 + 230** 50.3 £+ 2.4** . 240 + 3.4
V. n= 6 1448.0 + 450** 40.3 £ 5.3** 28.2 £ 1.2**
According to histological type
LP — NS n=11 1509.1 + 120** 51.5 + 5.3** 196 + 34
MC — LD n= 18 1204.9 + 230** 47.4 + 4.9*%* 26.9 + 4.2*
*= P < 0.01
** = P < 0.001
Discussion

Surface marker studies and functional methods have revealed a defi-
ciency of cellular immunity in H-disease, but contradictory reports have also
appeared [1, 2, 23]. The humoral immune reactivity remains unaffected until
the advanced stage of the disease [35]. There are various findings pointing
to the prevalence of a suppressor effect. Impairment of lymphocyte trans-
formation in response to phytohaemagglutinin (PHA) is also attributed to
a suppressor cell hyperactivity, for which partly an increase of the prostaglan-
din-producing monocyte population, partly the T-suppressor cells [3, 4] are
incriminated. The results of Moretta et al. [27] and Romagnani et al. [32]
indicate that in H-disease the To/T”-lymphocyte quotient is increased, in
other words there is prevalence of T-lymphocytes carrying 1gG-Fc-receptors.
In patients with untreated H-disease the number of the T-lymphocytes of
suppressor type provided with histamine receptors is increased, but treatment
results in a fall of the number of the To-cells, as well as of the T-cells with
histamine receptors, to approximately normal values [3, 4, 27, 32].

In the peripheral blood of normal subjects the number of Tar-cells, that
is of the cells which are assumed to play a regulatory role in the maintenance
of the helper-suppressor-balance, ranges between 20 and 25% [30, 31]. Accord-
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ing to the findings of Fournier and Charreire [11], in response to concanavalin-
A pretreatment the Tar-cells increased in number and assumed the functional
characters of lymphocytes of effector suppressor type. Palacios et al. [30]
found purified Tar-cells inhibitory to immunglobulin synthesis induced by
pokeweed mitogen (PWM). According to Sakane et al. [34] concanavalin-A
induced Tar-lymphocytes proved inhibitory also to PWM induced B-cell
proliferation. In autologous mixed lymphocyte cultures an increased pro-
portion of Tar-cells capable of binding the monoclonal serum Okt 8 was found
by Kumagai et al. [20]. It has been demonstrated by these studies that Tar-
cells maturate to suppressor effector cells in response to antigenic or mitogenic
stimuli.

The data concerning the number of Tar-cells in human malignant disease
are inconsistent [22]. Sandilands et al. [33] have observed increased figures
in a group of melanoma patients while Caraux et al. [8] found low figures
in a material of more than 100 patients with solid tumour. The Tar-cells in
H-disease have been studied by Lang et al. [21]; no significant difference in
the autologous rosette-forming capacity between patient and control lym-
phocytes has been found by these authors in 24 untreated cases of H-disease.

The present study shows that, in accordance with earlier evidence, the
sheep-E-binding spontaneous E-rosette forming capacity of the lymphocytes
is deficient in H-disease, a finding sufficient in itself to be suggestive of func-
tional abnormalities of T-cells. In the treated cases being in remission, the
number of Tar-cells was not significantly different from the mean values of
normal controls. On the other hand, in the untreated and in the recurrent
cases the proportion of the Tar-cells was considerably augmented. The in-
crease in their proportion was the more remarkable, as in the same group of
patients the absolute lymphocyte counts as well as the proportion of T-cells
were reduced. In the patients who had undergone radiotherapy, the autologous
rosette-forming capacity of the T-lymphocytes was deficient 6 to 12 months
after therapy. This would seem to indicate that the Tar-cells represent a highly
radiosensitive lymphocyte population.

In earlier studies [3, 4] we have found, similarly to other workers,
a general increase in the number of T-cells of suppressor type in H-disease,
depending on the activity and other features of the process. In the present
series an increase in the number and proportion of Tar-cells was demonstrable.
These changes are indicative of the severity of the process, on the one hand,
and may help to monitor its therapy, on the other.
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The proportion of autologous rosette-forming, i.c. autoerythrocyte-binding,
T-lymphocytes, was studied in 34 patients with untreated, operable bronchial carcinoma.
The number of autorosettes in patients with bronchial carcinoma was considerably
below the mean value for the normal control group. In patients with metastatic involve-
ment of the regional lymph nodes at the time of surgery the reduction in the number
of autorosettes was still more marked. On the 10th postoperative day after resection of
the tumour and in case of remission five months after surgery, the number of autorosettes
showed a significant rise approximating the normal value. The distribution of sheep-E-
rosette-forming and of the “active-early” T-lymphocytes was also studied. On the evi-
dence of the results, the number of autorosette-forming lymphocytes lends itself to a
follow-up of bronchial carcinoma by early demonstration of remissions or recurrences.

Keywords: autologous rosette-forming cells, regulatory function, untreated
bronchial carcinoma

Introduction

In bronchial carcinoma cellular immune reactivity is generally affected
and declines with progress of the disease. This is reflected by the negativity
of intradermal tests [18] and by a depression of lymphocyte transformation
in response to mitogens [12, 27].

Among the T-lymphocytes 20—25% has the capacity of forming rosettes,
in addition to sheep erythrocytes, also with autologous erythrocytes (Tar = T
autologous rosette) [4, 5, 6, 9, 13, 14, 16]. According to present knowledge,
the T-lymphocytes capable of forming rosettes with autoerythrocytes represent
a precursor cell population a part of which has already attained the stage of
reacting with the monoclonal antibodies Okt 4—8, i.e. they represent helper
or suppressor cells, whereas the other, substantial part belongs to the func-
tionally noncommitted T-precursor cells. The Tar-cells lack a surface-1gG- or
IgM-hinding Fc-receptor structure. They are vulnerable to steroid hormones
in vivo and in vitro alike, and are resistant to theophylline. They represent

Send offprint requests to Dr. Edit Bodolay, Third Department of Medicine, University
Medical School, H-4004 Debrecen, P.O. Box 3, Hungary
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a lymphocyte population which plays an important part in the maintenance
of normal feed-back inhibition [19, 23, 24, 25, 26]. In the present study the
proportion of the autorosette-forming population was studied in patients with
bronchial carcinoma and compared with the mean values of a normal control
group. It was examined how their proportion is affected by surgical removal
of the tumour and whether their study was suitable for the follow-up of the
clinical situation. The active and total lymphocyte counts have also been
determined and correlated to the number of Tar-cells.

Patients and methods

Thirtyfour patients with operable bronchial carcinoma, aged 41-86 (average 56.5)
years were studied. The male-to-female ratio was 32 : 2.

None of the patients had received any therapy before. The surgical specimens were
subjected to microscopic study in all of the cases. Clinical staging was based on the TNM-
classification. Ofthe patients, 14 were in stage T1, 16 in stage T2, 4, in stage T3. At surgery 14
patients displayed microscopically demonstrable deposits in the regional lymph nodes. (The
histological studies were performed at the Institute of Pathology, University Debrecen).

The patients were studied for rosette-forming cells on the day before surgery; 20 pa-
tients were reexamined on the 10th postoperative day, 15 patients were available for follow-up
studies five months after surgery. Thirty normal subjects served as controls.

Lymphocyte separation. Heparinized venous blood was separated on Ficoll-gradient,
according to Boyum [2].

For the E-rosette test the method described by Yu and Jondal was used [13, 31]. To
0.1 ml lymphocyte suspension (107 cells/ml) a suspension of washed sheep red cells (2x10s
cells/ml) of the same volume was added. After incubation at 37 °C for five min the mixture
was centrifuged at 200 g for 10 min. Directly after resuspension the number of early, “active”,
rosettes, and after incubation at+4 °C overnight the total number of E-rosettes was deter-
mined, the lymphocytes binding a minimum of three sheep red cells being counted among
200 lymphocytes.

Autologous rosette-test. The lymphocytes separated on Ficoll-gradient were taken up
after the last washing in Ca- and Mg-free Hank’s solution (pH 7.4), and the cell count was
adjusted to 2x 107 ml.

The autologous erythrocytes were washed in Ca- and Mg-free Hank’s solution and made
up to a cell suspension of 3x108 ml. To a mixture of 0.1 ml lymphocytes (2 X106), 0.1 ml
autologous erythrocytes (3xt 7) and 0.1 ml calf serum exhausted with human erythrocytes
of group AB was added in a test tube, centrifuged at room temperature at 200 g for five min
and incubated at +4 °C for 24 h.

Evaluation: two min before resuspension the lymphocytes were stained with a drop
of 0.2% toluidine blue in Ca-and Mg-free Hank’s solution. The lymphocytes attaching a
minimum of three human erythrocytes per 200 lymphocytes were counted under a coverglass.

At the same time the absolute lymphocyte count per mm3was also determined, on the
basis of the leukocyte count and the percentage of lymphocytes.

For statistical evaluation Student’s t test was used. The results are expressed as
mean * S.D.

Results

No significant differences in the absolute lymphocyte count were demon-
strable between the patients with bronchial carcinoma and the normal controls
(normal controls 2838.7 ~ 474.4; bronchial carcinoma patients 2495.1 +
995.8).
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Before surgery, the active, total and autologous rosettes were signif-
icantly reduced in number (Table 1).

Table |

Changes in the rosette surface markers in patients with bronchial carcinoma

Control Bronchial carcinoma .

n= 30 n= 34 Significance
T active 22.0 £ 35 146 + 6.3 P < 0.001
T total 69.2 + 5.2 46.2 + 11.6 P < 0.001
T autologous 20.3 + 238 10.7 + 6.3 P < 0.001

mean = S.D.
n = number of patients

In the patients with metastatic involvement of the regional lymph-nodes
at the time of surgery the fall in the number of autorosettes was still more
marked, whereas in the number of T-active and T-total rosettes there was
practically no difference between the metastatic and non-metastatic group
(Table I1).

Tabic Il

Changes in the rosette surface markers in patients with deposit-forming
bronchial carcinoma

Deposits No deposits

n— 14 no= 20 Significance
T active 144 £ 7.7 148 £ 4.0 NS
T total 455 + 129 47.1 + 95 NS
T autologous 8.0 + 5.6 12.0 £ 4.2 P < 0.001

mean = S.D.
n = number of patients

Reexamination of 20 patients on the 10th postoperative day showed
a significant increase in the number of autologous rosettes, whereas the active
and total T-cells remained practically unchanged in number. Five months
after successful surgical resection we were able to repeat the tests in 15 cases
of these, 12 patients were in complete remission, while 3 patients had low-
grade fever or deposits. An increase in the active and total T-cell counts was
found, but it was significant for the total T-cell count only. On the other hand,
the number of autologous rosettes had attained values approximating those
of the normal controls (T-active: from 14.6% ~ 6.3 to 16.2% "~ 4.2; T-total:
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Table LU

Changes in the rosette surface markers in postoperative periods

Before operation 10 days_after 5 months after operation
n= 34 operation n= 15
n= 20
T active 146 + 6.3 NS 15.2 £+ 4.2 16.2 + 4.2 NS*
T total 46.2 £+ 11.6 NS 48.9 + 103 581 +* 98 P < 0.01
T autologous 10.7 +6.3 P < 0.01 16.6 £ 35 19.0 £+ 99 P < 0.001

mean += S.D.
n = number of patients

* significance referred to the preoperative value

from 46.2% -j- 11.6 to 58.1% ~ 9.8; T-autologous: from 10.7% ~ 6.3 to
19.0% ~ 9.9) (Table I11). In the three patients with relapse the number of
autologous rosettes was as low as before surgery 14%, 10% and 8%, respec-
tively.

Discussion

The peripheral lymphocyte count is usually low in the case of malignant
tumours, including bronchial carcinoma [1, 6]; the reduction involves primarily
the T-cells and is regarded as an adverse prognostic sign, as pointed out by
Gross et al. [10] and Anthony et al. [1].

The function of the remaining T-cells is also affected, as reflected by
a poor responsiveness to non-specific mitogens and in the negativity of intra-
dermal tests [12, 18, 27]. According to the findings of Garcia and Valverde [8],
and of Neubert et al. [22], in patients with bronchial carcinoma the reduced
T-lymphocyte count demonstrated by the E-rosette test provides no reliable
information on the clinical condition, owing to a considerable overlap between
the values found in the tumour patients and in normal controls. Within the
T-cell population the subgroup of lymphocytes capable of binding autologous
erythrocytes has been receiving increasing attention in recent years [24, 25,
26]. In the blood of normal subjects the proportion of T-lymphocytes capable
of recognizing autologous erythrocytes ranges between 20 and 25%, depending
on the method used. A part of this population hinds peanut agglutinin (PNA),
as a sign that these cells have not yet attained full maturation, but are already
committed to a helper or suppressor function. They are regarded by Palacios
et al. [25] as T-cells of regulatory function playing an important part in the
maintenance of the normal feedback inhibition and in cytotoxic cell functions.

Published evidence relating to the number of rosette-forming lympho-
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cytes in malignant disease is scanty and inconsistent. According to the observa-
tions of Caraux et al. [3] of 112 patients with various tumours, the number of
rosette-forming cells was considerably lower in patients with malignant
disease than in normal subjects. Having followed up the autorosette-forming
population for 16 months, these authors found that its number remained below
normal even during remission after chemotherapy or irradiation. The auto-
rosette-forming population a few months before the clinical relapses underwent
different changes. In a group an initial rise of the value was followed by a sharp
fall before relapse. In other patients number of Tar-cells declined gradually
and in a third group it persisted at the normal level. In opposition to these
authors, Lang et al. [17], in a material of 21 patients with bronchial carcinoma,
found no difference in the number of Tar-cells between those of the patients
and of normal controls.

No positive correlations were found between the number of rosette-
forming T-cells and the duration or progress of the tumour, nor did the number
of early-active rosette-forming cells correlate with that of the Tar-cells [17].

The data in the literature fail to warrant the conclusion that a reduction
of the number of circulating T-cells, or of active rosette-forming cells was
typical of a malignant process, although lymphopenia is certainly an adverse
prognostic sign. Fudenberg et al. [6] and Kerman et al. [15] found the per-
centage of active T-cells normal or even increased in patients with untreated
solid tumour. The number of active or total T-cells has therefore no reliable
predictive value and is unsuited for following up of the process.

Our earlier results indicate that in patients with bronchial carcinoma
the number of total lymphocytes and within this population that of T-cells
identifiable with alpha-naphthyl-acetate esterase (ANAE),is not significantly
reduced. On the other hand, the enzyme reaction has changed its type: the
proportion of T-cells marked by a granular enzyme activity has increased.
On the ground of the results of Gross et al. [10] and Moretta et al. [21] the
increase may be connected with functional alterations of the T-cells. Accord-
ing to the present results, in malignant disease the number of T-cells forming
spontaneous E-rosettes with sheep red cells is considerably reduced, which
in itself is indicative of some functional disturbance.

The number of autorosette-forming T-cells, regarded as precursor T-
cells, was also reduced in the present material and their reduction was found
to correlate with the clinical course and with the presence of deposits.

Palacios et al. assumed that the autologous rosette-forming cells are
precursors of natural Kkiller (NK) cells: a restricted cytotoxicity might thus
well account for the progression of the tumour [25]. The views concerning
the NK-activity of the autorosette-forming lymphocytes are, however, divided.
According to the findings of Rucheton et al. [29], the autologous rosette-
forming lymphocytes have no NK-activity.
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As it is known, the IC-level is high in malignant disease, but it declines
after resection ofthe tumour and rises again in the case of a relapse [7, 11, 28].

The IC have been shown to inhibit E-rosette formation and binding of
1gG-sensitized bovine red cells to the Fc-receptors in SLE [21]. IC might well
be capable of altering other membrane structures as well, including those
required for the binding of own erythrocytes, thus accounting for the reduc-
tion in the number of autologous rosettes. The effect of circulating serum
factors and of tumour extracts on autologous rosette formation offer further
lines of study.

According to the present findings, bronchial carcinoma is certainly
associated with a reduction in the number of E-rosette-forming T-cells. For
assessment of the clinical course, the number of the autologous rosette-forming
T-cells may offer information. In view of its simplicity and of the predictive
value of its results as regards remissions or relapses, the method is likely to
provide a convenient tool for follow-up studies.
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SHORT-TIME PERITONEAL DIALYSIS
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On the evidence of observations comprising approximately 200 treatments by
peritoneal dialysis (PD), the advantages of the weekly 3 X9-hschedule over the 2x24-h
schedule are pointed out. Utilization of dialysing fluid per week was 45.1 1versus 54.6 1
The improved general condition of the patients and the favourable changes of the
biochemical parameters were in support of this dialysis strategy. The use of the type
PDK-8 automated apparatus designed by the authors, isrecommended as being simple
to handle, labour-saving and apt to minimize the hazard of peritonitis.

Keywords: peritoneal dialysis, peritoneal clearance, dialysis treatment strategy,
duration of dialysis

Introduction

The number of patients requiring dialysis treatment for chronic renal
failure has been sharply increasing in the last years, partly as a result of the
improving diagnostic possibilities, and partly of the extension of the thera-
peutic services.

PD is no longer regarded as a last resort, but rather as an alternative
to haemodialysis. The technique, indications, possibilities and limitations of
the procedure are well documented [1, 5, 12, 15].

According to the data of E.D.T.A. the number of dialysis units with
facilities for PD have been on the increase in Europe too. The figures from
1981 [8] show a fivefold increase in the number of PD patients over the last
four years. On 31 December 1980 2749 patients in Europe were on PD. This
implies that several hundreds of patients are receiving PD in various European
countries, particularly in France, Italy, GFR and Great Britain.

The results obtained at this department have been reported earlier [14].
The present report deals with our strategy of peritoneal dialysis developed

Send offprint requests to I. Taraba, National Institute of Clinical Medicine, H-1088
Budapest, Szentkiralyi u. 46, Hungary

Abbreviations: PD: peritoneal dialysis; HD: haemodialysis; CAPD: continuous ambula-
tory peritoneal dialysis; Cpi peritoneal clearance; Dc: concentration of given substance in the
effluent; SCj,: serum concentration before dialysis; SCa: serum concentration after dialysis;
V,j: volume per min of dialysing fluid passing the abdominal cavity; Cur: peritoneal urea clear-
ance; Ccreap peritoneal creatinine clearance; Cua: peritoneal uric acid clearance
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along further lines providing for an increased performance of PD. It has been
sought by this strategy to “reproduce”, as it were, the function of the normal
kidney by increasing the regularity of dialysis, while minimizing, as far as
possible, the demands on the staff as well as on the patient and striving at
the maximum possible efficiency. It was expected to achieve these objectives
by a closer spacing of PD, by a reduction of the time of dialysis and by mecha-
nization of the procedure.

Patients and methods

Nine patients, five males and four females were studied. A total of 198 PD was performed.
All patients had chronic renal failure when started on PD, the serum-creatinine levels being
above 800 /miol/l and the daily urinary output below 500 ml in all of the cases.

The Tenckhoff-catheter serving for PD (Quinton QI 3244) was inserted under aseptic
conditions in the surgical theatre from a low midline-incision.* In the early period PD was
performed manually, later by means of the type PDK-8 automatic apparatus of our own
design. This isa completely autom ated unit delivering 8 1dialysing fluid in the desired distribu-
tion (for details of the apparatus see our earlier report [10]). The present system allocates
one hour for each cycle, 2 1dialysing fluid being instilled into and drained from the peritoneal
cavity. Duration of inflow and outflow was 10 min for each, the time allowed for intraab-
dominal equilibration was 35 to 40 min. The 2 1volume was tolerated well and caused no
discomfort to the patients. The volume of dialysing fluid utilized for “short-time” PD was
thus 16 1, i.e. 2x8 1 The flasks with the fluid were kept in a prewarmer prior to PD and in a
suspended warmer during instillation at a constant temperature of 37 £+ 1°C provided by
electric heating.

The dialysing fluids were “Peridisol solutions “ID” and “2D”, made by the HUMAN
(“Institute for Vaccine Production and Research” Budapest) the composition of “Peridisol ID”
was, Na+: 140, Ca++: 4, Mg++: 1.5, Cl- : 102, lactate 43.5 mval/l, glucose: 15 g/1. “Peridisol
2D” is of the same composition, with the difference that it contains 70 g/1 glucose.

The serum creatinine, carbamide, uric acid, Na, K, Ca and P levels were measured before
the start and after completion of PD. The serum total proteins, haemoglobin, haematocrit and
leukocyte count were determined after PD. The patients were weighed before and after PD.
Pulse-rate and blood pressure were checked during PD. Ten ml samples were taken from each
successive litre of the outflowing dialysate and measured for the concentrations of creatinine,
carbamide, uric acid, Na, K, Ca and P.

In accordance with published data [2, 4, 13], the peritoneal clearance of the given sub-
stance was calculated on the basis of the formula,

Dc - Yd
P Sc, + sca
2

where the numerator represents the quantity of the given solute cleared by PD per min, and
the denominator the average serum concentration of the same solute.

('peri* is thus equal to the quantity ofthe eliminated solute divided by the averages of its
predialysis and postdialysis serum level.

As the first step of mathematical-statistical analysis of the data the histograms of the
variables under study were plotted and the mean values and standard deviations were calculat-
ed. Furthermore,the totalquantities of dialysed solutes perweek and the products and quotients
of the Ca and P levels were determined. The fluid input was correlated to the quantity of the
dialysed substance by linear analysis of regression.

*We are indebted to Dr. L. Kérmendi, member of the Research Staff of the National
Institute of Traumatology, for his valuable assistance.
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The data were checked, transformed and analysed partly on the basis of our own
program, partly of the program package BMDP-77, using the computer R20 of the Section for
Automated Analysis, Semmelweis University Medical School.

Results

The results of a total of 198 short-time PD in nine patients, averaging
9 h in duration were analysed.

The predialysis and postdialysis serum levels of ions and small-molecular
solutes have been summed up in Table I. The serum levels of the small-mole-
cular substances retained in the serum have been found to decline as a result
of dialysis. This was valid also for the serum K and P levels. On the other hand,
there was a moderate increase in the Ca level.

Table |

Serum levels of ions and small-molecular solutes (in S. I. units)
Before PD After PD

mean + S.E.M. mean + S.E.M.
Creatinine 197 935.29 + 18.00 784.12 + 15.39
Urea 196 31.47 + 0.54 26.32 + 00.54
Uric acid 198 679.85 + 10.57 585.28 + 10.82
Na 198 1414 + 0.19 1419 + 0.21
K 198 488 + 0.058 416 + 0.04
Ca 187 217 + 0.01 219 + 0.01
P 171 2.84 + 0.04 2.36 + 0.03
CaXP 171 5.83 + 0.08 511 + 0.08
CalP 171 0.77 + 0.02 1.003 + 0.02

Average duration of PD: 9 h

The total dialysis time per week averaged 27 h, in other words, each
dialysis lasted 9 h. The fluid volumes and the amounts of small-molecular
substances cleared on a week are presented in Table II.

The utilized fluid volume (inflow) was correlated to the quantity of
cleared small-molecular substances. The correlations between elimination and
utilized fluid are expressed for carbamide and creatinine by the following
equations of regression:

0.0923 X - 0.245

y
1.059 X + 3.93

y
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Table 11
Weekly elimination by PD of small-molecular solutes (n = 196)
Mean £ S.E.M.

Duration of dialysis

min/week 1623 + 7.55

h/week 27 + 0.11
W ater, ml 4839 + 263
Urea, g 28.07 £ 0.60
Creatinine, g 3.46 + 0.09
Uric acid, g 3.02 + 0.07
Protein, g 59.71 + 2.72

Elimination of both substances from the organism increased in propor-
tion to the volume of dialysing fluid. The volume utilised per treatment was
14 to 16 1 (mean = 15040 ml~ 268 ml). The fall in the serum levels and
elimination of the given substance is shown in Tables and II.

From the changes in the serum levels and the elimination of a substance,
its peritoneal clearance, as the indicator of the efficiency of dialysis, was
calculated. By modifying the volume of utilized dialysing fluid and of the time
of dialysis (equilibration time), the clearance values are also modified. The
present “short-time” dialysis gives the following clearance values:

ClUea: 22.25 -J-5.71 ml/min (n: 190)
Ccreat: 22.19 ~ 5.41 ml/min (n: 193)

Curicac: 18.09 5.83 ml/min (n: 193)

In two of the present cases we had changed over from the earlier long-
time to short-time dialysis three times a week. The serum levels of the retained
solutes are represented in Figs 1 and 2. In the interest of comparison, the
serum carbamide, creatinine and uric acid levels during the last 10 weeks of
long-time PD and those of the first 10 weeks of short-time PD are shown.
The fall in the creatinine level was striking, that in the carbamide level was
less so, and the uric acid level showed a minor increase. PD three times a week
caused less discomfort to the patients and was far less exhausting than the
two admissions of the weekly 24 h of dialysis. Short-time dialysis on an out-
patient basis was tolerated much better by patients, and the satisfactory
control of blood chemistry was accompanied by an improved sense of well-
being.
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Fig. f. The serum levels of the retained solutes (short-time dialysis)

Long-time PO Short-time PD
Sz S.40

Fig. 2. The serum levels of the retained solutes (short-time dialysis)

Discussion

In the cases reported earlier chronic PD had been applied to patients

twice a week for 24 h. This form of treatment was exhaustive to the patients,
even in the absence of any complication. Therefore, many authors have
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attempted to shorten the period of dialysis [3, 6, 7, 9, 11, 13, 16], obviously
without reducing its efficacy.

W hile the function of the normal kidney is continuous, dialysis treat-
ment occurs periodically. The ideal objective would be, therefore, a continuous
dialysis reproducing the function of the normal kidney. Continuous dialysis
involving hospitalization is, however, beyond endurance. On the other hand,
continuous ambulatory peritoneal dialysis (CAPD) introduced recently makes
it possible to solve it by home-dialysis. Closely spaced short-time PD, though
providing no CAPD, approximates the physiological kidney function more
than does long-time PD carried out in long intervals.

The patients forming the present material received three treatments per
week, routinely applied in HD as well. By this practice the withdrawal of
retained fluid was smooth and elimination of the retained substances more
continuous.

Comparison of the efficacy of 9-h and 24-h treatments showed a slighter
fall in the serum levels after the 9-h treatments. By increasing the volume
of dialysing fluid to 2 1 per cycle we were able to increase the efficiency of
dialysis per unit of time, as reflected in the values of peritoneal clearance.
A closer spacing of the treatments allowing to approximate the physiological
function of the kidney as far as possible. Comparison of the total fluid volumes
utilized per week, of the duration of dialysis in hours and of the levels of
retained substances in the serum clearly showed that utilization of 45 1 fluid
per week within 27 h per week produced a more marked fall, or a less marked
increase, in the levels of the retained substances than had a PD of 46 h with
54.6 1fluid weekly. The short-time PD was thus superior in effect to the long-
time treatment (Table I11).

If the results of long-time and short-time PD are represented graphically
on the assumption that the serum level of a solute is at its mean value before
dialysis, then a saw-tooth shaped graph is obtained (Fig. 3). In the case of

Table 111

Comparison of short-time and long-time PD

Short-time PD Long-time PD
3treatments weekly 2treatments weekly
mean = S.D. mean £ S.D.
Time of dialysis per week h 27.0 46.5
Amount of dialysing fluid per week liter 451 + 7.0 546 + 5.3
Serum levels before dialysis Urea, mmol/1 314 + 7.38 41.39+ 9.01
creatinine,
935.2 + 250.1 1309.2 + 287.3
uric acid,
pmol/l 679.8 + 146.9 731.6 + 133.2
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Fig. 3. The serum level of a solute after long-time and short-time PD

a closer spacing of the treatments the rise in the serum-Ilevels is less sharp and
its fall during dialysis is smoother than in the case of longer intervals. (The
CAPD referred earlier is theoretically still more physiological than short-time
PD, by providing for a more continuous excretion.)

A substantial proportion of the treatments under review were carried
out by means of an automatic or semiautomatic apparatus [10]. This provides
for the delivery of 2 X8 1fluid in 8 to 9 hours, inflow and outflow being con-
trolled on the basis of a predetermined programme. It is reliable and permits
reading of the fluid balance at any desired moment, thus providing for the
continuity of monitoring. Electric heating helps to minimize the hazard of
peritonitis involved by heating on a water-bath.

On the evidence of close to 200 PDs performed in nine patients, short-
time-PD by the use of an automatic apparatus was found effective and less
exhausting than long-time-PD. The patients have to return to hospital more
often, but the stay in hospital is shorter, therefore the conditions of rehabilita-
tion are better than in case of long-time HD. By dispensing with 24-hour
dialysis extending over the nocturnal hours, the procedure makes less demands
on manpower. The shorter duration of dialysis is beneficial to the general
condition, despite the reduction in the total volume of dialysing fluid, reflected
also in the laboratory findings. Two of the present cases in which short-time
dialysis has been substituted for earlier long-time PD, are particularly illus-
trative of the advantages of the former.
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EFFECT OF LEVAMISOLE ON CELL SENSITIVITY IN
RATS WITH EXPERIMENTAL HEYMANN’S NEPHRITIS
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The development of cell-sensitization to renal antigen in rats with experimental
Heymann’s glomerulonephritis and the effect of levamisole on cell sensitivity have
been studied. Morphologic changes in GN rats appeared after 14 days and were most pro-
nounced on days 21—28, with focal proliferation of glomerular cells, an increase of mesan-
gium, afocal increase of the basal membrane material. After day 49 the changes improved
slightly and were still the same on day 147 when a location of 1gG to the glomerular
basal membrane was detected. In every GN rat, cell-sensitivity to renal antigen was
revealed from day 21 of the experiment till its end. Levamisole treatment decreased
renal morphologic changes and abolished cell-sensitivity to renal antigen. The possible
mechanisms of preventing the development of cell-sensitization in rats treated with
levamisole are discussed.

Keywords: experimental glomerulonephritis, cell-sensitization, levamisole

Introduction

The immunostimulator levamisole is widely used in the treatment of
rheumatological, oncologic, and infectious diseases accompanied by a de-
creased cell-mediated immunity (CMI). It has been shown that levamisole
helps to restore the functions of polynuclear leucocytes, macrophages [3, 18,
19] and T-cells [4, 5]. In glomerulonephritis (GN), disfunction of the CMI
takes place, which is manifested in the acute period by a reduction of the total
number of T-lymphocytes and by a decrease in their functional activity [11,
17], suppression of the phagocytic function [7] as well as by the appearance
of lymphocytes sensitized to renal antigens [9, 14]. These facts have justified
an attempt to use levamisole in the treatment of GN.

There are few studies discussing the effect of levamisole on renal processes,
and most of the few available refer to the treatment of lupus nephritis in
humans and NZB/W mice.

The purpose of this work was to study the effect of levamisole on the
course of experimental nephritis and on the dynamics of cell-sensitization
to the specific renal antigen in the development of experimental nephritis.

Send offprint requests to |. E. Tareyeva, Laboratory of Nephrology, 1st Moscow
Medical Setchenov Institute 11a Rossolimo st. 119021 Moscow, USSR
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Materials and methods

The study was performed on 120 female Wistar rats weighing 200 to 250 g (Laboratory
Animals Institute, USSR Academy of Medical Sciences). Before the experiment, all animals
were quarantined for one month.

Renal antigen (RA) was obtained from kidneys of 55 rats of a homologous line. Protein
was determined according to Lowry et al. Migration inhibition test (MIT) was performed by the
direct capillary method of Soborg and Bendixen [15] with modifications suggested by Mazharov
et al. The concentrations of RA used in the experiment, 50, 100 and 300 mcg/ml, did not cause
non-specific migration of donor cells. The MIT was considered positive if the migration index
was below 0.8.

Experimental glomerulonephritis (EGN) was created according to Heymann et al. [8]
by intraperitoneal injections of RA (50 mg per kg) in complete Freund adjuvant (Difco Labora-
tories, Detroit; 0.5 ml per injection) weekly for 6 weeks. The schedule of the experiment is
shown in Table I.

Table |

Schedule of the experiment

Renal Complete
Groups ofrats antigen Freund Levamis'
adjuvant
group 1 (n :20) + + _
group 2 (n :20) + + +
group 3 (n :5) — — . —
group 4 (n:5) — — 4-
group 5 (n:5) — + —

n = numberofrats

Days of examination

Fig. 1. MIT with renal antigen in experimental glomerulonephritis
(mean £ S.E.M))
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Group 1: rats receiving injections of RA 50 mg/kg + 0.5 ml of 0.9% physiological salt
solution +0.5 ml of Freund’s complete adjuvant.

Group 2: rats receiving injections of RA 50 mg/kg + 0.5 ml of 0.9% physiologic salt
solution +0.5 ml of Freund’s complete adjuvant +4.5 mg/kg of levamisole.

Group 3: intact rats.

Group 4: rats receiving 4.5 mg/kg of levamisole.

Group 5: rats receiving 0.5 ml of 0.9% physiological salt solution +0.5 ml Freund’s

complete adjuvant.
The dosage of levamisole (Decaris, G. Richter, Budapest) was calculated on the basis of

the average human dose [6].

Animals belonging to groups 2 and 4 received hypodermic injections of levamisole 3
times a week from the beginning of the experiment for 65 days.

The animals were killed under ether anaesthesia at 7, 14, 21, 28, 49 and 147 days by
exsanguination. The kidneys of three animals for each day were used for morphological exam-
ination. They were fixed immediately in formalin, and stained with haematoxylin-eosin, van
Gieson, Asan and PAS. For immunofluorescent study the direct method of Coomb’swas used.

Results

In group 1 after day 14 there was a slight proliferation of glomerular
cells, a focal broadening of mesangium, a mild thickening of the basal mem-
branes of capillary loops. On days 21-—28 glomerular cell proliferation and
expansion of the mesangium became more marked and doubling of basal
membranes and sclerosis of some glomerular loops appeared. On day 49 the
histologic changes decreased slightly and were the same on day 147. Tubular
and interstitial changes were similar throughout the study: the tubular epi-
thelium was in the state of granular degeneration; hyperaemia of vessels and
mild focal lympho-histiocytic infiltration were noted.

Immunofluorescent examination was negative on all days except the
147th. On the 147th day a fixation of rat gamma-globulin on the renal base-
ment membranes was noted, the fluorescence being of focal granular character.

In the second group the changes were less significant: mild proliferation
of glomerular cells, mild focal thickening of glomerular basement membranes,
granular degeneration of tubular epithelium, rare interstitial mononuclear
infiltrates were observed. Immunofluorescent study was negative on all days.

In the three control groups, there were no histologic changes in the
kidneys and immunofluorescent studies were negative.

When the first group was studied for cell sensitization, an increase in
migration indices was marked on the 7th and 14th day of experiment. The
average indices were 1.45 and 1.56 respectively. From the beginning of the
21st day, a distinct inhibition of migration was marked in this group. The
indices remained low to the end of the experiment (0.65, 0.52, 0.57 and 0.54,
respectively).

In the second group an increase in migration indices was marked (average,
1.34), just as in the first group. Later, however, in contrast to the first group,
the migration index remained normal throughout in each of the groups, show-
ing no difference from those of the control group (average indices were 1.15.
1.07, 1.10, 1.27 and 1.17, respectively).
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Discussion

In our study the migration inhibition test demonstrated the develop-
ment of cell hypersensitivity to renal antigen in rats with experimental Hey-
mann’s nephritis and the influence of levamisole on cell sensitivity.

In patients with chronic GN cell sensitivity to renal antigens occurs in
17—80% of the cases, more frequently in the active periods of the disease [9,
12, 14]. In our previous studies cell-sensitivity to GBM antigen was demon-
strated in 81.3% of chronic GN patients [13].

Few studies have dealt with cell-sensitivity to renal antigens in experi-
mental animals. Litwin et al. [10] found positive skin tests with renal tubular
antigen (FXLA) being responsible for the glomerular injury in rats with Hey-
mann’s nephritis. The positive skin tests correlated with the blast trans-
formation of lymphocytes. Bakker et al. [2] demonstrated MIF production
to specific renal antigen in the same experimental model. The role of sen-
sitized cells in the genesis of glomerulonephritis is unclear, and no serial
investigations into cell-sensitization during GN development have been
reported.

In our studies of rats with Heymann’s nephritis morphological changes
in the kidneys appeared after day 14 and were the most significant on days
21—28. The changes observed were similar to those reported by Heymann
et al. [8], Avasthi et al. [1] and Bakker et al. [2]. Immunofluorescent examina-
tion was always negative except on the 147th day, when a fixation of rat
gammaglobulin to the renal basement membranes was noted, the fluorescence
being of focal granular character. All GN rats showed cell-sensitivity to renal
antigen from day 21 of the experiment till the end.

Thus, sensibilization was expressed earlier than the deposition of immune
complexes could be revealed, histological changes had preceded the develop-
ment of cell-sensitization.

Our results showed that changes in cell-mediated immunity were not
responsible for initiating the disease, but they might be responsible for its
maintenance.

The second question was the influence of levamisole on the development
of cell sensitivity. Morphological changes were less pronounced in kidneys
of rats treated with levamisole and immunofluorescent studies were negative.
Cell sensitivity to renal antigen was not observed in any of these animals.

Thus, levamisole did not prevent the development of experimental
glomerulonephritis, though somewhat decreased the morphological changes.
At the same time, it prevented the development of cell sensitivity to renal
antigen, a fact, that seems to be of considerable interest.

The mechanism by which levamisole prevents the development of cell
sensitization is not clear. The disappearance of the migration inhibition factor
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may be connected with the restoration of the immunoregulating function of
T-cells, and an immediate blocking effect of levamisole on the given population
cannot be excluded, either [16].

The diminution of morphological changes and the absence of cell sen-

sitivity in the animals treated with levamisole permits to suggest the use of
immunostimulating therapy in the early stages of Bright’s disease.
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BILE ENZYME ACTIVITIES FOLLOWING
CHOLEDOCHOTOMY AND THE EFFECT OF STEROID
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The alkaline phosphatase (AP) and gamma-glutamyl-transpeptidase (GGT)
activities and the effect of steroid treatment were studied in human bile and serum
following choledochotomy. Activity of the two enzymes in the bile changed in parallel.
Following the operation the enzyme activities initially decreased, but after 3 days they
showed a progressive increase and reached their maximum on day 6. It appears that the
bile is a major route for the elimination of both enzymes from the damaged liver.

60 mg Prednisolone on the day of operation and 2 days after surgical inter-
vention prevented the initial decline in enzyme activity and significantly increased the
excretion of enzymes. The possible pathogenesis of enzymatic changes after chole-
dochotomy is discussed.

Keywords: choledochotomy, bile enzymes, steroid treatment

Introduction

Cholestatic disorders are usually associated with increased serum activities
of gamma-glutamyl-transpeptidase (GGT, EC 2.3.2.2.) and alkaline phosphatase
(AP, EC 3.1.3.1.) [2, 11]. Delayed clearance from the circulation and enzyme
leakage due to the hepatic injury caused by bile duct obstruction are respon-
sible for the prolonged elevation of the enzyme activities. Alternatively, since
both GGT and AP are inducible enzymes [9], high serum levels may occur
because the hepatic synthesis exceeds the rate of enzyme elimination. Biliary
obstruction is known to stimulate the hepatic synthesis of AP, with a result-
ing elevated serum activity of the enzyme [6, 7].

Fewer data are available in the literature as to the enzyme activities
in human bile. High levels of GGT and AP were found in the bile of patients
with T-tube drainage following cholecystectomy [1], but the pathogenesis of
enzymological changes following surgical correction has not been clearly

Send offprint requests to |. Edes, Kiskunfélegyhaza Hospital, H-6100 Kiskunfélegyhaza,
Fadrusz u. 4., Hungary
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established. We have therefore studied the mechanism of biliary enzyme ex-
cretion in T-tube bile collected during 14-day postoperative period in patients
undergoing choledochotomy, in an attempt to acquire a more complete under-
standing of the enzymological changes after surgery.

Patients and methods

The study was performed in 21 patients, 18 females and 3 males, with T-tube drainage
following cholecystectomy and exploration of the common duct, performed for the removal
of stones from the gall bladder and bile ducts. In all cases the postoperative diagnosis was cho-
ledocholithiasis with cholecystolithiasis.

Fourteen patients were slightly jaundiced before operation, with serum bilirubin levels
less than 50 /rmol/l. Patients with higher serum bilirubin levels than 50 /rmol/l were excluded.
Prophylactically, to all patients tetracycline or in some cases ampicillin plus oxacillin were
administered intravenously. No postoperative complication was observed. Bile samples were
taken from the common duct at operation and from the T-tube during 14-day postoperative
period. Atthe same time serum samples were also collected for enzymatic determinations.

In 6 patients, 60 mg/day 21-deoxy-21-N-/N’-methyl-piperazinyl/-prednisolone(Deper-
solon, G. Richter, Budapest, Hungary) was adminstered intravenously on the day of operation
and on the first and second postoperative days. These patients were slightly jaundiced and
there was no contraindication to steroid treatment.

The bile samples were centrifuged at 3000 g, at 4 °C for 30 min and the clear super-
natants were used for analysis. AP and GGT activities were measured by means of Boehr-
inger test Kits. To avoid the effects of dilution and concentration on the results, the enzyme
activities in the bile were expressed as mtl/mg protein. Serum activities are given as mU/ml.
Protein content was determined according to Peterson [8], with bovine serum albumin as the
tsandard.

Statistical evaluation of the results was done by Student’st test.Values with P < 0.05.
were regarded as significant statistically.

Results

Characteristic parallel changes were observed in the activities of GGT
and AP in the bile samples following the surgical intervention. The activities
of both enzymes initially decreased from the values in the samples obtained
during operation (Fig. 1). Three days after operation the levels of GGT and

0 1 2 3 4 5 6 7 8 14
Days after operation

Fig. 1. AP and GGT activities in bile following choledochotomy
Day O relates to samples taken during operation
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Fig. 2. AP and GGT activities in serum following choledochotomy. Day -1 relates to samples

taken one day before the operation. Day O refers to samples taken 2—3 hours after operation.

The solid line (—) shows the upper normal limit of enzyme activities. The open circles (0—0)

represent jaundiced patients, and the filled circles (¢ —<) the group with normal serum bili-
rubin levels

AP were markedly elevated in the bile, reaching a peak on the 6th post-
operative day. Thereafter a slight gradual decline was observed but 2 weeks
after operation the activities were still high. It did not seem to make any dif-
ference whether the patients had been jaundiced or not.

