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LAJOS MARKUSOVSZKY
(25 April 1815—21 April 1893)

MEMORIAL ADDRESS TO THE HUNGARIAN ACADEMY OF SCIENCES
ON THE 1ST OCTOBER, 1965 THE 150TH ANNIVERSARY
OF MARKUSOVSZKY’S BIRTH

By
J. Sos

INSTITUTE OF PATHOPHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST

To draw a portrait true to life is a difficult task. Yet, though not with
lines and colours but with words, we must attem pt to recall the features of a
great man’s mind.

Much of what Lajos Markusovszky’s contriving genius achieved for Hun-
garian medicine is still alive after a century, and | shall attempt to trace it
hack to its very origins, through a closer study of his individuality.

We recognize a great man by his work. His life concerns us only so far as
it concerns his work. Lajos Markusovszky was born at Csorba (Strba) in 1815.
He began his medical studies at Budapest University in 1834, but had to
interrupt them owing to financial difficulties, and to accept the post of a tutor
in the Festetich family. This delayed his graduation until 1844. He then went
to Vienna to complete his training. There he met such friends as Ignatz Semmel-
weis and Janos Balassa. After his return to Budapest he worked as a house sur-
geon under Balassa who used ether anaesthesia as early as 1847.

During Hungary's War of Independence in 1848 —1849, Markusovszky
was a field-surgeon. This cost him his position and brought police surveillance
upon him in the years of the Habsburg absolutism that followed the country’s
defeat. But repressed national fealing and the desire to promote Hungarian
medicine united the few leading medical men of the nation very closely. Their
association was referred to in contemporary records as the “medical faculty on
horseback” . W ith social assembly and even professional meetings prohibited as
potential centres of conspiracy, Markusovszky, Balassa, Lumniczer, and Ko-
vacs, used to ride out in order to meet and to discuss their plans. Later they were
joined by Hirschler, Bokay, and Wagner and, after his return from his exile in
the provinces, by Frigyes Koranyi. This was the birth of the Markusovszky-
society, officially non-existent hut none the less alive, so much so that it was to
remain the driving force of Hungarian medicine through nearly halfa century
between 1850 and 1893.

It was not until the political atmosphere began to clear that Markusovszky
could resume his work. He published more than 200 papers which is a great
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deal for a medical man of the last century. He had success in his life but that
was the fruit of hard work and ceaseless struggle.

Let us now recall to our minds what Hungarian medicine owes to Lajos
M arkusovszky. We must begin, in the order of time, with his merits in medical
publishing. The founding in 1857 of Orvosi Hetilap (Medical Weekly), still the
most widely read Hungarian medical journal, an efficient vehicle of scientific
and practical medicine, was the first stage of this activity. The final stage of it
was the founding of the Hungarian Medical Publishing Society, in 1864.

W ith the start of Orvosi Hetilap the Hungarian physicians were again
able to publish papers in their mother tongue and to cultivate Hungarian
medical language sadly neglected during the years of oppression, thus adding
their share to national revival.

M arkusovszky advocated the necessity of a periodical concerned with all
the aspects of medicine. He furthermore pointed outin areply to some discour-
aging objection that a periodical fails to be the stimulant to medical life if it
appears at monthly intervals. It must be a weekly journal though the enter-
prise may be too hazardous.

In his introduction to the first issue he stressed that the founding of
Orvosi Hetilap had been a duty to Science, to our suffering fellowmen, and to
the Hungarian nation. — “The collective spirit belongs to the most fertile
ideas of our time, and the Press is its natural channel of communication. Action
demands unity I” Those are the conclusive words of his address. Orvosi Hetilap
became an essential tool in postgraduate training, by Markusovszky and
Balassa’s initiating interchanges on a high level, extending to problems of
health policy. These possibilities were brought now into the orbit of every
Hungarian physician.