Figure 2 shows the serum AP and GGT activities. There was a pro-
nounced difference between jaundiced patients and those who had no jaundice.
In the case of jaundiced patients, the AP showed a high activity and a gradual
decline after the operation, while in those without jaundice it remained mainly
under the upper normal limit during the test period. In serum GGT activity
surgery did not cause significant changes the values were over the upper
normal limit in every patient.

In six patients treated with prednisolone the steroid did not cause
significant changes in the serum AP and GGT activities as compared to the
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Table |

Enzymes' activity in bile of patients treated with steroid

Days after Wi ithout steroid treatment Steroid-treated

operation AP GGT AP GGT
0 19.9 + 5.8° 40.2 + 8.3 20.1 + 6.6 45.0 £ 9.2
I 6.2 + 2.8 122 + 3.4 18.9 + 5.8* 43.2 + 12.4*
2 32.3 + 8.8 56.8 + 8.3 69.9 + 10.3* 180.0 + 35.6*
3 172.0 + 28.8 355.1 + 49.2 188.3 + 30.3 363.7 + 52.3

° mean * S.D.
*significantly different from the value observed in the group without steroid
treatment. Day O refersto samples taken during operation.

patients who had no steroid treatment. The effect of this treatment on the
enzymes in the bileisshown in Table I. The initial decline was prevented and
two days after the operation significantly higher AP and GGT activities
were observed in the bile samples. In the late postoperative period the enzyme
activities of patients with and without steroid treatment did not differ sig-
nificantly.

Discussion

The high enzyme activities in human bile following choledochotomy may
be regarded as a washout effect. Enzymes in the bile presumably originate
largely from the liver, or at least from the biliary system, since a significant
hepatic clearance and excretion of such large molecules from the serum is
unlikely [6]. This was confirmed by gel electrophoretic examination of the
AP isoenzymes in bile, since only the liver AP isoenzyme variant has been
detected [4].

Kaplan and Righetti [7] observed a marked hepatic induction of AP
in response to bile duct ligation in the rat. Owing to the obstruction, the
increased enzyme contents in the liver are regurgitated into the serum. This
is the most likely explanation for the high enzyme activities found in chole-
static disorders in humans [1]. The precise stimulus of the AP increase in
cholestasis remains obscure. In cholestasis of any cause the failure of bile
flow exposes the liver to increased concentrations of compounds which normal-
ly are excreted with the bile. Potentially the most active compounds are the
bile acids, which have been shown to stimulate the increase of AP activity
in rat liver cell cultures [5]. Following surgical correction, after a short initial
period a pronounced biliary enzyme excretion was observed. The increased
elimination of enzymes and the cessation of the increased enzyme induction
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are responsible for the rapid normalization of AP activity in the serum of
jaundiced patients. The serum GGT activity remained however high for several
weeks after the surgical relief of obstruction and at a time when the serum
bilirubin values have decreased to normal [3]. Presumably, since GGT is
a sensitive indicator of liver lesion, its rate of elimination with the bile is
insufficient to remove all the enzymes released by the damaged liver, and
regurgitation continues for some time after the surgical correction.

Following choledochotomy, decreases were initially observed in the AP
and GGT activities of human bile, and a gradual increase in the enzyme
contents occurred only two days after the operation. The initial decline was
presumably caused by a slight, temporary postoperative cholestasis. This was
supported by the result of steroid treatment, which prevented the decrease
in activity and significantly increased the excretion of enzymes. This slight
postoperative damage in liver function could not be detected in serum, since
we did not observe significant changes in the serum GGT and AP activities.
Glucocorticoids, however, may alter the rate of synthesis of certain forms of
ribonucleic acid and induce in tissues the synthesis of several enzymes includ-
ing AP [6, 10]. Alternatively, the induction of enzymes may also contribute
to the increased bile activities during steroid treatment.
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The effect of PG-E2 16-16-DMPGE2 PG-F2a and PG-l, was investigated on
histamine stimulated and resting canine gastric mucosa. PG-F2ahad no effect on mucosal
circulation or acid secretion. PG-E2 and 16-16-DMPGE2 showed an increasing effect
on blood flow of the resting mucosa. PG-E2 16-16-DMPGE2and PG-12 decreased of
acid secretion; the effect seemed to be due to a direct action on the parietal cells.

Keywords: prostaglandins, stomach, acid secretion, mucosal blood flow

Introduction

PGs are widely distributed in various tissues including the gastric
mucosa. Several studies have demonstrated that the gastric mucosa is capable
of synthesizing various PGs, which have been suggested to exert local, nega-
tive feed-back inhibition of gastric secretion and to act as modulators of
gastric circidation [1, 8].

The present study was designed to compare in dogs the effect of different
PG-analogues administered directly into an artery supplying the stomach, on
acid secretion and gastric MBI after histamine stimulation or at rest of
gastric mucosa.

Materials and methods

Fourty seven mongrel dogs of both sexes, weighing 12—18 kg, were deprived of food for
48 h (water ad libitum), before experimentation. The animals were anaesthetized with pento-
barbital (30 mg/kg, i.v.). The operative procedure has been described earlier [10].

Gastric MBF was determined by the aminopyrine clearance technique [3, 5]. The
clearance of aminopyrine as an estimate of MBF was expressed in ml/min. A ratio (R) was
calculated reflecting the relationship between the gastric MBF and the rate of gastric secretion.

Send offprint requests to G. A. Bélint, 1st Dept, of Medicine, Univ. Med. School,
H-6701 Szeged, P.O. Box 469, Hungary

Abbreviations: PG: prostaglandin; MBF: mucosal blood flow; PG-12: prostacyclin;
16-16-DMPGE2: 16-16-dimethyl-PG-E2
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Fig. 1. Effect of PG-E2o0n resting gastric mucosa,
n = numberofdogs. Top: systemic blood pressure.

Middle: aminopyrine clearance (MBF). Bottom:
chloride secretion in 15 min periods, mean
+ S.D.** = P < 0.01 vs 1st period. Arrows

indicate the duration of PG -E2infusion
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Fig. 2. Effect of PG-E2 on histamine stimulated
gastric mucosa; n = number of dogs. Top: systemic
blood pressure, Middle: aminopyrine clearance (MBF).
Bottom: Acid secretion in 15 min periods; mean
+ S.D. *= P < 0.05 vs 1st period, ** = P < 0.01 vs
1st period. Arrows indicate the duration of histamine

and PG-E2infusion
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Fig. 3. Effect of 16-16-DMPGE2o0n resting gastric
mucosa, n = number of dogs. Top: systemic blood
pressure, Middle: aminopyrine clearance (MBF).
Bottom: chloride secretion in 15 min periods;
mean + S.D. ** = P < 0.01 vs 1stperiod. Arrows
indicate the duration of 16-16-DMPGE?2 infusion
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Top: systemic blood pressure, Middle: aminopyrine
clearance (MBF), Bottom: acid secretion in 15 min
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n = number of dogs. Top: systemic blood pressure
Middle: aminopyrine clearance (MBF) Bottom:
chloride secretion in 15 min periods; mean + S.D.
Arrows indicate the duration of PG -1',a infusion
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Fig. 7. Effect of PG-12 on resting gastric mucosa
n = number of dogs. Top: systemic blood pressure
Middle: aminopyrine clearance (MBF) Bottom:
chloride secretion in 15 min periods; mean += S.D.
Arrows indicate the duration of PG-12infusion
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Since basal acid secretion is negligible in the canine stomach, the aminopyrine clearance
in experiments with PGs given without histamine (resting mucosa) was measured by introduc-
ing an 0.1 N HC1 solution into the stomach and recovering it at 15 min intervals.

Stimulation of acid secretion was done by an intravenous infusion of histamine in a dose
of 1.0 /rg/kg/min through a femoral vein.

The PGstested were: PG-12, PG-E216-16-DMPGE2and PG -F2a

A stock solution of PG-E2, 16-16-DMPGE2and PG-F,a was made up freshly (1 mg/ml)
in 0.02% ice-cold sodium-carbonate solution. PG-12was dissolved (1 mg/ml) freshly in 0.05 M
Tris-buffer pH 9.6. Dilutions were made immediately before use in ice-cold isotonic sodium
bicarbonate solution, and injected intraarterially in a single dose of 100 /ig, using a peristaltic
pump, during a 15 min period.

All values reported here are mean + S.D. and differences were considered significant
if the value calculated from Student’s t-test was less than 0.05.

Results

The experimental results are presented in Figs 1-8 and in Table I.

Table |

Effect of different prostaglandins on the histamine stimulated gastric mucosa

Group (mean & $0)
Control 3.12 + 0.64
pg-e2 3.88 + 0.39
16-16-DMPGE?2 3.92 + 041
PG-F2a 3.24 + 0.58
PG-12 6.79 + 0.82*

* = P < 0.05 vs Control

Discussion

The majority of the investigated PG-analogues are vasoactive sub-
stances. According to previous data PG-F2acauses mesenteric vasoconstriction
in dogs while PG-E2 and 16-16-DMPGEZ2 increase blood flow and decrease
vascular resistance in the mesenteric vessels [4, 6]. Main and W hittle [7]
found that PG-E2increased the resting blood flow in the gastric mucosa.

On the basis of our investigations it seems that in the resting mucosa
of the dog in contrast to the observation of Whittle et al. [11] in the rat,
PG-F2a had no vasoconstrictive effect and PG-12in the dose administered,
did not increase blood flow.

Aminopyrine clearance showed a significant elevation during PG-E2and
16-16-DMPGE2treatment without a concomitant rise in basal acid secretion.
These results are in agreement with the data of Robert et al. [9] concerning
the lack of an antisecretory effect of PG-F2i.
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In the histamine stimulated gastric mucosa, treatment with PG-E, or

16-16-DMPGE2resulted in a strong fall of secretion and of MBF.

PG-12 inhibited gastric acid secretion but did not cause a substantial

change of MBF. This finding is in contrast with the report of W hittle et al. [11].

PG-F2a did not affect I1+ secretion and MBF.
The R-value increased significantly in the case of PG-12 treatment, so

that this PG-analogue seemed to have a direct effect on gastric parietal cells.
The strong antisecretory effect and the well-known cytoprotective property

of

this material [2] strengthen the possibility of its use in the therapy of

ulcer disease.

10.

11.
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Fermented milks (yogurt, kefir, sour milk), compared with milk for their non-
protein nitrogen and free amino-nitrogen contents gave higher values prior to as well as
1,2 and 3 h after pepsin digestion in vitro. In feeding trials of 6 weeks duration with diets
based on casein, milk and fermented milks, respectively, those groups of weanling (50 to
60 g) male Wistar rats showed the maximum increments of body mass which had been
fed the diets based on fermented milks. The highest values of the protein utilization index
(increase in body mass in g per protein intake in g) were found in the animals kept on the
fermented milk products. The favourable protein utilization and body mass increment
on fermented milk diets are attributed to a better digestibility of proteins in these
products.

Keywords: fermented milks, protein utilization, protein digestion, milk diets

Introduction

The microbiological and biochemical processes associated with the pro-
cessing of fermented milks favourably modify the biological value of milk [1]
This applies primarily to the vitamin concentrations and to the proteins.

In the stage of rapid growth the bacteria utilize vitamins A, Br, B2 B12
vitamins and pantothenic acid, while forming vitamin BI5 pyridoxine, niacin
and folic acid in large amounts [3].

In the course of fermentation 1 to 2% of the proteins are degraded.
Rasic et al. [6], in a comparative study of the quantitative distribution of
amino-acids in different kinds of yogurt from milk of cows and sheep found
that fermentation adds to the biological value of milk.

According to Breslaw and Kleyn [2], protein in yogurts is superior in
digestibility to milk protein. Simhaee and Keshavarz [8], using dried yogurt
and dried milk for the nutrition of children, found dried yogurt of higher
biological value. Sandine et al. [7] point to the benefits of lyophilized, fer-
mented milk concentrates in enteral diseases.

Send offprint requests to A. Vass, Hungarian Institute for Dairy Research, H-7623
Pécs, Tlzér u. 15, Hungary
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Though the milk fats are little affected by the process of fermentation,
their digestibility is better in fermented than in non-fermented milks [2].
Their degradation products belong to the essential flavouring factors of these
products.

On the evidence of these studies, the nutritional properties of fermented
milks are well established in many respects. No such observations concerning
milks of Hungarian source have been published so far. It seemed therefore
justified to undertake a comprehensive study of these products, so as to
examine their biological value, on the one hand, and to provide a basis for
the development and large-scale production of milks of this kind, on the other.
The first step was the study of currently used fermented milks for the digest-
ibility and utilization of their proteins.

Material and methods

Milk containing 3.6% fat, and yogurt, kefir and sour milk prepared therefrom were
examined, the products being incubated subsequent to fermentation at 5°C for 24 h. For the
feeding trials the products were lyophilized and the rat feeds were prepared. The composition
of the diets is given in Table I.

Table |

Composition ofdiets in percentage

Based on
Milk products, Casein,
g g
Lyophilizates
(milk, yogurt, kefir, sour milk) 46

Casein — 15
Starch 43,5 61,5
Sunflower-oil — 13
Lucerne fibre 6 6
Vitamin premix 1 1
AP-17 3 3
NacCl 0.5 0.5
Total 100 100

The milk products were examined for digestibility in vitro by the use of pepsin according
to Breslaw and Kleyn [2]. The hourly samples were measured spectrophotometrically for non-
protein nitrogen (NPN) and free aminonitrogen (FAN) [9] after precipitation of the proteins
with sulphosalicylic acid [4].

For the feeding tests weanling male Wistar rats of 50 to 60 g body mass were used.
They received the individual diets by groups of five for 6 weeks ad libitum, parallel with mea-
surements of body mass. Each food was tested on 2 groups i.e. ou 10 animals. From the incre-
ment of body mass found at the end of 6 weeks the protein utilization index (body mass incre-
ment g per total protein intake g) was calculated.
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Results

Figure 1 shows the NPN concentrations, Figure 2 the FAN concentra-
tions of milk and fermented milks in the various stages of pepsin digestion.

Both diagrams clearly show that the fermented milks differ little from
each other, but contain more NPN and FAN than does milk, either before
or in the course of digestion. The mean NPN and FAN values of fermented
milks differ significantly from those of milk.

Fig. 1. NPN concentration in milk (a), yogurt (b), kefir (c) and sour milk (d) in the successive
stages of pepsin digestion; mean + S.D., n = 5in each group

Period of digestion (h)

Fig. 2. FAN concentration in milk (a), yogurt (b), kefir (¢c) and sour milk (d) in the successive
stages of pepsin digestion; mean £+ S.D., n = 5in each group
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Period of feeding (doys)

Fig. 3.a Gaininbody massof weanling rats fed diets based on casein (1), milk (2) and fermented
milks (3); mean £ S.D.,n = 10 in each group, b Protein utilization index calculated from the
42 day values (n = 10 for each group)

Figure 3 represents the body mass increments found at 2, 4 and 6 weeks
of feeding (diagram “a”), but for the fermented milks only the mean values
are given, the difference between the values of the individual products being
negligible. Diagram “b” shows the protein utilization values of the individual
diets based on casein, milk and fermented milks, respectively (Fig. 3).

From the diagrams it clearly emerges that the biological value of the
foods under study increases in the order: casein, milk, fermented milks.

Discussion

The present results are consistent with published evidence, according
to which the fermented milks are superior in biological value to milk from
which they are prepared. The composition of the foods allowed to eliminate
possible factors (e.g. loose stools) interfering with the accuracy of the results
[3]. It could be thus ascertained beyond doubt that fermented milks permit
a better utilization of protein than do milk-based foods of the same protein
content.

One of the causes of the high utilization of protein from fermented
milks lies in its digestibility (Figs 1, 2), which may be connected in all likeli-
hood with the particular structure of the curd [5] and with partial degradation
of the proteins [6] produced by the lactobacilli.
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In a comparative study of milk versus fermented milk (yogurt, kefir, sour milk)
diets concerning their effect on body mass and on liver regeneration in partially (70%)
hepatectomized male CFY rats significantly higher values were found three weeks after
the operation in the groups fed on fermented milk diets than in those fed on milk-based
diets. No differences between the chemical components of the regenerated liver (solids,
total lipids, total N) were found either between the individual groups, or between the
various groups and the control. The regenerated liver corresponded to the normal organ
in every respect.

The values reflecting the increments of solids, total lipids and total N of the regen-
erating liver, whether expressed in absolute figures or in per cents, were found to be
higher in the animals fed fermented milk diets than in those fed milk-based diets.

The invention that the biochemical changes associated with bacterial fermenta-
tion of milk are beneficial to liver regeneration provides new evidence in support of the
high biological nutritive value of fermentation.

Keywords: fermented milk diets, regeneration of liver, biological nutritive value, rat

Introduction

The nutritive value of fermented milks is amply documented in the
literature. According to Rasic et al. [12], the proteins of yogurt are superior
in nutritive quality to those of milk. Yogurt has been found by Simhaee and
Keshavarz [13] to provide for a higher growth rate in chicks than does milk.
Similar results have been obtained by Hargrove and Alford in rats [7].

As it is known after partial hepatectomy (70 to 75%) the original mass
of the liver regenerates fully in a few weeks, without any particular damage.
The DNA-synthesizing capacity of the liver cells is related to the regeneration
of the organ [11], thus reflecting an enhanced protein synthesis. The chemical
components of the regenerating liver have also been widely studied. The
regenerating liver has been examined one to two weeks after partial hepatec-
tomy for water content by Higgins and Anderson [8], for nitrogen content
by Brues et al. [2], for lipids by Ludewig et al. [9]. Regeneration is greatly

Send offprint requests to P. Schmidt, Institute of Pathophysiology, University Medical
School, H-7643 Pécs, Szigeti Ut 12, Hungary
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affected by the composition, of food. The liver of exclusively glucose-fed
animals show a poor regenerative tendency [2]. Handler and Bernheim [6]
found in hepatectomized animals fed on a low-calorie diet a reduction in body
mass during normal liver regeneration. The mass of the regenerated liver is
closely related to the protein content of the diet [10].

Since it has been confirmed by published evidence that nutrition of high
biological value intensifies hepatic regeneration, it was deemed of interest to
compare milk with fermented milk products as to their effect on liver regenera-
tion.

Materials and methods

Milk and fermented milks (yogurt, kefir, sour milk) served as a basis for diets containing
3.9% protein, 1.9% fat and 5.7% lactose. The prepared foods consisted of a mixture 2 :1
of one of the above products and of home-prepared basic feed (7% casein, 82% corn-starch,
6.5% lucerne fibre, 1% LATI vitamin-premix, 3% AP—7 mineral mixture, and 0.5% NacCl).
In this manner the feeds were equal in chemical composition (38% solids of which 12% were
protein, 5% fat, 75% carbohydrate) and energy content (1687 kj/100 g solids).

In the study 77 male CFY rats of 200 to 250 g body mass were used.

Over the last 14 days before operation the animals were habituated to the respective
diets, but were fasted for the last 16 h. The operation was performed under inhalation an-
aesthesia with ether. The abdomen was opened by midline incision. The left lateral and the right
and left middle lobes of the liver were exposed, drawn apart, then the respective vessels were
tied, and the lobes were removed and placed in measuring glasses and immediately weighed.
At the end of the three week test period the regenerating and the control (intact) livers were
excised and the mass of the organs was determined. The mass of the original liver was calculated
from the masses of the resected lobes, according to Gurd et al. [5]. Since the lateral lobe and the
middle lobe made up of two lobes account for 69.4% of the total liver mass, the mass of the
three resected lobes, multiplied with the factor 1.4110, gives the total liver mass.

The livers of the intact and hepatectomized animals were measured for solids, fats
(Soxhletextraction), proteins (Kjeldahl method) and DNA [3] at the end of the period of study
and compared with the same components of the lobes found after hepatectomy. The results
are expressed as mean + S.D.

Results

In Fig. 1the body masses of the animals kept on the various milk diets
have been plotted against time.

It can be seen that in the three groups fed with diets based on fermented
milk the increments of body mass by the end of the feeding trial of three
weeks were significantly in excess of those found in the group kept on milk-
based diet (P < 0.01). The body mass increments, expressed in per cents of
the values found at the start of the experiment, were, yogurt, 32%; kefir,
31.6%; sour milk, 33.8% and milk, 23.4%.

Figure 2 shows the increments of liver mass in the various groups,
expressed in per cents of the liver mass prior to operation. The liver mass
of the animals in the individual groups had been roughly equal at the start
of the period of study (these having been calculated from the excised lobes,
as described earlier).
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weeks

Fig. 1. Body mass of animals fed diets based on fermented milk products versus milk, plotted,
against the time elapsed since partial hepatectomy
[ — m milk, n = 16; 0O —0O yogurt, n = 11; -« kefir, n = 9; A---—-- A sour milk,
n==6
mean -f- S.D, P < 0.01, referred to the milk-based diet

Fig. 2. Liver mass increments of animals fed diets based on fermented milk products versus
milk, found 3 weeks after partial hepatectomy. il milk j£ yogurt, ||| kefir, O sour milk
mean -f- S.D., P < 0.01 referred to the milk-based diet

The increments of liver mass, similarly to those of body mass, also
showed significantly higher values (P < 0.01) in the groups fed fermented
milks.
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Table |
Components of regenerated (R) and intact (1) rat livers

Milk-based Yogurt-based Kefir-based Sour milk-based

Liver components Diets
g/100 g fresh liver | R | R | R |
(n=16) (n =120 (hn=11) (n= 100 (n = 9 (n = 9 (M « 6) (n = 6

Solid mean 27.1 26.8 26.9 26.0 26.9 25.8 27.1 27.3
olids
+ S.D. 1.7 1.9 2.0 1.8 1.6 1.7 11 1.5
T N mean 3.01 2.86 3.03 2.87 2.96 2.80 2.92 3.11
ota
+ S.D. 0.25 0.30 0.20 0.19 0.34 0.24 0.30 0.33
o mean 5.13 4.58 5.24 4.92 4.70 4.48 4.80 4.86
Total lipids
+ S.D. 0.64 0.55 0.68 0.48 0.39 0.44 0.46 0.52
n = number of rats

In Table I the values for solids, total N and total lipids in the regenerat-
ing liver removed at the end of the three week feeding period against the
control (intact) livers, are given in per cents.

Table Il shows the increments of solids, total N and total lipids of the
regenerated livers, expressed in absolute values and in terms of per cent
referred to the preoperative values.

The figures in Table I show no significant differences between the per-
centage values of the components of regenerated and intact livers. In other
words, the hepatectomized animals fed the diets under study, regenerated
livers similar in composition to the intact organ. The values of solids
indicate that, in opposition to other observations [4, 14, 15], in the present
study the improved regeneration of the liver was not associated with an in-
crease in its water content.

From the figures presented in Table Il it clearly emerges that in the
animals fed on fermented milk diets the given increments, whether expressed
in absolute figures or in terms of per cent, were in excess of the respective
values of the animals fed a milk-based diet. The excessive nitrogen values in
the groups fed fermented milks point to an enhanced protein synthesis.

The proportion of DNA in the livers of hepatectomized animals was
higher than in those of intact animals. This also points to an enhanced protein
synthesis and to smaller cell sizes. No significant differences were, however,
found between the percentage figures of DNA in the liver of hepatectomized
animals kept on different diets (Table I11).
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Table Il

Increments of liver components in partially hepateclomized animals fed diets based on milk and fermented milks

Milk-based
Liver components Diets (=16
M S.D.
Increments g 0.45 0.12
in solids per cent 27.1 5.1
Increments g 0.01 0.009
in total N per cent 6.3 3.2
Increments g 0.05 0.03
in total lipids per cent 16.2 12.2

* P < 0.01, referred to milk-based diet
** P < 0.001., referred to milk-based diet
n = number of rats

DNA- concentration of the

Milk-based
Diets
R
(n- 16) (n - 10)
DNA mg/100 g mean 10.6* 9.8
fresh mass + S.D. 0.7 0.6

P < 0.01, referred to the respective intact group

*
n number of rats

Yogurt-based Kefir-based
(n = 11) (n=29)
M S.D. M S.D.
0.66** 0.16 0.59* 0.11
43.1** 8.6 39.2** 6.1
0.04** 0.014 0.03** 0.012
20.0** 55 12.1* 4.5
0.11** 0.04 0.07 0.04
39.9** 14.5 19.6 11.3
Table 11

regenerated (R) and intact (1) livers

Yogurt-based Kefir-based
R R
(n = 11) (nJ 10) (n=9) (al 9)
10.9* 9.7 11.0* 9.9
0.6 0.6 0.7 0.8

Sour milk-based

(u=6)
M S.D
0.63* 0.13
36.2* 5.6
0.03** 0.011
11.4* 4.3
0.11* 0.05
34.4* 13.8

Sour milk-based

R

(n = 6) (nig)
10.8* 9.5
0.7 0.6
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Discussion

The nutritive value of a fermented milk product is generally held to be
similar to that of milk from which it is prepared. Fermentation produces a loss
of vitamin B12 and in yogurts the concentrations of riboflavin, pantothenic
acid, thiamine and biotin are reduced. Kefir contains more niacin, thiamine,
pyridoxine and folic acid, while yogurt contains more folic acid, than does milk.
The lactose concentrations also decrease as a result of its partial conversion
to lactic acid. According to published evidence, yogurt proteins are superior
in digestibility to milk proteins [1]. It is alleged for the explanation of the
higher nutritive value of fermented milks that, as a result of slow fermentation
produced by lactobacilli, curd of a fine flocculent structure is formed, more-
over, in the course of processing a certain proportion of the proteins is split
into peptides and free amino-acids.

In opposition to the diets fed by Hargrove and Alford [7] consisting of
milk alone, only two thirds of the diets fed in the present study were made
up of milk. This allowed to avoid loose stools in the animals. The differences
in pH alone fail to account for the beneficial effects of the fermented milk
on body mass increase and on liver regeneration. Actually, Hargrove and
Alford, in their feeding trials obtained significantly lower figures with milks
acidified directly with lactic acid.

According to the results of Pénzes and Barna [10], the process of re-
generation is greatly affected by the proportion of protein in the diet. This
emphasizes the importance of dietary protein in regeneration. In the present
study the individual protein and amino-acid compositions of milk and
fermented milk products may have contributed to the intensity of liver
regeneration in the animals fed fermented milk diets, but a possible role of
other biochemical factors cannot be ruled out either. It is most unlikely that
the vitamin contents of the various products should have played any part
in liver regeneration, since, as a result of the effect of the different bacteria
the amounts of vitamins in the fermented milks are highly variable, but there
were no differences in this respect between the results found in the individual
groups. An increase in the absolute nitrogen figures found in the regenerated
livers is suggestive of an intensified protein synthesis.

In sum, the present result indicates that the biochemical changes pro-
duced by fermentation benefit the process of regeneration. This may be
regarded as further evidence in support of the nutritive efficiency of fermen-
tation.
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USE OF HUNGARIAN MILK-PROTEIN PRODUCTS IN
SPORT

R. Frenkl1, Agota Gyéré
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Protein-based food products intended for athletes — (Hamomid powder and
tablets, Amino-acid Capsules) — were studied for absorption, elimination and excretion.
On the evidence of the findings all were readily absorbed, the serum amino-acid levels
attained their peaks 60 to 90 min after ingestion of the daily dose. At the end of 10 day
periods during which the products in question had been administered a minor increase
was found in the urinary excretion of alpha-aminonitrogen.

Keywords: milk-protein products, sport

Introduction

The competitive sports of our days involving heavy physical training
pose major problems of nutrition with adequate protein. In the present study
the absorption and elimination of the Hungarian milk protein concentrates
Hamomid powder and tablets and Amino-acid Capsules were examined.

Materials and methods

Composition of the products was as follows.

Hamomid powder

Protein 55 %
Carbohydrates 20.8%  (lactose 9.5%, glucose 11.3%)
Fats 19.4% (coconut butter 12.9%, sunflower oil 6.5e
Minerals 2.8%
Vitamins (mg)
0.375 Cc 150.0
B, 0.6 E 6.0
B2 0.9 biotin 0.075
B6 1.0 folic acid 0.1
B12 0.001 Ca-panto-thenate 2.5

Hamomid tablets are of the same composition with the difference that they contain no
fat.

Amino-acid Capsules are casein hydrolysate fortified with tryptophan in 0.4 g capsules.

For the studies of absorption and metabolism, groups of 12 subjects were formed. The
following forms of treatment were applied: 1. Placebo. 2. Hamomid powder. 3. Hamomid
tablets. 4. Amino-acid Capsules. Each subject underwent all four forms of treatment, each

Send offprint requests to R. Frenkl, National Institute of Physical Education, H-1123,
Budapest, Alkotads u. 44, Hungary
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group being subdivided into groups of three members receiving different treatments. On each
day of the trial each form of treatment was thus represented. On summarizing the findings
no significant differences between the results obtained on the different days were found. The
results have therefore been given for the total groups of 12 subjects.

The trial was conducted as follows.

The test subjects reported at 8 o’clock a.m., bringing the first 24 h urine. At 8 o’clock the
first blood sample (0 h value) was withdrawn. Then each person received the daily dose of the
respective product. Blood samples were taken at 30, 60, 90 and 120 min. a-amino-N was mea-
sured in the samples photometrically by the ninhydrin reaction, according to Mitig and
Kaiser [3].

Essential steps ofthe procedure:

The serum samples are deproteinized with an ethanol-aceton mixture (1 : 1) and centri-
fuged. The supernatant is used for the ninhydrin reaction. The values are read on an Unicam
600 spectrophotometer at 580 /im, a fresh calibration series being prepared for each measure-
ment.

The same method was used for the measurement of urinary a-amino-N. Urine was collect-
ed on the day ofthe study as well.

Subsequently each person continued on the daily dose of the respective product for
nine days and reported for investigation on the 10th day with the 24 h urine of the last day.
A blood sample was withdrawn. No treatment was given during the next three days. Then the
treatment was repeated in the same manner, but with a different product. The entire duration
of the trial thus extended to 8 weeks. The investigations were performed on regular days and at
regular hours.

Results and Discussion

Table | shows the serum k-amino-acid level expressed in mg/100 ml.
The maximum increase was found after the administration of Hamomid
powder, but absorption of the Hamomid tablets and of the Amino-acid Cap-

Table |

Serum a.-amino-acid levels (mg/100 ml) in athletes
values are means + S.E.M

Hamomid Hamomid Amino-acid

Placebo powder tablets Capsules

0’ 2.947 2.953 3.004 2.791
+ 0.317 + 0.184 + 0.176 + 0.290

30’ 2.990 4.591 3.893 3.800
+ 0.292 + 0.607 + 0.380 + 0.377

60’ 3.080 5.768 4.772 4.493
+ 0.282 + 0.661 + 0.369 + 0.347

90’ 3.680 4.665 4.231 4.360
+ 0.249 + 0.607 + 0.281 + 0.078

120’ 3.070 3.540 3.580 2.947
+ 0.271 + 0.264 + 0.287 + 0.283

day 10 2.853 2.589 3.111 2.613
+ 0.172 + 0.199 + 0.285 -H 0.196
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Table 11

Urinary a-amino-N outputs (mg/24 h) in athletes
values are means + S.E.M.

Hamomid Hamomid Amino-acid
Placebo powder tablets Capsules
0’ 143.88 149.32 159.77 145.37
+ 10.10 +25.76 + 20.30 + 28.28
r 109.60 161.94 153.12 193.97
+ 14.16 + 22.04 + 18.65 + 16.63
10’ 110.71 185.53 215.90 180.05
+ 15.73 + 16.05 + 14.04 + 15.77

suies was also adequate, the peaks having been attained between 60 and
90 min.

Table Il shows the urinary values (mg/24 h urine).

Compared with the placebo group, all groups revealed higher values
after administration of the protein products, particularly in the urine collected
on the 9th day.

On the evidence of the findings, the products under study are readily
absorbed and distinctly raise the serum amino-acid level. The insignificant
elevation after the use of placebo was due to the fact that the placebo was
taken in cocoa.

In agreement with our earlier findings, the amino-acid values are at the
lower limit of the normal range (O’ value). This is also valid for the urinary
amino-acid concentrations. These figures provide a further indirect proof of
the necessity of increased protein and amino-acid supplies to athletes. Despite
the excess protein intake the serum values at the end of each period were not
higher than at the start. Administration of the products is thus within the
physiological requirements and the possibilities of regulation. Urinary excre-
tion showed a certain increase, as a sign that an effect of some degree has
been attained.
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Endocrinology

EFFECT OF THYROTROPIN-RELEASING HORMONE
AND GONADOTROPIN-RELEASING HORMONE ON
SERUM TSH, PRL, hGH, FSH AND LH IN PRIMARY

TESTICULAR FAILURE AND IN HYPOGONADO-
TROPHIC HYPOGONADISM

G. Szitagyi, |I. Szabolcs, G. Vydra,* M. Goéth, G. Irsy

FIBS! DEPARTMENT OE MEDICINE AND »DEPARTMENT OF UROLOGY,
POSTGRADUATE MEDICAL SCHOOL, BUDAPEST, HUNGARY

(Received, 1983)

Infertile males with primary testicular failure, 6 with normal (Group 1) and
7 with elevated gonadotropin levels (Group Il), 9 patients with Klinefelter’s syndrome
(Group I11) and 5 patients with hypogonadotrophic hypogonadism (Group 1Y) were
investigated. Their serum TSH, PRL, hGH, FSH and LH responses to a single bolus
of 200 pg TRH and 100 pg GnRH were measured and compared to the corresponding
values obtained in 8 fertile healthy males of the same age group. The testosterone levels
differed from the control only in the last two groups. Neither the basal TSH level
nor the ATBH differed between the groups. The latter was significant in all groups.

The basal PRL level was similar in each group except in Group Il. where the
level was low. After TRH-GnRH treatment the PRL level increased significantly in
each group but this increase was less in patients with hypogonadotrophic hypogonad-
ism (9.94+2.6 nmol/l) when compared to the patients with primary testicular failure
(Groups I, I, 111, together, n = 22 17.10£2.12 nmol/1 P < 0.05). The basal levels of
hGH and g GH did not differ significantly between the groups. Both FSH and LH
showed an exaggerated and protracted increase in patients with primary testicular
failure with elevated basal gonadotropin level after TRH-GnRH, while in hypogonado-
trophic hypogonadism the response was slight. Neither the serum testosterone nor the
serum FSH or LH level influenced the response of TSH and hGH to the TRH-GnRH
test.

Keywords: hypogonadism, TRH test, GnRH test, growth hormone, prolactin,
thyroid stimulating hormone, follicle stimulating hormone, luteinizing hormone.

Introduction

Opinions differ concerning the effect of thyrotropin releasing hormone
(TRH) on the serum thyrotropin (TSH) and prolactin (PRL) level in male
hypogonadism. LeRoith et al. [19] found an exaggerated TSH response in
primary testicular failure hut not in castrated males. In Klinefelter’s syndrome
the response was mostly normal or even decreased [4, 5, 8, 23, 24]. In hypo-

Send offprint requests to G. Szilagyi H-1389 Budapest, P.O. Box 112, Hungary
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gonadotrophic hypogonadism an attenuated response was found in females [25]
and a mostly normal one (in 6 out of 8 patients) in males [31].

The different reactions were thought to be due to the different serum
testosterone [21] or gonadotropin [24] levels. In the present experiment the
response of TSH, PRL, human growth hormone (hGH), follicle stimulating
hormone (FSH) and luteinizing hormone (LH) to TRH and GnRH was inves-
tigated in patients with testicular failure of different origin causing azoosper-
mia and having different initial serum gonadotropin and testosterone levels.

Patients and methods

Males with infertility and azoospermia and some with inability of ejaculation w'ere
grouped as follows. Group | comprised six males who had azoospermia but not complaint
of erection. Their secondary sex characteristics, libido and potency were normal and so were
the FSH and LH levels (5.0 to 12.0, and 5.0 to 20.0 U/I, respectively), the sex-chromatic were
negative. Their age was between 25 and 31 (mean 28.0 years). The 7 patients in Group Il
aged 25—36 (mean 28.6) years had exactly the same clinical features and laboratory parameters
except that their FSH and LH serum levels were above 20.0 U/l. Group Ill consisted of pa-
tients aged 18 to 52 (mean 29.9) years with Klinefelter’s syndrome, as proved by the chromatin
positive buccal smear, the 47, X XY Kkariotype and clinically by small testes, gynaecomastia
and sparse body hair. Group IV contained 5 patients aged between 21 and 35 (mean 28.7)
years with lack of erections and nocturnal emissions, absence of sexual hair, delayed skeletal
maturation, and very small testes and penis. Their basal FSH and LH levels were always
below 5.0 jul

The controls were 8 males aged between 21 and 32 (mean 26.4) years. None of the pa-
tients received hormonal treatmens before the investigation and all of them were euthyroid
TRH 200 fig (Relefact, Hoechst) and GnRH 100 fig (Institute for Drug Research, Budapest)
were given intravenously in a single bolus at 8.00-9.00 a.m. and blood samples were collected
by an indwelling cannula before and at 15, 30, 60 and 120 min after the injection.

Commercial RIA-kits were used to determine the serum level of hormones. The Byk-
Mallinckrodt RIA kit was used for TSH (normal <6.0 mU/1), Biodata—Serono kits for FSH
(normal range, 2.5-12.0 fi/l), LH (normal range, 5.0-20.0 U/l), and hGH (normal <279 pmol/1)
and IRE Prol RIA kit for PRL (normal range, 2-10 nmol/1). The interassay was found to be
9-17% (coefficient of variation) for TSH, 15-25% for FSH, 11-25% for LH, 21-26% for hGH,
and 8-26% for PRL. The lower values were found at the higher, the higher values at the lower
levels of hormones.

Testosterone was measured by the method of Vermeulen and Verdonck [29] (normal
range 9.0-28.0 nmol/l). Chromosome examination was carried out on peripheral leukocyte
cultures, according to the technique of Hungerford [15]. All results were expressed as mean
~S.E.M. analysed using unpaired and paired Student’s t test. Differences were considered
significant at P values <0.05.

Results

The serum testosterone level was normal in each group except the pa-
tients with hypogonadotrophic hypogonadism where the level was extremely
low. Though the group of patients with Klinefelter’s syndrome showed low
normal average value, it differed significantly from the control group (Table
1). The basal TSH levels were comparable in every group, and so was the TSH
peak after TRH. The effect of TRH was shown by the significant increase in
TSH in each group (Table 1).
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Table |

Testosterone level and TSH response to TRH—6n RH in different types of hypogonadism
and in controls
(mean + S.E.M.)

TSH, mu/1
ITSH Testosterone, nmol/l
0 min 30 irin 60 min 0 min
Controls (n=8) 2.21 8.48* 6.40* 6.27* 17.79
+ 1.30 +1.89 +1.45 +1.52 + 249

Primary testicular failure with nor-
mal basal gonadotropin level (n= 6) 3.30 10.70* 8.66* 7.23* 15.38
+0.73 +2.11 +1.74 +1.49 3.49

I+

Primary testicular failure with ele-
vated basal gonadotropin level (n=7) 2.94 10.96* 8.84* 8.06* 13.73

+0.25 +1.42 +1.52 +1.50 + 295
Klinefelter’s syndrome (n=9) 1.40 9.21* 5.57* 7.81* 10.07**
+0.38 +1.45 +1.06 +1.34 + 1.69
Hypogonadotrophic
hypogonadism (n= 5) 3.86 13.32 17.08 11.06* 5.82**
+0.96 +4.73 +6.64 +4.58 + 175

n = number of patients
* Compared to basal level (time 0) the differences are significant statistically
** Compared to the controls the differences are significant statistically

The PRL levels after TRH-GnRH showed a significant increase in
each group though the increase in the hypogonadotrophic hypogonadism
patients (9.94 + 2.6 nmol/1) was significantly less (p < 0.05) than in those with
primary testicular failure: Groups I, Il and IIl together, (n=22) 17.10 +
+2.12 nmol/l. The 15 min average PRL value in hypogonadotrophic hypogo-
nadism was also less than the corresponding value of the controls. No difference
was found between the controls and the groups with primary testicular failure,
and the Klinefelter’s syndrome group (Table I1). The basal hGH level was
similar in all the patients including the controls. No significant increase was
found after TRH—6GNRH load in either group (Table Il1l). A serum hGH
increase of more than 233 pmol/l occurred in one of the 5 patients with normo-
gonadotrophic and one of the 6 patients with hypergonadotrophic primary
testicular failure, two out of 9 patients with Klinefelter’s syndrome, and one
out of the 5 patients with hypogonadotrophic hypogonadism, but none among
the controls.

The basal PSH and LH levels were different in the groups and the
TRH-GnRH loading caused a significant increase in each of them. In patients
with hypogonadotrophic hypogonadism the increase was less than in the con-
trols, while in the patients with primary testicular failure and elevated
gonadotropin level a pronounced and sustained increase was observed
(Tables 1V and V).
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Table 11

PRL response to TRH-GnRH in different types of hypogonadism and in controls
(mean + S.E.M.)

PRL, nmol/1
ZIPRL
0 min 15 min 30 min 60 min 120 min
Controls (n=7) 0.45 2.40* 2.10* 0.94* 0.38 2.06*
+0.12 +0.41 +0.28 +0.11 +0.05 +0.42
Primary testicular failure with
normal basal gonadotropin 0.29 1.75* 1.73* 0.79* 0.28 1.42*
level (n=6) +0.10 +0.32 +0.31 +0.16 +0.09 +0.27
Primary testicular failure with
elevated basal gonadotropin 0.14* 2.40* 2.44> 1.22* 0.43 2.31*
level (n=7) +0.02 +0.57 +0.58 +0.33 +0.14 +0.58
Klinefelter’s 0.31 2.31* 1.91* 1.12* 0.56 1.80*
syndrome (n=9) +0.09 +0.28 +0.24 +0.22 +0.10 +0.28
Hypogonadotrophic 0.35 1.16** 1.35* 0.90* 0.55 1.08*
hypogonadism (n=5) +0.12 +0.35 +0.37 +0.17 +0.17 +0.28

n = number of patients
* Compared to basal level (time 0) the differences are significant statistically
** Compared to the controls the differences are significant statistically

Table 111

IIGH response to TRH~Gn RH in different types of hypogonadism and in controls
(mean+ S.E.M.)

HGH, pmol/1
AHGK
0 min 15 min 30 min 60 min 120 min

Controls (n=5) 18.6 35.34 52.08 48.36 17.67 61.38
+ 6.04 + 11.16 + 2651 + 2232 + 4.19 + 26.04

Primary testicular failure with
normal basal gonadotropin 39.99 97.65 120.9 214.83 85.56 226.92
level (n=5) + 465 % 3999 =+ 66.03 *x179.03 =+ 36.74 +171.59

Primary testicular failure with
elevated basal gonadotropin 33.95 37.2 33.48 57.20 92.07 88.82
level (n=6) + 1953 + 19.07 + 1256 *= 29.30 : 50.69 + 50.22
Klinefelter’s syndrome 62.31 143.22 245.06 168.33 75.33 227.85
(n=9) + 20.00 + 98.12 +182.28 *118.58 =+ 23.72 +216.23
Hypogonadotrophic 66.50 41.85 27.9 21.86 112.53 65.57
hypogonadism (n=5) + 2511 + 93 4" 465 % 326 + 79.05 + 59.52

n = number of patients

Discussion

According to the results the basal TSH and hGH levels did not differ
in the patients with hypogonadism, while in patients with an elevated basal
gonadotropin level the PRL level was lower. TRH-GnRH caused a similar
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FSH response to TRH-Gn RH in different types of hypogonadism and in controls

Controls (n=8)

Primary testicular failure with normal
basal gonadotropin level (n=6)

Primary testicular failure with ‘ele-
vated basal gonadotropin level
(n=7)

Klinefelter’s syndrome (n=9)

Hypogonadotrophic hypogonadism
(n=5)

n = number of patients

0 min

7.31
+0.94

5.51
+1.28

27.71**
+2.52

30.42**
+5.76

0.68**
+0.28

Table IV

(mean

15 min

9.93
+1.53

7.82
+1.76

42.50% **
+4.24

41.80**
+6.68

1.68*
+0.70

+ SEM)

30 min

12.36*
+1.71

8.15
+1.93

43.00%7 **
+4.33

41.52**
+6.02

1.62*
+0.81

60 min

13.95*
+2.41

9.73
+2.22

46.71%" *
+4.97

40.70**
+6.38

1.96*
+0.86

* Compared to basal level (time 0) the differences are significant statistically
** Compared to the controls the differences are significant statistically

120 min

11.00
+2.17

7.88
+1.35

39.29%*" **
+8.23

40.85**
+5.62

1.80*
+0.76

180 min

10.62
+3.00

7.50
+1.70

40.00%" **
+3.58

33.40**
+4.57

6.99*
+1.47

4.50*
+1.40

21.85%7 **
+3.43

16.98*" **
+3.57

1.44%" =
£0.55
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LH responses to TRH-Gn RH in different types of hypogonadism and in controls
(mean + S.E.M.)

0 min
Controls (n=8) 11.65
+1.35
Primary testicular failure with normal
basal gonadotropin level (n—6) 11.38
+1.60
Primary testicular failure with ele-
vated basal gonadotropin level 20.00*
(n=7) +1.86
Klinefelter’s syndrome (n=9) 29.97**
+4.09
Hypogonadotrophic hypogonadism 3.68**
(n=5) +2.06

n = number of patients

15 min

48.88*
+10.79

37.11*
+6.59

97.63*7 **

+11.77

99.75%*7 *x
+9.37

7.66**
+4.40

Table V

LH,

30 min

67.13*
+11.18

47.40*
+11.80

102.29*

+17.60

120.78%* **
+16.52

10.62**
+6.23

ui

60 min

47.56*
+8.59

32.60*
+4.16

85.13*7 **
+7.04

107.88*" »*
+13.04

9.12**
+5.57

* Compared to basal level (time 0) the differences are significant statistically
** Compared to the controls the differences are significant statistically

120 min

31.13*
+4.51

20.66*
+2.35

63.29%7 **

+6.60

T78.43% *x
+8.36

6.52**
+4.00

180 min

17.22*
+2.24

16.80*
+1.07

52.12%7 **

+8.21

72.80%7 **
+7.58

55.47*
+10.53

40.39*
+8.74

95.85*’

+9.50

92.37*
+14.87

6.88**
+4.59

08T
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increase in TSH, PRL and hGH independently from the kariotype, except in
hypogonadotrophic hypogonadism where the PRL increase was slighter. The
testosterone levels did not influence the elevation of the hormone levels. The
peak and the duration of FSH and LH differed after TRH—GNRH treatment,
depending on the basal level of these hormones.

The PRL peak was found to be attenuated in male hypogonadotrophic
hypogonadism [25] and exaggerated in primary testicular failure. Others [1]
found a normal response while Yamaji et al. [31] an attenuated result in 4
out of their 8 patients. Our patients with hypogonadotrophic hypogonadism
showed a significantly lesser increase in PRL than did the controls in 15
minutes. If all our 22 patients with primary testicular failure were compared
to the hypogonadotrophic hypogonadism group, a significant difference was
found in PRL. This is thought to be due to the lesser amount or rather the
decreased activity of the pituitary PRL cells. Repeated TRH loads would be
probably more effective. The testosterone level did not influence this reac-
tion since in the Klinefelter’s syndrome suffering patients with a low or normal
testosterone level the response was normal. Testosterone treatment did not
modify the attenuated PRL reaction of the patients of Yamaji et al. [31]
and did not influence the reaction of PRL after TRH bolus in healthy volun-
teers [16] or in patients with hypogonadism [21]. In males with azoospermia
an attenuated PRL response was found by Goldhaber et al. [11] and exactly
the opposite, an exaggerated one, by Dickerman et al. [8] while a normal one
by others [5, 13] and ourselves. In female patients with hypogonadotrophic
hypogonadism alower basal level but a normal increase after TRH was ob-
served [11, 13, 22, 25].

During clomifene treatment which augmented the FSH, LH levels,
a decrease in the serum PRL level was seen by Djordjevic [9]. This might
have been due to the clomifene treatment itself and not to the elevated FSH
and LH levels since in our patients and controls with elevated or normal FSH
and LH, the increase in PRL was similar after TRH loading. The same normal
increase was found in our female patients with streak gonad syndrome and
elevated gonadotropin level [3].

The hGH levels did not differ between patients and controls and their
reaction to TRH—GnNRH loading was also similar. Metoclopramide was found
to increase the hGH level in male hypogonadism but not in controls [6].
Similarly, GnRH was found to increase the hGH level in nine of 16 and TRH
in one of 14 Klinefelter’s syndrome patients [8]. In Turner’s syndrom a low
serum hGH level [10] and altered response to glucose [20] and insulin [18]
was found. Therapy with small amounts of oestrogen was able to normalize
the latter response [18]. A protracted and exaggerated response of FSH and
LH was found after GnRH in patients with elevated basal FSH and LH
levels, and an attenuated one with decreased basal levels. This could be due to
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the gonadotropic cell activity of the hypophysis. Active or superactive cells
were found to react more easily to the releasing hormone than do inactive
cells, as observed also by Spitz et al. [27]. An attenuated reaction of FSH
and LH to GnRH was found in female hypogonadotrophic hypogonadism [22]
as well as in prepuberal boys [2, 7]. In female hypogonadotrophic hypogonad-
ism the FSH and LH release was normalized after prolonged gonadotropic
releasing hormone treatment [22].

The testosterone levels per se did not influence the reaction of FSH
and LH after TRH—-6nRH only through a feed-back mechanism as in our
patients with hypogonadotrophic hypogonadism and Klinefelter’s syndrome
with similarly low testosterone levels a completely different type of reaction
could be seen. Similarly, no correlation was found between testosterone level
and gonadotropin release in females [30].

The oestrogen level is known to influence gonadotropin release in both
females [14] and males [17] but this was not measured in our patients. Accord-
ing to our results the trop hormones and their reactions are unchanged in
primary testicular failure except for the gonadotropins, while in hypogonado-
trophic hypogonadism PRL shows a decreased, reactivity.
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The clinical use of bromocriptine was investigated in 50 hyper- and 30 normo-
prolactinaemic women attending an infertility clinic and presenting with anovulatory
cycles, oligomenorrhoea or amenorrhoea and the complaint that they had failed to
become pregnant. The results confirmed that bromocriptine is effective in the treatment
of hyperprolactinaemic states. Bromocriptine supresses prolactin secretion irrespec-
tive of the underlying pathologic process.

Hyperprolactinaemia in humans is frequently associated with anovulation.
Serum prolactin values showed no close correlation with the degree of menstrual ab-
normalities or galactorrhoea. Basal FSH and LH levels and the gonadotropin response
to LH-RH were essentially normal in hyperprolactinaemia. Circulating E 2 levels were
largely subnormal suggesting an inhibitory effect of prolactin on ovarian E» produc-
tion. Prolactin levels over 100 ng/ml are suggestive of pituitary adenoma.

Keywords: female infertility, prolactin, bromocriptine.

Introduction

During the past decade alarge number of papers have dealt with prolactin
but our knowledge concerning the physiological importance of the hormone
is still limited. Introduction into clinical medicine of prolactin radioimmuno-
assay, increasing sophistications in the roentgenographic diagnosis of pituitary
microadenomas, the introduction of transsphenoidal pituitary microsurgery,
and the discovery of drugs that selectively stimulate dopaminergic receptors
and inhibit prolactin secretion, have given insight into the neuroendocrine
control of prolactin secretion and revolutionized the therapy of the galactor-
rhoea-amenorrhoea syndromes [10, 11, 19, 21].

The syndromes of galactorrhoea and amenorrhoea were recognized long
before the presence of prolactin in the human organism had been established.

Send offprint requests to G. God6, Department of Obstetrics and Gynaecology, H-6725
Szeged, Semmelweis u. 1, Hungary
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Although the primary cause was unknown, the reports of patients suffering
from the syndromes pointed to a common denominator [22]. Careful examina-
tion of the sella turcica by tomography revealed minute signs of pituitary
enlargement in a great number of cases [21]. It has now become clear that the
common denominator in these syndromes (Chiari-Frommel, Argonz-del
Castillo, Forbes-Albright) consists of elevated plasma levels of prolactin [15].
Hyperprolactinaemia was originally diagnosed if the prolactin level exceeded
25 ng/ml plasma.

Bromocriptine (Parlodel®, Sandoz, Basel), a dopamine receptor agonist,
is a potent inhibitor of prolactin secretion [15, 17, 18]. Lowering of plasma
prolactin either surgically or medically promptly restores ovarian function
which indicates that it is the prolactin itself which through some as yet un-
explained feedback mechanism controls hypothalamic Gn-RH in hyper-
prolactinaemic women. There is, however, a considerable amount of evidence
that excess prolactin may also act directly on the ovaries, either by inter-
ference with the effect of FSH or by interfering with the gonadotropin-medi-
ated steroidogenesis. This results in inadequate feedbackmechanismsboth at the
hypothalamic and pituitary levels and this may at least in part explain the
hypogonadism [5, 8, 13, 16].

The aim of the present paper is to review and discuss data regarding
the influence of hyperprolactinaemia on gonadal function in the human
female.

Material and methods

In 50 hyperprolactinaemic and 30 normoprolactinaemic patients aged between 18
and 40 years with normal sella roentgenograms and visual fields, informed consent was ob-
tained for the use of bromocriptine (Parlodel®, Sandoz). They were attending the Endocrine
Outpatient Clinic at our Department. They received 2.5 mg bromocriptine b.i.d. In all patients
basal body temperature was monitored and plasma progesterone was measured by radio-
immunoassay. They received the drug until galaetorrhoea ceased and menses had resumed or
pregnancy occurred, or until side-effects led to discontinuation of therapy. The treatment was

Table 1

Results of patients treated,for functional infertility

Treatrrent with Notrested ~ OMaled  QEled

Bromocriptine
1. normal plasma

prolactin 30 10-33 6-20
2. elevated plasma

prolactin 50 39-78 28-56
Clomiphene citrate (normal

plasma prolactin) 50 27-54 18-36
Spontaneous 30 6-20 4-13
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discontinued as soon as a positive pregnancy test was obtained. Serum prolactin levels were
measured weekly. Circulating prolactin levels over 100 ng/ml were strongly suggestive of an
organic pituitary lesion. Lower prolactin values did not, however, exclude this possibility.
Normoprolactinaemic anovulatory patients treated with clomiphene citrate and such patients
without any drug served as control groups (Table 1).

Twenty-five patients who initially presented with galactorrhoea-amenorrlioea, fell into
five diagnostic groups (Fig. 5). All patients were evaluated by history, physical examination,
plasma prolactin, FSH, LH and oestradiol levels and by lateral and postero-anterior skull
films, biplanar tomography of the sella and visual-field testing. Patients with regular menses
served as control subjects for endocrine studies. The pituitary gonadotrophic function was
also studied: luteinizing hormone (LH) and follicle-stimulating hormone (FSH) were measured
in the basal state and at 15, 30, 60, 90, and 120 min after administration of LH-R Il (100 fig
intravenously).

Plasma hormones were measured by radioimmunoassay in the morning basal fasting
state [11]. Results are expressed as means + S.E.M.

Results

In normal subjects studied in the early follicular phase, the response of
serum LH to LH—RH varied over a wide range (2060 mU/ml), with peak
values reached at 15 min in three patients and 30 min in two patients. The
FSH increase ranged between 15 and 30 mU/ml, with peak levels occurring
at 60 min in three patients and at 90 min in two patients. The mean increase
in LH and FSH did not differ significantly between patients with amenorrhoea-
galactorrhoea and normal control subjects (Fig. 1).

The plasma prolactin levels of the 20 anovulatory women are shown
in Fig. 2 as compared to values found in patients with amenorrhoea-galactor-
rhoea. The mean prolactin level in this group was higher (24 ng/ml) than the
mean value observed in normal women (14 ng/ml), but lower than that found
in patients with amenorrhoea-galactorrhoea syndrome (63 ng/ml).

Circulating FSH-levels in hyperprolactinaemic patients were similar
to those found during the follicular phase of the normal menstrual cycle in
healthy women, except for 5 patients with borderline low values. Plasma LH

Fig. 1. Mean + S.E.M. plasma FSH and LH levels and the increment after intravenous
100 fig LH-RH in normal women studied in the early follicular phase of the cycle, and patients
with amenorrhoea-galactorrhoea
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Normal Anovulatory Amenorrhoea
women women galactorrhoea
nr20 n=20 n=20

Fig. 2. Mean prolactin concentrations were higher in infertile patients, hut overlapped prolactin
concentrations in normally menstruating women. The patients with amenorrhoea-galactorrhoea
had the highest prolactin levels

concentrations were also comparable to normal follicular values, except in 7
patients with borderline low and another 3 with high levels. The overall mean
FSH and LH values of patients with hyperprolactinaemic infertility were in
the lower areas of the normal follicular range (Fig. 3).

Plasma oestradiol levels in hyperprolactinaemic patients were significant-
ly lower than those seen during the mid-late follicular phase of the ovulatory
cycle in normal women (Fig. 4). Several patients, however, showed high E,,
values and signs of hypoestrogenism such as breast and vaginal skin hypotrophy
were not found in any patient. In addition, there was a small but significant
inverse correlation between plasma E3and prolactin levels (P < 0.05).

v uia Normal follicular

Fig. 3. Basal plasma FSH and LH levels in hyperprolactinaemic patients. The shaded areas
represent the range of follicular phase values in ovulatory cycles of healthy women. The
horizontal lines indicate mean values
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Fig. 4. Basal plasma levels of oestradiol-17-beta in normally menstruating women and in
hyperprolactinaemic patients. The shaded area represents the range of mid-late follicular
phase of the ovulatory cycle in normal women. The horizontal lines indicate mean values

Normal Adenoma Fbst- Rost Drug Idiopathic
pill partum related
n=20 n=6 n=8 n=A n=2 n=5
Fig. 5. Mean prolactin levels in normal women and in patients with galactorrhoea-amenorrhoea
secondary to prolactin-secreting adenomas and post-pill, post-partum, drug-related, and
idiopathic galactorrhoea-amenorrhoea

Basal body

temp. ,°C

Menses

Insler-score 6 7 9 n

Galactorrhoea|V Kf1V|»«l»»I»»l » 1» I'» I» - 1-1-1-1
omg/hgypline’ m o A 8 ©
Weeks of treatment
Fig. 6. Clinical findings during bromocriptine therapy in a woman suffering from galactorrhoea

and amenorrhoea who conceived during the 3rd treatment cycle. The Insler-score is a method
for estimating the physical qualities of the cervical mucus
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Fig. 7. Changes in circulating prolactin levels in a group of patients with galactorrhoea-
amenorrhoea syndrome after one week of bromocriptine (CB-154, Sandoz) treatment

Basal prolactin levels (Fig. 5) in 20 normal women ranged from 4 to
28 ng/ml (mean 13.8 ng/ml). The upper limit of normal range in our laboratory
was taken as 25 ng/ml. In patients with adenoma, basal prolactin levels were
greater than 100 ng/ml in five of six cases, one patient with an adenoma had
a basal prolactin of only 89 ng/ml. Prolactin levels in four of the eight patients
with post-pill galactorrhoea-amenorrhoea were normal and elevated in the
other four patients. One patient without adenoma had a basal prolactin above
100 ng/ml. In patients with post-partum galactorrhoea-amenorrhoea, prolactin
levels ranged from normal to 97 ng/ml. Basal levels in the two drug-related
diseases were moderately elevated, and were quite variable in the patients
with “idiopathic” galactorrhoea-amenorrhoea ranging from normal values
to 90 ng/ml.

The clinical findings during initiation of treatment in one patient are
shown in Fig. 6. Within 8 weeks of therapy her galactorrhoea had disappeared
completely and examination of the uterine cervix revealed rich mucus show-
ing signs of oestrogenic activity. Her body temperature curve shifted at this
time and 2 weeks later she menstruated for one week. During the next 4 weeks
she had a normal menstrual cycle with a biphasic basal temperature curve.
Fourteen weeks after starting the therapy, the pregnancy test showed HCG
activity as in pregnant women.

During bromocriptine treatment irrespective of wheather the prolactin
levels were greatly or only slightly elevated, there was a dramatic fall in the
circulating prolactin level (Fig. 7).

The results of bromocriptine treatment are shown in Table I. Eighty
patients were treated with bromocriptine. Thirty-nine of the fifty with hyper-
prolactinaemia ovulated and 28 conceived. In the group of patients with normal
plasma prolactin levels only 33% ovulated and 20% conceived.
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Discussion

The mechanism by which hyperprolactinaemia interferes with pituitary
gonadotropin secretin and ovulation, remains to be elucidated. A different
effect of high levels of prolactin on the hypothalamus and/or the pituitary has
been suggested, as well as a blocking effect of prolactin at the ovarian level [20].
These hypotheses are supported by studies showing that suppression of ele-
vated prolactin levels with bromocriptine in women with amenorrhoea, with or
without galactorrhoea, results in resumption of cyclic gonadotropin secretion,
ovulation, and fertility [2, 3, 14]. On the basis of previous studies, it is suggested
that infertile women with hyperprolactinaemia could benefit from the adminis-
tration of a prolactin suppressor in order to achieve cyclic ovulation and
pregnancy.

Patients requiring ovulation induction should be treated with clomi-
phene citrate if their plasma FSH, LH and prolactin levels are normal, but
they need bromocriptine when the plasma prolactin is elevated and the pres-
ence of a pituitary tumour has been excluded [4, 9]. The use of bromocriptine
with a view to causing a reduction in size of prolactinomas and/or preventing
further growth is currently under investigation and appears promising [1].
Radiotherapy provides a further method of treatment.

Orally administered bromocriptine is rapidly and completely absorbed.
Because of its tendency to cause like L-dopa nausea, vomiting and postural
giddiness in the early days of therapy, dosage should begin with 1.25 mg twice
daily, commencing with an evening dose taken during a meal. After some days,
such symptoms have usually subsided and the conventional dose of 2.5 mg
two or three times daily with a meal can be given. There is currently no sugges-
tion that the drug has teratogenic properties in humans.

If hyperprolactinaemia is demonstrated, its cause must first be estab-
lished. Provided that hypothyroidism, drug ingestion (phenothiazines, buty-
rophenones, alpha-methyldopa, reserpine, oestrogen), etc., have been elimi-
nated, attention must be directed to pituitary radiology, proceeding to poly-
tomography [12]. The existence of a symptomatic tumour is generally accepted
as an indication for surgical intervention, although there are several recent
reports where patients with prolactinoma were treated with bromocriptine.

The major practical difficulty in patients presenting with amenorrhoea-
galactorrhoea is to establish whether the diagnosis is that of pituitary adenoma,
and to assign a cause if pituitary radiology is normal and no other lesion is
evident, i.e. idiopathic hyperprolactinaemia. W hether idiopathic hyperprolacti-
naemia results from a functional disturbance of inhibitory prolactin control,
excessive secretion of a hypothalamic releasing factor, or from a clinically
undetectable microadenoma is not known.
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Franks et al. [7] found that, although plasma oestradiol levels were
often in the menopausal range, basal plasma gonadotrophin concentrations
were generally within or just above the normal range for the follicular phase
and, therefore, had not risen as high as expected for the marked degree of
oestrogen deficiency. In addition to the postulated effect on the ovary, hyper-
prolactinaemia probably also inhibits gonadotrophin secretion. Presumably,
release more than synthesis is impaired, since such patients typically show
normal or exaggerated responses of LH and FSH to injections of LHRH,

despite normal basal gonadotrophin concentrations.
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EPISODIC SECRETION OF HORMONES AND THE
DIAGNOSTIC VALUE OF SINGLE BLOOD ESTIMATES
I. LH, FSH, PROLACTIN*
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The episode fluctuation of serum LH, FSH and prolactin levels in peripheral
blood was studied to determine the reliability of single estimates of the average blood
level. Radioimmunoassay of the hormones was performed in serum withdrawn every
10 min between 8 and 12 h a.m. from 8 healthy women invarious periods of the menstrual
cycle. The rate of fluctuation of the hormone levels was characterized by the within-
person coefficient of variation of single estimates, which averaged 30.3, 15.1 and 19.2%
for LH, FSH and prolactin, respectively. Due to a pronounced fluctuation of gonado-
tropin levels, analysis of several serum samples is recommended to approach the actual
mean hormone level.

Keywords: Secretion of hormones, LH, FSH, prolactin.

Introduction

Recent studies have demonstrated an episodic secretion of many hor-
mones and an oscillation pattern of their daily serum Jlevel. The bioavailability
and the rate of secretion of hormones is routinely approached in clinical prac-
tice by their blood level. The greater the fluctuation of hormone concentration
in peripheral circulation, the less reliable is a single estimate in representing
the average daily hormone concentration.

In the present paper the episodic fluctuation ofthe blood level of gonado -
tropins was studied to assess the reliability of a single estimate for clinical

purposes.

Patients and methods

Eight apparently healthy women aged 23 to 35 years volunteered for this study. They
had regular menstrual cycle lasting for 26 to 30 days. Their weight was ideal with a deviation
of at most £10% . Onset of ovulation and physiological corpus luteum function were controlled
by measurement of basal body temperature and serial determination of the serum progesterone

Send offprint requests to G. Sikl6si, H-1082 Budapest, Ull6i ut 78/a, Hungary
* Presented in part at the 9th Congress of the Hungarian Society of Endocrinology and
Metabolism, Szeged, Hungary 1979.

Ada Medica Hungarica 41, 1984



196 SIKLOSI, G. et al.

level. The episodic fluctuation of blood hormone concentrations was studied 90 min or more
after awakening. Blood samples were withdrawn after inserting a cannula into the cubital
vein every 10 min between 8 an 12 h a.m. The 25 blood samples obtained were immediately
centrifuged and stored at —20 °C until processing. To exclude interassay variation of methodo-
logical errors, all samples of a subject were worked up within one assay. The mean value of
the 25 estimates was considered, to indicate the mean blood hormone level. Deviation of single
estimates from the mean was characterized by the coefficient of variation of 25 measurements,
and the maximum deviation of individual values was assessed at 95% confidential limits
(2 S.D.). To compare inter-person estimates, the values were expressed in percentage increments
from the intra-person average value.

Hormone determinations

LH radioimmunoassay

LH determination in serum was performed by homologous, double anti-
body radioimmunoassay according to Midgley [7] with the modifications
proposed by Reuter et al. [15]. The LH antiserum wused was a specific anti-
human rabbit serum (Calbiochem). A 125 I-labelled and purified human LH
tracer (CIS Cea-lre-Sorin LH-125-B) was further purified on 10x100 mm
Sephadex G-100 (Pharmacia) column 24 h before use [11]. An LH standard
preparation ofthe “ 1st International Reference Preparation of Human Pitui-
tary Gonadotropins FSH and LH 69/104 (W HO)” with a biological activity of
1 11U FSH = 0.167 mg and 1 IU LH = 0.668 mg was employed [3]. The
normal rabbit serum and bovine serum albumin, and as second antibody,
goat antiserum to rabbit gamma globulin were purchased from Calbiochem.
Phosphate buffer (0.01 mol pH 7.6 including 0.14 mol NaCl, 0.05 mol EDTA —
N a2 0.05% Na azide, 1.0% BSA) was used. The first antiserum solution in
the buffer contained 0.5% normal rabbit serum.

The radioassay was performed in glass tubes in an incubation volume
700 /A The working standards were 1.25-2.5—5.0-10.0 and 20.0 mIU/m | of
reference LH. AIll dilutions were made by phosphate buffer indicated above.
To duplicates of 200 /]'ﬂ.serum and standard solutions, 10 000 dpm tracer in
100 jul buffer and 200 /N1 antiserum were added, vortexed and incubated at
room temperature for 16 to 24 h. The second antibody in 200 /1 was then
added, vortexed and incubated at 4 °C for 16 to 24 h. Thereafter, the samples
were centrifuged at 4 °C the supernatan was decanted and radioactivity
measured in a GAMMA NK 350a counter (Gamma Works, Budapest). Results

were calculated by a logit-log transformation of measurements [16].

FSH radioimmunoassay

Serum FSH was determined by homologous, double antibody radio-

immunoassay as proposed by Midgley [8] and Reuter et al. [15]. The FSH
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antiserum was a Calbiochem preparation. 125 I-labelled FSH (CIS FSH-
125-B) was purified before use as described for LH. The reference FSH stan-
dard, the buffer solution and other details of the method were similar to those
indicated for LH exceptthat delayed addition oftracer 24 h after an incubation
of samples with the first antibody for 24 h at room temperature was followed
by a second incubation under similar conditions prior to addition of precipitat-

ing antibody, resulted in enhancement of attainable sensitivity [17].

Prolactin radioimmunoassay

A homologous, double antibody radioimmunoassay was performed
according to Guyda et al. [6] and Aubert [2]. The antibody used was a specific
anti-human rabbit serum (Calbiochem). The prolactin isotope preparation of
CIS (PROL-125-B) with a 125 I-label was purified before use as described for
LH. The prolactin standard was a “MRC Research Standard A for Prolactin
Human 71/222” with a biological activity of 1.0 mIU = 100 ng, kindly pro-
vided by W HO authorities. Theradioassay was performed as described for LH
and by a delayed addition of tracer to increase sensitivity as indicated for

FSH. Fifty pi aliquots of unknown serum samples were diluted to 200 pi

with buffer and processed.

Results

Results of control experiments for reliability criteria of methods are
summarized in Table I. The intra- and interassay coefficients of variation were
calculated from 20 parallel estimates. Accuracy of methods was controlled by
external standards kindly provided by W HO . The results appeared to be
comparable to those reported by others.

The fluctuation of serum gonadotropin concentration due to their episodic

secretion was studied in 8 healthy women on the 2, 2, 6, 10, 18, 20, 20- and 21

Table 1

Reliability criteria of methods

LH FSH Prolactin
Sensitivity, miU/ml 0.5 0.5 1.0*
Intraassay CY, per cent 5.5 4.6 4.7
Interassay CV, per cent 13.2 11.4 11.8
Accuracy, per cent 14.5 125 15.4

*ng/ml
CV coefficient of variation
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LH

Fig. 1. Episodic fluctuation of serum LH level in 8 healthy women. The values are expressed

as per cent deviation from the mean of 25 measurements in 10 min intervals during a 4 h

period between 8 and 12 h a.m. Horizontal lines represent the mean taken as 100%. The
numbers at the end of diagrams indicate the days of menstrual cycle examined

days respectively of their menstrual cycle, in order to investigate differences
mwhich may be characteristic of the different phases of the cycle. The absolute
values measured reflected a physiological range during the menstrual cycle.
To make comparable the greatinter-individual differences, the single estim ates
were expressed as a percent deviation from the mean intra-individual value.

The relative fluctuations of individual estimates are shown in Figs 1, 2, and 3.

Fig. 2. Episodic fluctuation of serum FSH level in 8 healthy women. For details, see Fig. 1
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Fig. 3. Episodic fluctuation of serum prolactin level in 8 healthy women. For details, see Fig. 1.

The horizontal lines in the Figures represent the mean of 25 estimates which
was considered 100%. Oscillation of individual values showed one to 5 secre-
tory surges in the studied subjects. No differences were found in fluctuation of
the hormones studied, characteristic of phases of the menstrual cycle. The LH
secretory surges seemed however, to be higher and to appear less frequently
in the second phase in comparison to the first phase of the menstrual cycle.

Results of statistical evaluation of within-person individual estimates
are summarized in Table Il. Although the range and the mean of the coeffici-
ents of variation of within-person estimates, and the maximum deviation from
the mean hormone level, for LH exceeded those calculated for FSH and prolac-
tin. The oscillation pattern of all gonadotropins was found considerable.

Table 11

Calculated parameters offluctuation ofgonadotropin levels in serum of8 menstruating women during
a 4 h experimental period (25 estimates)

LH FSH Prolactin
W ithin person 16.1-48.2* 7.1-26.3 7.4-34.5
CV, per cent 30.3** 15.1 19.2
Maximum deviation from
the mean at 95 per cent
CL, per cent 60.6 30.2 38.4

*range
** arithmetical mean
CV, coefficient of variation; CL, confidential limit
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Significance of methodological error in analysis of episodic fluctuations

The findings raise the possibility of methodological errors to interfere
with the blood levels of hormones. In calculated values for the episodic fluctua-
tion of hormone levels the methodological erroris determined by the magnitude
of the intraassay coefficient of variation, since determination of gonadotropins
was carried out within a single assay. The interrelation between two indepen-
dent factors may be assessed by the Gauss equation: S2= SxX -f- S22, the square
resultant standard deviation being equal to the sum of square standard devia-
tion of individual factors.

Taking LH values into consideration, if the observed fluctuation of
within-person blood estimates was 30.3%, and the intraassay coefficient of
variation for LH radioimmunoassay 5.5%, then the actual (corrected) fluctua-
tion of the hormone level will be 29.8%, which is only 0.5% less than that
obtained without correction. According to these calculations, the methodolog-
ical error in the evaluation of episodic fluctuations can be neglected.

Discussion

Episodic secretion of LH and FSH was first reported by Yen and Tsali
[20], Naukin and Troen [13] and Midgley and Jaffe [10]. In these investiga-
tions a more pronounced fluctuation of the LH blood level than that of FSH
was observed. This may be explained by a difference in their biological half-
life (60 min versus 6 h in healthy women). These differences may also explain
the asynchrony of episodic surges of the two gonadotropins. Taking into
consideration these estimations, Yen et al. [21] postulated that an intermittent
signal from a central neuronal mechanism triggers a periodic discharge of
pituitary gonadotropins, which is responsible for their episodic secretion. The
frequency and magnitude, however, seem to be influenced by other peripheral
hormones.

The aim of the present investigations was to examine the serum LH and
FSH oscillations in menstruating women and to consider quantitatively the
validity in clinical practice of a single serum hormone estimate. Our observa-
tions compare favourably with those of Santen and Bardin [18] and Goldzieher
et al. [5]. They found the coefficients of variation of single estimates between
21 and 51%. The significant oscillation, particularly of LH, suggests a need
of simultaneous measurements of these hormones. In the evaluation of values,
however, the cyclic change of serum gonadotropins, that they exhibit no
diurnal variation, and that the episodic secretory surges occur in one to four
hour intervals, must also be taken into consideration [9, 21].

Acta Medica Hungarica 41, 1984



EPISODE SECRETION OF HORMONES, | 201

Our clinical experience for instance in the differential diagnostics of
cases with amenorrhoea, proved a 60% reduction of error in hormone determi-
nations by calculating the mean value of measurements on 3 subsequent days.

A fluctuation of the prolactin concentration in serum was first demon-
strated by Sassin et al. [19] and Parker et al. [14]. According to the present
investigations, a considerable fluctuation of the blood prolactin concentration
was also observed. The initially high values observed may be explained by the
stress of examination [1]. The maximum increase in the prolactin level does
not occur earlier than 15 to 30 min following a stress, therefore a single blood
prolactin determination may yield less misleading information than that for
LH or FSH [12]. In our patients it might arise before the 4 h examination
when they have already learned the details of the study. In view of the consider-
able oscillation of prolactin levels, several blood samplings seem better to
approach the true mean hormone concentration. In timing blood sampling,
the occurrence of secretory surges between 01 and 04 h as well as the circadian
variation with a maximum at daybreak [14, 4] must be considered. Thus blood
sampling for prolactin assay should be done one to two hours after awakening
and on several subsequent days. According to our experience, the mean value
obtained at this time on three consecutive days reduced the error with about
60%.
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EPISODIC SECRETION OF HORMONES AND THE
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The episodic fluctuation of serum progesterone, oestradiol and oestrone levels
was studied. Progesterone was determined in the luteal phase, oestradiol and oestrone
concentrations were measured in the proliferative and luteal phasesin 8 subjectsin 10 min
intervals between 08 and 12 h a.m. Reliability criteria proved the radioimmunological
methods used to be comparable to those employed routinely. The within-person fluctua-
tion of hormone levels characterized by the coefficient of variation of single estimates
averaged 20.16, 23.0 and 11.6% for progesterone, oestradiol and oestrone, respectively.
The considerable fluctuation of hormone concentrations suggest the importance of

hormone measurements to control luteal function and folliculogenesis during the men-
strual cycle.

Keywords: Secretion of hormones, progesterone, oestradiol, oestrone.

Introduction

In the last decade, radioimmunological determination of hormones has
been used extensively in clinical diagnostics as well as in research work. It is
generally accepted that the circulating progesterone level is characteristic of
luteal function [33], that of oestradiol of folliculogenesis [18] and the oestrone
level of oestrogen availability in the postmenopausal state and under various
experimental conditions [27]. In view of the episodic secretion of these hor-
mones it is a recurrent question in clinical practice how far a single estimate
of the serum level reflects the daily mean hormone concentration in blood.

The aim of the present study was to approach quantitatively the rate of
fluctuation of the blood progesterone, oestradiol and oestrone concentrations
and to determine the representative errors caused by single estimates.

Send offprint requests to G. Sikl6si, H-1082 Budapest, Ullgi at 78/a, Hungary
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Patients and methods

Eight apparently healthy women aged 23 to 35 years volunteered for the study. Their
weight was ideal with a deviation of at most +10% . They had regular menstrual cycles
of 26 to 30 days. Onset of ovulation and physiological corpus luteum function were con-
trolled by measurement of basal body temperature and serial determination of the serum
progesterone level. The episodic fluctuation of blood hormone concentration was studied 90 min.
or more after awakening. Blood samples were withdrawn from the cubital vein by an indwelling
cannula in 10 min intervals between 08 and 12 h a.m. The 25 blood samples were immediately
centrifuged and stored at —20 °C until processing. To exclude interassay methodological
errors, all samples of a single series were worked up simultaneously. The mean value of the
25 within-person estimates represented the average blood hormone level. The increment of
single estimates from the mean was determined by the coefficient of variation of 25 measure-
ments, and the maximum deviation of individual values from the mean characterized at 95%
confidential limits (2 S.D.). To allow comparison of inter-person estimates, the values were
expressed in percentage of the intra-person average value.

Hormone determinations
Progesterone radioimmunoassay

Progesterone in serum was determined by no-chromatography charcoal adsorption
technique according to Abraham et al. [1, 2, 3, 6], with modifications [8, 9, 19, 30, 36].

The antibody used was raised against progesterone-1 la-succinyl-BSA inrabbit (Steranti,
England, Code P 001), with a minimum cross reaction with interfering steroids (5a-pregnane-
diol 2.5%, other disturbing C-21 deoxypregnanes <C 1%), allowing an application without
chromatography of serum progesterone [8, 19]. 1,2,6,7-3H-progesterone (Amersham, specific
activity 3.55 TBg/mmol) was purified every 6 months by means of celite chromatography
(Celite 535, Light, England), as described previously [4.28]. Reference progesterone (Sigma
Chemicals) was dissolved in ethanol and diluted as indicated below. All dilutions were made
by phosphate buffer (0.1 mol, pH 7.0, containing 0.9% NaCl; 0.1% Na azide; and 0.1%
gelatin the charcoal suspension contained 0.625 g/dl Norit A [Serva, Heidelberg] and 0.0625 g/dl
Dextran T 30 [Pharmacia, Sweden]). Peroxide-free ether was used for extraction. The scintilla-
tion fluid for measurement was a solution of 5.0 g PPO and 0.5 g POPOP in 1000 ml toluene
and 200 ml dioxan. Radioactivity was measured in a Packard Tri-Carb Model 3380 liquid
scintillation spectrometer with an efficiency of 55%. In 10 X 100 mm glass tubes 20.0 //1 serum
was diluted to 200.0 ~1 with buffer, in duplicate, and it was extracted with 2.0 ml ether by
vortexing.

The sample was frozen at —20 °C for two hours, decanted and the organic phase evap-
orated. The residue was dissolved in 500 1 buffer incubated at 60 °C for 30 min and vortexed
for 30 sec. The efficiency of recovery was checked by intermittent application of tracer, and
the results (91.0£3.5%) showed that internal standardization was unnecessary [8]. The
mean value of random recovery experiments was applied to correct the methodological loss.
Known progesterone samples contained in triplicate 80.0, 160.0, 320.0, 640.0 and 1280.0 pmol
authentic standard in 500 /11 buffer.

To unknown serum samples and to standards 10 000 cpm tracer in 100 fa buffer and,
after vortexing, 100 21 antiserum (BO-N/T 45-55%) were added and incubated at room temper-
ature for 30 min, then at 4 °C for 16 h. For separation of free and bound fraction, 200 {/1 char-
coal suspension was added at 0 °C, vortexed, incubated at 0°C for 20 min, and centrifuged
(4000 rpm) at zero to 4 °C. The supernatant was decanted into a vial, vortexed for 10 sec and
the radioactivity was measured. Results were calculated by logit-log transformation in a pro-
grammed Hewlett-Packard 67 calculator as proposed by Rodbard et al. [31].

Control experiments revealed the method’s sensitivity to be 32.0 pmol/tube (1.6 nmol/l1
serum). The intra- and interassay coefficients of variation in 20 measurements were 6.7 and
12.9%, respectively. Accuracy of the method by using an external standard supplied by the
World Health Organization was found to be 14.0%. The reliability criteria of the method were
checked as recommended in the literature [5, 10, 21].
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Oestradiol radioimmunoassay

Radioimmunological determination of oestradiol was performed by the no-chromatog-
raphy charcoal separation technique as originally described by Edquist and Johansson [15]
and Emment et al. [16] with minor modifications [5, 11, 17, 23, 24, 29, 37].

The antiserum was anti-17/?-oestradiol-6-carboxymethyloxime-BSA serum raised in
rabbit (Steranti, England, Code E 002) with a cross-reaction of disturbing steroids <1%
[37]. 2,4,6,7-3H-o0estradiol (Amersham, specific activity 3.7 TBg/mmol) was purified every
6 months [4, 28]. Authentic oestradiol (Sigma Chemicals) was dissolved in ethanol and further
dilutions were made with the buffer solution described above.

For radioassay of unknown sera 200.0 /A aliquots in duplicate and for the known samples
23.0, 46.0, 92.5, 185.0, 370.0, 740.0 and 1480.0 pmol oestradiol in buffer were used. The method
was similar to that described for progesterone with the exception that to increase the method’s
sensitivity addition of the isotope was delayed [32]. After incubation with the antibody at
room temperature for 30 min 10 000 cpm tracer was added at 0 °C followed by another incu-
bation at 4°C for 16-24 h.

According to control experiments the method’s sensitivity was 10 pmol/tube or 50 pmol/1
serum. The intraassay coefficient of variation in 20 samples was 6.2% and the interassay
coefficient of variation in 10 subsequent assays, 12.4%. An accuracy of 11.7% using the WHO
external standard was calculated.

Oestrone radioimmunoassay

No-chromatography charcoal technique was employed [12, 16, 29].

A highly specific anti-oestrone-6-carboxymethyloxime-BSA rabbit serum (Steranti,
Code E 001) was used. Cross-reaction with whatever oestrogen or disturbing steroid in serum
was <1%, as indicated by the maker. 2,4,6,7-3H-oestrone (Amersham, specific activity 3.4
TBg/mmol) was purified by celite chromatography 6-monthly [28]. Authentic oestrone was
purchased from Sigma Chemicals.

The radioimmunoassay was performed as described for progesterone. To increase the
sensitivity addition of tracer was delayed as indicated for oestradiol [32].

Quality control of assay revealed the method’s sensitivity to be 10 pmol/tube or 50
pmol/1l serum, an intraassay coefficient of variation (20 samples) of 6.3%, and an interassay
coefficient of variation (11 series) of 13.1%.

Results

Fluctuation of serum progesterone concentration

The episodic fluctuation of progesterone concentration in serum was
studied in 8 healthy women at 16, 18, 19, 19, 20, 20, 21, and 26 days, respec-
tively, of their menstrual cycle. Every series of measurements lasted 4 h with
samplings every 10 min. The mean values of the 8 series varied between 20.7
and 44.0 nmol/1, all in the physiological range.

To allow an inter-person comparison, the single estimates were expressed
as percentage increment of the intra-person mean value, considering the latter
to be 100%. Figure 1 shows the rate of fluctuation of the serum progesterone
concentration of 8 apparently healthy women. Horizontal lines represent
within-person mean values. The within-person coefficients of variation varied
from 16.2 to 26.4%, representing a considerable deviation of single estimates
from the mean value in a single series. The maximum increment averaged
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Progesterone

50

Fig. 1. Episodic fluctuation of serum progesterone level in 8 apparently healthy women. The

values are expressed as percentage increment of the mean estimate of 25 measurements done

at 10 min intervals during a 4 h follow-up study between 08 and 12 h a.m. Horizontal line
represents the mean estimate taken as 100%

40.3% at 95% confidential limits (2 SD). Peak values of within-person measure-
ments revealed 3 to 5 secretory surges, their onset was irregular and their
intensity inconsistent.