We find in the first volumes of Orvosi Hetilap both clinical and theoretical
papers on diagnostics, therapy, surgical techniques, general surgery, clinical
medicine, paediatrics, gynaecology and obstetrics, and a variety of other
subjects. Other branches of medicine, which later became independent, such as
urology, oto-rhino-laryngology, etc., found room in its pages, as well as pharm a-
cology, public health, school medicine, first-aid, ophthalmology, balneology and
dietetics. Hospital building, city planning, health policy, problems regarding
ancillary staff, book reviews, medical news, and reports of journeys helped to
enlarge the scope ofthe weekly paper which thus had all the requisites to impart
a comprehensive view of the various theoretical, practical and social aspects of
medicine and to inspire medical life in Hungary. During the century which has
gone by since, there was but little occasion to improve this comprehensive
editing.

The editorial tasks Markusovszky had to cope with were fraught with diffi-
culties. His journal was attacked at home and from abroad. In Budapest, a
rival paper was launched but Orvosi Hetilap came off victorious, not only by
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its scientific standard but also through its impact on professional life. In Vienna,
the other capital of the Austro-Hungarian Monarchy, the Wiener Medizinische
Wochenschrift decried his organ’s value by stating arrogantly “Die Kultur
kommt nicht von Osten” . This was meant as a final blow to Orvosi Hetilap.

Many times, Orvosi Hetilap Avas the bearer of sad news. In 1865 the death
of Bugat and of Semmelweis were announced in close succession. Markusovszky
summed up the meaning of Bugat’s work in a few but impressive words: “One
of the pioneers of Hungarian medical writing has left us. The era of his activity
belongs to the past, the aims he pursued have been reached, but what he has
done to improve Hungarian medical writing is of abiding value”. Seen from
the distance of a century, this tribute which Markusovszky paid to the memory
of his friend, applies with the same reason to himself.

Orvosi Hetilap having gained a safe footing, Markusovszky, in 1864, estab-
lished the Hungarian Medical Publishing Society to promote and disseminate
medical knowledge and cultivate the Hungarian professional language. It
remained in existence until 1944. The monographs which were issued by this
Society on an annual subscription basis, were valuable contributions to Hun-
garian medicine, enabling the practitioner to keep abreast with the progress of
medical science. Many of these volumes serve as historical sources today.

The founding of the National Health Council (1868) whose activity was to
result in the statutory regulation of public health in Hungary (1876), was also
due to Markusovszky’s initiative. Not only did it mark a substantial progress
in Hungarian health policy but its original scheme as conceived by Marku-
sovszky has preserved its validity to the present day. It still is an advisory
body co-ordinated to the Minister of Health, with members appointed from the
leading medical ranks for periods of a few years. The Council keeps an eye on all
that is concerned with public health, and not only to give advice on request but
to make suggestions freely whenever necessary. As laid down expressedly
by one of the members on the 25th anniversary of the Board in 1893, “we
intend to make use of our right to initiate and put forward motions whenever
we deem it necessary in the interest ofthe public”.

The core of the National Health Council had been a standing committee,
first organized in 1860, and its chairmen were Balassa, Wagner, Csatary (Grosz)
and Schwartzer. On the 10th of March, 1868, the Minister for Home Affairs
accepted from three drafts submitted to him the one prepared by Balassa, Mar-
kusovszky, Jendrassik and Frigyes Kordnyi. As soon as it had the King’s
consent, a chairman, a vice-chairman, 10 ordinary and 28 substitute members
were appointed, and official representatives of four ministries (Home Affairs,
Education, Transport, Trade) were delegated. In this manner the full Council
included 44, and the exclusive Committee 16, members. In the deed of founda-
tion the newly found body is registered as “Medical Research Council”. It still
bears this name, with a slight alteration.
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The first Board of the new Council was constituted as follows. Chairman:
Janos Balassa. Vice-chairman: Endre Kovacs Sebestyén. Members: Lajos
Csatary-Grosz, Jen6 Jendrassik, Istvan Kajdacsy, Frigyes Koranyi, Sandor
Lumniczer, Moér Moskovitz, Jdnos Nepomuk Rupp, Kaéaroly Than, Kaéaroly
Tormay, and Janos Wagner. Official delegates: Adolf Hollan (Home Af-
fairs), Lajos Markusovszky (Education), Vilmos Zlamal (Trade and Industry),
Ferenc Reitter (Transport). The first session was held on the 5th of July,
1865.