Fluctuation of serum oestradiol concentration

The serum oestradiol level was determined in 8 healthy women at
2,2,6,10,18,20,20, and 21 days, respectively, of their menstrual cycle. The
mean of within-person estimates varied between 26.4 and 937.6 pmol/1, corre-
sponding to the physiological values. Figure 2shows the fluctuation of oestradiol
estimates in the dimension indicated for progesterone. The coefficients of
variation of within-person estimates were between 8.5 and 30.2%, with an
average of 23.0% in the 8 series. Average maximum oscillation of hormone
concentration in serum at 95% confidential limits was 46.0% . On the basis of
peak concentrations, during the 4 h interval 3 to 5 secretory episodes could
be identified (Fig. 2). The onset of surges was irregular and their intensity
inconsistent.

Fluctuation of serum oestrone concentration

Serum oestrone concentration was studied in 8 healthy women at 2,2,6,
10,18,20,20 and 21 days, respectively, of their menstrual cycle. The hormone
levels varied in the physiological range exhibiting mean values between 26.4
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Oestradiol 171

Fig. 2. Episodic fluctuation of serum oestradiol level in 8 apparently healthy women. For
details, see Fig. 1

and 937.6 pmol/l (Fig. 3). The within-person coefficients of variation were
between 8.0 and 17.8%, with a mean of 11.6% in the 8 series. Maximum
increments ofindividual estimates at 95% limits of confidence averaged 23.2%.
Three to 5 episodes of secretion were identified during the experimental period,

with inconsistent fluctuations.

Oestrone

Fig. 3. Episodic fluactuation of serum oestrone level in 8 apparently healthy women. For
details, see Fig. 1
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Discussion

Fluctuation of serum progesterone level

Oscillation of progesterone concentration in peripheral blood of female
subjects was first described by West et al. [35]. To our knowledge, there is no
indication in the literature of fluctuation of the daily blood concentration of
progesterone. Previous studies showed no diurnal variation in the serum
progesterone level similar to that of LH and FSH (25, 26]. Changes of the
progesterone level during the menstrual cycle are well documented [20, 22].
These studies carried out on large populations showed progesterone levels
below 3 nmol/l (1 ng/ml) in the proliferative phase, a gradual increase after
ovulation reaching about 32 nmol/1 (10 ng/ml) plateau concentration in the
luteal phase, and a subsequent decrease to below 3 nmol/l until menstruation.

Since progesterone determinations are recommended to be performed
during the luteal phase the episodic fluctuations were investigated only in this
phase in the present study. The aim of serial determinations was to studv
to what extent an individual progesterone estimate can characterize the mean
daily hormone level and how the fluctuation interferes with the assessment of
luteal function. According to the present investigation, a single progesterone
assay with a mean coefficient of variation of 20.16% and a 40.32% maximum
percentage increment would represent the average serum concentration. This
indicates that several determinations must be done to control luteal function.
Our clinical experience suggested that 60% or higher reduction of errors caused
by the oscillation would occur if determinations were performed on 3 different
days during the luteal phase, between the 19th and 24th days of the cycle or
4 to 10 days before menstruation.

Fluctuation of serum oestradiol level

In spite of reports on episodic fluctuations of the oestradiol level [7],
there is no indication in the literature on the degree of these fluctuations.
A diurnal rhythm of serum oestradiol concentration appears to be absent [25].
Changes in the secretory rate during the menstrual cycle have been established
[13, 20] and there is a close correlation between serum oestradiol concentration
and folliculogenesis [18, 34]. Since determination of the hormone is extensively
used to control folliculogenesis and to follow ovarian function after the induc-
tion of ovulation, it seems important to know to what extent the daily oscilla-
tions lower the value ofinformation supplied by a single hormone measurement.
The present findings showed the single oestradiol values to oscillate with a
mean coefficient of variation of 23.0%, and the average maximum deviation
was 46.0% at 95% limits confidence. This rate of fluctuation indicates that
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several hormone measurements are only informative. In cases of amenorrhoea,
determination of oestradiol in a pool of sera obtained on several days, while
in patients with induction of ovulation, separate determinations are recom-
mended.

Fluctuation of serum oeslrone level

In the literature no report has been found on pulsatile secretion and
episodic fluctuations of the blood oestrone level, nor has a diurnal rhythm
been shown [25, 26]. The characteristic change of the serum oestrone level
during the menstrual cycle is well-known [20]. Our results showed a fluctuation
of oestrone half that observed for oestradiol. The mean coefficient of variation
was 11.6% and the maximum increment averaged 23.2% at 95% limits of
confidence. Since considerable extraglandular conversion of oestradiol to
oestrone occurs [14, 27], the source of variations of the blood oestrone level
may be equally glandular and extraglandular.
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The episodic fluctuation of serum testosterone, androstenedione, déhydroépi-
androstérone (DHA), déhydroépiandrostérone sulphate (DHAS) and cortisol levels
was analysed to determine the reliability of a single blood estimate in characterizing
the mean value of a 4 h period. Radioimmunoassay of the steroids was performed in
sera of 8 apparently healthy women in various phases of the menstrual cycle in 10 min
intervals between 08 and 12 h a.m. Reliability criteria of the methods used were com-
parable to those in common use. The within-person fluctuation of individual values was
determined by the coefficient of variation of single estimates, and the methodological
error of the single estimates was characterized with the maximum increment from the
mean at 95% confidential limits. A maximum deviation of 30.8, 28.6, 37.0, 25.0 and
61.2%, respectively, found in the above order of steroids, suggests several hormone
estimations to be necessary for judging hormone availability in a subject.

Keywords: Secretion of hormones, testosterone, androstenedione, déhydro-
épiandrostérone, dehydroepiandrosterone sulphate, cortisol.

Introduction

The introduction of sensitive radioimmunoassays of steroid hormones
led to a better understanding of hyperandrogénie states of women and distur-
bances of the reproductive system [27, 33]. Due to a pulsatile release and subse-
quent oscillation of blood hormone levels may, however result in differences
of the single estimates from the mean value characterizing the hormone
homeostasis.

The present work was undertaken to determine quantitatively the hith-
erto scarcely studied oscillation of androgen and preandrogen concentrations
and that of cortisol in peripheral blood.

Send offprint requests to G. Siklosi, UllGi at 78/a, H-1082 Budapest, Hungary
* Presented in part at the 9th Congress of the Hungarian Society of Endocrinology and

Metabolism, Szeged, Hungary, 1979.
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Patients and methods

Eight apparently healthy women aged 23 to 35 years volunteered in the present study.
Their weight was ideal with a deviation of +10% . They had regular menstrual cycles of 26
to 30 days duration. Onset of ovulation and physiological corpus luteum function were control-
led by measurementof basal body temperature and serial determinations of serum progesterone
concentration. Blood samples were withdrawn by an indwelling cannula from forearm vein
90 min or more after awakening every 10 min from 08 to 12 h a.m. The 25 samples were imme-
diately centrifuged and stored at —20 °C until processing. To exclude interassay methodological
error, samples of a single series were worked up simultaneously. The mean value of the 25
within-person estimates represented the informative blood hormone level. The deviation of
single estimates from the mean was determined by the coefficient of variation (standard
deviation expressed in percent) of 25 measurements, and the maximum increment within
individual values was characterized by the 95% confidential limits(2 S.D.). To allow comparison
of interperson estimates, the values were expressed in percentage increments from the intra-
person average value.

Hormone determinations

Testosterone radioimmunoassay

Testosterone in serum was determined by no-chromatography charcoal adsorbtion
technique as described by Furuyama et al. [16] with modifications [3, 4, 7, 14, 22, 25, 28].

An antiserum raised against testosterone-3-O-carboxymethyloxime-BSA in sheep code
S-1599/3 (kindly provided by Prof. G. E. Abraham, Torrance, California) was used. A cross-
reaction of 67% with dihydrotestosterone and one of <1% with whatever steroid were indi-
cated. This allowed a determination of “total” testosterone including some dihydrotestosterone
[22, 25, 30]. 1,2,6,7-3H-testosterone purchased from Amersham (specific activity 4.07 TBq/
mmol) was purified with celite chromatography every 6 months [1, 26]. Reference testosterone
(Sigma Chemicals) was dissolved in ethanol and diluted with buffer. All dilutions were made
with phosphate buffer (0.1 mol pH 7.0 containing 0.9% NaCl, 0.1% Na azide and 0.1% gelatin).
The charcoal suspension contained 0.625% Norit A (Serva) and 0.0625% dextran T 70 (Phar-
macia). Peroxide-free ether was used for extraction. The scintillation fluid for radioactivity
measurements was a solution of 5.0 g PPO and 0.5 g POPOP in 1000 ml toluene + 200 ml
dioxan. Radioactivity was measured in a Packard Tri-Carb Model 3380 liquid scintillation
spectrometer with an efficiency of 55%.

Method

In 10 X100 mm glass-tubes 100 fd serum was extracted with 2.0 ml ether by vortexing
in duplicate. Following evaporation the extract was dissolved in 500 /N1 buffer. The efficiency
of extraction was controlled in each series by using tracer in quadruplicate. Since a recovery
of 90.0+4.1% (mean = S.D.) was calculated, internal standardization was regarded as
unnecessary.

To 100 /N1 unknown serum extract in duplicate and to testosterone standards containing
43.5, 87.0, 175.0, 350.0, and 700.0 pmol of the steroid in triplicate, 10 000 cpm tracer, and
after vortexing, 100 jul antiserum (B,,—N/T 45 to 55%) were added. The samples were incubated
at room temperature for 30 min, then at 4 °C for 16 to 24 h. Free and bound fractions were
separated by the addition of 200 /A charcoal suspension at 0 °C, vortexed, incubated at 0 °C
for 20 min and centrifuged at 4000 rpm/min at 0°C. The supernatant containing the bound
fraction was decanted into a vial, 10 ml scintillation fluid was added and the radioactivity
measured. Results were calculated by logit-log transformation in a programmed Hewlett-
Packard 67 calculator as proposed by Rodbard et al. [31].

Control experiments showed the method’s sensitivity be 10.5 to 21.0 pmol/tube (105
to 210 pmol/mlserum). The intraasssay coefficient of variation (20 samples) was 5.8% and the
interassay coefficient of variation (14 series) was 12.6%. Accuracy of the method was 13.5%
with the external standard supplied by WHO. These parameters of reliability were calculated
as recommended by Abraham [3], Cekan [13] and Hall [20].
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Androstenedione radioimmunoassay

In the radioimmunological determination of androstenedione the method of Abraham
[3] and Parker et al. [29] was followed.

The antiserum was anti-androstenedione-3-carboxymethyloxime-HSA sheep serum,
and the only major cross-reactions with physiological compounds were: etiocholanolone 10%
and androsterone 4.6% (Prof. G. E. Abraham, Torrance, California, code S-1600) [2]. 1,2,6,7-
3H-androstenedione (Amersham, specific activity 3.18 TBg/mmol) was purified on celite
column every 6 months. Authentic androstenedione was purchased from Sigma Chemicals,
and the reference standard dilutions contained 43.8, 87.5, 175.0, 350.0, 700.0, 1400.0, and
2800.0 pmol of the steroid. Two 50 [Aaliquots of serum were used for determination of unknown
samples. The method was identical to that described for testosterone. The mean value of random
recovery experiments was 88.2+3.3% (mean * S.D.). No corrections were made according
to methodological loss.

Sensitivity of the method was 17.5 to 28.0 pmol/tube (350 to 560 pmol/ml serum).
The intra- and interassay coefficients of variation were 6.6 and 13.6% respectively.

Dehydroepiandrosterone radioimmunoassay

The method of Buster and Abraham [10, 11] was followed. The antiserum was an anti-
DHA-3-hemisuccinate-HSA sheep serum. A 100% cross-reaction with DHAS, 2.3% with
androsterone, and one below 1% with other steroids were determined. 1,2,6,7-3H-dehydro-
epiandrosterone (Amersham, specific activity 3.63 TBg/mmol), authentic DHA (Sigma Chemi-
cals in a dilution of 87.5, 175.0, 350.0, 700.0, 1400.0, and 2800.0 pmol were used. Two 20 /il
aliquots of the serum were diluted to 100 /1 and processed as indicated for testosterone.

Quality control of assay showed the method’s sensitivity to be 17.5 to 28.0 pmol/tube
(875 to 1400 pmol/ml serum). For the intra- and interassay coefficients of variation, 7.8 and
14.6% respectively, were calculated.

Dehydroepiandrosterone sulphate radioimmunoassay

The non-extraction technique recommended by Buster and Abraham [12] was employed.
The antiserum and isotope were identical to those used for the parent unconjugated hormone.
A calibration between 87 and 2780 pmol authentic DHAS (Sigma Chemicals), and 0.1 and
0.5 /N of serum samples in duplicate were processed.

According to control experiments, the sensitivity was 17 to 28 pmol/tube (0.1 to 2.8
/tmol/m1 or 0.8 to 1.4 /imol/m| serum, depending on the volume of serum processed). An intra-
assay coefficent of variation of 7.2% and an interassay coefficient of variation of 14.5% were
calculated.

Cortisol radioimmunoassay

Radioimmunological determination of cortisol was performed by the no-chromatography
extraction technique as originally described by Abraham et al. [2], Garza and Abraham [17]
and Yecsei [35].

The antiserum was raised against cortisol-21-monosuccinate-HSA in shep (Prof. G. E.
Abraham, Torrance, California, code S-6[3]). A cross-reaction of 12% with cortisone and 9%
with deoxycortisol validated its use for routine purposes. 1,2,6,7-3H-cortisol (Amersham,
specific activity 3.0 TBg/mmol) and authentic cortisol (Sigma Chemicals) in dilutions between
3.5 and 56.0 nmol were employed.

Cortisol from 50 /A serum samples after dilution to 100 //1 was extracted with dichloro-
methane and processed as described above for testosterone. Mean random recovery was
87.6+4.3% . The use of internal standard in each sample was disregarded. If in the samples
a low cortisol concentration was expected or found, 100 p\ serum was processed.

Sensitivity of the method was 0.56 nmol/tube (corresponding to 11.2 nmol/ml serum),
the intra- and interassay coefficients of variation of 6.8% and 13.6%, respectively, and an
accuracy with WHO external standard of 14.2% proved the reliability of the method.
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Results

Fluctuation of serum testosterone level

The episodic fluctuation of testosterone concentration in serum was
studied in 8 women on the 2nd, 2nd, 6th, 10th, 18th, 20th, 20th and 21st
days, respectively, of the menstrual cycle. The individual hormone levels
averaged 1099 to 2392 pmol/l, corresponding to the physiological range of
healthy women. Figure 1shows the within-person fluctuation of 25 single esti-
mates in percentage of the mean value during the 4 h study period. Horizontal
lines represent 100%. The coefficients of variation characterizing the rate of
within-person fluctuation varied between 10.2 and 23.1% (mean, 15.4%).
The maximum increments in the individual series averaged 30.8% at 95%
confidential limits (2 S.D.). Peak values of within-person measurements
revealed two to 5secretory surges. Their onset was irregular and their intensity
inconsistent.

Testosterone
X=100V. V.i

Fig. 1. Episodic fluctuation of serum testosterone level in 8 healthy women. The values are

expressed as percentage deviation from the mean of 25 measurements at 10 min intervals

during a 4 h study period between 08 and 12 h a.m. Horizontal line represents the mean estimate
taken as 100%

Fluctuation of serum androstenedione level

The oscillation of androstenedione concentration in serum of 8 women
on the 2nd, 2nd, 6th, 10th, 18th, 19th, 20th and 26th day of their menstrual
cycle is shown on Fig. 2. The single estimates were evaluated as for testosterone.
The individual hormone levels averaged 4.12 to 6.95 nmol/1, all within the nor-
mal range. The coefficients of variation representing the rate of within-person
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Androstenedione

Fig. 2. Episodic fluctuation of serum androstenedione level in 8 healthy women. For details,
see Fig.l

fluctuation of androstenedione values in 8 subjects were between 8.9 and
20.3% (mean, 14.3%). The individual maximum increments averaged 28.6%
at 95% confidential limits. As it can be seen in Fig. 2, 2 to 5 secretory surges

could be identified from the blood hormone levels. Their onset and intensity
were inconsistent.

OHEA

Fig. 3. Episodic fluctuation of serum déhydroépiandrostérone level in 8 healthy women. For
details, see Fig. 1
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DHEA-S

Fig. 4. Episodic fluctuation of serum déhydroépiandrostérone sulphate level in 8 healthy
women. For details, see Fig. 1

Fluctuation of serum dehydroepiandrosterone level

It was studied in 8 apparently healthy women on the 2nd, 2nd, 6th,
10th, 18th, 20th, 20th and 26th day of their menstrual cycle (Fig. 3). The
hormone values for single subjects averaged 11.75 to 24.10 nmol/1, and the
variation coefficients of within-person single estimates averaged 7.2 to 25.3%
(mean, 18.5%). For maximum increments at 95% confidential limits a mean
value of 37.0% was calculated. Again 2 to 5 secretory episodes were observed
of inconsistent frequency and intensity.

Cortisol

Fig. 5. Episodic fluctuation of serum cortisol level in 8 healthy women. For details, see Fig. 1

Acta Medica Hungarica 41, 1984



EPISODE SECRETION OF HORMONES, 111 219

Fluctuation of serum dehydroepiandrosterone sulphate level

The same serum samples as for testosterone were processed for DHAS.
The mean hormone concentrations in 8 women were between 3.82 and 7.22pmol/
1 The coefficients of variation reflecting the within-person fluctuation of hor-
mone levels averaged 9.7 to 16.2% (mean, 12.5%). The maximum increment
for the 8 subjects was 25.0%. The individual graphs on Figure 4 show 2 to 5
secretory surges, the intensity of which was irregular.

Fluctuation of serum cortisol level

Oscillation of blood cortisol concentration during the 4 h period was
analysed in the same samples as for testosterone and DHAS. The mean cortisol
level for the 8 subjects varied in the physiological range between 184.3 and
417.2 nmol/l. The fluctuation of the 10 min estimates characterized by within-
person coefficients of variation exhibited a range between 21.5 and 43.2%
(mean, 30.6%). The maximum fluctuation at 95% confidential limits averaged
61.2%. Two to 5 irregular secretory episodes could be identified (Fig. 5).
As it can be seen from the graphs, the initial serum cortisol value exceeded

at most 40% of the mean intra-person estimates and reached them only after
50 to 110 min.

Discussion

The first report on discontinous secretion of hormones was published for
cortisol by Weitzman et al. [36]. Later their study of hormone secretion was
extended to various periods of the day, and they demonstrated that the diurnal
change of hormone concentration in peripheral blood was determined by the
number and intensity of secretory episodes [37]. The oscillation of DHA level
and the synchronism of its secretion with that of cortisol were studied by
Rosenfeld et al. [32].

They suggested that the difference in the two hormone levels is a conse-
quence of their different rate of secretion and altered metabolism. The less
pronounced fluctuation of DHAS concentration could be explained with its
longer half-time [33]. Secretory surges for testosterone were first demonstrated
by West et al. [38], it has than been extensively studied [19] and was also
observed in hyperandrogénie conditions [23].

Evaluation of hormone estimates in clinical practice has made it neces-
sary to study the fluctuations of serum hormone levels and to determine quanti-
tatively the representative error connected with single estimates. Our measure-
ments during a 4 h period showed the error at 95% limits of confidence to be
+ 61.2% for cortisol, 37.0% for DHA, 30.8% for testosterone, 28.6% for
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androstenedione and 25.0% for DHAS, due to the fluctuation of their blood
concentration.

Differences in the rate of fluctuation of serum hormone concentrations
appeared to result from differences in the dynamics of their secretion, inter-
conversion, reversible or irreversible metabolism, rate of elimination, etc. [8,
18, 33]. A measure of these metabolic features is the biological half-life, which
was about 60 min for cortisol [37], 20 min for DHA [32], 36 min for testoster-
one [21] and 10 to 20 h for DHAS [33]. The greatest fluctuations of cortisol
concentration seem to be, in addition to the metabolic parameters, a conse-
qguence of individual stress situations. This was best shown by the initial values
of hormone measurements as they exceeded all estimates during the 4 h study
period.

The significant amplitudes of fluctuation of the hormone levels observed
in the present work suggest the need of simultaneous hormone measurements
to approach the actual daily mean blood hormone concentration. Further-
more, to judge the condition of a patient, the diurnal rhythm and the varia-
tions of hormone secretion during the menstrual cycle must also he taken into
consideration [5, 6, 15, 24, 37].

The present observations suggest that if hormone analysis is performed
on 3 subsequent days between 07 and 10 h a.m. and the average value is con-
sidered, the methodological error due to fluctuation of the serum hormone level
can be reduced by almost 60%. A single estimate of the 3 day serum-pool
seems to be equally suitable for routine laboratory diagnostics.
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A CASE OF 44, X STREAK GONAD SYNDROME
COMBINED WITH FAMILIAL BALANCED 13/14
TRANSLOCATION
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A case of 44,X streak gonad syndrome combined with familial balanced 13/14
translocation is described. To our knowledge this is the second report on the combina-
tion of X monosomy and autosomal translocation. There was no convincing evidence
of an interchromosomal effect in the present case.

Keywords: streak gonad syndrome, X monosomy, familial 13/14 balanced
translocation

Introduction

The coexistence of aneuploidy — mostly trisomy — and familial balanced
translocation involving unrelated chromosomes has been reported in several
cases. Trisomy with unrelated translocation was also found in abortuses [5,
10]. 45,X Turner’s syndrome combined with familial balanced 1/2 transloca-
tion was described by Kondo et al. [6].

Here we report a case of 44,X streak gonad syndrome [1] and a simulta-
neous familial balanced 13/14 translocation.

Report of a case

B. M., aged 23, was first seen at the age of 15 because of short stature and sexual
infantilism. She was born at term after an uncomplicated pregnancy and delivery to a 21
year-old healthy mother and 23-year-old healthy father. Birth weight was 2800 g. Her neonatal
development was moderately delayed. In her childhood she had suffered from recurrent attacks
of otitis and cystopyelitis. She has never had spontaneous menstruation. From the age of 15
she has been on hormonal replacement therapy (oestrogen supplemented with progestins)
which resulted in cyclic uterine bleeding, moderate maturation of genitalia and secondary sex-
ual characteristics, and an 8 cm gain in length.

The family history was unremarkable. There is no apparent consanguinity. The proband
has two younger sisters, both having regular menstrual cycles. The elder of the two sisters
has a healthy son. The mother is healthy, having one sister only who died in labour. The cause
of death is unknown. Her father has epilepsy and has 5 healthy sihs (Fig. 1).

1Department of Obstetrics and Gynaecology, Postgraduate Medical School, and
2Institute of Physical Education and Sport, Budapest, Hungary
Send offprint requests to J. Lé&szl§, H-1389 Budapest, Szabolcs u. 35, Hungary

4* .lda Medica Hungarica 41, 1984



224 LASZLO, J. et al.

Fig. 1. Pedigree of the family

At the age of 15, the proband was of short stature (height 127 cm) with lack of breast
development, infantile genitalia and a complete absence of pubic and axillary hair (Fig. 2).
Her weight was 31.8 kg, with an arm span of 125.5 cm and 70.1 cm long lower extremities.
She had brachycephaly, blue sclera, ptosis, short broad neck with low posterior hairline,
high-arched palatale, abnormal dentition, shield chest, cubitus valgus, genu varum, coxa
valga, irregularities of the epiphyses, hypoplasia of the frontal sinuses, and of the first cervical
vertebra, bowed radius, Schmorl hernias, occult spina bifida, retarded ossification, decreased
neurosensory hearing, hypoplastic superficial lymph vessels of the lower extremities as revealed
by lymphangiography. Intravenous pyelography and echocardiography showed no anomaly.
There was no colour blindness. Blood pressure was normal. Laparotomy revealed a rudimentary
uterus, bilateral infantile Fallopian tubes and streak gonads which consisted of fibrous tissue
without germ cells, follicles, or their remnants. At the age of 23 years, after 8 years hormonal
replacement therapy, her height was 135.2 cm, weight 44.6 kg, arm span 135 cm and the length

Fig. 2. Proband at age of 15 years
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of the lower extremities 73.4 cm. Her intelligence appeared to be normal, with a verbal IQ
of 98 and a performance 1Q of 80 (Wechsel Adult Intelligence Scale).

Thyroid function was normal. She had high serum LH and FSH levels (125 mU/ml
and 140 mU/ml, respectively), normal levels of prolactin (12 ng/ml), and cortisol (180 nmol/1).
The vaginal smear showed atrophy (maturation index 100/0/0). Urinary oestrogen excretion
was low (3.7 nmol/d). Oral and intravenous glucose tolerance tests were normal. The patient
and both of her parents were Xg/a/+.

The dermatoglyphic findings are shown in Table I. Fingertip patterns of the mother
(11-2) and the youngest sister (l111-4) were similar, with normal TRC. Increased frequency
of whorls was observed in the proband (Il11-1) and in her first sister (111-2) with increased
TRC and ARC. The father’s (11-3) ridge count was not determined because of a wounded
second finger on hisright hand. Main-line terminations, especially of main-line C, were unusual
in the proband and in her youngest sister (I111-4), whereas complex palm pattern constellation
and multiple secondary creases were observed in the proband and her mother. The proband
had an incomplete simian crease on the right and a complete one on the left hand. Maximum
atd angle of the mother and the proband’s younger sister (111-4) was increased.

Table |
Dermatoglyphic findings

Fingertip patterns
Maximum

atd angle TRC ARC Other
Right Left
Proband WdlLWdLU[Pv.WellU. WdL.WdL.WdLU|Pv.U. 42° 189 265 Simian crease
11 multiple
secondary
creases
il 2 W.R.U.U.U. U.u.u.u.u. 76° 145 158 Multiple sec-
ondary
creases
n 3 Well.2.W.W k.U. U®PVU.U.U.U. 47° ° 9 -
in 2 W dIU cPvU .W k.U cPv W dIU AV k.W c"U cPv- 51° 178 242 -
in 4 WdlLR.U.U.U. U.R.U.U.U. 68° 150 170 —
Palmar formulae*
Right Left
Proband
in 1 I11.X.7.5’-t-All.0.0.0.0. 9.X.5’-t-Au.0.0.0.0.
1 2 11.9.7.5’-tt’tb-Ww.0.0.L.O. 9.9.5” .5’-tt’tb-Ww.L/V.0,1.0.
I3 11.7.7.5’-t’-A”/Ac.0.0.L.O. 9.7.5”.5.-t-Au.0.0.0.L.
1 2 9.7.5” .5’-t’tb-LcarP 0.0.0.L. 7.57.5”.5’-t-Au.0.0.0.L.
1 4 9.X.5”.5’-t’thb-LcarPO.0.0.VD 9.X.5".5” -tt"th-Lrad/L uin0.0.0.VD

* Main line terminations D.C.B.A.-axial triradius position-pattern areas (Hy.Th/ | #1,,.
L- 147

Cytogenetic studies

The X-chromatin was negative in the buccal smear. Cytogenetic studies were carried
out according to our standard methods [2].

The patient had only one X chromosome and a monocentric 13/14 translocation chro-
mosome (karyotype: 44,X, t [13; 14] [13qter cen — 14qter)] (Fig. 3). The mother’s and
both sister’s karyotypes were 45,X X, t (13; 14) (13qter —cen — 14qter). The father, the mater-
nal grandmother (1-2) and the son of the elder sister of the proband (IV-1) had normal chro-
mosome pattern.
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Fig. 3. G-banded chromosomes of the proband with t [13gl4q] and X monosomy. Insertion
shows monoeentric translocation after C banding

Discussion

Double major chromosome abnormalities such as double aneuploidy,
or trisomy with structural rearrangements of unrelated chromosomes are
infrequent in humans. The combination of X monosomy and translocations
not involving the X chromosome even less usual. The present case is to our
best knowledge, the second reported example of a streak gonad syndrome
with X monosomy and simultaneous autosomal translocation. In the report
of Kondo et al. [6] the X monosomy was combined with reciprocal transloca-
tion while in the present one with Robertsonian translocation.

The existence of an interchromosomal effect, i.e. the influence that
a structurally abnormal chromosome may exert on the behaviour of other
chromosomes, in humans is not known. A causal relationship between inherited
balanced translocation and unrelated trisomy has been suggested [4, 10].
On the basis of Grell’s [3] “distributive pairing” hypothesis Oikawa et al. [8]
have suggested that as a result of distributive nondisjunction, the parental
reciprocal translocation may be responsible for the unrelated trisomy. Accord-
ing to Kajii and Ferrier [5], the presence of a balanced translocation may
influence segregation of other chromosomes at meiosis to cause nondisjunction.
Other authors, however, questioned the suggested relationship between the
two chromosome abnormalities [7, 9].
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Whether the combination of X monosomy and familial balanced trans-

location involving autosomes is the result of chance or whether they are
causally related is not known. Kondo et al. [6] comparing the occurrence and
the expected frequency of the 45,X syndrome combined with unrelated bal-
anced translocation postulated that there seemed to he no relationship between
the two chromosome anomalies. In the present case there was no convincing
evidence to indicate an interchromosomal effect, although the possibility
cannot be excluded.

fo

—=

-
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350 carefully selected schizophrenic probands and their parents and siblings
were diagnosed according to three different clinical classifications, and a multiple-
threshold analysis was carried out within the framework of the multifactoral model of
inheritance. The results suggest that of the three classification systems, Leonhard’s
and Sneshnevsky’s nosological system delineates relatively homogeneous subtypes
from the clinical and genetic point of view, pointing to the promise these nosological
systems have for the planning of future research in psychiatric genetics.

Keywords: schizophrenia classification, genetics, multiple threshold strategy

Introduction

Many of those accepted as authorities in psychiatric genetics are inclined
to argue that only the discovery of unambiguous biological (pathogenetical)
markers will signal an unambiguous advance in the study of the genetic and
nosological problems of schizophrenia since the clinical and possibly genetic
heterogeneity of schizophrenia poses insolvable problems to phenomenological
research [3, 7, 10]. Committed nosologists on the other hand are unanimous
in their claim that only precisely formulated psychopathological diagnoses,
or rather their coherent system, i.e. a nosology will make it possible to estab-
lish the biological indicators. Both these views appear justified at first sight,
thus forming a vicious circle. The merely apparent nature of the latter however
becomes obvious if we bear in mind that skepticism vis avis the phenomenolog-
ical approach is predominantly based on disillusionment with nosology of
the Kraepelin-Bleuler sort and its computerized neo-Kraepelin versions [14].
It should be added that though psychiatric genetics is more than sixty years

Send offprint requests to G. Ungvéari, H-1083 Budapest, Balassa u. 6, Hungary
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old, its methodology has only become crystallized in the past decade and no
clinical-genetical study has satisfied all the criteria of this methodology, at
the most they have come close to doing so. Lacking an appropriate methodol-
ogy it was only natural that the mathematical and statistical methods of
modern quantitative genetics were seldom used [1]. It can therefore be said,
and many geneticists who are not committed to nosology also stress this [4],
that the phenomenological approach to the genetical investigation of schizo-
phrenic psychoses can certainly not be said to have had its day. It is indeed
still timely. For a number of reasons clinical diagnosis as the starting point
of research and its reference system, as the most crucial methodological
problem, is with no doubt still the most critical area of psychiatric genetics.

1. The subjectivity of diagnosis is the least of the problems since its
effects can easily be eliminated by formalization of the psychiatric interview
and description, and the measurement and raising of the level of reliability.

2. More difficult to eliminate are the radical differences of approach of
various nosologies, making it impossible to compare results obtained by
different schools. It is clear that the WHO diagnostic schemata [19] facilitate
communication but do not offer a solution. In my own view rather than
employing exclusively ICD-9 or any other diagnostic schemata, it would be
more suitable if, even in theoretic work, psychiatric genetics were to chart
the link-up and overlap of a number of nosologies making the results obtained
suitable for comparison in this manner. Recently this strategy has been recom-
mended for biological psychiatry [7].

3. The third major factor in the incommensurability of results is that
each of the surveys with a psychiatric genetics purpose was carried out on
different populations. Among the factors that remain unknown are population
gene-pool differences and numerous other socio-cultural factors that do not in-
fluence schizophrenia as such but the conditions of its recognition and iden-
tification, such as the tolerance shown to mental disoders by a given society,
the incidence and changing frequency of inbreeding and assortative mating.
And yet, as Kety [6] notes, sociocultural factors are unjustifiably taken as
constant.

The present paper reports on an attempt to eliminate as far as possible
such methodological shortcomings in genetic research of schizophrenia,
inasmuch as they are linked to diagnosis, by concurrently diagnosing identical
probands and their families according to three separate classifications. The
aim was to attempt, by surveying the same patient-population and employ-
ing strict methodological criteria, to discover in as precise a way as possible
which of the classifications used offers sub-groups that are most homogeneous
from the clinical and genetic point of view, and thus most suitable for further
genetical and biological research. The results of the present clinical-genetical
survey serve as one of the validity criteria of these classifications [13].
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Of the three classifications two, that by Leonhard [8] and that of Snesh-
nevsky [16] are amongst the most detailed and most systematic, well-elabo-
rated schemes based in part, on clinical-genetic foundations. The Leonhardian
nosology [8], as the development of the Kleist—-Wernicke school of classical
German psychiatry, is strictly empirical, meticulous, and characterized by
systematic and detailed psychopathological observations. Within the two basic
categories of the schizophrenic psychoses (systematic and unsystematic),
19 subtypes are described as distinct disease entities, and further 3 subtypes
of cycloid psychosis are delineated out of the group of functional psychoses.
Cycloid psychoses closely resemble the schizoaffective psychoses (according
to ICD-9) or the recurrent schizophrenic psychoses (in Sneshnevsky’s classi-
fication).

In Sneshnevsky’s classification, widely used in the Soviet Union, refined
details of cross-sectional psychopathology have less importance. The system
classifies the schizophrenic psychoses by the course of illness and by the degree
of severity in the deterioration of mental functions. According to this descrip-
tive method, there are 3 basic types of schizophrenia (continuous, shift-like,
recurrent) and every type has further 3 subtypes, for details, see [16].

ICD-9, the official classification of WHO [19], was included as the model
of the traditional Kraepelin-Bleuler classification of schizophrenias, based
on the clinically most frequent formes. This is, because of its practical useful-
ness and relative simplicity, a widely used classification mainly in Europe, but
also throughout the world.

Subjects and method

The methodology was discussed in detail in earlier papers [17, 18] and therefore its
brief summary will only be given. The schizophrenic probands and their first degree relatives
were diagnosed on the basis of detailed case records constructed according to special genetic
considerations. The case records were chosen bearing in mind the points listed below from
those kept at the Genealogical Archives of the Institute of Psychiatry, Moscow.

The Archives are a representative sample of the Moscow schizophrenic population [5].
Strict methodological criteria were employed in an endeavour to reduce to minimum the de-
ficiencies of the common chart review method of psychiatric genetics. The Genealogical Ar-
chives include the medical documentation of 700 schizophrenic probands and their families.
Of these, all those case records were studied where (t) detailed medical documentation was
available for at least five years following the first hospitalization; (ii) the proband had reached
18 years by the time of the last follow up; and (Hi) the first hospitalization took place before
the age of sixty. In this way both childhood schizophrenia and schizophrenia in the elderly
were excluded. Three hundred and fifty probands satisfied these initial conditions.

A diagnosis was separately formulated for all 350 patients and for each of the three
clinical systems, rigorously adhering to the preformed and pre-tested diagnostic schemata,
thus reducing the distorting effects of subjectivity, and ensuring that the examination could
be controlled and repeated. According to the Kraepelin-Bleuler classification, diagnoses were
established using the WHO official diagnostic schemata and guidelines [19]. For the other
two nosological systems two sets of diagnostic criteria were compiled on the basis of current
handbooks [8, 16] and under the personal control of Sneshnevsky and his associates and of
Leonhard. In the two diagnostic schemata the original descriptions were transferred into
a criteria set to operationalize the diagnostic process. In both diagnostic schemata a given
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basic schizophrenia type is characterized by 3-5 main criteria, a subtype within this basic
type is defined by further 6-12 additional criteria. A firm diagnosis was established if a
patient’s disease had met all the main criteria and at least 75% of the additional criteria.
(The two sets of criteria for diagnosing Leonhard’s and Sneshnevsky’s system are available
from the author).

Diagnosis was made without knowledge of the original institutional diagnosis of the
patients, the psychopathology of their relatives or the nature of the relationship, since the
relevant information had been removed from the case-records. Cases which could not be diag-
nosed reliably, and those doubtful according to all three systems of classification, were elimi-
nated since the aim was ahomogeneous sample. Since the patients were not examined personally,
borderline psychoses and personality disorders have not been evaluated. The smallness of the
sample implied that only basic schizophrenia subtypes of the particular classifications could
be examined. Some of the characteristics of those unambiguously diagnosed as schizophrenics
are listed in Table | separately for each of the three systems.

Table |

Some basic characteristics of the probands according to the three diagnostic systems

Diagnostic Nosological diagnosis Age of onset of  Duration of follow Estimated population
system of schizophrenia psychosis, years up periods, years  (lifetime) prevalence ,
percent
1CD-9 simple (N = 18) 17.0+3.0* 12.4+7.9 0.064
hebephrenic (N = 27) 171+ 2.6 116+ 5.8
catatonic (N = 39) 17.4+3.0 15.6+ 8.2 0.085
paranoid (N = 84) 23.7+6.9 11.4+4.1 0.597
schizoaffective (N = 67) 26.6+9.1 148+ 85 0.195
Leonhard systematic (N = 117) 19.6+6.4 12.4+5.4 0.335
non systematic (N = 71) 20.0+5.2 12.4+6.8 0.247
cycloid psychosis (N = 68) 26.2+ 8.9 15.0+8.8 0.342
“continuous” (N = 96) 18.6+ 4.5 13.1+ 6.1 0.190
Sneshnevsky “shift-like” (N = 132) 21.347.0 119+ 5.4 0.604
“recurrent” (N = 61) 25.9+8.4 15.2+ 9.1 0.195

*mean + S. D.
(N = number of probands)

The children of probands were not included in view of their small number and their
age. The case records of the parents and siblings of probands were evaluated regardless of
their age or the duration of the follow-up period. Relatives were evaluated in the same way as
probands, without knowledge of the institutional diagnosis or the nature of the relationship.
| had access to the documentation of 91% of all the parents and siblings.

Table 11
Primary datafor threshold analysis of basic schizophrenia subtypes classified according to ICD-9

Parents and siblings

Schizophrenia subtypes No. Total W ith schizophrenic psychoses
according to ICD-9 of probands
s c p SA
Simple (S) 18 55 2 — — —
Catatonic (C) 39 132 — 3 1 —
Paranoid (P) 84 290 1 | 10 2
Schizoaffective (SA) 67 257 1 — 3 4
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The morbidity risks among relatives of schizophrenic psychoses have been discussed
elsewhere [17, 18]. It suffices to mention that the risk of schizophrenia of the relatives accord-
ing to the classifications agreed in their trend with the views of accepted authorities. This at
the same time tends to confirm that the compiled and employed diagnostic schemata and the
diagnoses themselves, at least came close to the spirit and prescriptions of the three separate
nosologies.

The empirical (so-called primary) data for schizophrenia amongst relatives (Tables
11-1V) were subjected to multiple-threshold analysis and to genetic heterogeneity test within
the framework of the multifactoral model of inheritance [11, 12, 15]. These tests are suitable
for deciding on the adequacy of a given classification [12]. The essence of the multiple-threshold
strategy is the hypothesis that the liability for a given disease, manifesting clinically with
various types and subtypes, shows normal distribution in the whole population as well as in
the relatives of the probands. In this respect liability means the simultaneous presence of
genetical and environmental factors which lead to the appearence of the given disease. The
various types (and subtypes, if they exist) manifest themselves at various threshold of the
normally distributed liability curve. According to the multiple-threshold method, one of the
two types of the disease studied is judged to be the “narrow’4form, differing genotypically
more from the population average and being clinically more severe than other types, called
“wide” form in this context. This is the basic principle of the mathematical-statistical computa-
tions (for details see Refs [1, 11, 12]).

Table 111

Primary data for threshold analysis of schizophrenia subtypes and cycloid psychoses classified
according to Leonhard’s system

Parents and sibs

Nosological diagnoses of pll'\looﬁands W ith schizophrenic psychoses
Total
SsY NSSY- cp
Systematic schizophrenia (SSY) 117 405 9
Non-systematic schizophrenia (NSSY) 71 244 5 10 3
Cycloid psychoses (CP) 68 263 1 3 8

Table 1V

Primary data for threshold analysis of schizophrenia subtypes classified according
to Sneshnevsky's system

Parents and sibs

Schizophrenia subtypes of p?loob.ands With schizophrenic psychoses
Total
[0} SS RS
Continuous (CS) 96 311 7 2
Shift-like (SS) 132 454 3 31 |
Recurrent (RS) 61 237 — 2 10

Multiple-threshold analysis has become increasingly popular in psychiatric research to
test the presumed mode of inheritance of mental diseases [1, 2]. The starting point of the
present study is slightly different, in this paper the most likely multifactoral model of inherit-
ance was taken as given on the basis of the morbidity risks, attention being concentrated on
the interrelationship of the subtypes of schizophrenic psychoses, within a given nosological
system, i.e. testing the adequacy of the three classifications.

The computer programme was written on the basis of the formulations of Reich et
al. [11] and Smith [15] in the Institute of Psychiatry, Moscow, and processed on a WANG-
2200 computer. Surveys carried out by the Department of Epidemiology of the same Institute
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supplied the population prevalence of particular subtypes. As regards the Leonhard system,
the appropriate data were considered on the basis of Leonhard’s Berlin surveys (Leonhard,
personal communication, 1981). The heritability (h2 values of the subtypes were computed

by the usual Falconer method (for details, see Refs [11, 12]).

Table V

Results of multiple-threshold analysis and test ofgenetic heterogeneity of some subtypes
of schizophrenia according to ICD-9

ICD-9 schizophrenia

subtypes (I)

ICD-9 schizophrenia subtypes (I1)

s [ P SA
Simple h2= 0.93 XA 1)= 47 x2(1)= 63 x2(1)= 4.2
x11) = 8.4 x2(11) = 26.0 x2(11) = 18.4
Catatonic (C) rg= 0 h2= 0.75 x=(1)= 51 X2 1)= 6.1
x2(1) = 15.7 xX11) = 15.3
Paranoid (P) rg= 0.35 rg= 0.25 h2= 0.53 x2(1)= 52
x21l) = 6.6
Schizoaffective (SA) rg= 0.47 rg= 0 rg= 041 h2= 0.50
h2= heritability; rg = genetical correlation coefficient;
(rg does not differ significantly from zero in any case at the 5% level)
Controlling the hypothesis of the same liability continuum for two subtypes
(i.e. r, = 1betweenthem), using 2x2 contingency tables, the critical value of x2= 11.3
(p< 0.01)

I = values of x2for subtypes listed vertically and 11 =
horizontally, as for the “narrow” form of the disease.

values of x2for subtypes listed

Results

Tables VI-VII sum up the computation carried out for the three clinical
systems. The Tables contain not only the results of multiple-threshold analyses
(x21 and x211) but also the heritability (h2) values of the subtypes as well
Smith’s correlation coefficients (rg) expressing the degree of genetic hetero-
geneity.

Table VI

Results of multiple-threshold analysis and test ofgenetic heterogeneity referring to
systematic and non-systematic schizophrenias and cycloid psychoses

Nosological diagnosis Nosological diagnosis according to Leonhard (II)

according to Leonhard

(h Ssy NSSY cp
Systematic schizophrenia (SSY) h2= 0.50 x2( 1) = 359 x2( 1) = 16.5
x2(11) = 11.8 xZ1l) = 17.9
INon-systematic schizophrenia (INSSY)) rg= 0.53* n h2= 0.77 x2( 1) = 4.3
x2(||) = 24
Cycloid psychoses (CP) rg= 0.02 rg = 0.50* h2= 0.60

* Statistically significant differences from zero at the 5% level.
For explanations, see Table V
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Table VII

Results of multiple-threshold analysis and test ofgenetic heterogeneity of basic subtypes of
schizophrenic psychoses according to Sneshnevsky’s system

Nosological diagnosis Nosological diagnosis according to Sneshnevsky (I1)
according to Sneshnevsky

I cs SS RS
Continuous schizophrenias (CS) h== 0.61 x'( 1) = 40.9 x=( 1) =308
x211) = 17.2 X=(11) =144
Shift-like schizophrenias (SS) rg 0.23 h2= 0.80 X=(1') 315
X=(11) 31.3
.Recurrent schizophrenias (KS) rg= 0 rg= 0.07 h-=-0.82

For explanations see Table V
Discussion

Owing to the ten schizophrenia subtypes of ICD-9, few patients could
be classified in the traditional subtypes (simple, hebephrenic, catatonic,
paranoid) that were of particular interest. As a result, hebephrenia was in
fact left out of the analysis. As Table ¥ shows the heritability of liability for
psychosis (h2), it is closely paralleled by an unfavourable clinical outcome
and resistance to therapy. The validity of the heritahility figures obtained is
borne out by clinical experience, which shows that psychosocial factors have
a great role in the schizoaffective and paranoid schizophrenias (h2= 50 and
53%, respectively). Bearing in mind the smallness of the sample, from the rg
values it may be presumed that the genes responsible for the psychosis of
patients of a given subtype are identical only to a small extent. The multiple-
threshold model refutes the possibility of a specific gene-constellation of the
ICD-9 schizophrenia subtypes. The hypothesis that liability was the same,
was confirmed for every case (x21 < 11.3 in every case). Thus, according to
the multiple-threshold model every subtype finds its place at various points
of the same liability-continuum, and their manifestations occur at different
thresholds. The simple subtype of the highest heritability is the most “narrow”
form :its presumed genetic constellation is more likely to differ from the popula-
tion average, while the schizoaffective subtype of low heritability, the “broad-
est” disease-form, differs least in gene-structure from the population average.
In keeping with the demands of the model, the outcome is also clinically the
most favourable in the latter case.

To sum up, the two models (those of Reich et al. and Smith) based
on phenotypical correlation have produced contradictory results inasmuch as
the existence of a specific and independent genotype for each subtype was
not unambiguously confirmed. Two possible explanations are suggested: (i)
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the clinical-psychopathological principles of the ICD-9 are adequate, but genet-
ical factors have no role, or only a small one, in defining the subtypes; (ii)
one can differentiate genotypically between various subtypes within the
spectrum of schizophrenic psychoses but the ICD-9 clinical classification
principles areinadequate, that is they do not differentiate on the basis of genetic
differences but according to other psychopathological phenomena that lack
a genetical link. Bearing in mind that there are no unambiguous biological
indicators (pathogenetic markers) for schizophrenia, one can only escape the
dilemma at the phenomenological level, through an analysis of alternative
clinical systems using an identical methodology. It is precisely this that
supplies the methodological advantages of the present comparative study.
Identical genetical analytical methods are used on an identical patient popula-
tion, thus making the various nosological systems, of schizophrenia comparable,
in principle without distortion, at least from the genetical point of view. | am
not aware of any reported similar research in the psychiatric genetic literature
accessible to me.

Analysis of only the basic subtypes of the Leonhard classification of
schizophrenias and cycloid (schizoaffective) psychoses is reported here (Table
V1). In keeping with the expectations of the Leonhard system, the heritability
of the non-systematic subtype is the highest while that of systematic schizo-
phrénies is only 50%. In the genesis of the latter Leonhard attributes an
outstanding role to psychosocial factors. The rg unambiguously indicates the
genotypical distinctness of cycloid psychoses and systematic schizophrenias.
The non-systematic group displays a considerable genotypical overlap with
both other groups, as it were a connecting link. Multiple-threshold analysis,
rejecting the possibility of identical liability, confirmed the separateness of
cycloid psychoses and systematic schizophrenias (x2[1] and [IlI] = 16.5 and
17.9, respectively). There is no shared liability of systematic and non-systematic
schizophrenia. It appears clinical criteria are least able to differentiate between
non-systematic forms and cycloid psychoses, rg between them is high and the
hypothesis of identical liability is verified (x2[1] = 4.3 < 11.3). Thus, the
clinical classification of schizophrenias and genetical classifications are closer
to each other on the basis of Leonhard’s nosological system than was the case
for 1ICD-9.

Sneshnevsky’s is the third classification subjected here to comparison.
Table YII shows that the three basic subtypes of schizophrenia coincide in
their separateness according to both models, the clinical grouping is presum-
ably backed by subforms that differ genetically, and that are more homogeneous
than those discussed above.

The relatively small sample is a shortcomming of the present investiga-
tion, the results are therefore of a preliminary nature; for the time being they
only indicate trends. The clinical-genetic validation of the classification of
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schizophrenias employing the methods of quantitative genetics thus suggests
that (i) the course of the illness and (ii) the degree of severity of personality
deterioration, that is the two basic classificatory criteria of Sneshnevsky’s
system produce subtypes that are more homogeneous genetically than Leon-
hard’s system based on scrupulous psychopathological observation or the
traditional cross-sectional (syndromatological) grouping of the 1CD-9 classifi-
cation.

Although their classification principles are different, the psychopatholog-
ical similarity and overlap between the Leonhardian and Sneshnevskyan
nosologies are striking. This fact explains the similar results of genetic analysis.

The present results are only preliminary, yet they give hope that, given
a broadening of the research strategy, they will inspire further investigations.
In the long run, biological variables that can be used as potential genetic
markers (dermatoglypha, blood groups, nailfold capillary pattern, MAO
enzymes, etc.) and greater precision in psychopathological analysis appear
to he essential.
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NON-SPECIFIC DRUG-METABOLIZING ENZYME
ACTIVITY IN GILBERT DISEASE

Agnes Varkonyi, Teréz Szeleczki, Joldn Csanadi, K. Gyurkovits

DEPARTMENT OF PAEDIATRICS AND INSTITUTE OF PATHOLOGY, UNIVERSITY MEDICAL SCHOOL,
SZECED, HUNGARY

(Received February 4, 1983)

Gilbert disease was diagnosed in a 15-year-old boy on the basis of the clinical
pattern and the changing drug-metabolizing capacity of the liver-enzyme apparatus,
which was drug-induced.

Keywords! Gilbert disease, antipyrine half-life, D-glucaric acid elimination.

[Introduction

According to the classical definition, chronic or recurrent, mild, non-
conjugated hyperbilirubinaemia occurs in Gilbert disease (G.d.), but liver func-
tion and histology are normal, and there is no haemolysis. It has, however, been
discovered that haemolysis and G.d. do not exclude each other; in some patients
abnormal liver function and bilirubin clearance may occur together with hyper-
bilirubinaemia ; even minor morphological anomalies such as accumulation of
lipofuscin-like material can be observed and may even be characteristic [22, 23].

Many reports have shown that in G.d. the reduced activity of UDP-
glucuronyl transferase was responsible for the symptoms. Measurement of the
transferase activity alone cannot, however, be used as a diagnostic test,
because reduced levels have been observed also in other conditions such as
chronic persistent hepatitis, Wilson’s disease, and haemolytic disease [2, 4].

Thus the diagnosis was based on the clinical picture, the liver biopsy,
and when possible, determination of the liver bilirubin UDP-glucuronyl-
transferase level.

We report here the case of a 15-year-old hoy, in whom the diagnosis
was confirmed by the changing drug-metabolizing capacity of the liver enzyme
apparatus.

Send offprint requests to Agnes Varkonyi, H-6701 Szeged, P.O. Box 471, Hungary
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Patient and methods

The 15-year-old brother of a 3-year-old boy now under gastroenterological treatment
because of primary saccharose malabsorption since early infancy — was admitted for check-up.
Two years before he had developed jaundice after a febrile illness without any previous treat-
ment. Since then he has had recurrent episodes ofjaundice with fatigability, general discomfort,
mild diarrhoea, and headaches.

On admission the asthenic patient’s height was 97%, his body weight 30%. Apart
from icteric sclerae, no abnormality was found on physical examination. The liver and spleen
were not enlarged.

For confirmation of the diagnosis antipyrine (18 mg/kg orally) half-life in saliva and the
excretion of D-glncaric acid in urine were measured and these examinations were repeated
after two weeks treatment with flumecine (10 mg/kg/day). (Zixoryn® G. Richter, Budapest.)
The results are to be seen in Tables I and II.

Table 1

Antipyrine half-life in the saliva and D-glucaric acid elimination in the urine of the
patient and his parents

Antipyrine half-life D-glucaric_ acid
Ji elimination
Z"M/g creatinine/24 k

Patient 22.3 15.1
Controls (n=18) 7.86+0.74 33.43+5.54
Mother 23.2 33.6
Father 16.9 121

Adult controls in literature
Clin. Pharm. Ther. 17,179 (1976) 13.58+0.76

Values are mean + S.E.M.

Table 11

Antipyrine half-life, D-glucaric acid, and serum bilirubin level of the patient
and after induction

After induction

induction
Antipyrine half-life, h 22.3 14.9
D-glucaric acid elimination, fiHl/g
creatinine/24 h 15.1 60.0
Serum bilirubin, /(M/I, indirect 76.9 less than 17.0

At the same time we determined the serum bilirubin level and the GOT and GPT
values. For weeks before, and the time of the examinations the patient was not receiving drug
therapy.

In order to assess the therapeutic effect, 10 mg/kg flumecine was given once a week
throughout 12 weeks. The above-mentioned parameters were measured 48 hours after ad-
ministration of the drug, 8 times altogether. The results are summarized in Table III.

For measuring the concentration of D-glucaric acid in urine we used March’s method [17]
as modified by Simons et al. [28].

Antipyrine concentration was measured according to the method of Brodie et al. [16].
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Table 111

Antipyrine half-life in the saliva and D-glucaric acid elimination in the urine of the
patient during 12 weeksflumecine treatment

Antipyrine half-life D-glucaric acid
Study weeks elimination
/liM /g creatinine/24 h

1 10.9 20.9
2 6.3 14.1
3 121 26.7
4 14.7 31.6
6 13.0 32.8
8 6.5 42.2

10 7.9 38.9

12 6.7 37.0

Results

Blood counts: PCY 0.41, Hb 132 g/1, reticulocytes 0.009, WBC 5.4 X 10°/I;
baud 0.01, se 0.42, ly 0.54, eo 0.03. Urine: protein, pus, sugar: negative, ubg:
normal.

Serum bilirubin: 98; 67; 32.4; 71; 25.6 jttmol/l indirect; GOT: 8 U/I,
GPT: 9.6 U/I, alkaline phosphatase: 66 U/I, thymol: 0.4 TU, total protein:
68 g/1, albumin: 40.5 g/1, total lipid: 5.9 g/1, cholesterol: 5.2 mmol/1, triglyceride:
0.57 mmol/1, saccharose tolerance test: normal. (Oral tests proved that there
was saccharose malabsorption in the child’s mother and the mother’s sister.)

Se iron: 26.7 pmol/l, TIBC: 58.1 pmol/1, IgA: 1.1 g/1, IgM: 1.7 ¢/1, 1gG-
6.93 g/1, Coeruloplasmin: 59 U/I, direct Coombs: negative, indirect Coombs:
negative, with several foreign and own cells, RBC osmotic fragility test:
ft.46%-0.30% NaCl; BBC morphology: normal, ECG: normal, oral cholan-
giography: normal.

Tight and electron microscopy of liver biopsy: intact lobular structure,
normal arrangement of liver cells which are rich in glycogen (especially rosette
forms). There is a considerable amount of nuclear glycogen consisting exclu-
sively of monoparticular glycogen and diastase-resistant PAS-positive nuclear
inclusions are seen. The mass of rough-surface endoplasmic reticulum de-
creased, that of smooth reticulum increased. There were sporadic giant mito-
chondria, occasionally with paracrystalline structures in them. In some liver
cells there were numerous lipofuscin granules, many of them containing lipid
drops.

On the vascular pole of the liver cells the cell membrane was flattened
out, otherwise no change could be detected. In some liver cells small lipid
drops could be observed, while the Kupffer cells showed advanced fatty
degeneration. At some portal sites there was slight mesenchyma cell prolifera-
tion (Figs 1, 2, 3).
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Fig. 1. Light microscopic picture of liver biopsy specimen. The hepatocytes contain especially

near the bile ducts much lipofuscin (black granules). In some hepatocytes there are small fat

vacuoles; two Kupffer cells are entirely filled with fat vacuoles. Half-thin section, methylene
blue and basic fuchsin staining, X 1400

Fig. 2. Electron microscopic picture of liver biopsy specimen. In the cell nuclei nuclear glycogen.
Among the mitochondria the cytoplasm of the hepatocytes contains much glycogen. X5000
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Fig. 3. Electron microscopic picture of liver biopsy specimen. Parts of two adjacent hepatocytes.
The lipofuscin-like pigment contains a large lipid drop. There is paracrystalline formation in
a giant mitochondrion. X 27 000

15year 3year

Fig. 4. Enzyme activity in the family examined

Discussion

Gilbert and Lereboullet’s paper published in 1901 (cit. [2]) provoked
many discussions later when the metabolism of bilirubin had become fully
known. The question was then raised whether the cases reported by these
authors were really what is now called G.d. [26] or whether the disease was
a separate entity [1].

The appearance of several papers [10] and a book [22] prove that the
disease is none too rare, but it is not always recognized.

It may be misleading that the mild hyperbilirubinaemia is recognized
often only after a febrile illness [26], after drug therapy [11], or in haemolytic
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stress [22]; the picture is often complicated by systemic symptoms, which,
according to some authors, are independent of the pigment disturbance and
appear mostly in neurotic patients [26]. In our case, too, there were several
systemic complaints, which however could not entirely be attributed to the
patient’s awareness of the disease.

In G.d. spontaneous fluctuations of non-conjugated hyperbilirubinaemia
occur, which make the diagnosis difficult. The fluctuation is influenced by
many factors, thus by physical exertion, emotional excitement, infections,
and alcohol; recently even a reciprocal connection was found between calory
intake and the serum bilirubin level [8]. In spite of the fluctuation the bili-
rubin level does not usually rise above 100 jumol/l. In our case fluctuations
between normal values and 98 /nmol/l were observed.

There is no specific method for the demonstration of G.d. We have
confirmed the diagnosis by liver biopsy and by measuring the activity of non-
specific drug-metabolizing enzymes [19, 20, 21].

It is known that changes in the liver tissue cannot always be observed
by light microscopy. There is no sign of necrosis or biliary retention. Deposi-
tion of a lipofuscin-like substance [12] as in our case may be characteristic.
A number of ultrastructural abnormalities have also been detected [18, 24],
and with morphometric examinations even significant abnormalities have been
found, but they are characteristic not only of G.d. [12].

In our case the morphological picture was nearly identical with that
described in G.d. [7, 9, 13, 25, 27, 29]. The lipofuscin-like pigment, which is
considered most characteristic, but which often contains lipids, hypertrophy
of the smooth-surfaced endoplasmic reticulum and flattening of the vascular
pole of the hepatocytes were clearly discernible as were also the mitochondrial
changes. To our knowledge the morphological picture of G.d. does not include
such changes as the very pronounced fatty degeneration of Kupffer cells in
our case and the presence of a number of nuclear inclusions, which latter proved
to be mostly monoparticular glycogen and in a small proportion diastase-
resistant PAS-positive matter.

Table | shows the half-life of antipyrine and the values of D-glucaric
acid excretion in the family members examined. Table Il shows the changes
of the above-mentioned parameters as a result of flumecine treatment, which
caused a marked decrease in the serum bilirubin level.

The antipyrine half-life and D-glucaric acid values are seen in Table I11.
The data seem to support the therapeutic value of flumecine if it is considered
feasible depending on the specific condition.

The liver tests were within normal limits during treatment.

D-glucaric acid is the end product of glucuronic acid metabolism, and
thus its changes indicate the glucuronizing capacity of the liver. The glucuronic
acid pathway includes also enzymes not involved in drug metabolism, so en-

Acta Medica Hungarica 41, 1984



DRUG METABOLIZING ACTIVITY IN GILBERT’S DISEASE 245

zyme induction cannot be calculated with certainty from the increase in D-
glucaric elimination alone [15].

Owing to its pharmacokinetic and metabolic properties, antipyrine is
suitable for assessing the capacity of the microsomal enzymes of the liver.
Its elimination depends entirely on its metabolism in the liver; thus the half-
life of plasma antipyrine reflects the function of the microsomal enzymes.
As antipyrine does not bind to the plasma proteins but is evenly distributed
in total body water, saliva is also suitable for measuring the concentration
of the drug [21]. Thus, repeated hospitalization of the parents or the child
was not necessary for the examination.

In our case the marked shortening of the antipyrine half-life, which
was prolonged before flumecine treatment, the increased elimination of D-
glucaric acid and the change in the bilirubin level have proving force in spite
of the fact that we know of cases in which no significant difference in anti-
pyrine half-life was found in G.d. patients as compared with controls [31].

Two months before the determination of antipyrine half-life gave pheno-
barbitural for enzyme induction with as a first approach, in the course of
which the serum bilirubin level fell from 98 pmol/l to 25.6 pmol/l in 48 hours.
This could also be considered diagnostic, although owing to fluctuations of the
serum bilirubin level a chance coincidence may also have occurred.

The half-life of antipyrine in the mother, compared with the normal
values given in the literature [21], showed moderately prolonged drug metabo-
lism. In the father the half-life of antipyrine was at the upper limit of norm al
(Fig. 4). He complained of clinical symptoms from time to time, but so far
this has not been substantiated by laboratory results.

The saccharose malabsorption in the mother deserves attention in view
of the prolonged antipyrine half-life, even if we take into consideration that
in adults this value is longer than in children. It seemed therefore that the
mother is the carrier of both abnormal genes. It is generally accepted that G.d.
is a genetically determined disease [1], with autosomal dominant inheritance.
It would therefore be interesting to know the bilirubin UDP-glucuronyl trans-
ferase enzyme function in the younger child. This has, however, not been
examined for lack of cooperation in gathering saliva. The incidence of inborn
saccharose deficiency isnot fully known (0.2—10% ); itisinherited by autosomal
recessivity [14].

To our knowledge antipyrine half-life and D-glucaric acid elimination
have not been examined simultaneously previously, especially not before and

after enzyme induction.
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The microsomal fraction of the liver was studied for protein and cytochrome
P450 contents as well as for aminopyrine-N-demethylase and aniline-hydroxylase
activity and for its BIC spectrum under the effect of PG— 2 treatment. A significant
increase was found in the cytochrome P450 content after short term treatment, while
continuation of PG -12 administration caused a significant and long lasting decrease
of cytochrome P450. After prolonged application of PG-I, the aniline-hydroxylase
content decreased significantly, while the aminopyrine-N-demcthylase enzyme showed
no change. The BIC spectrum after 80 days i’G 12 treatment significantly decreased
in the 431-432 nm region, corresponding to the decrease of cytochrome P450. Long
term PG -1, application caused no detectable ultrastructural changes in the liver.

j Keywords: mixed function oxigenases, prostacyclin, rat, liver

Abbreviation: MFO: mixed function oxigenases; PG -12: prostacyclin; BIC:
butylisocyanide; SER: smooth endoplasmic reticulum; GER: granulated endoplasmic
reticulum

Introduction

The intensity of toxic manifestations of a drug depends first of all on the
dosage and the duration of treatment. Activities of the hepatic detoxicating
enzymes or MFO determine the nature and fate of drugs in the animal or-
ganism [71.

Exposure of mammals to drugs may result in an increase in the size of
the liver. The increase is accompanied by an increase in the synthesis of prote-
ins; this occurs mostly, but not entirely in the SER of the hepatocytes. These
alterations in hepatic ultrastructure and biochemistry increase the concentra-
tion of MFO in microsomes in the SER.

The threshold dosage for induction of M FO depends on the chemical

nature of the inducer and on the mode of administration. Although a large

Send offprint requests to G. A. Balint, P.O. Box 469, H-6701 Szeged, Hungary
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number of compounds of different molecular types may increase the activity
of the same enzyme-system, there are a number ofenzymes which are increased
by a certain class of compounds but not by others. U ltrastructurally, the in-
crease in SER-membranes is reflected in an increase in number and size of
microsomal components such as proteins, enzymes, etc. [15].

A moderate enlargement of the liver, i.e. of the individual hepatocytes,
is beneficial if it is the result of an increase of SER and MFO [16].

The excess of SER, forming tightly packed clusters oftubular membranes
with no glycogen and little hyaloplasm together with damaged mitochondrial
membranes, may be considered a criterion of toxic injury [4].

The hypertrophy and growth of SER may involve different processes.
The gross protein synthesis which goes in parallel with the increase in MFO
activity in the early stages of induction probably comprises changes in the
rates of synthesis of many proteins [6].

Since microsomal enzymes form a small part of total cell proteins, even
marked changes in their rates of synthesis cannot account for the gross changes
in protein synthesis and vice versa. Moreover some ofthe inducers, for example
phénobarbital, have a small but significant effect at the ribosomal and nuclear
level too [10].

Considering that PG —12is one of the possible future drugs, and we have
presented data suggesting its interaction with protein-synthesis [1, 2], in the
present work the effect of PG —12 treatment on the M FO system as a model

experiment, has been studied.

f Materials and methods

PTFemale Wistar rats weighing 220-270 g were used. Either on the same day or 24 hours
after the last treatment with PG—2 the animals were sacrificed, their liver was removed and
processed for the preparation of microsomal fraction by Pap’s method as described earlier [12,
13, 14]. Cytochrome P450was measured according to Omura and Sato [11], microsomal protein
according to Lowry et al. [8]. Aniline-hydroxylase activity was estimated by measurement of
the formed p-aminophenol, according to Imai et al. [5], aminopyrine-N-demethylase activity
by that of formaldehyde, according to Nash [9]. Investigation of BIC spectrum was performed
according to Pap and Szarvas [14].

Immediately after removal of the liver, specimens from the right lobe were taken for
electron-microscopic investigation.

The removed liver specimens of about 1 mm3in volume were fixed at 0-4 °C in 4%
glutaraldehyde and 1% osmiumtetroxide solution with 0.15 M phosphate-buffer as solvent.
They were dehydrated in an ascending alcohol series, and stained with uranyl-acetate dissolved
in 70% ethanol, embedded in Araldite and stained with lead citrate. Sections were cut with
a Reichert-ultramicrotome and studied by a Tesla 500 BS electron microscope.

A stock solution of PG—» (1 mg/ml) was made up freshly in 0.05 M Tris-buffer, pH 9.6.
Dilutions were made immediately prior to use in ice-cold isotonic sodium-bicarbonate solution,
and given either orally by gastric tube or intraperitoneally, in a single dose of 100 /tg/kg.
The control animals received normal saline in appropriate amounts.

W ithin each animal group mean * S.E.M. was calculated. Statistical analysis vs.
the control group was performed with Student’s t-test. Significant differences were assumed
when the probability was less than 5%.
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Results

Experimental results are summarized in Tables I, Il and [III.

According to the present results PG —12 treatment had a double effect
on MFO.

Shortly after PG —12 administration the amount of cytochrome P 450
was significantly higher than in the control animals. Continuing the daily

PG—12administration the amount of cytochrome P 450 decreased, first to the

Table |

Effect of prostacyclin on the mixed function microsomal oxigenase system in the rat liver

Treatment
3 X 100//g/kg n
i.p. daily

Body weight
9

Group |. Short term treatment

Liver weight
9

Microsomal
protein,
mg/g wet liver

Cytochrome P 450
nmol/mg
microsomal prot.

Cytochrome P 450
nmol/g wet liver

Control 28 214+ 5.1 7.27+ 126 22.65+ 1.64 0.763+ 0.143 16.829+ 2.093
14- (01 8 235+ 6.3 6.72+ 0.98 24,95+ 1.05 0.680+ 0.162 16.923+4.100
1+ (1) 8 225+7.8 6.37+1.17 22.43+ 1.49 1.232+0.490** 27.418+ 2.169**
3+ (0) 8 228+ 8.9 8.91+ 183 22.60+2.03 0.828+0.229 18.681 + 3.564
3+ (1) 8 268+7.0 9.52+0.66 22.75+0.84 0.637+ 0.035 14.484+ 1.798
7+ (0) 8 237+5.9 8.90+ 1.14 16.71+ 0.60 0.858+0.222 14.242+ 4.160
7+ (1) 8 245+6.9 7.95+1.49 22.67+1.32 0.401+0.040** 8.923+ 1.669**
9 -1 (0) 8 207+4.9 8.64+1.08 28.28+ 1.39 0.270+ 0.039** 7.426+0.819**

mean + S.E.M.

*» P < 0.01 vs. control

n —number of rats
1= first number: duration of treatment in days;
numbers in parentheses: (0) sacrifice on same day,
(1) sacrifice 24 hours after last treatment.

Table 11

Effect of prostacyclin on the mixedfunction microsomal oxigenase system in the rat liver
Group I1. Long term treatment

Treatment Microsomal Cytochrome P 460 Cytochrome P 45,

100 /Ig/kg Body weight Liver weight protein nmol/mg nmol/g wet liver
dpa.ioly 9 9 mg/g wet liver microsomal prot.

Control 15 264+8.6  9.32+0.79  24.18+ 0.62  0.522+0.018 12,528+ 0.279

8o 15 261+ 7.9 9.18+0.92 24,70+ 0.35 0.453+ 0.015* 11.154+0.343*

mean 4; S.E.M.
*P < 0.05 vs. control
n = number of rats
1= first number: duration of treatment in days;
number in parentheses: (1) sacrifice 24 hours after last treatment
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normal level, and after one week treatment significantly below it. This finding
isin complete agreementwith our previous result, in that first PG -12shortens
the barbiturate sleeping time, then after a few days treatment this effect dis-
appears [3]. The subnormal level of cytochrome P 450 seemed to persist as even
after 80 days treatment it was still significantly below the normal level.

It seems thatthe first phase ofthe effectis due to a quick response of the
liver, either with a rapid enhancement of synthesis or a depletion of the stored
enzyme. Later a plateau below the normal value is reached, indicating a new
steady state. It is not clear why the new level is lower than the normal one,

whether it is due to an enhanced breakdown or a diminished rate of syn-

thesis.

Table 111

Effect ofprostacyclin on the mixed function microsomal oxigenase system in the rat liver

Treatment Aminopyrine- Aniline-hydroxylase,
100 /ig/kg Body weight Liver weight N-demethylase, nmol/g liver/30 min
p.o. n g g nmol/g liver/30 min p-aminophenol

daily formaldehyde
Control 8 252+6.8 8.64+1.13 1352.86 + 75.80 287.86+13.49
80 + (1)1 8 248+6.1 8.39+ 1.19 1313.75+67.80 256.88+ 8.18*

mean + S.E.M.
*P < 0.05 vs. control
n = number of rats
1= first number: duration of treatment in days;
number in parentheses: (1) sacrifice 24 hours after last treatment

During PG -12treatment, whether short or prolonged, aminopyrine-N -
demethylase showed no change, while on its prolonged application aniline-
hydroxylase decreased significantly.

The BIC spectrum in the 431-432 nm region decreased significantly
after 80 days. This type of change corresponds to the decrease of cytochrome
P 450, while the unchanged spectrum at the 455—456 nm region indicates that
PG —12had no effect on cytochrome P~g (Figs 1 and 2).

The wultrastructural alterations after a short treatment also correspond
to the phenomenon observed with hexobarbital sleeping time, i.e. first a normal
ultrastructure could be observed with a moderate hypertrophy of the SER,
then later a disappearance of glycogen granules, with normal cell structure,
characterized the electron microscopic picture [3]. Prolonged (80 days) treat-
ment caused no ultrastructural changes in the liver (Fig. 3).

The present results call attention to some hitherto unknown steps in the
mechanism of action of PG —12, suggesting at the same time that PG —12 has

no hepatotoxic properties.
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Fig. 1. Modification of BIC spectrum induced by long term PG-12 treatment (the graph
represents mean values for two animals)

Fig. 2. BIC difference spectrum of the microsomal fraction of rat liver. The graph represents

mean +* S.E.M. for two animal groups (n=15/group). The mean value of the (untreated)

control group has been reduced to zero (Bar = S.E.M.). The difference between the mean

values of the (reduced) control and PG -12treated groups is given as the difference spectrum
(Bar = S.E.M.)

Fig. 3. Ultrastructural picture of rat liver after 80 + (1) days treatment with PG—2
X 10 000
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THE GASTRIC FUNDIC MUCOSAL ENERGY SYSTEMS
AND THE HCI1-INDUCED LESIONS IN RATS
IN DEPENDENCE ON STARVATION
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Gastric mucosal lesions were produced by intragastric administration of 0.6 M
HCI (1 ml) to rats starved for 48 or 24 h, and to unstarved rats which received 5 or 20%
glucose solution ad libitum. The number and severity of gastric lesions were recorded
and the mucosal levels of ATP, ADP, and AMP were enzymatically measured, cAMP
was determined by RIA. Adenylate pool, energy charge, and ATP « ADP-1 were

rated.
It has been found that: the 20% glucose fed rats showed the highest levels of

biochemical constituents, but the lowest number and severity of gastric lesions; there
were significant negative correlations between the number and severity of lesions and
the mucosal levels of ADP, AMP and cAMP; significant positive correlations were
found between the number and severity of gastric lesions and the ratios of ATP « ADP-1
and energy charge. It has been concluded that: the energy turnover processes of the
fundic mucosa were significantly higher in the animals fed 20% glucose; the increased
energy turnover in the gastric mucosa may produce a better metabolic adaptation
against the necrotizing effect of HC1.

Keywords: acute starvation, HC1, gastric mucosal lesions, energy systems, ATP,
ADP, AMP, cAMP, ATP-ADP-1, energy charge

Introduction

The essential role of the energy systems of the gastric fundic mucosa
has been shown in the development of gastric mucosal lesions (ulcers) [6, 7,
8, 9, 10, 11, 12] and in gastric cytoprotection [13, 14].

The relationship between the extent of gastric lesions and acute starva-
tion has been demonstrated in rabbits in haemorrhagic shock [6] and with
gastric mucosal lesions in rats induced by aspirin, epinephrine or pyloric
ligation [15].

Previously we have shown that the fundic mucosal levels of ATP, AMP,

cAMP, and of the ratio of ATP «A DUP-1 decreased significantly, while the

Send offprint requests to: Gy. Mozsik. First Department of Medicine, University
Medical School, H-7643 Pécs, Hungary.
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levels of ADP and lactate increased, during development of gastric mucosal
lesions (ulcers) induced by intragastric administration of 0.6 M HCI (1 ml)
in rats [8, 13, 14].

The aims of the present paper were:

— to study the relationship between the membrane-bound energy
systems of the gastric fundic mucosa and the development of lesions produced
by intragastric administration of 0.6 M HC1 in starved and unstarved rats;

— to evaluate whether correlations could be noted between the mem-
brane-hound energy ATP-dependent systems and the extent of the gastric
mucosal lesions (ulcers) induced by intragastric administration of 0.6 M HC1
in rats.

Materials and methods

The experiments were carried out in CFY strain rats of both sexes, weighing 180 to
210 g. Female and male rats were homogeneously allocated by random selection into different
groups.

The animals were starved for 48 hours (Group 1) or 24 h (Group Il). These rats received
water ad libitum. The others had free access to 5% (Group I11) or 20% (Group IV) glucose
solution for 24 h.

The gastric mucosal lesions were produced by intragastric administration of 0.6 M
HCI (1 ml) according to Robert et al. [16]. The rats were killed by an ether overdose 1 hour
later. The experiments were done between 8 and 10 a.m. The stomachs were quickly dissected
out and opened along the lesser curvature. Samples from the gastric fundic mucosa were
scarped off and frozen in liquid nitrogen.

The number of gastric lesions was noted and their severity scored as: grade 0, no lesion;
grade 1, lesion smaller than 1 mm; grade 2, between 1 and 2 mm; grade 3, 2to 3 mm; grade 4,
3to 4 mm; and grade 5, greater than 4 mm. Number and sum of gastric lesions scores were
calculated for each animal [13].

The tissue levels of adenosine triphosphate (ATP), [3], adenosine diphosphate (ADP)
[4], adenosine monophosphate (AMP) [4] and lactate [2] were measured enzymatically (Boeh-
ringer Biochemical Test, Mannheim, FRG). The tissue levels of cyclic adenosine monophosphate
(cAMP) were measured by radioimmunoassay (RIA) (Becton Dickinson Co., USA). The extent
of phosphorylation and/or dephosphorylation was evaluated according to Atkinson’s formula
[1]: (ATP + 0.5 ADP) «(ATP -f- ADP + AMP)-1. The biochemical compounds were calcu-
lated in relation 1.0 mg of gastric mucosal protein. Protein was measured by biuret reaction [5].

Statistical analysis: analysis of variance was performed previously. The comparison
of groups was done by Student’s unpaired “t” test, Mann W hitney’s test was employed to
process data for gastric lesion severity. The study of correlations was done by the method of
two variable lineal regression.

The results are expressed as means + S.E.M.

Results

Table | summarizes all data and Table Il shows the levels of significance
in relation to the different groups. It has been found that: (1) the number and
severity of gastric mucosal lesions were significantly higher in the rats starved
for 48 or 24 hours and in those fed 5% glucose than in those receiving 20%
glucose; (2) the tissue levels of ATP, ADP, AMP, adenylate pool, and cAMP
were significantly decreased in 48 and 24 hours starved rats in contrast with
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the unstarved animals; (3) the energy charges in 48 and 24 hours starved
rats were significantly higher than those in the unstraved rats; (4) the animals
fed 20% glucose showed significantly highest levels of the different biochemical
compounds, while the number and severity of gastric lesions were the lowest.

Table 1

Development ofgastric mucosal lesions produced topical (intragastric) HCI administration
and the energy systems of the gastricfundic mucosa in rats

Starved rats Fed rats
Variables 48 hrs 24 hrs 5% glucose 20% glucose
(n=10) (n=10) (n= 10) (n=10)

Number of lesions 11.6+ 1.5* 10.2+ 1.3 8.6+ 1.0 3.9+ 11
Severity of lesions 448+ 6.1 36.6+6.9 29.6+ 5.1 13.4+4.3
ATP' 17.0+ 25 16.1+ 2.0 221+ 16 40.0+ 6.1
ADP1 1.2+ 0.1 1.4+0.1 5.6+ 0.9 6.1+ 1.2
ATP.ADP 1 142+ 1.4 11.5+1.0 4.5+0.7 8.1+ 1.2
AMP1 0.4+0.1 0.5+ 0.16 3.2+ 0.8 5.1+ 0.6
ATP + ADP + AMP' 18.6+ 2.4 18.0+ 2.0 309+ 2.4 51.2+ 7.2
Energy charge 0.95+ 0.02 0.94+0.01 0.81+ 0.02 0.82+ 0.02
cAMP2 45 +0.4 6.2 +0.2 7.8 +0.8 10.6 +1.2

*Values are means + S.E.M.; “n” means the number of animals
1Results are expressed in nanomoles e mg protein-1
2Results are expressed in picomoles * mg protein-1

Table 11

Statistical significances ofthe variables in Table |

Variables 1-11 (] v u 1 u v 1ni-1v
Number of lesions NS* NS < 0.001 NS <0.01 <0.01
Severity of lesions NS NS 0.001 NS <0.05 <0.05
ATP NS NS nim <0.05 <0.01 <0.05
ADP NS .0.001 0.001 0.001 <0.001 NS
ATP+«ADP 1 NS 0.001 0.05 *« 0.001 <0.05 0.05
AMP NS 0.01 <0.001 0.01 0.001 NS
ATP + ADP + AMP NS 0.001 <0.001 <0.001 0.001 NS
Energy charge NS <0.001 0.001 <0.001 « 0.001 NS
cAMP <0.01 <0.01 0.00l NS 0.01 NS

1 = starved for 48 h; I | - starved for 24 h; Il fed 5% glucose; IV f-1 20% glucose

*non significant

As to the correlations, significant negative correlations were found
between the extent of gastric mucosal lesions (number and severity) and the
fundic mucosal levels of ATP, AMP, and cAMP; and there were significant
positive correlations between the extent of gastric mucosal lesions and the
ratios of ATP «A D P 1and energy charge (Table 111).
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Table 111

Correlations of the biochemical parameters measured in the gastric fundic mucosa and number
and severity ofgastric mucosal lesions (ulcers) induced by intragastric administration

0f0.6 M HCI
X Y
(mean £ S.E.M.) ) . (mean + ’SAEAM.)
+Y'SEM) Regression line »l (30.63.2) 2
(me(gr.]4;0.7‘)' : Regression line

ATPO) v,= 9.93-0.06 X -0.20 ys= 35.95- 0.22x -0.17
(24.1+ 2.4)
ADPM Yji= 9.91- 0.41x -0.32* Y, = 36.51- 1.67 x -0.3T7

(3.4+0.5)
ATP - ADP-1 yi= 5.87+ 0.25x + 0.36* yij= 1892+ 113X +0.38°
(10.3+ 1.0)
AMPO) Y, = 10.25— 0.78 x -0.45** vy j= 38.66- 3.48X -0.47"
(2.2+ 0.4)
ATP+ADP+AMPO)Y, = 10.54— 0.07 -0.28 Yj= 38.73- 0.27 -0.25
(29.8+3.0)
Energy charge vyt= 10.88+ 21.93 x +0.41** vy j = 50.96+ 92.52 x + 0.41'
(0.88+ 0.01) :
CAMP® vyt = 11.51- 041 -0.29 Y.= 44.81- 191x -0.32
(7.3+0.5)

Y, = number of gastric lesions; Y 2= severity of gastric lesions; [( and r2= coefficients

of regression; + = P < 0.05 and + + = P < 0.01.

6) results are expressed nmol e mg protein-1; 6) results are in picomoles * mg protein-1;
Number of animals (n=41) «r = 0.30 when P = 0.05.

The tissue lactate level was 0.736+ 0.158 nmol/mg protein-1 in 48 hours
starved rats, and 0.582+0.090 nmol/mg protein-1 in the 20% glucose fed
animals. There was not significant difference in lactate level between these
groups (P > 0.05).

Discussion

The energy systems in the fundic gastric mucosa have been shown to
be closely related to the development of gastric mucosal lesions [6—2]. Our
previous observations have suggested that ulcerogenesis and gastric cyto-
protection are very dynamic metabolic processes [8—14].

The present results suggest an important role of the membrane-bound
ATP-dependent energy systems in the development of gastric mucosal lesions
induced by 0.6 M HCI in starved and unstarved rats.

The fundic ATP level is regulated by the balance between ATP re-
synthesis and ATP breakdown into ADP (by membrane ATPase) and/or into
cAMP (by adenylate cyclase). ATP resynthesis may decrease under hypoxae-
mic circumstances.

In the starved animals, ATP breakdown into ADP and cAMP was
decreased. The lowest ATP breakdown into ADP and cAMP was supported
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by: (1) the low levels of ADP and cAMP; (2) the high ratio of ATP mADP-1
and (3) the high ratio of energy charge in the starved rats. These facts indicated
that the adenosine compounds were practically phosphorylated, in this form
of ATP.

ATP resynthesis seemed to he diminished in the starvated rats as ATP
level was low in the fundic gastric mucosa. In spite of this we could not conclude
to there being a hypoxaemic situation because there was no significant differ-
ence in the lactate level here and in the rats fed 20% glucose.

The number and severity of gastric mucosal lesions were higher in the
starved rats than in those fed 20% glucose. The present data suggest that
starved rats have a low energy turnover as a protecting mechanism against
starvation, but this metabolic state does not seem to be a suitable one to
defend the gastric fundic mucosa from the necrotizing effect of HC1.

In the rats fed 20% glucose, the fundic levels of ATP, ADP, AMP, and
cAMP were high indicating a higher extent of ATP breakdown into both
ADP and cAMP. Moreover, the adenylate pool increased significantly and the
energy charge diminished, pointing a higher energy liberation than in the
starved animals. If the breakdown increases and the level of ATP is high, the
extent of oxidative phosphorylation could also increase. The increased ATP
resynthesis excludes the presence of hypoxaemic damage in the gastric fundic
mucosa.

All these results suggest that starved rats can liberate less energy in
their gastric fundic mucosa than do animals fed 20% glucose.

Furthermore, significant negative correlations have been found between
the number and severity of gastric mucosal lesions (ulcers) and the mucosal
level of ADP, AMP, and cAMP; and significant positive correlations between
the number and severity of gastric lesions and the ratio of ATP «ADP-1
and energy charge. The lack of significance in this case of ATP (negative)
and adenylate pool (positive) may suggest that the extent of lesions was not
related merely to the amount of ATP and adenylate pool in the tissue, but it
correlated also with ATP breakdown and resynthesis.