The weight of the Council’s work is best illustrated by the scope of its
activities, such as the reorganization of medical services, hospital building and
administration, questions of midwifery (1891), asylums, dentistry and prosthe-
tic dentistry, the reorganization of public health services, training of medical
officers, competence of police-surgeons (1881), prison hospitals (1873), the
appointment of sanitary inspectors (1884), organization of emergency services,
transport of dead bodies (1873), health codes concerned with passenger and
goods traffic (1885), matter of pharmaceutics and chemists’ shops, food
hygiene, meat inspection (1871, 1881, 1882), public-house control, etc. In
addition, the Council was concerned with curricula of medical training and the
setting-up of new university depart ments; for instance, they made a plea for a
university chair of public health, and also for an “ Observation Centre” which
a generation later was to take life as the National Institute of Hygiene of today.
The training of forensic physicians and of school teachers in hygiene, school
health reform (1885), drafting Bills concerning veterinary hygiene (1886), spas
(1869), and the affairs of medical societies were likewise on the agenda. In the
field of environmental sanitation, river control, flood prevention, and the
draining of marshlands were discussed. When the city of Szeged was rebuilt
after a great flood, the sanitary supervision of the whole scheme of construc-
tion devolved on the experts of the Council.

The Medico-legal Council was a separate body within the framework of
the Council of Medical Research, only the degree of its independence varied
in the course of a century.

A comprehensive Public Health Act was an issue first raised by Bugat in
1845, at a meeting of Hungarian physicians and naturalists held at Pécs, hut
in the years of oppression following upon the defeat ofthe War of Independence
the plan was dropped. In 1863 and 1867 the question was resumed but its final
solution had to wait until Markusovszky, with full support of the Council,
brought it to a successful issue.

The basic principles to underlie the Bill for the Act were being worked out
in 1869. Expert committees were appointed to elaborate the details as concerns
medical practice, health institutions, and legal questions. A year later the Bill
was in final draft. Yet years of exacting negotiations, resulting in various
amendments, had had to pass before it was laid before the King by the Prime
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Minister for consent and then submitted to Parliament. The Bill was voted on
the 3rd and enacted on the 8th of April, 1876.

The original drafters of the Bill were Balassa, Lumniczer, Frigyes Kora-
nyi, and Markusovszky, but obviously, Markusovszky, a first class expert in
public health organization, must have had a larger share in this work than his
associates who Avere busy clinicians. Thus Markusovszky was in one person
the originator, the promoter, and essentially, the builder of the frame-work of
this important statute.

The third leading idea inspiring Markusovszky’s activities concerns
medical teaching and training in all its aspects, including new university
departments and building of premises. As early as 1859 he entered upon a
campaign for the establishment of a medical centre in Budapest, and also
pressed a plea for it in Orvosi Hetilap. His efforts remained fruitless until he
had come into office in the Ministry of Education, where he remained until his
retirement in 1892. His position enabled him to carry out his plans. When he
came into office the University Medical School had 13 chairs; on his retire-
ment, a quarter of a century later, there were 22, and almost all housed in
suitable premises.

During his first year in the Ministry of Education he found the funds for
the equipment of eight new medical chairs, recruited their permanent staffs,
and provided for their annual budgets. The following spring he organized a
Government Council discussion with a view to furthering the construction of
premises for the University Medical School. This he followed up by pressure on
the Budapest Municipal Council for the long-promised donation of suitable
building sites. He designed teaching hospitals, institutes of general, applied,
and forensic anatomy, as well as of physiology, pathology, and chemistry on
both sides of an arterial road in the south of the Capital. The designs took much
time to be translated from blue-print into fact. The first building completed
was that for the Chair of Chemistry (1870). In the same year the Medico-
physical Chair could he housed and the old Institute of Physiology extended.
In 1871 the Institute of Pathology and the Institute of Pharmacology were
given independent premises. In 1873 an embittered Markusovszky complained
that the building operations for the Medical Faculty were “like the mariners’
fabulous seaserpent which has no end” and that “the generation that first
planned and fought for the scheme has grown grey in harness or died”. Still,
the very same year the erection of a new home for the Institute of Physiology
began, though the building was not completed until 1875.