Our results thus suggest that the increased energy turnover in the rat
gastric fundic mucosa may improve the metabolic adaptation against the
necrotizing effect of HC1. This fact may have clinical importance as the ulcer
eliciting factors are dynamic and the metabolic ability of the gastric fundic
mucosa might act as a protecting factor.
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PROSTACYCLIN AND DNA-SYNTHESIS INHIBITORS:
THEIR INTERACTION ON EXPERIMENTAL
GASTRIC ULCER IN THE RAT

G. A. Batint and Y. Varré

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL,
6701 SZEGED, KORANYI SETANY 8, HUNGARY

(Received July 14, 1983)

The protective effect of prostacyclin on gastric mucosal damage by indomethacin
or restraint in rats was partly inhibited by DNA-synthesis inhibitors. Protectin by
prostacyclin may therefore depend upon intact DNA-synthesis.

Keywords: prostacyclin, DNA-synthesis inhibitors, experimental gastric ulcer

Abbreviations: PG-1,: prostacyclin, DTIC: dacarbazine
CYAR: cytosine arabinoside,
RUMY :rubidomycin

Introduction

It was reported previously [1] that actinomycin inhibits gastric mucosal
protection by PG-l.i in rats. In the present study we examined the interac-
tion between PG -12and different DNA-synthesis inhibitors on indomethacin
and stress induced gastric ulceration in rats.

Materials and methods

Twenty-four groups of female W istar rats weighing 210-270 g were fasted for 24 hours
but allowed water ad libitum.

The models used and the mode of evaluation was published elsewhere [1].

W ithin each group (n=10/group) mean values +S.E.M. were calculated and analysed
statistically using Student’s t-test. Significant differences were assumed when the probability
was less than 5%.

The following DN A-synthesis inhibitors were tested: DTIC (Dome Laboratories, Stoke
Poges, England), 2 mg/kg, i.p.; CYAR (Cytosar®, Upjohn, Kalamazoo, USA), 50 mg/kg, i.p.;
RUMY (Rubomycin® Medexport, Moscow, SU) 1 mg/kg, i.p.

PG—2 was dissolved (1 mg/ml) freshly in 0.05 m Tris-buffer pH 9.6. Dilutions were
made immediately prior to use in ice-cold isotonic sodium bicarbonate solution and injected
i.p. in 100 jUg/kg single doses.

Results are expressed as mean = S.E.M.

Send offprint requests to: G. A. Balint P.O. Box 469. H-6701 Szeged, Hungary
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Results and discussion

Results are summarized in Table I. It has been reported earlier that
actinomycin (I) and other protein synthesis inhibitors [2, 3] such as cyclo-
heximide, puromycin and kanamycin — inhibit the cytoprotective effect
of PG-I

The inhibition by different substances of the cytoprotective effect of
PG—12in different experimental ulcers supported the conclusion that the pro-
tective effect requires new proteins. Considering that the first steps of protein
synthesis are connected with DNA, investigation of the effect of different
DNA-synthesis inhibitors promised to be an intriguing problem.

Table 1

Prostacyclin and DNA-synthesis inhibitors: interaction on experimental gastric ulceration

Ulcer Index (mean 4; S.E.M.)
Group
. PG-12+ DNA
Control DNA Inhibitor PG-12 Inhibitor
DTIC
Indomethacin 10.7 + 5.1 18.1+ 4.7 5.2+ 2.2 7.7+ 4.3
Stress 13.7+ 5.8 11.6+ 5.7 5.7+2.7 3.4+1.5
CYAR
Indomethacin 21.1+3.4 17.9+ 3.3 4.2+ 1.4%%x 16.2+ 4.9"
Stress 12.1 + 3.9 12.3+4.9 3.6+0.5% 8.8+2.4"
RUMY
Indomethacin 25.1+ 4.1 18.0+ 5.1 9.3+2.7% 3.7+ 1.1%%x*
Stress 10.4+3.2 13.7+3.3 1.8+40.3%%% 8.6+ 2.6"
n = 10 9/group
E

P < 0.05 Control vs. PG-12
Hkx p < 000l Control vs. PG-12
2]

< 005 PG-12 vs. PG—22.;- DNA Inhibitor

From the results the following conclusions have been drawn:

(1) DNA-synthesis inhibitors, CYAR and partly RUMY, inhibit the
cytoprotection by PG—2 while DTIC was ineffective.

(2) In the indomethacin model RUMY strengthened the effect of PG—2
We have no explanation for this phenomenon.

(3) The results presented are in accordance with our previous results
and raise the possibility that cytoprotection needs not only new protein
synthesis but also new cell formation [3].

(4) The exact mechanism of action of DTIC is unknown. Therefore we
have no explanation for its insignificant effect.
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INTESTINAL RESPONSE IN AGING:
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In contrast to the cardiovascular system, the gastrointenstinal tract in old age
does not reveal the marked structural and functional deteriorations that might be
expected to arise from the body’s aging process. Besides preserving an active mass of
functional tissue, the intestinal regulatory mechanisms show a precise and functional
response to the changing circumstances of aging.

W ith regard to the aging processes, therefore, the relative physiological stability
of the gastrointestinal system is very important. A possible cause of the maintenance
of its functional capacity may be the processes involved in the cellular aging and rapid
turnover of the gastrointestinal epithelium. This part of the gut remains practically
unchanged and may continue its growth processes almost up to the point of death.
Thus, intestinal functions do not seem to deteriorate even in late age. Kinetic studies
indicate that the intestinal response in senescense to secure normal absorption processes
occurs through an adaptation of transfer (carrier mediated) mechanisms. Such model
studies have suggested that with age the affinity of the intestinal carrier mechanisms
for the absorption of glucose and neutral amino acids are diminished. Appropriate
changes in absorption occur i.e. in the young a faster rate of absorption is achieved at
low luminal concentration than in the old. The amounts and activities of many essential
intestinal enzymes have been observed to he reduced with age. This too may lead to a
slower rate of absorption. In old age therefore it is the rate of intestinal absorption
that undergoes a significant change rather than an overall deterioration in absorptive
ability.

Our present knowledge indicates that there are at least two important regulatory
mechanisms that enable the aged gastrointestinal tract to adapt itself to its altered
functional capacity. On the one hand, the response of the intestinal epithelium medi-
ated by the various rapid repair processes for the uptake of substances needed by the
organism, and, on the other hand, the existence of the current load in the luminal
environment controlling the intestinal metabolism and homeostasis in a normal way
during aging.

An analysis of the close relationship that exists between structure and function
in the gastrointestinal tract during aging, in particular the reasons for the observed
alterations of the absorptive surfaces, willundoubtedly be useful in the practical elucida-
tion of such problems as mucosal injuries, resection and malabsorption therapy.

Keywords: gastrointestinal tract, intestinal morphology, intestinal functions,
absorption, aging.

Introduction
Nowadays the increased average lifespan has created an urgent need to
elucidate the mechanisms involved in the maintenance of a healthy old age.

This can in part be achieved through a better and more thorough understand-
ing of nutrition and associated metabolic activities in old age.

Send offprint requests to L. Pénzes H-1085 Budapest, Somogyi B. u. 33, Hungary
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In the present report an attempt has been made to summarize the results
of a 15-year survey of the effect of aging on the function of the small intestine.
A study of changes in gastrointestinal physiology concerning aging per se
rather than of the diseases occurring predominantly in the elderly was the main
purpose of the present review. On the other hand, it will also discuss the infor-
mation available on the changes related to geriatric subjects. Above all it will
deal with the changes that occur in intestinal absorption during aging and
attempt to explore the way in which the small intestine maintains its ability
to function normally even in the extremes of old age. An effort was made to
examine the ability of intestinal metabolism in old organisms to maintain
homeostasis during aging by a variety of regulatory mechanisms, many of
which can be observed in the small intestine almost up to the point of death.
Although it is possible to state the time when the intestinal mucosa can be
said to have reached maturity, it is a harder task to determine a precise point
of time when aging can be said to have actually started. Still, some age-
dependent malfunctions rarely occur within the intestinal tract and hence
the establishment of biological aging in this part of the body cannot be deter-
mined unambiguously. Although precise and detailed observations have been
reported [21] on the process of intestinal maturity, e.g. comparison of pre-
and post-natal periods of development of the period of adaptation and the state
of adult maturity, the results to be reported will mainly be confined to the
changes connected with the process of senescence.

Morphological Changes
Weight and size

It is difficult accurately to quantify the changes that occur in the size
of the gastrointestinal tract during senescence. According to Moog [31] the
weight of the small intestine in SWR/J mice of both sexes increased continu-
ously by about 60% during aging. This applied particularly to the terminal
regions of the small intestine where mainly amyloid-like material was being
accumulated in the lamina propria as age advanced. In addition, Moog was
unable to find an increase in intestinal weight between female mice of 3 and
6 months of age in spite of their body weight gain during this period. However,
between 6 and 12 months of age the intestinal weight increased to a greater
relative extent than did body weight. In contrast to these observations, a
slight increase, was only observed in the growth of the small intestine of Wistar
rats which were older than 24 months of age; furthermore, there were no differ-
ences if the intestinal weight was related to body weight.

Information on the relative changes in size and length of the small
intestine during aging is scarce. Our data [35] have shown that the absolute,
unloaded small intestinal length of 6-month old, 12-month old adult and 27-

Acta Medica Hungarica 41, 1984



INTESTINAL RESPONSE IN AGING 25

month old unpaired female Wistar rats remained virtually unchanged. At
about half a decade earlier, Varga [44] found that the length of the small
intestine of male Wistar rats increased considerably between 20 and 561 days
of age. Using 83Sr-labelled microspheres, this author determined the effect
of age on gastrointestinal motility in the rat, and concluded that although
there was no correlation between gastric emptying and propulsive motility
of the small intestine with age, the propulsive ability in the large intestine and
coecum increased with age. On the other hand, it is well accepted that the
majority of motility disorders in old age are due to disturbances associated
with diabetes, cerebrovascular insults and possibly drug abuse. These condi-
tions may influence either directly or indirectly the motor activity of the gastro-
intestinal tract [2].

Villi

It is essential that consideration be given to the changes that occur with
aging to the absorptive surfaces of the intestine, since they are the only one of
the decisive factors which determine the rate of absorption. In the work of this
laboratory [23] it was observed that, in the female rat, the height of the villi
decreased with age. Reductions of the length of the villi were most conspicuous
in the duodenum and ileum and less striking in the jejunum. Clarke [10]
showed that during the first year of life there was a decrease in the height of
the villi in the proximal regions of the small intestine of male rats. Also in
male rats, Héhn et al. [20] observed that the mucosal atrophy was confined
mainly to the proximal part of the intestine with the villi undergoing a con-
siderable (approximately 25%) reduction in length. It is generally accepted that
the number of villi remains relatively constant thoroughout life. As a result
of a similar work, Clarke [9] was able to show in the male rat that the number of
villi does not change significantly with age. Additionally, the villi should be
considered as fixed functional units during life, and under extreme situations
such as starvation, their size rather than their number is affected. Thus it
may be concluded that over a complete lifespan there is no diminution in
the number of villi. It must, however, be pointed out that in the proximal re-
gions of the rat intestine fusion of villi becomes more frequent with age, and
therefore a slight decrease in the number of villi may be observed in the later
stages of life.

Other observations have been obtained using mice. Moog [31] emphasized
that the villi underwent a significant increase in length, by up to nearly 20%
in 24 month old SWR/J mice of both sexes when compared to 6-month old
animals. Ecknauer et al. [15] have recently reported that the size of the
proliferative units, the rate of cell production and the size of the functional
compartment does not change significantly throughout life.
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As there is no experimental evidence to show a decrease in cell loss from
the intestine during aging, Ecknauer et al. [15] concluded from their findings
that there must be an endogenous stimulus for the gastrointestinal tract to
continue its growth almost up to the point of death. This growth is manifested
through the formation, with age, of new villus-crypt units. Data on human
subjects [47] support the findings obtained in rats; thus although the number
of villi does not change during life, changes occur in their length and width,
so that they become shorter and thicker with advancing age. The recent find-
ing of Warren, Pepperman and Montgomery [46] that the mucosal surface is
significantly reduced in 60—3 year old subjects tends to confirm this.

A certain amount of reconciliation between the contradictory reports
mentioned above is clearly necessary. It seems highly probable that there is
a large variation in the morphological changes observed to occur with age,
not only between different species and sexes, but even within given strains.
Throughout life these differences play a considerable part in the range of intes-
tinal responses.

Regressive Changes
Connective tissue and atrophy

As has been pointed out [30] there is a notable absence in the literature
of any reports of changes that occur in the intestinal wall and which may be
lessened with age. The age-related chemical and intestinal structural changes
that occur in the collagen and elastin of the intestinal connective tissue and
smooth muscle elements only serve to accentuate the risks involved in taking
biopsies at advanced age. These factors increase the importance of the various
studies on the regressive changes that occur in the gut with age.

Suntzeff and Angeletti [43] using 3 month and 22 month-old CE-129
and Swiss mice of both sexes, showed that a fibrotic process takes place with
aging in the tunica propria and results in a progressive replacement of the
original stroma by a kind of fibrous sclerotic connective tissue. These changes
begin after 1/3 of the animal’s lifespan and progress further with age. Consider-
able pathological alterations were detected only in the terminal ileum of old
SWR/J mice [31].

As has already been pointed out, the duodenal mucosa in senile (24-30
month old) male Wistar rats revealed conspicuous atrophy [20]. This atrophy
would result in an approximately 25% decrease in the length of the duodenal
villi. In contrast no appreciable differences were observed in the ileal region
between adult (4 month-old) and senile rats. The authors claimed that the
mucosal atrophy in the proximal small intestine was probably the result of
a diminution in the rate of new epithelium formation. Using scanning electron-
microscopy [21], it has been claimed that within the proximal small intestine
of senile rats, not only were the villi different in length and width, but generally
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smaller and revealed interspaces that were absent from 4 month-old rats.
Again there were no notable changes in the distal regions of the small intestine.

Functional Alterations
Cellular turnover

Senescence consists of a general deterioration process which takes place
gradually and is accompanied by both structural and functional changes in
the majority of organs and tissues. As the body grows older, different parts of
the organism age at different rates and to different extents. As Lesher [29]
formulated “for the most part, death is due to failure of an organ or organs
with low cell turnover”. It is generally believed that, under conditions of high
cellular turnover, erroneous cells are eliminated from the proliferation compart-
ment of the organ concerned [29]. The selection rate, however, does not work
faultlessly. This is due on the one hand to a diminution of the synthetic proces-
ses associated with chromatin formation and, on the other hand, to the fact
that cellular generation time increases with age.

In the small intestine of the BCFj mouse it has been shown that cellular
proliferation is not linear with age. The greatest change occurs in the first
instance at about 3 1/2 months when the growth of the animals begins to
diminish and the period of young-adulthood starts. Following this there is
little change until about the last third of the lifespan (825—1050 days of
age), when a lengthening in generation time again becomes apparent.

The elevated intestinal cellular generation time observed in old CAFiji
mice provides the time necessary for the upward migration of cells from the
depths of the crypts to the top of the villi (transit time). It was stated by Lesher
[29] that the proliferative population decreased by more than one third in
aged (825 day-old) BCFj mice. As pointed out by this author, the overall rate
of cell production was decreased from about 10 cells/h/crypt in 100 day-old
mice to 6 cells/h/crypt in 825 day-old mice. Thus according to Lesher, either
the enterocytes must remain covering the villi for a longer time, or the cell
population of the villi must be decreased if the covering remains constant.
However, as the villus cell populations do not undergo any apparent change,
the cellular survival time must be prolonged.

As has already been pointed out, this part of the intestine of the mouse
becomes enlarged during aging. Much of this weight increase may be attributed
to an increase in villous height which in turn extends considerably the size of
the enzym-bearing surface. According to Moog [31] the slower transit times
in old animals, at least in the CAFj strain, result in that the villous cells in the
distal regions of the small bowel become richer in alkaline phosphatase, maltose
and sucrose than those of the young animals as the concentrations of all these
enzymes increase as the cells move upwards (Nordstrom et al.,, Moog and Grey,
Moog et al. eit.: [33]).
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Similar observations were made on the small intestine of the rat. The
proximal region of the small gut is known to exhibit a marked reduction in
villous length during aging whereas the distal portions are not reduced. Héhn
et al. [20] found that the 3H-thymidine labelling index is about 30% in the
proliferation compartment of the crypts of young-adult and old rats, indica-
ting that the same proportion of cells are in the “S” phase of generation time
in the indifferent zone of the small intestinal crypts in both groups of animals.
This agrees with the findings of Lesher [29] concerning the duodenum of the
mouse, with the addition that generation time in the crypts of old rats is
decreased by about 35%. Thus atrophy of the duodenum in old animals is the
consequence of a delayed generation time that occurs with age.

W ith regard to the colon, Hamilton [17] described that the changes in
cellular repopulation observed after X-ray injury in young and old C57B1
mice were based on an overshot of the labelling index; changes in crypt size
began later and continued longer in old than in young C57B1 mice. All results
were limited by differences, with age, in the response of the gut to acute irradi-
ation. The author sought to explain this by the fact that the feedback control
mechanisms, which in young mice result in a rapid increase in cell production
before returning to a normal labelling index soon after the crypts have become
enlarged, are less precise in older animals. In old organisms, the control mecha-
nisms generally need far more time in which to achieve any alteration in the
proliferation rate.

Enzymes
Alkaline and acid phosphatase

Hohn, Gabbert and Wagner [20] found significant histochemical dif-
ferences in alkaline and acid phosphatase activity of the intestinal mucosa
between 4 month-old “adult” and 24-30 month-old senile rats. Nevertheless,
densitométrie and statistical evaluation of the changes of these two enzymes
in the proximal regions of the small gut showed a considerable difference in
their circadian rhythm and activities between 4 and 24 month-old rats; an
apparent loss in activity was observed in the duodenum of senile rats. The
authors were able to show that the cause of these changes in the aged rats
was due primarily to villous atrophy as a result of the reduced number of
enterocytes. The circadian rhythm in the activity of both enzymes was syn-
chronous in younger and old animals, but there were marked differences in
the circadian amplitudes; in the old animals the fluctuations were smaller.
This calls attention to the limited time-dependent capacities of regulatory
mechanism that exist in aging.

Sayeed and Blumenthal [40] reported on a reduction of up to 50% in
the activity of alkaline phosphatase in 34 month old B6D2F1J mice. Some
doubt must, however, be expressed concerning this observation due to the
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methodology used. Moog [31] found that the activity of alkaline phosphatase
was not decreased in 24 month old SWR/J mice. Expressing the total enzyme
activity on a body weight basis shows that the aging body is in fact better
supplied with the enzyme than is the young. As pointed out by the above
author, the criticism of these studies is the inability to state what proportion
of the total enzyme activity is associated with the membrane of the villous
structure. Nevertheless, the main conclusion from these observations is that
increased body and intestinal weight are associated proportionally with the
increased length of villi which in turn results in a greater enzyme-bearing
surface area.

Disaccharidases and other enzymes

Rommel and Rohmer [37] observed that the activity of intestinal di-
saccharidases i.e. maltase, sucrase and lactase, was significantly lower in ageing
rats (12 and 24 month old animals) than in 3 month old animals. Similar
observations were made in humans; thus, in old American negroes low lactase
levels occur frequently [48] but no age-dependent changes were noted in the
activity of alpha-disaccharidases. In both white and black races, namely, age
and race are far more decisive factors in the development of low intestinal
disaccharidase levels than are mucosal injuries. On the other hand, in the
baboon, lactase, cellobiase and alkaline phosphatase activities are highest in
the young while diminished activity and changes in tissue distribution occur
with advancing age. As in humans, there were no age-dependent differences in
the activities of sucrase, maltase, palatinase and trehalase.

As in the case of the changes in alkaline phosphatase activities, Moog [31]
found that the activities of maltase and sucrase did not decrease in aged
SWR/J mice. In fact, when expressed per unit of body weight their activities
were lower than those of the young control animals. These observations might
well be explained by the increased height of the villi; on the other hand it was
suggested by Moog that the mucosal surface of the 24 month-old mice was
quite capable of splitting maltose and sucrose. In fact, maltase and sucrase
activities, when expressed per unit of body weight, proved to he about 30%
higher in old than in young mice. Observations on intestinal phosphomonoes-
terase activity [39] have shown that although Vmax values were lower in 34
month old mice, the Michaelis constant (Km) was unaffected. This therefore
suggests that as compared to 11 months old young-adult mice, in old mice
concentration of the enzyme was reduced but its structure remained relative-
ly unchanged.

Absorption

The question whether absorption from the intestine changes during
aging is difficult to answer. Most studies were done in rodents and often their
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age has not been recorded. In most cases they were merely considered as to be
young, adult and just old. Most frequently the experiments have been perform-
ed up to adulthood but have not been extended to include the period of senes-
cence. As aresult of the physiological changes that have been observed to occur
in intestinal absorption only cover a given period of ontogeny that excludes
aging per se.

Similarly, the findings in human subjects are also difficult to evaluate.
Wirts [49] described that the human gastrointestinal system undergoes basic
alterations with aging. Thus atrophic gastritis seems to appear with consider-
able frequency from the 3rd decade onwards. The changes which gradually
occur in the gastrointestinal tract cover such alterations as decrease of mucosal
thickness, increase of leukocyte infiltration and lymphoid aggregates as well
as pyloric heterotopy. All these changes could sometimes lead to achlorhydria.
Bowman and Rosenberg [5] suggest that the prevalence of achlorhydria in the
elderly is uncertain, but there is a report according to which nearly 70% of
657 consecutive patients of a geriatric unit were achlorhydric [4]. Nevertheless,
this may be the only aspect of physiological decline in some intestinal functions
that frequently manifests itself with aging. There are almost no indications
of any occurrence of a so-called wear and tear process in the aged gastrointes-
tinal tract similar to that which characterises many other parts of the body,
e.g. the cardiovascular system.

It must be added that because of the extreme variation that exists in
the way the data are expressed, any attempt to compare the results found in
the literature is difficult, as also is the ability to find any possible correlation
between aging and the supposed reduction in intestinal absorption.

Sugars

Results reported in the literature mainly concerned the absorption of
sugars and calcium. Among the sugars, the absorption of xylose has received
most attention. Kendall [25] stressed that aging per se is the decisive factor
in the evaluation of xylose absorption tests. The decreased excretion of xylose
that occurs with age does not indicate a faulty absorption but points to im-
paired renal function. Rommel and Rohmer [37] suggested that in the aging
organism an alteration occurs in the metabolism of xylose. It has also been
shown [16] that the reduced sugar absorption displayed by the aged results
from either an alteration in the efficiency of the transport systems involved
or a reduction of the mesenterial blood supply; as a result of the latter, there
would also he a restriction of oxygen supply to the metabolically very active
intestinal tissue. On the other hand, Varro et al. [45] pointed out that the intes-
tinal tract possesses awell-developed regulatory capacity; there would have to
be a serious deterioration in the mesenterial blood supply before any significant
reduction would occur in either the intestinal transport of glucose or oxygen
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consumption. On the evidence of Dardik et al. [11] it is suggested that sclerotic
stenosis of mesenteric and coeliac arteries may cause not only intestinal angina
but also malabsorption. Such vascular changes may also be the cause of the
reduced xylose absorption that occurs in the aged. However, Rosin et al. [38]
have shown that due to the extreme variation displayed by existing data,
the xylose test cannot be considered accurate and its value in the evaluation
of data is open to doubt. Itis therefore not surprising that the ability to assess
the various criteria involved inthe changes of intestinal absorption that occur
during aging is fraught with difficulties. Verification of this seems to be
provided by the observations of Webster and Leeming (cit. [33]) who found
that only 26% of all geriatric subjects investigated showed a reduced xylose
absorption.

It must also be said that the results from animal experiments are no
easier to interpret. Thus Klimas [26] who performed absorption studies in
2, 5, 10, 15, 20, 26 and 32 month old rats, reported that, providing it was
expressed as mg/h or mg/cm intestine/h, the rate of absorption increased for
the first 1/3 of the rat’s lifespan. Following this period, there was no further
change. The rate of adsorption in the senescent animals was constant. If
absorption was expressed as mg/100 g bw/h, then it was found to diminish
during the first 1/3 of the lifespan after which time it became constant. This
should be interpreted in the light of the author’s further observations that the
weight and length of the small intestine as well as body weight, continuously
increase in the rat, a feature which is most conspicuous during the first five
months of life.

In previous investigations from this laboratory [34] a kinetic approach
was used to study the age-dependent absorption of d-glucose. From the results
obtained it was clear that the Michaelis constant (Km) of glucose absorption
increased almost linearly with age in 6, 12 and 24 month-old female Wistar
rats. The Michaelis constant was considered a measure of affinity of the intes-
tinal carrier system for the molecules that were absorbed from the lumen.
This evaluation was chosen because the dose dependent absorption of d-
glucose, and of amino acids, proved to be a rate-limiting process possessing
kinetics that approximated the Michaelis-Menten scheme. The results showed
a parallel decline with age of carrier affinity. This indicated that transport
from the intestinal lumen of sugar molecules at low (initial) concentration
took place at a higher rate in the young than at advanced age. Thus a possible
role in absorption for age-dependent changes the intestinal glucose carriers
cannot be ignored. It must be added that the occurrence of low activities of
intestinal enzymes are not uncommon in the aged small intestine and therefore
the ability to absorb low concentrations of substrates should be taken into
account. As a result of the above, slow absorption is to be expected in old
individuals. Recent data from this laboratory [23] have indicated that the
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reduction of absorption low intestinal concentrations (4 mM) of d-glucose
in the 24 month-old rat may also be due to a decrease in length of the villi.

Amino acids

Studies of amino acid absorption in the elderly have rarely been the sub-
ject of gerontologists. Observations of Pénzes [34] on the absorption of amino
acids from the small intestine of old rats have shown the following. As with
glucose, the kinetic parameters, i.e. Kmand Vmax for glycine, alanine, valine,
leucine, phenylalanine, tryptophan and proline were generally higher in 24
month-old than in 6 month-old rats. This was indicative that in old age whilst
the affinities of these amino acids for the intestinal carriers was less, there was
simultaneously a reduced rate of transport at low luminal concentrations.
The absorption of basic amino acids (lysine, arginine and histidine) was found
to be different; aged rats displayed higher intestinal affinity (lower Kmvalues)
than did the young. The reason for this must lie in the fact that the basic
amino acid components are low in protein hydrolysates thereby providing them
with a better competitive capability for transport through the villous mem-
brane in comparison to the neutral amino acids, however, were there a competi-
tion for absorption of a protein meal, the molar ratios between rapidly trans-
ported and slowly transported amino acids would display a wide variation
with time and over different segments of the small intestine.

Fats

Becker et al. [1] observed that in aged, over 75 years old, humans there
was a conspicuous delay in the absorption of unhydrolysated fats (hyperchylo-
micronaemia). The main cause of this was a diminished lipase synthesis. Thus,
when appropriate of lipase were added to the diets in combination, with ade-
quate quantities of fat, the “chylomicron curves” determined became similar
to those obtained in 18-year-old subjects. It has been pointed out by Citi
and Salvini [8] that absorption is affector at the mucosal level to which the
reduced number of enterocytes may contribute. On the other hand, reductions
in intestinal absorption may probably be associated with low levels of pancreat-
ic lipase. This seems to be confirmed by Pelz, Goffried and Sooes [32] who
were able to observe that faecal fat was high in 17 of 43 institutionalized
elderly people, whilst faecal free fatty acids were low in 10 of the 17 subjects.
Above all, balance studies on the effect of dietary fibre on energy utilization
seem to support the idea that age does not considerably influence the apparent
digestibility of fat [5].

Electrolytes

That the absorption of calcium diminishes with age is well proven. Using
the everted sac technique, Schachter et al. [41] showed that calcium transport
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in adult (12 month-old) rats was less than in 14 month-old rats. On the other
hand, Schéachter et al. [42] pointed out that the oxygen-dependent calcium
accumulation during the transfer process was not as evident in old as in young
rats, as the intestinal uptake of calcium in the aged is strictly associated with
a passive diffusion.

The excretion rate of endogenous calcium does not necessarily relate to
calcium balance. In a series of elegant studies, Hironaka et al. [18] found that
the calcium excretion of old (22—23 month) rats, mainly through faecal loss,
was significantly higher than that of adult (102 month-old) rats in spite of
the fact that the old rats were in calcium equilibrium throughout the 18-day
experimental period. It was claimed that the aged animals were able to com-
pensate their apparent greater calcium loss by an increased calcium uptake
from the food. The greater loss of endogenous calcium by the aged rats was
caused by a smaller retention of skeletal calcium. Credence for these conclu-
sions is provided by the known increase in transit time of food in the gastro-
intestinal tract of old animal and the changes that occur in the feeding habits.
The biological half life time of plasma calcium was 12.4+ 1.0 days in the aged
as compared to 11.4+ 1.0 days in adults (P > 0.05). Such an observation was
not that expected as the effect of an increased calcium absorption in the old
would be to diminish the half life of plasma calcium. The only possible explana-
tion is that continuous labelling of plasma calcium occurred through 45Ca-
exchange with the skeleton. Since the old rats would have lost less skeletal
calcium, the specific activity of the plasma calcium would have remained.

From the above the authors concluded that through an enhanced intes-
tinal absorption the aged rat is able to adapt itself to the greater calcium re-
quirement that accompanies old age. There is an associated increased skeletal
absorption. Since the aged rat is capable of compensating a greater endogenous
calcium loss through augmented intestinal absorption, calcium equilibrium can
theoretically he maintained in the old as in the young. A clear analogy exists
between this situation in the old and the greater calcium absorption that occurs
in the young when there is an intensive demand for bone formation.

In view of the differences that have been noted to exist in the intestinal
absorption of calcium between 6 month and 24 month-old rats, an attempt
has been made to promote intestinal calcium absorption in the aged rat by
the addition to the diet of 1-lysine [36]. It was found in 40 minute and 24 hour
studies in vivo that the addition of 1-lysine significantly increased the intestinal
calcium uptake in the aged animals. As any disturbance of calcium metabolism
in the old has an effect on a number of (mainly endocrinological) factors,
the possibility exists that an improvement of intestinal calcium absorption
may have therapeutic benefits.

The observations that have been made on human subjects are not only
few in number but also somewhat controversial in their content (see Avioli
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et al.,"Bullamore et al. and Ireland and Fordtran, cit. Pénzes [33]. Avioli et al.
showed that calcium absorption in elderly women was lower than in premeno-
pausal subjects. Similar observations were made by Bullamore et al. who were
able to demonstrate a clear decline in the absorption of calcium in both male
and female subjects over the age of 60. Similarly, Ireland and Fordtran found
that more calcium was absorbed in adults than in subjects over sixty years
of age. Using a kinetic approach the authors concluded that, as a result mainly
of differences in the activity of intestinal transfer systems, there was a marked
difference in adaptive ability between aged and young subjects. Bogdanoff
et al. (cit. [33]) but concluded that aged (>65 years) male subjects did not
absorb less calcium than young subjects, while it was suggested by Alevizaki
et al. (cit. [33]) that calcium absorption decreased exponentially from the 12th
year of age onwards, probably as a result of the age-dependent deterioration
of intestinal function. More recent data [28] have again indicated that calcium
utilization in the 60-80 year age group is considerably less than in 35 year old
subjects. .

According to Draper [14] magnesium absorption does not change with
age. Similarly, studies using 24Na and 4K have indicated that there are no
apparent changes in sodium and potassium absorption in rats between the
ages of 5 and 34 months [27].

Reports on the absorption of iron in old age are scarce. Studies in humans
[22] showed that absorption of inorganic iron was less efficient in the elderly
than in the young. This could however not be related to any change in haem-
bound iron. Yeh et al. [50] using rats of different ages, observed that absorp-
tion of radioactive iron decreased from the 20th month onward. The conclu-
sions were based not solely on faecal excretions, but included measurements of
tissue incorporation and specific activities of blood. It should be pointed out
that one of the most frequently occurring abnormalities of aging i.e. achlor-
hydria, may be related directly to the development of hypochromic microcytic
anaemia through a diminished supply of gastric acid which in turn leads to
a reduction of iron absorption [49].

Vitamins

Numerous early reports were concerned with the absorption of vitamins
in senescence. The studies of Rafsky and Newman (cit. [33]) showed that
vitamin A uptake in 69—89 year-old subjects was less than in young subjects.
Yiengst and Shock, and Shock (cit. [33]) were unable to find differences in
vitamin A tolerance caused by age per se. Nevertheless, Yiengst and Shock
emphasized that there may be a delay in vitamin A absorption in persons over
the age of 70. In later work with rats vitamin A absorption from the small
intestine was found to increase linearly from 15 month up to the 39 month of
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age (Hollander and Morgan; cit. Bowman and Rosenberg, 5). Using radio-
carbon labelled thiamine, Draper [13] showed that absorption in 20—24 month-
old rats was some 75% whereas in 19-20 month-old rats it was as high as 90%,
Urinary thiamine excretion in 22 senescent rats (Rafsky and Neuman cit.
[33]) indicated that significantly less thiamine was absorbed in the old than
in the young animals. This finding was confirmed later in humans (Mills' cit.
[33]). On the other hand, Kirk and Chieffy (cit. [33]) observed that thiamine
absorption changed only slightly with age. The data of Thompson (cit. [5])
showed no significant difference in thiamin excretion between 80 year-old and
young people. Simultaneously, from experiments involving human subjects
ranging in age from 3 months to 40 years, Jusko et al. [24] concluded that in-
testinal transport of riboflavin was considerably quicker in the young than in
the aged; it was also noted that renal excretion of riboflavin did not change
over the age range studied.

There does not appear to be any age effect in the absorption of folic
acid [3]. Vitamin B12 absorption in senescence also appears to remain un-
changed [6, 7, 12]. It was, however, suggested that the situation depended
much upon faecal excretion and hepatic function. Under normal circumstances,
in 75-90 year-old subjects sufficient intrinsic factor is secreted by the gastric
wall in order to ensure adequate absorption of vitamin B12 from the ileum.
Plasma B12levels have shown [6, 7] that they underwent a continuous reduc-
tion between 6 months of age and senescence, probably as a result of the reduced
intestinal uptake. Observation in 20 to 92 year old human subjects by Gaffney
et al. (cit. [33]) showed no differences in vitamin B 12 absorption. These find-
ings are of clinical interest because in geriatric subjects with achlorhydria
or on antacid or cimetidine therapy less vitamin B 12 may be absorbed. Under
such conditions, oral cyanocobalamine may be helpful [5].

From data concerning human subjects above the age of 75 years it has
been concluded by Chieffy and Kirk (cit. [33]) that absorption of vitamin C
does not differ from that of young adults. As regards vitamin D3 Holt and
Dominguez [19] found a reduced intestinal uptake in aged rats, but Bowman
and Rosenberg [5] quote Hodkinson et al. and concluded that it was appropri-
ate to use the term “osteomalacia of the housebound” which precisely describes
the situation of the elderly concerned.
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In dialysis centres the major part of laboratory tests is indicated by the routine
monitoring strategy of the centre and not by the evidence of a new complication to
be diagnosed. The aim of our study was to define an improved strategy, minimizing
financial costs without loss of information. Findings of routine laboratory check-up
of eleven patients undergoing chronic intermittent peritoneal dialysis were analysed.
Using univariate and multivariate functions a considerable part of the laboratory test
results can be estimated or predicted. From pre-dialysis measurements on serum the
post-dialysis serum creatinine urea and uric acid levels can be predicted. The serum
level of protein and hemoglobin can be estimated using the results of previous tests
(performed maximum 7 weeks earlier) and current measurements on dialysate.

Keywords: peritoneal dialysis, test selection, statistical prediction

Introduction

Management of patients on chronic peritoneal dialysis requires continuous
follow up of serum parameters. It is, however, essential to bear in mind the
limitations of periodic blood sampling (danger of viral hepatitis, anaemia,
costs etc.). Considering the fact that the majority of laboratory tests serve
periodic control, a design of blood sampling protocol should give a reasonable
compromise.

Our purpose was to determine the appropriate laboratory testing strategy
and to reduce the number of investigations.

Materials and methods

The results of a battery of biochemical measurements were studied in 200 peritoneal
dialyses of eleven patients undergoing chronic intermittent peritoneal dialysis (IPD) (Table 1).
No discrimination was made in the selection of patients for the study as to sex, diagnosis or
previous blood chemistry findings.

Send offprint requests to Balas E. A., Barték B. Gt 18, H -1111 Budapest, Hungary
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The usual technique of IPD teas to introduce 1500—2000 ml dialysis fluid (Peridisol 1)
into the peritoneal cavity and leaving it for 30 minutes equilibration time; afterwards the fluid
was drain out. This process was repeated during 10 hours, 3 times a week. Creatinine was
measured according to Jaffe, uric acid according to Carol, urea by a kinetic urease method.
All methods were modified for the CentrifiChem 500 system. lons (Na, K, Ca, P) were measured
by flame photometry. Protein was estimated by the biuret reaction and haemoglobin by the
method of Drabkin (Hemisol reagent).

If lwo laboratory tests are related by the fact that the result to be given by one of
them can be determined from the result of the other, the first test is a function of the second.
In mathematical sense the object is to determine the “best” function to estimate the value of

Table |

Laboratory protocol and characteristics of the sample.
Abbreviations in brackets are used in equations

Sample Test X SD

Pre-dialysis serum Urea (su) 14.7 3.5 mmol/1
Creatinine (sc) 935 255 fimol/Il
Uric acid (sa) 680 147 Ulnol/1
Na (sn) 140.1 2.8 inmol/l
K (sk) 4.89 0.81 mmol/1
Ca (sea) 2.07 0.2 mmol/1
P (sp) 2.84 0.62 mmol/1

Post-dialysis serum  Urea 12.3 3.5 mmol/1
Creatinine 793 214 /tmol/l
Uric acid 585 151 /tmol/1
Protein (spr) 49.8 7.2 /i
Hemoglobin (sh) 5.67 0.91 mmo?/l
W hite cells 5.38 1.48 gli

Dialysate Urea (du) 9.3 2.3 mmol/1
Creatinine (dc) 604 195 /tmol/1
Uric acid (da) 356 108 itmol/1
Protein (dpr) 1.18 0.72 gli

a variable to be predicted (Y), corresponding to the predictor variables (Xj, ..., XN). There

are various ways in which the concept “best” can be defined mathematically but we used the
least squares technique to minimize the average squared distance between predicted and
measured values. The coefficient of multiple correlation was also calculated to assess the degree
of the relationship between the predicted and measured results.

The estimate of dispersion about the fitted function (DF) may be written in notational
form as follows

where yj is the measured and yp the corresponding predicted value of Y. S.D. denotes the
standard deviation of Y, r is the coefficient of correlation and n the sample size. Both DF
and r may be considered as measures of prediction accuracy.

Analysing the bivariate scatter plots we could conclude that the linear model was
appropriate. In our work not only univariate functions were calculated and analysed but
multivariate linear functions as well, to improve the predicting ability by including more
predictor variables.

Considering the fact that it is impossible to reduce DF (or to increase the multiple
correlation coefficient) by deleting predictor variables, the use of all possible predictors seems
to be appropriate. Some predictors, however, increase r only slightly but complicate calcula-
tions markedly. For practical purposes (equations are given in the discussion) the best subset
of predictors was identified by the leaps and bounds algorithm [2] deleting variables improv-
ing the prediction of Y nonsignificantly.
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Results

For estimation of the post-dialysis serum creatinine level the accuracy
of the proposed mathematical representation of prediction can be seen in Fig.
1 where the least-squares line and corresponding equation are demonstrated.
We estimated also the limits within which the true post-dialysis creatinine
level is likely to lie (with 0.8 probability in Fig. 1).

On the basis of these results, in Table Il a graphical aid is given for
determining conditional expected value of postdialysis serum levels and the
lower limit of confidence intervals. (The coefficient of correlation is 0.87 for
urea and 0.91 for uric acid.)

In view of the poor correlation, blood urea (0.55) and uric acid (0.42)
cannot be calculated accurately from the measurements of dialysates even bv
multivariate methods. (The estimate of dispersion about the fitted function
[DF] is 6.12 mmol/l for urea and 12.8 pmol/l1 for uric acid.)

Table 11

Nomograms for estimation of post-dialysis serum levels.
The probability that the serum level higher than the value in brackets is 0.9

Creatinine Urea Uric acid
(pmol/l) (mmol/1) (>jmol/1)
Pre-dialysis  Post-dialysis Pre-dialysis  Post-dialysis Pre-dialysis  Post-dialysis
1800- -1500(1409) 60 1300-
1700 1400(1309) o 50(450) 1100(1018)
1600- ) 1200
100 1300(1210) 45(400) -1000(919)
- 50- 1100
- 1200(1111)
1400 40(351) -900(820)
) 45- 1000-
1300-t"n00(,0n>
1200 .1000(912) 40 - 35(301) 3001 «00(72°!
1100-
-900(812) 35 _-30(25.1) 3307 - 700(62!)
1000-
800(712)
900- 30 25(20.1) 700--600(52!)
800_-700(612)
700-  600(512) B 0051 600 _500(421)
. 20- 500-
ggg__ 500(412) -15(10.1) -400(321)
400_b°0<312) 15 400-
-10(5.05 -300(220)
300-1-300(211) 10 300

The correlation of predicted and measured levels is close only for creat-
inine (0.86) but Lambrey et al. [4] showed that the biochemical data of resid-
ual peritoneal fluid (RPF) are suitable for the determination of blood levels of
small molecules.

Unfortunately, plasma protein and haemoglobin can be accurately
calculated neither from RPF, nor from the dialysate. Repeated blood tests
cannot be avoided. To define the optimized blood sampling protocol, the results
of the tests were analysed in comparison with the results measured 1,2, ..., 7
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Fig. 1. Regression equation and confidence band for prediction of the post-dialysis serum
creatinine level. Regression line:y = 0.8 X +45.1; r = 0.95

* Univariate prediction
o Multivariate prediction

Fig. 2. Time series of prediction success

Fig. 3. Multivariate prediction for 7th week
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weeks later. The number of such test pairs exceeded 100 for every space of
time. Fig. 2 shows the rapidly decreasing correlation between “0 day” measure-
ments and later results, as a function of time.

Another approach is to use the results of previous blood tests and current
measurements of the dialysate. It is assumed that we ought to be able to
improve our predicting ability by a combination of previous invasive and
actual noninvasive tests. As a matter of fact the success of multivariate
prediction always surpasses the results of univariate methods.

The correlation of predicted and measured serum levels of protein ex-
ceeds 0.5. The situation is similar with haemoglobin where the lowest correla-
tion in the second week may be explained by the temporary modifying effect
of blood transfusion.

Figure 3 presents the scatter diagrams of the predicted and measured
values for protein and haemoglobin, where the accuracy of multivariate predic-
tion for 7th week can be studied.

Discussion

In uraemic patients on IPD the optimal timing of sampling is a natural
requirement. Our optimality criterion was that an informative laboratory
measurement is required only if its result cannot be estimated on the basis
of the result of some other, previous tests.

The univariate prediction based on the preceeding value of the same
parameter is accurate only in the first week. Later, with the exception of
creatinine, the calculated coefficient of correlation is lower than 0.5. This
means that for most tests the measured serum level alone is unacceptable or
misleading as a predictor for more than two weeks.

Except for creatinine, the accuracy of multivariate prediction (i.e.
the strength of the relationship between measured and predicted values)
is not enough to establish the identity of these methods but it may be concluded
that multivariate mathematical prediction is suitable for orientation.

For practical purposes the multivariate estimations, which are functions
of all possible predictors, can be simplified by neglecting unimportant varia-
bles in the equation, as it has been discussed above.

Our suggestion for protein estimation in the 4th and 6th wEeks is

sprd= 11.74-f0.23 esu0-f 0.3 esprO-f 3.64 «sca0-f 1.39 «f4—
—1.01 «dpr4—0.01 «da4-f 0.28 -du4d

spre= 10.12-f0.35 spr0-f 6.12 ¢sca0— 0.82 ¢sh0-f 1.08 «f0-f
-f0.38 ¢« du0— 0.02 mdab

where the index denotes the relative time of measurements (weeks), and f
the removed excess fluid in liters. Other notations are defined in Table I. The
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coefficient of correlation between measured and predicted value is 0.59 and

0.75, respectively.
The corresponding equations for haemoglobin are

shd= 4.43 —0.04 esprO+ 0.41 «sp0+ 0.34sho0.003 +da4d— 0.04 «du5
sh6= 4.05 —0.05 ssprO+ 0.37 ¢sk0O+ 0.37sho+ 0.003 ¢da0— 0.05 ¢due

The coefficients of correlation are 0.65 and 0.66.

Estimation of a single linear function which contains also the time
elapsed since the last invasive measurement as a predicting function, is inappro-
priate because of obvious nonrandomness (i.e. time dependent growing tend-
ency) of errors.

Lambrey et al. [4] have documented the usefulness of laboratory measure-
ments of RPF in the estimation of serum levels. There was no significant
difference between RPF and plasma values for urea, creatinine, sodium,
potassium and phosphate. The correlation between measurements of RPF
and plasma was higher than 0.8 for Ca, but the plasma protein cannot be
calculated reliably from the protein concentration of RPF because of the poor
correlation (0.4).

The present evidence suggests that measurement of creatinine in the
dialysate is suitable for the estimation of its level in the dialysate serum
level and this might be useful if we have not enough RPF. Predialysis serum
creatinine can be estimated from its level in the dialysate by the following
equation.

sc = 250.34 + 45.83 e« dpr -f- 7.07 «du -f- 1.02 «dc — 0.57 <da -)-
+ 14.87 s — 0.27 ot

where s is the dialysis solution in liters and t the duration of dialysis in minutes.
The coefficient of correlation is 0.86.

Conclusions

The above results suggest that our standardized IPD technique has
a calculable short and long-term effect. Therefore, repeated post-dialysis
blood samplings should be avoided, being unnecessary and even dangerous.
Pre-dialysis measurements in serum give a perfect basis for the estimation
of post-dialysis blood levels.

Considering the rapid decrease of univariate prediction success, biweekly
measurements on RPF are recommended for creatinine, urea, sodium, potassium.
Serum calcium and phosphate levels can also be determined from RPF accord-
ing to need.
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Routine control blood tests are required only once per two months,
giving a good basis (in combination with known actual dialysate levels) for
effective multivariate statistical estimation of the serum levels.

Summarizing the results, we suggest that in patients subjected to chronic
intermittent peritoneal dialysis, measurements in serum and dialysate should
be combined. The benefits and accuracy of the statistical prediction of labo-
ratory results in routine control of IPD calls attention to similar possiblities

in case of any fixed dialysis strategy with calculable short and long-term
effects.
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Six patients with rapidly progressive glomerulonephritis were given plasma-
pheresis and peritoneal dialysis by manual technique. At the start of treatment the
patients were in renal failure and all but two were practically anuric. Renal biopsy
revealed glomerular sclerosis in 4 cases. One of the patients in whom segmental focal
fibrosis was found, went into remission. In the other three cases extensive hyaline
degeneration was present. One of them was placed on a dialysis program, two died with
circulatory failure. In two cases no glomerular sclerosis was found, though extensive
changes of the tissues were present. One of these patients wentinto remission, the other
died from respiratory failure consequent upon recurrent pneumothorax and gross
pulmonary infiltration.

The only chance of success in the management of rapidly progressive glomerulo-
nephritis is offered by the earliest possible diagnosis. In cases of glomerular sclerosis
the chances are very poor.

Keywords: rapidly progressive glomerulonephritis, plasmapheresis, peritoneal
dialysis

Introduction

Rapidly progressive glomerulonephritis has the following characteristics:
1. Rapid decline in renal functions, 2. Heavy proteinuria, 3. Glomerular
crescent formation in more than 50% of the glomeruli. The process may accom-
pany Henoch—Schoenlein purpura, Goodpasture’ssyndrome thrombotic micro-
angiopathy (HUS), lupus nephritis, but may also occur as an idiopathic
disease.

We are reporting here our observations in 6 cases of rapidly progressive
glomerulonephritis treated with plasmapheresis and peritoneal dialysis.

Methods

In lack of any other possibility, plasmapheresis was carried out by the manual tech-
nique. 400 ml blood was drawn from the patientinto a flask containing 110 ml ACD stabilizer,
centrifuged at 1200 r.p.m. for 30’, then the plasma was sucked off and the red blood cell mass
was rcinfused. Continuous volume replacement from the first blood withdrawal onward was

Send offprint requests to J. Samik, H-7621 Pécs, Széchenyi tér 5, Hungary
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provided for by infusion of identical group plasma with 5% albumin. Each treatment com-
prised five exchanges.

Peritoneal dialysis was performed by the manual technique via a Tenckhoff catheter
2 to 5 times a week, depending on the renal function. For each treatment 10 to 15 1dialysing
fluid was used. The solutions ID, 2DK and 2D (HUMAN, Budapest) served as dialysing
fluid.

The patients received prednisone 100 mg i.v., cyclophosphamidi, 50 mg i.v. or 150 mg
orally. During plasmapheresis the anticoagulant was heparin, in other cases acenocoumarol.
All patients were subjected to antibiotic and diuretic treatment.

Case reports

Case 1. G.F., a female aged 41, had been treated for bronchial asthma in 1941. On Aug,
25, 1981, she had been admitted to a regional hospital for high temperatures, weakness and
haemoptysis; extensive pulmonary infiltration, proteinuria and haematuria were found and
she was started on antibiotics, steroids and heparin, but her renal functions declined rapidly,
and she was transferred to our department on Sept. 22. On admission, sharp vesicular respira-
tion, prolonged expiration with wheezing were heard. The left border of the heart was 2 cm
outside the medioclavicular line. The liver was felt 2 cm below the right costal arch. Blood
pressure was 230/100 mmHg. ESR was 18 mm/hour, haemoglobin 9 g per dl, haematocrit
24%, leukocyte count 14 000/cu mm, CN 40 mmol/1, creatinine 1240 /.imol/l, Na 140 mEq/1,
K 5.0 mEqg/l, ClI 196 mEq/l, total protein 55 g/1, albumin 30 g/1, cholesterol
6.25 mmol/l, AST 120 U, C3 70 mg/dl, C4 10.5 mg/dl, ANF negative, immunoelectrophoresis:
1gG 12.4 g/1, IgA 3.36 g/1, IgM 0.96 ¢g/1. Anti GBM antibody: 1:64 (pos), Se-FDP > 40.0 /rg/ml.
Urine: 500 ml/day, spec. grav. 1010, protein: heavy precipitate, Addis count: erythrocytes
54 M, leukocytes 0, casts 200 000. The urine was sterile. The stools were tarry from haemorrhage
from duodenal erosions. The chest X-ray revealed soft, confluent opacities involving both sides,
particularly the right upper lobe.

Isotope renography showed an adequate rise of activity and a subsequent decline for
30 sec, followed by a slowly rising curve of accumulation type.

Renal biopsy: light microscopy revealed mesangioproliferative glomerulonephritis with
diffuse crescent formation. No hyalinized glomeruli were seen. Immune histology showed
massive deposits of IgG and C3 of granular type on the basement membranes and in the
mesangium. The Bowman-capsules of a few glomeruli contained fibrin deposits.

On the day of admission the patient was placed immediately on peritoneal dialysis
owing to repeated convulsions, and 3 days later plasmapheresis was started. Under the effect
of this treatment urine output increased, and on Oct. 7 plasmapheresis and peritoneal dialysis
were discontinued. On Dec. 9 she was discharged, CN being 13.3 mmol/l and se-creatinine
199 jUmol/l (Fig. 1).

Case 2. G.S., a 20 year old male had been hospitalized on Sept. 28 of 1981 for catarrhal
symptoms. 2 days after admission haemoptysis, proteinuria and haematuria were noted.
Despite antibiotic therapy he developed sepsis with rapidly deteriorating renal function. The
temperature had normalized under the effect of steroids, but he became uraemic and was
transferred to our department. On physical examination he appeared anaemic. At the left side
there was a supradiaphragmatic dullness with audible crepitations. The liver was felt 4 c¢cm
below the costal arch. The legs were oedematous. Blood pressure was 140/80 mmHg.

Laboratory findings: BSR was 90 mm/hour, haemoglobin 8.0 g/dl, haematocrit 26%,
leukocyte count 23000/cu mm, CN 56 mmol/1, creatinine 995 //mol I, Na 135 mEq/1, K 7.2 mEq/1,
Cl 95 mEq/1, total protein 50 g/1, albumin 25 g/1, cholesterol 6.48 mmol/1, AST 60 U, C3 65 mg/dl
ml, C4 55 mg/dl, immune electrophoresis: 1gG 12.4 g/1, IgA 1.72 g/1, IgM 1.04 ¢/1, anti-GBM -
antibody negative, CIC negative, se-FDP>40 pg/ml. Urine :500 ml/day, specific gravity 1010.
Protein: heavy precipitate. Addis count: erythrocytes 278 M, leukocytes 0, casts 100 000.
The urine was sterile. Renography: a renogram of isosthenuric type was registered over both
kidneys. Light microscopy of the biopsy specimen showed mesangioproliferative glomerulo-
nephritis with diffuse crescent formation. No hyalinised glomeruli were seen. The basement
membranes of all glomeruli showed linear 1gG staining. In the Bowman spaces sparse fibrin
deposits were seen.

In view of the uraemic condition and the high K-level the patient was started immediate-
ly on peritoneal dialysis and plasmapheresis. The oedemas disappeared without, however,
increasing urine output. By Nov. 6 a pneumothorax developed on the left side, but aspiration
was successful. On Dec. 6 he again experienced dyspnoea and had a blood-stained sputum.
Chest X-ray showed complete pneumothorax on the left side and an infiltrate involving the
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Table 1

Clinical data of patients before and after plasmapheresis

Histologic finding

Mesangioproliferative 3 glomerulo-
nephritis with diffuse crescent for-
mation.[Glomerular hyaline degene-
ration absent

Mesangioproliferative glomerulone-
phritis withjdiffuse crescent form-
ation. Glomerular hyaline degene-
ration absent

Mesangioproliferative glomerulone-
phritis with focal fibrosis. 80%
crescents

Mesangioproliferative glomerulone-
phritis. 40% of glomeruli hyalin-
ized, 60% with crescents

Membranoproliferative glomerulo-
nephritis with diffuse scarring
crescents

Wegener’s granulomatosis

CN
mmol/1

40.0

23.7

50.8

25.2

Before treatment

Créat
fimoljl

1240

995

305

1615

548
420

Urine
ml/day

<500

500

700

1500

800
1500

Number of

PPh

16

CN
mmol/1

13.3

28.9

29.0

39.9
16.6

Créat
/rmol/1

199

752

120

995

820
323

After treatment

Urine
ml/day

>2000

500

2000

1000

<500
2000

Remission

Death with cardiac
failure

Remission

Haemodialysis

Death.
Pulmonary oedema

Death. Sepsis,
circulatory failure
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entire right lung. Another chest aspiration was attempted but the patient died with respira-
tory failure resulting from excessive loss of respiratory surface. Necropsy revealed a haemor-
rhagic infiltration in the lung. The light microscopic and immunohistologic features of the kidney
were identical with those of the biopsy specimen. There were no hyalinised glomeruli. The
basement membranes of the lung and choroid plexus showed linear 1gG staining (Fig. 2).

Case 3. K.P., a female aged 54, had been aware of high blood pressure for the last 5
years. She had been referred for swelling of eyelids and legs to hospital where protein, blood
and casts were found in the urine. She was referred to our department for closer investigation
and treatment on Oct. 14, 1982. Apart from a moderately enlarged heart, no abnormality of
diagnostic relevance was found. Initial oedemas had disappeared. Blood pressure was 170/
100 mmHg.

Laboratory findings: ESR was 135 mm/hour, the blood counts were normal, CN was
8.5 mmol/1, creatinine 164 //iuo!/l. the se-electrolytes were normal. Total protein 54 g/1, albumin
27 g/1, cholesterol 5.35 mmol/1, AST 170 U, CH501.42 U, C3 167 mg/dl, immune electrophoresis:
1gG 8.4 g/1, IgA 2.24 g/1, IgM 1.2 g/1. Urine: 800 ml/day, spec, gravity 1009, protein: heavy
precipitate. Addis count: erythrocytes 160 M, leukocytes 0, casts 0. Bacteriological examina-
tion was negative.

Isotope renography: Hippuran uptake of both kidneys was reduced by 50%. Delayed
cumulation was followed by slow excretion.

Light microscopy of the biopsy specimen showed mesangioproliferative glomerulo-
nephritis with crescent formation in 80% of glomeruli and focal fibrosis of glomerular segments.
Immunhistology revealed deposits of IgM, IgA and C3, in the first place in the peripheral
glomeruli, in microgranular form. There were abundant intraglomerular and interstitial fibrin
deposits.

Drug treatment failed to halt the rapid decline of renal functions. (CN 23.7 mmol/1,
creatinine 305 ftmol/1.) Plasmapheresis was started. The fourth exchange was followed by an
increase in urine output and an improvement of biochemistry, therefore dialysis was dispensed
with. The patient was discharged on December 14; then CN was 16.3 mmol/1, creatinine 120
/tmol/1, daily urine output 2000 ml (Table 1).

Case 4. P.G., a 40 year old male, had known to be hypertensive for 1.5 year. He had
been admitted for azotaemia to a provincial hospital where surgical biopsy was done. This
revealed mesangioproliferative nephritis with complete destruction of 50% of the glomerul

Therapy Promptéinin E  2» 800000
Furosemid mg
,200, 300
Cyclophosphamid™ mg
50
Di-Adreson F aguosum mg
100 8Q 50
Platelet count» 109 86 36 106 160
Se FDP ug/ml >60 >10 neg
GMB antibody 166 U2
TMB antibody T66 ) . 1:8 4
Plasmapheresis 55 5 0 4
Peritoneal dialysis 4, ;11 R4 | b4
Se-creatinine 1600 enal biopsy
pmol/l |
BUN mmol/I
Urine

ml/26 h 1000

26 28 3012365678
09.1981 23 25 27 29 101981

Fig. 1. G.F. female aged 4L Diagnosis: Mesangioproliferative glomerulonephritis with diffuse
crescent formation

Acta Medica Hungarica 41, 1984



PLASMAPHERESIS AND PERITONEAL DIALYSIS IN MANAGEMENT OF GLOMERULONEPHRITIS 291

and crescent formation in 60%. Transferred to our department he was found to have a slightly
enlarged liver and heart.

Blood pressure was 180/100 mmHg. Laboratory findings: ESR 45 mm/hour, haemo-
globin 10.8 g per dl, haematocrit 35%, CN 50.8 mraol/1, creatinine 1615 /imol/1, seelectrolytes
normal, total protein 60.0 g/1, albumin 38.0 g¢/1, cholesterol 3.65 mmol/1, AST 120 U, CRP
35 IU, immune electrophoresis: 1gG 11.0 g/1, IgA 2.5 g/1 IgM 1.5 g/1. Urine: 1500 ml/day, psec.
gravity 1010, protein: heavy precipitate, Addis-count: erythrocytes 456 M, leukocytes O,
casts 0, bacteriology: sterile.

Though his general condition improved under the effect of therapy, the decline of urine
output made dialysis necessary. He was placed on the dialysis program as a candidate for
renal transplantation.

Case 5. Sz.Z., a female aged 28, had experienced swelling of face and legs, in February
1982. Proteinuria, haematuria and high blood pressure had been found. Though the oedema
disappeared under a regimen of diuretics, steroids and antibiotics, she developed azotaemia
within two months and was transferred to our department on June 14. Physical examination
revealed generalized oedema and a dullness of 8 cm above the right diaphragm. On percussion
the left border of the heart was found 1.5 cm outside the medioclavicular line. A systolic mur-
mur was heard over all points and there was tachycardia. Percussion revealed free abdominal
fluid. The liver was felt 5 cm below the costal arch. Blood pressure was 180/120 mmHg.

Laboratory findings: ESR was 60 mm/hour, haemoglobin 8.6 g/dl, haematocrit 23%,
leukocytes 4400/cu mm, CN 27.8 mmol/1, creatinine 548 fimol/1, Na 150 mEq/l, K 5.5 mEq/1,
Cl 110 mEq/1, cholesterol 7.6 mmol/l1, AST 170 U, CRP 90 IU, C3 20.8 mg/dl, C4 traces, total
protein 44 g/1, albumin 3.32 g/1. Urine: 800 ml/day, spec, gravity 1009, protein: heavy precip-
itate, Addis-count: erythrocytes 336 M, leukocytes 0, casts 0, bacteriology: sterile.

Isotope renography: renogram of background type. The biopsy specimen revealed
membranoprolifcrative glomerulonephritis with diffuse scarring crescents. Immunohistology:
1gG formed massive, IgM and C3 less abundant, deposits on the glomerular basement mem-
branes and in the mesangium. In 50% of the glomeruli Bowman’s spaces contained abundant
fibrin deposits.

Therapy Oxacillir7150mg iErythr(ég]gcin mg

Furosemid mg 300
Cyclophosphamid mg
50

Di-Adreson F aquosum mg
100

Platelet count»109 658 270 76 50 96 108 97 156
Se FDP gig/ml 1>60 >60 >10 >10 >10
urinary FDP pg/ml ! <10 <10 <10 >10 >10
GMB antibody T8 Pneumothorax
118 Spontaneous pneumothorax Hoemopfoe
4
41
15 20 25 30 10 25 30 5
101981 111981 111981 121981

Fig. 2. G.S. male, aged 20. Diagnosis: Mesangioproliferative glomerulonephritis with diffuse
crescent formation
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Treatment failed to renal function. The patient was on dialysis, and he died with circu-
latory failure on October 5, 1982.

Case 6. The disease of Sz.A., a 31 year old male, had started in April 1982 with upper
respiratory catarrh, followed by conjunctivitis and haemoptysis. High blood pressure, protein-
uria, haematuria had been found. Renal function had declined rapidly and after 4 weeks he
had developed uraemia. Renal biopsy had revealed Wegener’s granulomatosis. He was admitted
to our department on June 14, 1982. On physical examination the liver was felt 6 cm below
the costal arch, the spleen was just palpable. Blood pressure was 200/120 mmHg.

Laboratory findings: ESR 33 mm/hour, haemoglobin 16.1 g/dl, haematocrit 42%,
CN 17 mmol/1, creatinine 323 //mol/1, se-electrolytes normal, cholesterol 5.23 mmol/1, total
protein 60 g/1, albumin 31 g/1, AST 120 U, CRP 100 IU, CH50 1.50 U, C3 126 mg/dl. Urine:
1000 ml/day, spec, gravity 1007, protein: heavy precipitate. Addis count: erythrocytes 150 M,
leukocytes 0, casts 0. On bacterial examination the urine was found sterile.

Blood chemistry improved in response to treatment, but on August 12 he became
feverish and complained of headache and shortness of breath. X-ray revealed a poorly outlined
infiltrate in the right lower lobe and clouded nasal sinuses.

Intensive antibiotic treatment failed to halt the production of sepsis. He died with
circulatory failure on August 15.

Discussion

Evaluation of therapy in glomerulonephritis is made difficult by the
spontaneous remissions which may occur occasionally even in its rapidly
progressive form [3, 6]. Use of immunosuppressing drugs and steroids seem to
fail but combination of such therapy with anticoagulants has been found of
benefit [5, 8, 21]. Remissions produced by intensive plasmapheresis were
reported by Lockwood [13] and have been confirmed by other authors [11,
12, 14, 16, 18, 19, 20].

The benefits of plasmapheresis may be ascribed to the following factors:
1. It produces a fall in the levels of the circulating immunocomplexes [9, 10],
2. By extraction of the circulating antigens and/or antibodies, it interferes
with the formation of local immunocomplexes [9], 3. Far from affecting the
clearance function of the mononuclear phagocyte system, it has even been
found to stimulate this activity [4], 4. Not only the nephrotoxins are removed
but also the levels of the potential nephrotoxins are reduced [2].

Plasmapheresis does not exempt from the use of steroids and immuno-
suppressors for the depression ofimmune processes. Cyclophosphamide appears
to be the most potent depressant of rebound increase in antibody consequent
upon plasmapheresis.

Exchange of 2 to 4 liter plasma per day is generally well tolerated.
For volume replacement 5% albumin, fresh or frozen plasma are suitable.
Complications are uncommon and generally result from fluctuations of blood
pressure due to inadequate volume replacement. A sudden fall in volume may
give rise to arrhythmia. Reduction in the immunoglobulin levels is fraught
with hazards of infection. Leukocytosis accompanying the inflammatory
process results in massive release of proteolytic enzymes and of coagulation
activators from the cells, thus adding to the severity of the primary disease.

Acta Medica Hungarica 41, 1984



PLASMAPHERESIS AND PERITONEAL DIALYSIS IN MANAGEMENT OF GLOMERULONEPHRITIS 293

Protective antibiotic therapy is, therefore, of prime importance. During volume
replacement significant amounts of citrate may gain access to the circulation
and cause bleedings and/or tetany by binding of Ca++. Conversion of citrate
to bicarbonate may result in alkalosis during prolonged treatment. The hazard
of hepatitis involved by the administration of plasma need not be emphasized.

According to general estimates, plasmapheresis has been found of thera-
peutic benefit in 40 to 60% of the cases. Gibstein [9] sums up the pertinent
observations as follows:

In a material of 31 patients with Goodpasture’s syndrome improvement
of the renal condition occurred in 19 cases, and recovery from a pulmonary
infiltration of major severity in 22 out of 23 cases. This observation is the more
remarkable as respiratory failure accounts for the fatal outcome of Good-
pasture’s syndrome in a high proportion of the cases. 12 out of 16 patients
with SLE, 27 out of 40 with crescentic glomerulonephritis, had a remission.
The severity of uraemia and anuria, as well as the proportion of glomeruli
involved by crescents seem to be inversely related to the success of therapy
[9, 17, 22].

Our patients were uraemic at the start of therapy, and all but two were
practically anuric. Renal biopsy revealed advanced glomerular sclerosis in 3
cases; all three patients (Nos 4, 5, 6) failed to respond to treatment. Focal
sclerosis of glomerular segments was found in one case (patient 3). This patient
went into remission. In patients 1 and 2 none of the glomeruli were hyalinised.
The first of these patients was discharged in a satisfactory condition and no
deterioration of renal function was demonstrable one year later. The second
patient died in consequence of recurrent pneumothorax and pulmonary
infiltration on the opposite side. At necropsy no glomerular hyalinisation was
demonstrable in this case either. Had it not been for the extremely grave
complications, this patient too might have possibly survived.

The clinical features of Cases 1 and 2 are consistent with those of Good-
pasture’s syndrome. In Case 1 anti-GBM-antibody was demonstrable. Renal
biopsy was done after intensive therapy, therefore the presence of granular
immune deposits is by no means incompatible with the syndrome [1, 16].
Patient 2 revealed linear immune deposits in the kidney, lung and choroid
plexus. No anti-GBM-antibody was detectable in this case. This may have
the following causes: 1. After onset of the disease the anti-GBM-antibody
may have remained in the circulation for a short time only [9]. 2. The antibody
of high affinity is rapidly bound to GBM [15], and this may account for the
high anti-GBM-antibody levels in less severe forms of Goodpasture’s syn-
drome [3]. 3. The patient had been on bigh steroid doses before admission to
this department.

The prime importance of early diagnosis in the interest of successful
therapy clearly emerges from all published observations including the small
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number of cases forming the present material. Administration of steroids,
immunosuppressors and anticoagulants has to he started without delay.
Deterioration of renal function instead of improvement within 14 to 21 days
makes plasmapheresis justified. If the patient is uraemic at the time of diag-
nosis, he should be started immediately on plasmapheresis. An improvement
may generally be expected within 4 weeks, but its occurrence at some later
time is not beyond the possibilities.

Plasmapheresis and also immunoabsorption [7] which is still in the experi-
mental stage, are expected to improve the chances of remission in rapidly
progressive glomerulonephritis.
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NORMALIZATION OF ELECTROPHORETIC MOBILITY
OF LYMPHOCYTES IN PATIENTS WITH PRIMARY
IMMUNOGLOBULIN DEFICIENCY TREATED WITH
INTRAVENOUS IMMUNOGLOBULINS

C. Ricci, E. Minetto, G. Cascio, A. De Stefano, /N. Basso, P. Borelli,
D. Bozzone, D. Delia, R. Baldassi

MEDICAL DEPARTMENT UNIVERSITY HOSPITAL
TORINO-10129, CORSO POLONIA 14,ITALY

(Received July 19, 1983)

The behaviour of lymphocyte sub-populations and lymphocyte electrophoretic
mobility has been studied in seven patients with agamma/hypogammaglobulinaemia
before and after gammaglobulin therapy.

Keywords: L.E.M.: Lymphocyte electrophoretic mobility, gamma-globulin
therapy, primary immunodeficiency, X-linked agammaglobulinaemia, monoclonal
antibodies.

Abbreviations:

X-L.A: X-linked agammaglobulinaemia

CVH: Common variable hypogammaglobulinaemia
SRFC: Sheep-rosette forming cells

PBL: Peripheral blood lymphocytes

MoAh: Monoclonal antibody

Sligl: Serum immunoglobulin infusion (Sandoz)
Slg: Surface immunoglobulins

L.E.M.: Electrophoretic mobility of lymphocytes
P.W.M.: Pokeweed mitogen

Introduction

It lias been reported that the humoral immune response in experimental
systems may be reduced by immunoglobulins. In addition, an excess suppressor
activity has been described in patients with hypogammaglobulinaemia receiv-
ing gammaglobulin therapy.

Waldmann was the first to observe that suppressor cells may play an
important role in the pathogenesis of common variable hypogammaglobulinae-
mia (CVH). Therefore we have studied the in vivo cellular effect ofgammaglobu-
lins (Sandoglobulin® Sandoz) injected intravenously in seven patients with
primary immunodeficiency. The aims of this preliminary study were to study

Send offprint requests to: Ciro Ricci, M.D., Via Piazzi 41, Torino, 10129, Italy
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Table |
Clinical and immunological data of seven patients with

Pre-infusion
Name Diagnosis (vears)  Sex W.B.C. PEMC S-lg. (percent)
(mm3

percent 19G IgA IgM gD
S. Rb. X —L. A. 34 M 2000 27 0 2 3 6
S. Rs. X-L. A. 34 M 5600 42 0 2 3 5
B. M. X-L. A 16 M 7000 45 0 0 0 0
S. C. C.V.H. 57 F 8200 41 1 2 3 6
R. S. C.V.H. 38 F 5800 50 1 1 2 4
B. A. C.V.H. 48 F 4600 30 0 1 2 4
A.E. C.V.H. 31 M 21000 32 0 4 6 8

Table Il

Surface markers of PBM C and percentage ofpositive PBMC

Pre-infusion

Name Diagnosis (yAegfs) Sex W.EBLC. peMc  SRFC (percent)

(mm3 (percent)

T
S. Rb. X-L. A. 34 M 2000 27 47 69
S. Rs. X-L. A. 34 M 5600 42 54 67
B. M. X-L. A. 16 M 7000 45 64 77
S.C. C.V.H 57 F 8200 41 64 77
R. S. C.V.H 38 F 5800 50 60 72
B. A. C.V.H 48 F 4600 30 55 76
A.E. C.V.H 31 M 21000 32 43 68

the functional property of lymphocytes before and after immunotherapy;

and to check the activation of suppressor activity after gammaglobulin in-
fusion.

Material

We treated three patients with X-L. agammalobulinaemia (X-L.A) and four with
CVH. The criteria for the diagnosis of X-L.A were: male sex, onset in infancy or early child-
hood, recurrent pyogenic infections, serum immunoglobulins virtually absent, inability to
make antibodies after antigenic stimulation, intact cellular immunity, sparse lymphoid tissue
without plasma cells, family history of affected males. Those for diagnosis of CVH were:

absence of specific antibodies and a failure to mount an antibody response to standard antigen
challenge.

Methods
Isolation of lymphocytes and surface marker studies
Peripheral blood lymphocytes were isolated from heparinized blood by Ficoll-Hypaque

density gradient. Sheep rosette forming cells (SRFC) and membrane Ig were studied as de-
scribed previously [6].

Monoclonal antibody (MoAb) of lymphocytes by indirect immunoflourescence
Three MoAb described previously by other authors were used. Briefly, OKT3 MoAb

binds to all mature T cells, whereas regulatory T-helper and T-suppressor cells are restricted
to OKT4+ and OKT8+ restricted cells, respectively. To determine the frequency of po-

Acta Medico Hungarica 41, 1984



ELECTROPHORETIC MOBILITY OF LYMPHOCYTES IN IMMUNOGLOBULIN DEFICIENCY 299

primary Ig Deficiency before and after i.v. Ig therapy

Post-infueion

Serum Ig (mg/dl) W.B.LC. PBMC S.lg (per cent) Serum Ig (n:l/di)
1gC IgA IgM (mm3 per cent 19G IgA IgM gD 19G IgA IgM
89 30 29 6200 26 0 0 1 6 410 10 34
24 2 38 7300 41 0 1 6 4 470 11 34
197 0 0 10300 49 0 0 0 0 218 0 0
133 21 7 3200 49 0 2 5 4 265 42 17
10 8 15 7400 54 0 0 1 10 365 0 0
100 0 0 5600 32 0 2 3 5 415 0 0
36 0 0 21700 30 0 3 5 6 174 17 7

studied with a panel of MoAb before and after i.v. Ig infusion
Post-infusion

OK (percent) atio WBC, PEMC SRFC (per cent) OK (percent)

R
T T T T.IT, (mmg percent T T T T T.T.
100 57 42 1.36 6200 26 44 69 90 28 42 0.67
100 56 43 1.30 7300 41 44 74 90 36 45 0.80
100 50 39 1.28 10300 49 42 60 80 48 30 1.60
100 50 53 0.94 3200 49 71 76 100 33 28 1.18
100 45 46 0.98 7400 54 67 71 90 24 48 0.50
90 41 46 0.89 5600 32 b5 82 100 37 36 1.02
100 50 47 1.06 21700 30 53 80 98 20 50 0.40

sitive cells, peripheral blood lymphocytes (PBL) were incubated with appropriate amounts
of each MoAb for 30 min at 4°C in complete medium with 10% fetal calf serum, washed,
counter-labelled with fluorescent goat anti-mouse 1gG, washed again, and then examined with
a Leitz ultraviolet microscope equipped with vertical illumination (°). Supernatant from the
P3 x P3-Ag8 myeloma cell line was used as a negative control for background staining of
each cell population, as suggested by Ortho Pharmaceuticals for visualization of positive cells.

These monospecific reagents were used for indirect immunofluorescence microscopy.

Determination of electrophoretic mobility of lymphocytes (L.E.M.)

The following equipment was used: direct current source, incorporated microscope with
a X 25 eye-piece provided with a calibrated graticule and a modified Zeilers cytopherometer.
The lymphocytes were placed in the cytopherometer chamber, the 3.5 mA, 60 Y circuit was
closed, and the time taken by the edge of a cell to cover two full squares (100 p) was measured.

Then current was reversed and the time taken by the cell to come back over the
same distance was measured. The test was performed with 200 cells.

Results

All patients displayed clinical improvement (lack of infections, no ab-
sence from work) after a standard infusion of 100 mg/kg/month of Sandoglobu-
lin® (Sligl).

(°) Gift of Edoardo Agnelli Foundation, Torino
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Fig. 1. Modification of the electrophoretic mobility of lymphocytes induced by 19gG therapy
in patients with primary immunoglobulin deficiencies

As can be seen in Table I, Ig always rose for 30 days, but after SIgG lym -
phocyte surface Ig (Slg) was not modified significantly. In particular, there
was no significant depression of SIgM and SlgD markers.

Table Il shows thattotal and active SRFC were not altered afterimmuno-
therapy. The T-helper subpopulation decreased significantly in all patients,
whereas the T-suppressor sub-population was reduced in 3/7 patients only
(B.M., S.C. and B.A1l), so that their T4/T8 ratio was positive.

Lastly, as shown in Fig. 1 and Table Ill, L.E.M. improved significantly
in 6/7 patients.

Table 111

Modifications of electrophoretic mobility of lymphocytes before and after gammaglobulin
therapy in patients with primary immunoglobulin deficiencies

Pre-infusion Post-infusion

. . Age Variation

Name Diagnosis (vears) ~ Sex W.BC. PBMC EML. WBC. PBMC EML. EML.
(mm3  percent (sec) (mm3  percent (sec) Percent

S.Rb. X-L 34 M 2000 27 5.86 6200 26 795 + 36
S.Rs. X-L. A 34 M 5600 42 4.12 7300 41 6.67 + 62
B.M. X-L. A 16 M 7000 45 6.48 10300 49 791 + 22
S.C. C.V.H 57 F 8200 41 6.02 3200 49 8.10 +35
R.S. C.V.H 38 F 5800 50 5.24 7400 54 6.91 + 32
B.A. C.V.H 48 F 4600 30 5.12 5600 32 500 - 2
A.E. C.V.H 31 M 21000 32 4.06 21700 30 6.88 + 69
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Discussion

Our in vivo data failed to confirm the experimental results of Durandy
et al. [2]. There was no decrease in the Slg of PBL, i.e. Ig synthesis was
apparently not inhibited. (These results, however, should be checked by in
vitro stimulation of B-lymphocyte activity by P.W.M.). The decrease
in the T-helper subpopulation after SIgl may be due to a feedback mechanism
with depression of T-helper activity and transient changes in T-suppressor
activity. Lastly, the normalization of L.E.M. should be emphasized. This
result is difficult to explain. It is possible that SIgl may block the Fc receptors
of lymphocytes, thus slowing down their electrophoretic mobility.

Unlike rosette assays, which are influenced by factors such as the
SRBC source, cell electrophoretic mobility is determined by direct physical
measurement. It is a useful immunological parameter, particularly in the
delineation of PBL subpopulations.

Our L.E.M. studies were always accompanied by a parallel study using
other cell markers, such as SIg SRFC and complement receptors, etc.

A marked variability in classic cell surface markers with regard to the
function and surface profiles of lymphocyte subpopulations was indeed noted
in primary humoral immunodeficiencies, and a good correlation was found
between some of these markers and the L.E.M. profiles.

In conclusion, Slgl appears to normalize the lymphocyte membrane
of patients with primary immunodeficiencies.
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Cancer control in the countries of the Council of Mutual Economic Assistance. Edited by N. P.
Napalkov and S. Eckhardt. Publishing House of the Hungarian Academy of Sciences.
Budapest 1982. Price: US $ 35.—

This is the English version of a book which was first published in Russian in 1980.
It is a work of special value, being one of the valuable results of a collaboration maintained
since many years between the Comecon countries, in the frame of the project: “Complex
research on malignant neoplasms”. In the publication the leading oncologists of the Comecon
countries give detailed information — each in their own country — about the incidence of
tumourous diseases, the structure and system of oncological nstitutions where cancer patients
are treated. Each chapter begins with a brief summary on ithe geographic, economic and de-
mographic characteristics of the country, giving surveys on the past of the anti-cancer fight.
Information is given about the system of registration of cancer patients, the data of cancer
screening for the early discovery of certain types of tumour. One can read about the institution
where therapeutic treatment is given to cancer patients, the system of education and post-
graduate training of oncological specialists, physicians and paramedical personnel, as well
as about the health education of the public on the problems of cancer. The last 3 chapters are
of special significance, in which the editors give a review on the further programme of oncolog-
ical coordination, and the prospects of coordination of the fight against cancer in the Comecon
countries. The book including 109 tables and more than 40 diagrams provides many useful
data regarding cancer morbidity, mortality and the results of the anti-cancer fight in the
Comecon countries.
This English version will in all probability promote that the many useful data and
experience contained in the book become international public property.
K. Lapis

H. Stalsberg (ed.): An International Survey of Distributions of Histologic Types of Tumours
of the Testis and Ovary. UICC (International Union Against Cancer). Geneva 1983. Publisher:
H. Huber, Berne. Price: US $ 24.—

This volume, based on the proceedings of the conference held in Ibadan (Nigeria)
in March 1981, on the gonadal tumours, contains 36 papers supplied with diagrams. The book
falls into four main sections. The first deals with the tumours of the testis, the second with
those of the ovary, in accordance with the cancer register and classification evaluated at
previous UICC meetings. In the third the patient material of hospitals in Africa, Japan,
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Great-Britain, Norway and America are discussed on a similar basis. In the fourth we find
a comparative statistical analysis by H. Stalsberg of the ovarian and testicular tumours of
various types. The meeting was attended by numerous scientists of wide repute, including W.
Johnson (New Orleans), E.E. Scully (Boston), R.G.F. Parker and J.A. Waterhouse (Great-
Britain), A.O. Williams (Nigeria) and T. Sund, who performed the automated analyses.

As regards the tumours of the testis, there has been general agreement on their preva-
lence in the age groups 20-60, but they have been found less prevalent in the coloured than in
the white populations. Their incidence is, however, unrelated to geographic factors. It is of
interest to note that for instance in Peru these tumours have a high incidence in children,
and that seminoma is the predominant type. According to a New Orleans study-group, hor-
monal imbalance during pregnancy is an essential aetiological factor of tumours of this type
and accounts in all probability for their high incidence in cryptorchidism. Its incidence in
Japan is 0.97 in 100 000. In Birmingham it is on the increase and attains 2.69 in 100 000.

Classification problems of ovarian tumours are dealt with in a separate chapter by
Scully. Details of 175 tumours received for typing from 12 pathologists are given. Only 62%
of the consultants agreed on the type of tumour in question. This is attributed by the author
to the inaccuracy of some criteria. It is in the first place the classification of undifferentiated
carcinoma and of granulosa-cell tumours which gave cause to errors. It has been confirmed that
the incidence of ovarian tumours is on the increase. In the USA it belongs to the common
causes of death, particularly in the white population. The clear-cell carcinomais the most benign
form, followed by endometrial and mucinous tumours, which are still of better prognosis
than the serous and undifferentiated forms. The incidence of ovarian carcinoma in the various
countries all over the world is listed in detail.

From section 3, which compares the figures for inpatients with those for outpatients,
it emerges that young patients are the majority of inpatients. This is attributed to socio-
economic factors and to the type of tumour. The data coming from the various centres are
too inhomogeneous to be summed up. A comparative statistical analysis of the testicular
and ovarian tumours is given on a few pages at the end of the book. Close relationships have
been found between ovarian and testicular tumours of every type. For instance, seminoma of
the testis and dysgerminoma of the ovary are of the same incidence.

The book provides valuable information to all those interested in tumours of the testis
and ovary, especially to pathologists, oncologists, gynaecologists and urologists.

Magdolna Gaal

TEM Classification of Malignant Tumours. A brochure of checklists. UICC Technical Report
Series, Yol. 5. Geneva, 1982

The Union International Centre le Cancer (UICC) is an international union of 182
cancer research centres and oncological societies. One of its activities is the collection and
registration of data related to malignant disease on a standardized basis of uniform criteria.
It is in the interest of these tasks that the present brochure of checklists covering all regions
of the organization has been issued. Each checklist shows, in addition to a sketch of the region,
the data of pretreatment and of postsurgical pathohistological classification. On the backside
directions how to fill out the printed lists for each organ are found.

The printed checklists have the advantage of excluding any possible omission of essen-
tial data, moreoverthey provide directions for the registration of the entries on the basis of the
international standards approved by UICC, thus being suited for comparison, even for purposes
of an international cooperative evaluation. There is one checklist for each region, intended for
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reproduction. This is granted to any applicant at request by UICC, with the reservation of
copyright (UICC, 3, rue due Conseil-Général, 1205 Genéve, Switzerland). Two slender brochures
issued by UICC, TNM Classification of Malignant tumours (Geneva, 1982) and TNM Classifica-
tion of Paediatric Tumours (Geneva, 1982), both edited by MH. Harmer serve as supplements
to the checklists by providing detailed directions for the classification of each type of tumour
with respect to grades N and M. The topographic definitions are based on the Classification
of Diseases for Oncology of WHO (ICD-0). It is noted that the Morphological field of ICK-0
corresponds to the respective classification of SNOMED.

B .Szende

UICC Technical Report Series, Volume 74. Hepatocellular Carcinoma. A Series of Workshops
on the Biology of Human Cancer. Report No 17. Edited by Kunio Okuda and lan Mackay.
Union Internationale Contre le Cancer. Geneva, 1982

This book originates from a conference held at the UICC headquarters in Geneva, on
November 22-26, 1980, with the purpose of reviewing the major problems of hepatocellular
carcinome (HCC). The participants, acknowledged experts on various aspects of hepatocarcino-
genesis were invited by Dr. Donald Metcalf, chairman of the UICC Programme on Experimental
Oncology, to discuss “what is known and what is unknown, and to present opinions on wdiat
can be done and what should be done”, as Dr. Okuda put it in the preface.

The book fulfils these expectations. It consists of ten chapters written by one or, mostly,
by a group, of the participants. The chapters are based on working papers which had been
prepared by the same authors and then discussed and critically analysed by all of the workshop
members. Thus the final version of the chapters has become the responsibility of the entire
group.