A special merit of Markusovszky was to have at that time organized,
after Moscow and Leipzig, the third Chair in the world for Public Health.
Jozsef Fodor was appointed its first director.

The years between 1878 and 1881 saw the completion of new and
fully equipped premises for the first and second Departments of Sur-
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gery, an Institute of Anatomy, and the first and second Departments of
Medicine.

The Departments of Obstetrics took a good twenty years to be organized
and housed. The first Department was complete by the autumn of 1879. The
second Department was erected after the death of Markusovszky but on a site
marked out by him.

The Central Building of the University Medical School was opened to-
wards the end of 1884, with premises for all the administrative offices and the
Central Library. Large parts of it housed transiently homeless departments
and institutes, such as the Institute of Pathology and Therapy, the Institute of
Biochemistry, and the Institute of Pharmacology, of which the last-mentioned
is still in the building. The fact that the premises could be used for a variety of
purposes changing from decade to decade shows Markusovszky’s ingenuity in
designing with an eye not only on immediate needs but also on future demands.

The square facing the Central Building of the Budapest University
Medical School has now been named after Markusovszky, and there it is that
we will now' unveil his statue.

Owing to the steadily growing number of students, ever widening cur-
ricula, and the corresponding increase and diversity in practical and technical
training (laboratories, etc.), many departments and institutes have outgrown
the buildings originally meant to house them. But never had a building to be
abandoned for lack of foresight in planning or incompetent design. Marku-
sovszky grasped from the start that the chief characteristic of knowledge is its
many-sidedness and that soon the University Medical School will have to spread
its interests and yet preserve studies in depth — and he planned, designed, and
organized building construction accordingly.

M arkusovszky also projected and drew up plans for Government measures
to improve the economic situation of medical university teachers and research
workers, but age and illness thwarted his purposes.

Death overtook Lajos Markusovszky at the age of 78, one year after his
retirement. For 25 years he was Administrator of Universities in the Ministry of
Education. Though he suffered transient setbacks, his was a career rich in suc-
cess. In recognition of his merits he was elected corresponding member of the
Hungarian Academy of Sciences in 1863 and honorary member in 1890. A great
organizer, he lived a full life spent in creative work. He could not always realize
his ambition, but his accomplishments are not only imposingly grand but in
many respects still guiding us.
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AUSCULTATORY PHENOMENA IN PULMONARY
INSUFFICIENCY WITHOUT PULMONARY
HYPERTENSION

By
G. Vilagi, T. Lonyai, K. Lozsady and G. Bodrogi

JUVENILE WELFARE CENTRE FOR HEART DISEASES (DIRECTOR: C. BODROGI),
AND NATIONAL INSTITUTE OF CARDIOLOGY (DIRECTOR: fPROF. G. GOTTSEGEN) BUDAPEST

(Received March 10, 1965)

On the basis of its onset, character, timing, and frequency the murmur of pul-
monary insufficiency without pulmonary hypertension can be distinguished from that
of aortic insufficiency and that of pulmonary functional incompetence (Graham Steell
murmur). According to the observation made by the authors, certain types of acquired
pulmonary insufficiency may increase in intensity after some time. In connection with
the dilatation of pulmonary artery, the so-called right-sided Austin Flint phenomenon
may develop. Amyl nitrite is usually suitable for distinguishing the murmur, but an
increase in intensity does not occur in every case. On the other hand, the murmur
becomes louder in every case after repeated deep inspirations. By way of conclusion
the authors state that the mechanograms are a valuable help in the identification of
pulmonary insufficiency murmurs.

Organic pulmonary insufficiency may be congenital or acquired (Runco
and Rooth, 1963). Congenital pulmonary insufficiency usually develops in
consequence of an abnormal form or supernumerous pulmonary valves, bicuspid
pulmonary valves, or the regurgitation is associated with pulmonary stenosis.
Acquired pulmonary incompetence usually arises in connection with a dilata-
tion of the pulmonary artery or as a consequence of the surgical correction of
pulmonary stenosis. Pulmonary insufficiency developing as a consequence of
bacterial endocarditis, rheumatic fever, syphilis, fenestration of the pulmonary
valves, trauma, or of the carcinoid type, is much less frequent.

The difference between the murmur of organic pulmonary insufficiency
and aortic regurgitation has been discussed previously (Bodrogi et al., 1963).
The murmur of organic pulmonary insufficiency is rough, it is loudest in the left
2nd —3rd intercostal space; the frequency is low, that can be attributed to the
low-velocity regurgitation. It starts with a short period after the second heart
sound with crescendo-decrescendo character. The murmur reaches its peak at
the time when the pressure gradient between the pulmonary artery and right
ventricle is the greatest and ends in mid-diastole with the disappearance of the
gradient. In pulmonary insufficiency the right ventricular ejection time is
prolonged by the regurgitating blood volume, causing an exaggeration of
physiologically asynchronous onset of left and right ventricular diastole. In
this way produced retardation of right ventricular relaxation added to the
absent pulmonic component of the 2nd sound, in most cases result the silent
interval after the aortic component. We must remark, however, according to
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Fig. 1. P. A., 17 years of age operated upon for pulmonary stenosis. The diastolic murmur of
pulmonary regurgitation after half and after two years of the surgery

Fig. 2. B. S., 15 years of age. Pulmonary regurgitation had arisen in consequence of pulmonary

hypertension associated with patent ductus arteriosus, and persisted after the successful

operation even after the pressure in the pulmonary artery had returned to normal. The pre-
systolic crescendo appears after the characteristic murmur of pulmonary incompetence

other authors (Levin et al., 1964), that in patients whose regurgitant flow is
small, this delay may be absent, so that the murmur begins immediately after
the second sound. The murmur is transmitted along the edge of the sternum
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I'llI'. 3a. Increased intensity of the regurgitation murmur after the effect of amyl nitrite

Fig. 3b. Reduction of the amplitude of postsurgical regurgitation murmur after administration
of amyl nitrite
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down to the 4th—>5th intercostal space, occasionally to the right side of the
sternum. In the present paper we shall report on two years observation of
pulmonary regurgitation in 12 cases.

It is well known, that some regurgitation always occurs after the surgical
correction of pulmonary stenosis (Talbert et al.,, 1963) and in our material six
such patients were observed. In three of our cases, the insufficiency was due to
dilatation of the pulmonary artery, the pulmonary insufficiency was congenital

Rfsc t.
Siw »»»M» "%

-«'Var

Fig. 4. Increased vibrations of the murmur after repeated inspirations

in two cases, and in one case regurgitation was due to pulmonary hypertension
associated with a patent ductus arteriosus; this regurgitation persisted after
successful surgery, when the pressure in the pulmonary artery had become
almost normal.

In the cases of congenital pulmonary insufficiency diagnosis was confirmed
by cineangio-cardiography, and in the rest of the cases by catheterization. At
cardiac catheterization the pulmonary artery pressure curve is characterized
by a dicrotic limb steeply descending to the diastolic level, which in end-dia-
stole is equal to right ventricular pressure (Price 1961, Kohout et al., 1955).
The pulmonary origin of the regurgitation in the patient with a patent ductus
arteriosus was confirmed by palpation too during operation.