1. S. Mackay’s interesting and thoughtful introduction (Chapter 1) is followed by a part
in the epidemiology (Chapter Il by K. Okuda and P. Bessley) and one on the pathology
(Chapter 111 by N. Nayak) of HCC. Chapter IV (S. Goldfarb and L. L. Slaughter) includes
the biology of rodent HCC and their putative precursors. Chapter V (R. P. Beasley, B. Blum-
berg, H. Popper and S. Wain Hobson) on hepatitis B virus (HBV) in relation to HCC is the
longest and perhaps the most interesting one, including lesions in animals produced by viruses
related to HBV, its molecular biology, and the pathogenesis of HCC associated with HBV.
The next chapter summarizes the data of chemical hepatocarcinogenesis. They provide sugges-
tive evidence for a causal relationship between aflatoxin ingestion and the incidence of HCC
in man, whereas the role of other, potentially hazardous substances in human hepatocarcino-
genesis has not yet been proved. Chapter VII (M. C. Kew, M. Newberne and H. Popper)
deals with the importance of other aetiological processes in HCC and concludes that alcohol,
the cirrhotic process itself, nutritional and genetic factors may play an indirect role by increas-
ing the susceptibility to environmental aetiological agents which are thought to be respon-
sible for HCC. The following two chapters discuss the significance in HCC of tumour markers,
especially that of alpha fetoprotein (M. C. Kew and P. M. Newbern) and the various inter-
actions of host and tumour (M. C. Kew, I. R. MacKay and H. Thomas). The aim of the final
chapter is to draft guidelines with recommendations for future research.

The chapters are, by and large well written. The readers will find themselves learning
many things even from those chapters the content of which they thought they knew and under-
stood well. Any clinician and pathologist interested in hepatology will find some important
information in the book.

I. Bartok
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IARC Monographs on the Evaluation of the Carcinogenic R1SK of Chemicals to Humans. Vol.
29 (1982), (Price: Sw. fr. 60.—), 30 (1983), (Price: Sw. fr. 60.—) and Suppl. No. 4. (1982),
Price: Sw. fr. 60.—)

The IARC Monographs are well recognized as authorative sources of information on the
carcinogenicity of different industrial and environmental chemicals. The first survey, made
in 1976, indicates that the monographs are consulted routinely by various agencies in 24
countries. Each volume is printed in 4000 copies and distributed by the WHO publication
service.

Up to November 1981, 29 volumes of the Monographs were published. A total of 585
compounds or occupational exposure was evaluated. For 44 chemicals, a positive association
or suspicion has been found concerning human cancer. For 147 of them, there was sufficient
evidence of carcinogenicity in experimental animals. These critical analyses of collected data
are intended only to assist national or international authorities in formulating decisions
concerning preventive measures, but no recommendations are given as to legislative conse-
quences.

IARC Monographs No. 27: Some industrial chemicals and dyestuffs, pp. 416

This volume of IARC Monographs covers 18 of miscellaneous industrial chemicals
including such important and widely distributed environmental contaminants like benzidine
and three other benzidine-based dyes (Direct Black 38, Direct Blue 6 and Direct Brown 95).
These chemicals are carconogenic to animals and also to humans and they are metabolically
degraded to form benzidine which is a well-known human carcinogenic chemical.

From these dyestuffs thousands of kgs are produced and used every year to dye cellulose,
silk, paper, wood, textiles, hair. Although some of these chemicals had been evaluated previously
but as recently new data had become available, a new evaluation had been made in this
volume.

Benzene was also considered previously by a Working Group in 1974. Since that time
some new data have become available which are also incorporated into this monograph.
Benzene is a natural constituent of crude oil, therefore occupational exposure to benzene
occurs in numerous industries. It is present as a component of many fuels and as an impurity
in organic chemicals made of them. There is limited evidence that benzene was carcinogenic
in experimental animals. It has been shown that human exposure to benzene or benzene
containing mixtures may damage the haemotopoictic system. The relationship between ben-
zene exposure and the development of acut myelogenous leukaemia has been established in
epidemiological studies.

The other important compound, formaldehyde, was also considered in this volume of
IARC Monographs. The Group was aware of experiments in progress at New York University
and the Chemical Industries Institute of Toxicology; but since the final results of those studies
have not yet been published, they could not be taken into account while evaluating the possible
carcinogenicity of formaldehyde. There is sufficient evidence of formaldehyde gas being
carcinogenic in rats. The epidemiological studies provide inadequate evidence to assess the
carcinogenicity of the compound in man.

Epidemiological assessment of the carcinogenicity of the chemical compounds evaluated
in this volume has several features not considered previously in the IARC Monographs. There
has been formal mathematical evaluation of the statistical power of the studies considered,
or simply a quantitative estimation of the carcinogenic risk. These estimates were based on
data from human epidemiological studies and did not include the results of animal studies.
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IARC Monographs No. 30: Miscellaneous Pesticides, pp. 424

Since pesticides, herbicides and fungicides are ubiquitous and many of them have been
shown to be oncogenic in animal studies and active in short-term tests, the risk of cancer from
exposure to these compounds is of concern. In most parts of the world almost everyone is
exposed to pesticides, but in this review only the cancer risk factors of those population who
are occupationally exposed to them is discussed. Epidemiological studies of exposure to arsen-
ical pesticides were described and evaluated in a previous monograph (IARC, 1980) and are
therefore not included here. Monographs on other pesticides, such as DDT, phenoxyacetic
acid herbicides, chlordane/heptachlor, were included in Volumes 5, 7, 12, 15 and 20 of the
Monographs series.

The monographs on nine insecticides, five herbicides, three fungicides and the rodenti-
cide 1-naphthylthiourea (ANTU) have been included in this volume.

Several pesticides containing secondary or tertiary amino groups can be nitrosated
by a variety of nitrosating agents to form N-nitroso compounds. A possibility also exists that
N-nitroso compounds could be formed in vivo from pesticide residues. Under other circum-
stances, N-nitroso derivatives can be formed during manufacture and storage as we can see in
the Appendix of this volume, which includes a table of published studies on the testing of
pesticide which may contain N-nitrosocompounds.

Apart from possible carcinogenic risks, some compounds particularly the organophos-
phates, present severe toxic hazards to pesticide handlers. Signs and symptoms of acute
systemic poisoning that are similar in all organophosphate poisonings are related to inhibition
of acethylcholinesterase.

Organophosphates are usually absorbed rapidly by inhalation, ingestion and through
the skin but do not accumulate in the body. Some organophosphates require metabolic activa-
tion in order to act as esterase inhibitors, while others do not. Detoxyfying metabolism in
man is usually very rapid and has been shown in these reviews to be very similar to that in
laboratory animals. Measurement of such metabolites in urine can be used to monitor pesticide
absorption. Six cases of aplastic anaemia, one of which subsequently developed into leukaemia,
and one leukaemia have been reported in children after domestic application of organophos-
phorous pesticides. Several reports have been published about the presence of pesticides in
residues, particularly DDT and dieldrin in tissues of subjects with lung, gastrointestinal, and
breast cancer and generalized metastatic carcinomas, and in tissues of control subjects. In-
creased carcinogenic risks of malignant lymphoma of the histiocytic type and soft tissue
sarcomas have been demonstrated in case-control studies of people in Sweden occupationally
exposed to phenoxyacetic acid and chlorophenol herbicides, presumably contaminated with
tetrachlorodibenzo-para-dioxin (TCDD). Case reports of cutaneous non-Hodgkin lymphoma
and epidemiological results from three case control studies from one country and from small
cohorts in another country provide limited evidence of the carcinogenicity of phenoxy acids
and chlorophenols. Other epidemiological studies provide inadequate evidence to evaluate the
carcinogenicity of organic pesticides, as a broad class or as individual compounds.

IARC Monographs Supplement No. 4: Chemicals, Industrial Processes and Industrial Associ-
ated with Cancer in Humans: IARC Monographs, Vol. 1-29, pp. 467

An international “ad hoc” Working Group of 20 experts in cancer research met in
Lyon in January 1979, to re-evaluate the epidemiological and carcinogenicity data of 54
chemicals, chemical or industrial processes which had been evaluated in Volumes 1-20 of
IARC Monographs. Of these, 18 chemicals, and industrial processes were considered to be
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carcinogenic for humans. In the present volume of IARC Monograph Supplement 4 the Work-
ing Group concluded that 7 industrial processes and occupational exposure to 23 chemicals
and groups of chemicals are causally associated with cancer in humans. This new list of human
carcinogens (see Table 1) contains only those exposures which were available for re-evaluation
on the basis of summarized data on carcinogenecity in humans.

The present state of knowledge does not permit the selection of specific tests which
would precisely identify all classes of potential carcinogens, although certain systems are
more sensitive to some substances than to others. Results from several studies of the predictive
value of various short-term tests show that some chemicals of proven carcinogenicity in
experimental animals are, as far as could be judged, inactive in tests that utilize DNA or
chromosomal damage as endpoint. These include, for example, certain hormones, metals and
tumour promoters. At present no objective criteria exist to interpret data from studies in
experimental animals or from short-term tests directly in terms of human risk. Thus, in the
absence ofsufficient evidence from human studies, evaluation of the carcinogenic risk to humans
was based on consideration of both the epidemiological and experimental evidence. The
breadth of the categories of carcinogenic evidence defined above all the substantial variation
within each class.

Group 1

This category was used only when there was sufficient evidence from epidemiological
studies to support a causal association between exposure and cancer.

Table |
Chemicals Industrial processes
4-aminobiphenyl asbestos auramine manufacture
analgesic mixture arsenic boot and shoe manufacture
azathioprine benzene furniture manufacture
benzidine chlornaphazine isopropyl alcohol manufacture

bis/chloromethyl/ether
chemotherapy (MOPP)
chromium and certain
conjugated oestrogens

busulfan
chlorambucil
chromium compounds
cyclophosphamide

nickel refining

rubber industry

underground haematite mining
(with exposure to radon)

melphelan
mustard gas
soots, tars and oils
vinyl chloride

diethylstilboestrol
methoxalene -j- UV (PUVA)
2-naphthylamine
treosulphane

Group 2

This category includes exposures for which at one extremity, the evidence of human
carcinogenicity is almost “sufficient” as well as exposures for which, at the other extremities,
it is inadequate. To reflect to this range, the category was divided into higher (Group A)
and lower (Group B) degrees of evidence.

Group 3

The chemicals, industrial processes or occupational exposures cannot be classified as

carcinogenic to humans.
Anna Tompa
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Environmental Carcinogens: Selected Methods of Analysis. Volume 5 — Some Mycotoxins.
IARC Scientific Publications No. 44, Lyon 1982, 455 pages. Price: Sw. fr. 60.—

In considering the substances to be included in this manual, first those chemicals were
discussed that have been included in the IARC Monographs on the Evaluation of the Carcino-
genic Risk of Chemicals to Humans. The mycotoxins that have been evaluated in the Mono-
graphs were selected on the basis of evidence of human exposure and some experimental evid-
ence of human exposure and some experimental evidence of their carcinogenicity. But several
mycotoxins not yet evaluated in the Monographs series have been included also in this volume,
including citrinin, mycophenolic acid, rubratoxin, P. islandicum and T2 tricothecene.

Man is exposed to mycotoxins from naturally-occurring contamination of food by parent
fungi, or by the use of antibiotic drugs delivered from fungal sources. It was recognized at an
early stage of the investigations concerning man, that aflatoxins, although of worldwide
occurrence, were found most commonly under hot, humid climates. Many investigations
demonstrated that samples of cereals and nuts from markets in tropical countries had impres-
sive levels of contamination. This volume may have been more appropriately entitled “The
Aflatoxins and Other Mycotoxins”. It is evident that more research and effort has been made
in connection with aflatoxins that with other mycotoxins. A review of the more recent investiga-
tions of aflatoxins has been included to provide a perspective on the validated methods.
Several chapters are included about the significance of the evidence for carcinogenicity of
mycotoxins establishing legislative controls on sampling problems and the need for quality
control in the laboratory.

Two complementary methods serve the identification of mycotoxins in the environ-
ment that may be responsible for human cancer, namely the measurement of specific cancer
incidence and the measurement of the occurrence were used for evaluation.

The other mycotoxines dealt with in this volume have received less attention than the
aflatoxins, but for some, such as ochratoxin A, fusarenon X and luteoskyrin, there is wide-
spread human exposure and intoxication of domestic animals has been reported.

Patulin was found carcinogenic in rats, but no epidemiological data exist to evaluate
its human carcinogenicity. The main surce of patulin in the human diet in apple juice, when
apples rotten by Pénicillium expansum are included in the processed fruit. Penicillic acid is
an antibiotic with demonstrated mutagenecity and unknown chronic toxicity to humans. The
carcinogenicity of trichothecenes T-2 toxin is not definitive, although a few studies suggest
a carcinogenic action in experimental animals. Luteoskyrin and rubratoxin B are mutagenic
to Salmonella typhimurium TM 677 in the presence of an activating enzyme system.

This manual contains selected methods, and particular consideration is given to the
requirements of epidemiologists, hygienists and others concerned with the evaluation of
carcinogenic and other toxic effects of mycotoxins. Particular consideration is given to biolog-
ical tests and methods that establish individual past exposure to their environmental presence.

Anna Tompa

Environmental Carcinogens Selected Methods of Analysis. Volume 6 — N-Nitrosamines. Editor-in-
Chief: H. Egan. IARC Scientific Publications No. 45, Lyon 1982. 508 pages. Price: Sw. fr. 80.—

This sixth volume in the series of Manuals of the IARC Scientific Publications represents
an updating of a former volume, that on N-nitrosamines published in 1978. The first in the
series.

The subject remains one of great importance to the Agency, which has arranged sym-
posia on a regular basis in London (1969), Heidelberg (1971), Lyon (1973), Tallin (1975),
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Durham NH (1977), Budapest (1979) and Tokyo (1981). The purpose of these meetings was
to facilitate the exchange of up-to-date information between workers in the fields of trace
nitrosamine analysis. The last meeting was held in 1983 in Banff, Alberta, Canada.

The subject has developed rapidly in the past five years. These advances are fully
reflected in the present volume, which includes the three important sources of human exposure
that have become evident: tobacco smoke, endogenous substances and the so-called non-
volatile N-nitroso compounds. This volume therefore supplements rather than replaces the
first volume in this series.

The manual consists of six main chapters on the analysis of volatile N-nitrosamines
in various substrates, e.g. in air, tobacco and tobacco smoke, malt and malt-based bevarages,
food and animal feed, biological fluids and in other miscellaneous products. In the other part
of the manual 3 chapters deal with the general clean-up and analysis non-volatile N-nitroso
compounds: individual substances and substrates. In the analysis of environmental N-nitroso
compounds, the main effort is still devoted to the determination of volatile nitrosamines. It
isnot surprising, therefore, that gas chromatography remains the method most frequently used
for their separation and detection. Still, as more emphasis is placed on non-volatile N-nitroso
compounds, new chromatographic procedures are being developed and concerned in Chapter
TV. Problems are sometimes encountered in the chromatography of volatile nitrosamines, such
as a lack of reproducibility and even complete loss of the peaks. As an alternative to gas
chromatography, HPLC (high pressure liquid chromatography) is now being used to a greater
extent. In general a combination of two detectors would be the most effective approach in
nitrosamine separation methods.

Twenty-five years after the carcinogenicity of N-nitrosodimethyl-amine had been
demonstrated by Magee and Barnes (1956), scientific research in the field of N-nitroso com-
pounds has virtually exploded. In 1981 more than 1400 papers were published on the analysis,
formation, chemistry, biochemistry, metabolism and biological effects of N-nitroso compounds
This is probably the main reason to support the publication of this volume of 1ARC Scientific
Publications on N-nitroso compounds.

Anna Tompa

Tuberculosis control. Technical Report Series 671. WHO, Geneva 1982. 26 pages.
Price: Sw.fr. 3,—

The present account of a conference held by the joint IUAT/WHO Research Group
on the current problems and status of tuberculosis control, Geneva, 14-18 September 1982,
falls into 11 sections.

The introduction, Section 1, takes a general look at the subject. It must be recognized
that while in the industrialized countries splendid results have been achieved in tuberculosis
control (t.c.) over the last three decades, in the developing countries the absolute number of
tuberculosis cases has shown a regrettable rise and the epidemiological situation of tuberculosis
is very poor. This calls forth the activity of WHO in order to remedy the situation in the devel-
oping countries. Section 2 also concentrates on the developing contries where the yearly
figures of smear-positive, that is, highly infective, cases amounts to 4 to 5 million, and the
incidence of cases of lesser infectivity is nearly the same. In children the pulmonary form of
tuberculosis is prevalent. The epidemiological trends also give cause for concern. In the major-
ity of the developing countries the risk corresponds to 2 to 5%, in other words, it is 20 to 25
times as high as in the industrialized countries. The topics of parts 3-5 are: Impact of current
control measures; Planning and organization of national tuberculosis programmes; Case-
finding. Section 6 is on the laboratory tuberculosis services (control, intermediate, peripheral
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laboratory network, culturing, quality control, other laboratory methods). Sections 7-8 deal
with chemotherapy, BCG-vaccination and preventive treatment, sections 9-10 with the socio-
economic aspects of tuberculosis and point to interesting lines of research under various, i.e.
immunological, bacteriological, epidemiological, diagnostic-therapeutic, sociological and health-
educational aspects of tuberculosis. In the closing part the conclusions are summed up and
recommendations are offered in 11 points. Though these reflect true efforts aimed at optimaliza-
tion, they leave us with some doubts. In fact, the introduction gives expression to the objec-
tive of WHO: “Health for all by the year 2000”. On the other hand, the conclusions begin
with the statement: “In the hundredth year after Robert Koch’s discovery of the tubercle
bacillus, tuberculosis is still a major unsolved health problem of world-wide dimension. . .”.
One may wonder whether the slightly more than 15 years ahead until that date will be suffi-
cient.

L. Cselko

Vaccination against Tuberculosis. Technical Report Series 651. WHO, Geneva 1980. 21 pages
Price: Sw. fr. 2.—

A Scientific Group on Vaccination against Tuberculosis, jointly sponsored by the Indian
Council of Medical Research and the World Health Organization, met at the WHO Regional
Office for South-East Asia, New Delhi, from 28 April to 2 May, 1980. The aims of the meeting
were to review research on BCG vaccination, to assess the present state of knowledge and to
determine how this knowledge may be advanced.

The subject-matter of the meeting is presented in the form of 12 chapters and an
appendix, in conformity with the traditional arrangement of the other publications in this
series.

In chapters 1-5 we find a brief introduction and a thorough coverage of a vaccination
trial in South India, involving a population of 360 000 subjects occupying a region west of
Madras. The trial was preceded by extensive preliminary studies of multiple aspects centering
on the epidemiological characters of the region. (Comments upon these studies, relevant to the
subject, form a separate section.) In chapters 6 9 first the various vaccines, and the South-
Indian variant of M. tuberculosis are dealt with, subsequently the problems of exogenous
reinfection and of immune response are discussed. The questions of nontuberculous myco-
bacterial infections are condensed in the short but interesting chapter 10. Chapter 11 reports on
other studies. Chapter 12 contains the conclusions and recommendations. Hypotheses and
recommendations for research are offered in the appendix.

L. Cselko

BCG-Vaccination Policies. Technical Report Series 652, WHO, Geneva 1980. 17 pages.
Price: Sw. fr. 2.—

This publication gives an account of the meeting held by the WHO Study Group on
BCG-Vaccination Policies, Geneva, 24-27 June 1980.

In section 1 serving as introduction, the reasons for convening this meeting are given.
In fact, certain modifications of the existing BCG-vaccination policies seem necessary in the
light of recent knowledge. In section 2-4 the results of earlier investigations are reviewed,
particular consideration being given to the trial in South-India, in view of the validity and
significance of the results. Section 5 deals with BCG vaccination of neonates and young children.
Information on the basic facts and current status of BCG vaccination policies is provided by
sections 6 and 7. Section 8 points out the lines of research, section 9 sums up the recommenda-
tions of the Committee.
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This booklet which ends with a list of 16 references contains all relevant facts in a suc-
cinct form, similarly to the earlier WHO publications on the same subject.
L. Cselko

Chemotherapy of Leprosy for Control Programmes. Technical Report Series 675. WHO, Geneva
1982. 33 pages, 1 table. Price: Sw. fr. 4.—

A WHO study group on Chemotherapy of Leprosy for Control programmes met in
Geneva from 12 to 16 October 1981. The objectives of the meeting were: 1. to review informa-
tion collected since 1976 (the year of the last meeting of WHO Expert Committee on Leprosy)
on the problems related to the chemotherapy and chemotherapeutic regimen of leprosy;

2. to recommend, for use in leprosy control programmes, appropriate multidrug reg-
imens for multibacillary cases including new, treated and drug-resistant patients, whether
clinically suspected or proved;

3.to recommend regimens for paucibacillary cases; and

4. to identify further research needs in the clinical and operational aspects of chemo-
therapy of leprosy.

The subject-matter of the meeting is given in five chapters, in accordance with the usual
arrangement of the reports.

Chapter 1, “The Problem”, provides a global review of the secondary and primary
resistance to Dapsone, as well as of secondary resistance to other bactericidal antileprosy drugs,
the persistence of M. leprae, the difficulties of introduction of therapeutic regimens recommend-
ed earlier and of the current status of therapy. Information on drugs for multidrug treatment
is found in chapter 2, which deals with the various questions of use of the four main bactericidal
antileprosy drugs. Chapter 3 considers the management of multibacillary and paucibacillary
leprosy in detail in the context of the recommended therapeutic regimens. Chapter 4, “Opera-
tional Aspects”, deserves particular interest by covering issues of practical importance, such as
health services, detection and registration of cases, screening, laboratory facilities, drug supply,
health education, equipment, training of health workers, financial resources, etc. Finally,
chapter 5 outlines the trends of future research. The volume closes with a list of 47 references.

L. Cselko

Health Care and Traditional Medicine in China, 1800-1982. Hilliers, S. M., Sewell, J. A.
Routledge, Kegan Paul, London-Boston Melbourne Henley 1983. 453 pages, 35 plates,
20 figures. Price: £ 25.—

This book gives a fascinating and thorough account of the developments in health care
which have taken place in China from 1800 to the present time. It spans all the years from the
earliest days of Western missionary medicine, taking the reader through the stormy years
of the Nationalist Rule to the foundation of the People’s Republic in 1949. It points to the
major trends in health care since that time, with due consideration to the attempts to match
the objectives in health care to resources available.

The authors who have closely studied the health care system, as well as traditional
medicine in China, draw on their wide experience to give an account of traditional medicine,
in particular of acupuncture and plant drugs, as well as of the present health care system
including prevention, population control, medical education, nutrition and psychiatry. Ques-
tions of distribution, decentralization and development are also given consideration.
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The impressive scope of the task accomplished by the authors is documented in this
remarkable book which, for all its comprehensiveness, confines itself to the essentials and
avoids unnecessary details.

Part 1, on the origin and development of health care, spans the past 182 years in the
form of five chapters. Chapter 1, “Chinese and W estern Medicine in China”, 1800-1911, falls
into two sections. The first, after a general survey of the period until 1860, discusses various
interesting subjects, such as smallpox inoculation, dispensaries in China, arrival of medical
missionaries, western medicine, opium trade. The second, taking a look at the period 1860-
1911, deals with various topics of interest, such as self-mutilation, infanticide, foot-binding,
opium, “teach-preach-and heal”, the medical missionary movement, medical education and
public health. In Chapter 2, “The Development of Chinese Health Care, 1911-49” we find the
following topics: political background; changes in health care; rural and urban health condi-
tions; midwifery; epidemiology, morbidity, major causes of death, public health measures
1911-24, medical education, distribution of resources, the Dingxial (Tingshian) Model, the
formation of the Ministry of Health, wartime health services and post-war developments.
Chapter 3 bears the title “Health Care and Welfare in China, the ‘Ten GreatYears’ 1959-59”.
It takes a retrospective look at this period and provides close information on various issues
of high interest, to name only the following topics: organisation and financial problems,
the “Hundred Flowers” movement, rural health services 1949-58, national plans, collective
welfare, traditional medicine. Chapter 4 “The Three Bitter Years: Overture to the Cultural
Revolution — Financial and Organisational Perspectives 1960-65", gives a survey of the
period after “The Great Leap Forward”, covering the following topics: Health care in the
countryside, inequalities in money and skilled personnel, effective demand for health care,
facilities in the towns, problems in urban health care. Chapter 5 “The Cultural Revolution
and After — Health Care 1965-82", falls into two parts. The first refers to the period of the
Cultural Revolution, 1965—70, the second to the years 1970-76.

Part 2, “Preventive Health Work in the People’s Republic of China, 1949-82", provides
a most interesting survey of the various preventive activities of ancient times and modern era,
particular consideration being given to the problems of infective diseases and of maternal and
child care. Information on preventive health work in the post-Mao-pcriod covers diverse
issues, such as industrial medicine, heart disease, environmental pollution.

Part 3, “Traditional Medicine”, provides information on the subject, with the aid of
numerous illustrations. It includes the following chapters: Theoretical Basis of Chinese Tradi-
tional Medicine; Traditional Therapies I.: Acupuncture and Moxibustion; Traditional Thera-
pies Il.: Chinese Materia Medica. Chinese Traditional Medicine and Modern W estern Medicine.
Integration and Separation in China. It is this chapter which gives the closest insight into
Chinese Traditional medicine.

Part 4, “Special Topics in Chinese Health Care”, deals with various current questions,
such as training of medical and paramedical personnel, psychiatry and treatment of mental
diseases in China, diet and nutrition, family planning.

The Appendix at the end of the book presents a table of the Chinese Dynasties. There
is an excellent index of subjects and names.

L. Cselko

The Role ofthe Health Sector in Food and Nutrition. Technical Report Series 667. WHO, Geneva
1981. 90 pages. Price: Sw. fr. 6.—

A WHO Expert Committee on the Role of the Health Sector in Food and Nutrition
met in Geneva 23 September-1 October 1980.
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Part 1 gives introductory information in the usual form. Part 2 points to the extent
of the problem, sums up past performance related to the health sector, comments upon the
changing concept of health services and considers new opportunities for nutrition promotion.
In parts 5-7 the role of health services, of intersectoral activities, of collaboration between
the various sectors and of external cooperation in nutrition are evaluated. Part 8 contains the
conclusions. The list of 9 references is followed by 8 appendices, all on timely issues of prac-
tical interest, such as diagnostic aspects of nutritional deficiency, primary and secondary
prevention of nutritional deficiencies, curative and rehabilitative measures (emphasis being
laid on protein deficient nutrition in children), administrative structure of nutrition services
in the health sector, provision of adequate manpower, integration of nutrition in the curriculum
of health workers, optimal methodological use of recent results, research programs providing
a basis for health measures. Attention is drawn in various sections of the book to the alarming
consequences of deficient nutrition.

L. Cselko

Wholesomeness of Irradiated Food. Technical report series 659, WHO, Geneva 1981. 34 pages.
Price: Sw. fr. 3.—

This publication gives an account of the meeting held by the joint FAO/IAEA/WHO
Expert Committee on the Wholesomeness of Irradiated Food in Geneva, 27 October-3 Novem-
ber, 1980. The brochure of traditional arrangement falls into 12 parts.

Part 1 contains short introductory notes. Part 2 deals with general aspects and offers
explanations. The subsequent parts are in the majority of practical orientation. In parts 3-7
technical, radiochemical, nutritional, microbiological and toxicological issues are dealt with.
The implications of irradiation in case of fishes, rice, cocoa-beans, dates, mango, leguminous
vegetables and spices are discussed, checking and réévaluation being also considered. Part 10
gives a summary of the acceptability of irradiated food. Part 11 points to future lines of re-
search and offers also recommendations, emphasizing the need for further studies in order to
gain closer insight into the radiation effects on the proteins of vegetables and on the biolog-
ical value of the vitamin-B-complex. (Itis to be noted that leguminous vegetables belong to the
staple foods in various parts of the world.) The volume closes with a list of 22 references.

L. Cselko

Evaluation de certains additifs alimentaires et contaminants. Technical report series 631, WHO,
Geneva 1978. 39 pages. Price: Sw. fr. 5.—

The joint WHO/FAO Expert Committee held its annual meeting in Rome, on 2-11
April, 1978, on the toxicological evaluation of certain food additives and contaminants.
The reports and recommendations of the Committee have been summed up in this brochure.

Part 1 serving as introduction outlines the tasks and deals with the regular subjects
of the annual meetings, such as evaluation of toxicological studies carried out and being in
course, establishment of the respective standards, questions of exposure of the general popula-
tion, revision of earlier evaluations. One of the most remarkable issues raised for the first
time is the use of enzyme preparations and other categories. A further report of high interest
deals with long-term exposure ot these agents, in particular in utero and during lactation.

Part 2 defines the microbiological limits, establishes the general lines of toxicological
studies and points to general aspects. A separate chapter deals with enzyme preparations,
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another with exposure in utero and during lactation. It is in this context that the claim for
a coordination of the activities of the various toxicological working groups on the basis of inter-
national standards is raised.

Part 3 sets out evaluations and réévaluations. It deals with 9 colouring agents, subse-
quently with 8 additives, finally with 4 contaminants (asbestos, tin, mercury, lead).

Part 4 revises the standards of certain agents. Part 5 points to future trends of research.

The recommendations are set out in part 6. 1. The absolute necessity for expert meet-
ings held at least annually, for the evaluation and réévaluation of food additives and contami-
nants is emphasized by the Committee. 2. The recommendation of the General WHO Meeting
relating to the health hazards of chemicals present in the environment are approved by the
Committee. On the other hand, it is stressed that regular evaluation of the food additives and
contaminants must be regarded as one of the priorities of WHO. 3. Priority should be given to
the study and evaluation of intentional and non-intentional food additives as well. Setting up
of a multidisciplinary FAO/WHO expert committee is, therefore, recommended with the aim
of listing all still incompletely clarified chemicals of this kind and of classifying them accord-
ing to function and potential health hazard. 4. In the interest of an accelerated evaluation of
food additives and contaminants, short-term studies in vitro and in vivo, capable of confirm-
ing the suspicion of toxicity, are required. 5. Studies in neonates for exposure in utero and
through maternal milk are of prime necessity. In view of the complexity of the question,
organization of a special WHO committee is recommended for this purpose. 6. Establishment
of connections between the various working groups on an international basis should be initiated
by WHO. 9. In the interest of best use of time it is recommended to take off the agenda all
those products that are not used as food additives, and FAO is requested to provide for the
selection of the chemicals. 8. Current information should be made available in the future to
the Committee by the governments and by the private sector as well.

Appendix 1 contains a list of 44 references. Appendix 2 gives the daily amounts of the
various substances tolerable by humans. Appendix 3 lists the chemicals awaiting further
toxicological studies.

L. Cselko

Evaluation of Certain Food Additives. Technical Report Series 669, WHO, Geneva 1981.
Price: Sw. fr. 3.—

This publication is based on the subject-matter of the annual meeting on the evaluation
of certain food additives by the FAO (WHO Expert Committee, Geneva, 1981.). It corresponds
in its arrangement to the earlier publications on this subject, only the contaminants receive
little attention.

In part 1, the introduction, the program of the Committee is outlined. Part 2 contains
13 topics of high interest and touches upon various problems. After some modifications of the
agenda the basic principles of evaluation and specification are dealt with. This is followed
hy discussions on the importance of the activities of the Committee in the developing countries
and on the international connections of these activities. The subsequent part is on the valida-
tion of the toxicological data, then the reqirements of technological safety are listed in detail.
The problems involved by the use of extracting solvents and enzyme preparations in food
industry are also considered. The following topics are: Herbs, spices, and natural food additives;
Antibiotics as direct food additives; Hormones in animal production, finally: Plastic materials
in food packing.

In part 3, “Comments on Specific Food Additives”, food colours, flavouring, sweeten-
ing, thickening agents, extraction, carrier-solvents and miscellaneous food additives receive
close consideration.
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Part 4 revises the specification of 57 additives. Part 5 points to the future tasks of
research.

The closing part — part 6 — contains the recommendations of the Committee to FAO/
WHO. One of the essential features of these four recommendations is to give priority to the
testing of additives for carcinogenic properties.

In Appendix 1, 56 references, the specifications of the substances in question and their
daily amounts (mg per kg body-weight) acceptible for human consumption are listed. Appendix
2 and 3 list further substances recommended for toxicological testing. The brochure closes
with a short addendum on the specifications of microbial enzyme preparations.

L. Cselko

Evaluation of Certain Food Additives and Contaminants. Technical Report Series 683, WHO,
Geneva 1982. 51 pages. Price: Sw. fr. 5.—

This publication includes the subject-matter of the meeting held by the joint FAO/WHO
Expert-Committee on Food Additives and Contaminants in Rome, 19-28 April 1982. Its
arrangement, identical with that of its predecessors, has become traditional by now.

In the introduction — part 1 — the tasks facing the Committee are pointed out.

Part 2, “General Considerations”, discusses ten topics, raising also some new aspects
(as for instance the question of a computerized food additive bank). This section includes the
following topics: Modification of the agenda; Principles governing the toxicological evaluation
of compounds on the agenda; Principles governing the establishment and revision of specifica-
tions; Significance of the occurrence of nephrocalcinosis in the toxicological evaluation of
modified starches; Food colours extracted from foods; Phosphates and polyphosphates in
food additive use; Toxicological evaluation of xenobiotic anabolic agents; Metals occurring
in foods; Safety aspects of the Expert Committee and Codex specifications; Food additive
computerized data bank.

The most extensive section of the volume, part 3, bears the title “Comments on specific
Food Additives and Contaminants”. Its topics are arranged into two groups. In the framework
of group 1, specific food additives, antioxidants, emulsifying agents, enzymes of microbiolog-
ical origin used in food processing, flavouring agents, food colours, inorganic salts and buffer-
ing agents, sweetening and thickening agents are dealt with. Group 2, on contaminants, is
confined to the discussion of metals and xenobiotic agents. This part is of outstanding interest
by offering an excellent review of the role of zinc, copper and tin.

Part 4 lists and revises the specifications of various substances. Part 5 outlines the
future tasks.

In part 6, recommendations are given. The Committee insists, as before, on the necessity
for annual meetings so as to discuss the current problems. Attention is called, among other
points, to the phosphates and polyphosphates, to the replacement of calcium by magnesium
or other cations, on copper and on the xenobiotic anabolic agents. The implementation of earlier
recommendations is evaluated.

As in the earlier publications, Appendix 1contains references (59 in number). In Appen-
dix 2, specifications and the maximum daily amounts (mg/kg body-weight) of the substances
compatible with human use are given. (There are also 24 addenda.) Appendix 3 lists those
substances which, according to the Committee, require additional toxicological studies and
collection of further information. In Appendix 5 a taxative list of modified starches is found.
Appendix 6 provides guidance for evaluation.

L. Cselko
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Recommended Health Based Occupational Exposure Limitsfor Selected Vegetable Dusts. Technical
Report Series 684, WHO, Geneva 1983. 78 pages, 2 figures, 8 tables. Price: Sw.fr. 6.—

This is an account of a meeting by a WHO research group in Geneva, 2-8 March 1982.
There are 7 chapters.

Chapter 1, though of introductory character, makes the reader acquainted with the
essentials of the subject by defining the problem, outlining its extent, providing basic informa-
tion on the respiratory diseases caused by vegetable dusts, pointing to the current status of
exposure limits and their determination, including the “two-step” procedure. Under a separate
heading the occupational exposure limits in developing countries are considered and a list
of vegetables implying the necessity for the determination of exposure limits is given. Chapter 2
deals with the clinical manifestations in the following order: pathogenesis, pathology, types
of response, classification of byssinosis and other respiratory disorders, assessment of individual
patients. The topics of chapter 3, all of high interest, are dealt with under their clinical and
epidemiological aspects. We find information on byssinosis, including its prevalence all over
the world and its clinical course, as also on chronic respiratory diseases and their mortality
figures, thorough consideration being given to the particular characters of cotton, flax, hemp
and other plantfihres as potential pathogenic factors. Problems of environmental and health
assessment are discussed in chapter 4, the effects on health of exposure in chapter 5. Chapter 6
sums up the recommendations of the conference (permissible limits, control, prevention of
exposure). Chapter 7 points to the possibilities of future research. This is followed by an im-
pressive list of 165 references. Appendix 1 provides a questionnaire, Appendix 2 lists the pul-
monary function tests.

L. Cselko

Health Effects of Combined Exposure in the Work Environment. Technical Report Series 662,
WHO, Geneva 1981. 3 tables, 76 pages. Price: Sw. fr. 4.—

The conference held by an expert committee of WHO on the health effects of combined
exposures in the work environment, Geneva, 9-15 December 1980, is reported in this publica-
tion containing 10 parts.

Part 1, of introductory character, takes a general look at the problems at issue, stating
that the importance of the study is based on the fact that workers are often exposed simultane-
ously or successively to different physical, chemical, biological and psychosocial factors.
Furthermore, there are factors such as drug therapy, cigarette smoking, alcohol ingestion
and coexistent diseases that may influence individual susceptibility to occupational exposures.
Real examples of combined exposure exist in many industrial and agricultural processes.
Workers employed in foundries are simultaneously exposed to heat stress, noise, vibration,
carbon monoxide, metal fumes and respiratory irritants, in petroleum refineries to a number
of solvents, in the cement industry to dust and heat, in welding to metal fumes and many other
substances, and in agriculture to pesticides, other chemicals and parasitic diseases. While the
effects of individual exposures have been widely studied, there is no uniform approach to
combined exposures. Certain basic issues, e.g. types of combined exposure, are dealt with in
part 2. Information on the mechanism of responses to combined exposures is provided by part 3.
The combined exposures under review are reflected in three types of interaction, those between
environmental, biological, physical and chemical agents. In part 4 the relevant investigations,
animal experiments and human observations are reviewed. In part 5, personal characteristics
influencing responses of combined occupational exposures are dealt with, consideration being
given to genetic factors, nutrition and chemical toxicity, drugs, alcohol and smoking, etc.
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In chapter 6, the relationships between combined exposure and occupational cancer are
examined. Part 7 gives the essential lines of epidemiological approach. Part 8 points to the
practical implications of combined exposure, including the necessary tasks. Part 10 sums up
the recommendations. A list of 272 references greatly adds to the value of this publication.

L. Cselko

J. A. H. Waterhouse, C. S. Muir, K. Shaumugaratnam, J. Pavell (eds): Cancer Incidence
in Five Continents. Vol. IV. WHO, IARC, IACR 1982. 912 pp. Price: Sw. Fr. 100,—

This is the fourth volume of the serial edition of a report on cancer incidence in five
continents in a period of 20 years including full registration and statistical evaluation.

The data were contributed by special cancer incidence registering centre from each
country. In Hungary these centres presented data from the counties Vas and Szabolcs-Szatmér.

The aim of the report is to study the cancerogenic factors in the environment. It gives
exact, comparative information on the differences risk factors in the different areas.

The chapters discuss the following topics: criteria and problems of statistical treatment
of the rough data technical details of data registration, problems of tumour classification,
methods of coding, techniques of data handling conditions of comparability of data, indices
of reliability, the histological typing of cancers, age specific rates of incidence comparison of
urban and rural populations, the cumulative rate and the problem of comparability of the data
supplied by the different registering centres.

The volume contains a vast amount of multisidedly evaluated data of outstanding
importance for practical and theoretical workers in the field of cancer epidemiology.

H. Jellinek

V. S. Turusov (ed.): Pathology of Tumours in Laboratory Animals. Volume 3. Tumours of the
Hamster. International Agency for Research on Cancer, Lyon 1982. Price: Sw. Fr. 80,—

This volume on the tumours of hamsters is the third one in the series. In the previous
volumes the tumours of rats and mice were discussed.

The book contains fundamental information on the morphology and classification of
the tumours of hamsters. It gives highly useful advice to the experimental pathologist especi-
ally on the criteria for making comparable the results of studies on various carcinogens.

The volume covers all tumours of all organs in separate chapters in the following
sequence: skin, mammary gland, mouth and cheek-poach, liver, pancreas, respiratory organs,
kidney and urinary system, male sex organs, the so-called pigmented costo-vertebrar spot,
female sex organs, hypophysis, thyroid gland, adrenals, soft tissues, haemopoetic system,
bones and the nervous system. A separate chapter is devoted to the tumours of the djungarian
hamster (Phodopus sungorus camobelli).

In each chapter there is a description of the organ’s (or system’s) normal structure
followed by the biology and morphology of the respective tumours both spontaneous and
induced. Finally, there is a discussion on comparative features and a list of references.

A special chapter is devoted to the tumours of the soft tissues, to the adenovirus and
Rous sarcoma virus induced tumours including ultrastructural and histochemical data.

The light- and electronmicroscopic documentation is of excellent quality.

H. Jeleinek
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THE JOHNS HOPKINS MEDICAL INSTITUTIONS

CLINICAL CYTOPATHOLOGY FOR PATHOLOGISTS
1985 POSTGRADUATE INSTITUTE

The Twenty-sixth Postgraduate Institute for Pathologists in Clinical Cyto-
pathology given by The Johns Hopkins University School of Medicine, consists
of two courses, both of which must be taken:

M arch to May 1985, Home Study Course A is provided each registrant
for intensive personal study; and

May 6 to 17, 1985, In-Residence Course B at the Johns Hopkins Medical
Institutions, Baltimore, Maryland, U.S.A.

This Institute is designed solely for pathologists who are Certified (or quali-
fied for certification) by the American Board of Pathology or its international
equivalent. It provides an intensive refresher in all aspects of the field of
Clinical Cytopathology with time devoted to newer developments and techni-
ques, special problems, and recent applications including immunodiagnosis
and needle aspiration. Topics are covered in lectures, explored in small informal
conferences, and discussed over the microscope with the Faculty. Abundant
self-instructional material is available to augment at individual pace. A loan
set of slides with texts (Course A) will be sent to each participant within the
United States and Canada for home-study during March and April before
Course B in Baltimore. Prior special arrangements to study Course A must be
made by participants outside of the United States and Canada. Credit hours
152 in AMA Category |I.

Application and completed pre-registration is advised before November 30,
1984 ;however, completed pre-registration MUSthe accomplished before April s,
1985, unless by special arrangement.

For details, write: John K. Frost, M. D., 604 Pathology Building, The
Johns Hopkins Hospital, Baltimore, Maryland 21205, U.S.A.

The entire Course is given in English.
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