Our observations concerning pulmonary regurgitation were as follows:
(i) The murmur’sintensity increased with time, (ii) An Austin Flint murmur on
the right side was associated with pulmonary arterial dilatation, (iii) A posi-
tive response to amyl nitrite, (iv) Increase of the regurgitation’s intensity on
deep inspiration, (v) Its connection with mechanograms.
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Fig. 5. Murmur associated with pulmonary insufficiency. Its onset occurs a short period after
aortic closure

Fig. 6. End of the crescendo-decrescendo type murmur coincides with the onset of the (a)
wave of the phlebogram

In two cases where the insufficiency had developed after the correction
of pulmonary stenosis two years after the operation the murmur became
considerably louder both on auscultation and on the PCG record, although the
clinical state of these patients did not deteriorate (Fig. 1). We agree with
Luisada (Luisada and Satkowsky, 1961) in that in such cases the increas-
ing intensity of the murmur is due to fibrosis developing after some time at the
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margin of the valves, but it is also possible that the change in intensity is caused
by a slight dilatation of the right ventricle (Fowler and Duchesne, 1958).

In the patient with pulmonary dilatation at the 2nd—4th intercostal
space parasternally the murmur could be divided into two parts, one low
pitched of crescendo-decrescendo character, starting with a discrete interval
after the 2nd heart sound, and one of crescendo character falling in the pre-
systole (Fig. 2). As far as we know, this phenomenon has been reported in the
literature in 3 cases only, in connection with pulmonary arterial dilatation

Fig. 7. Patient with primary pulmonary hypertension. The double sound tracing clearly shows
the murmur of functional insufficiency well transmitted to the apex

(Brayshaw and Perloff, 1962, Ongley et al.,, 1960, Greene et al., 1949).
According to these authors, in such cases the murmur may be divided into two
parts: a medium frequency murmur in the 2nd intercostal space and a murmur
of lower frequency in the 4th —5th intercostal space parasternally. The phenom-
enon has been termed right sided Austin Flint murmur. There is no
explanation of the phenomenon; the comparison is entirely clinical with the
Austin Flint murmur heard in aortic incompetence.

According to the literature, pulmonary regurgitation murmurs usually
become louder or show no change in intensity after administration of amyl
nitrite (Suh Soon Kyu, 1960, Endrys and Bartova, 1962). In 8 of our patients
amyl nitrite made the murmur to grow in intensity, while in 2 cases it remained
the same and in further two cases it was even reduced. In one of these, the
insufficiency had developed after surgery for pulmonary stenosis, in the other
the insufficiency was a consequence of pulmonary dilatation (Fig. 3 a—b).

Under the effect of repeated deep inspirations (Criscitietlo, and Har-
vey, 1963) an increase in the murmur’s intensity was noted (Fig. 4). Such an
increase in intensity was found in every case where the patients expired
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slightly after a few deep inspirations. This in our opinion is a simple and practi-
cal test, and its mechanism agrees that of Rivero—Carvallo test.

The simultaneous recording of the murmur with other mechanogratns is

a valuable help (Bousvaros and Deuchar, 1961). The murmur never starts
synchronously with the incisure of the carotid curve and ends with the onset
of the (a) wave of the phlebogram and apexcardiogram (Figs 5, 6).
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The serum glycoprotein level has been found to rise in experimental turpentine
inflammations. A parallel rise was noted in thoracic duct lymph whereas in the cervical
trunk lymph, derived from the affected area, the values at 24 and 72 hours were signif-
icantly lower than those in blood and the thoracic duct lymph. It is concluded that the
glycoproteins are retained at the site of inflammation for tissue repair.

Increased protein-bound carbohydrate levels have been found in tur-
pentine-induced inflammation [6, 23]. The cause of this increase is still contro-
versial. Certain authors ascribe it to tissue breakdown involved by the injury
[8, 22, 26], others believe it to be the consequence of enhanced protein synthe-
sis by the liver [4, 5, 14, 15, 16]. In support of the first assumption it is alleged
that the concentration of protein-hound carbohydrates in the venous blood of
the effected area is higher than in the arterial blood [26]. No account has been,
however, taken of the fact established by Starling, namely that the intersti-
tial colloids, therefore the proteins too, are carried into the blood stream
through the lymph vessels. In order to gain a closer insight into the problem,
the concentrations of protein-bound carbohydrates have been investigated in the
lymph and in the venous blood collected from the affected area, as well as in
the arterial blood supplying it.

Material and methods

55 dogs of both sexes weighing between 12 and 16 kg were used in the studies. Blood
samples were taken at the beginning of the experiment, then 1 ml of rectified turpentine oil
was injected subcutaneously into the right ear of each animal. The animals were divided into
three groups, to be operated at 24, 48 and 72 hours, respectively, under chloralose anaesthesia
(0.10 g per kg body weight). The thoracic duct and the right cervical trunk were isolated from
a median cervical approach, and a polyethylene catheter was inserted into them. The lymph
was collected into marked centrifuge tubes, while the head of the animals was moved to and
fro at the rate of 15/min. At the mid-point of collection, blood samples were taken from the
femoral vein. From the animals to be operated upon 48 and 72 hours after the turpentine
injury, blood samples were taken daily.

In a separate group of animals, 48 hours after the injury blood was collected from the
external carotid artery supplying, and from the external jugular vein draining the area of
inflammation.

Serum total protein content was estimated by the biuret test, the level of protein-bound
hexose by the method of Stary et al. [24] using 6rein as a reagent, the serum glucosamine level
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by the method of Sudhop and Petrovisé [25] with Ehrlich’sreagent. The serum diphenylamine
reaction was evaluated by the method of Niazi and State [17] as modified by Ayara et al. [1],
with Dische’sreagent (DPA being the extinction value read on the scale of the drum). Neura-
minic acid was estimated by the method of Bohm, Dauber and Baumeister [3] using Bial’s
orcin reagent.

For colour estimation a Pulfrich type Zeiss photometer was used; layer thickness for
total protein determination was 2 cm, otherwise 1 cm. For neuraminic acid determination
a S57, otherwise a S53filter was used.

The results were evaluated by Sudent’s “t” test.

Results

The turpentine injections failed to elicit a change in the serum total protein
level as compared to the initial values.

A significant increase in the serum DPA values was found as early as 24
hours after the injury, a further increase was noted at 48 hours and a falling
tendency at 72 hours. The serum level of protein-hound hexose showed a similar
behaviour. No significant rise in the serum neuraminic acid and glucosamine
levels was demonstrated in the first 48 hours of inflammation (Table I).

Table 1

Serum total protein and glycoprotein levels in dogs with turpentine inflammation
in relation to normal values

Serum

Protein-bound

Time No. of  Total protein DPA hexose Neuraminic acid N, of Glucosamine
animals 100 A se ExtMSE moper  joomdese  2MMAS 0 miR s
Normal 25 582+ 0.14 2546+ 88 1038+ 65 619+ 368 23 98.4 + 857
24 hrs 18 582+ 017 2889+ 87 1273+ 40 710z 41 16 1070+ 6.9
48 hrs 12 6.00 + 0.16 3829 + 100 1669 + 99 9283 * 6.1 10 1280+ 9.6
72 hrs 6 563+ 020 330.0+ 105 155.0 + 146 80.2 + 105 5 1244 + 147

Fortyeight hours after the first signs of inflammation, in the thoracic
duct lymph of the total proteins significantly exceeded the normal values.
DPA and protein-bound hexose values showed a significant rise at 48 hours and
this was still demonstrable at 72 hours; the glucosamine level was essentially
unchanged (Table I1).

In the cervical trunk lymph, total protein values were significantly increas-
ed at 24 hours. DPA and glucosamine values, too, were significantly increased
up to 72 hours. A significant reduction in the protein-bound hexose level
occurred after the first 48 hours, and in that of neuraminic acid after the first
24 hours (Table I11).

The serum values for carbohydrate per g protein underwent a significant
rise during the first 48 hours following injury, high values being still present at
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Tabic 11

Serum total protein and glycoprotein levels in thoracic duct lymph
in dogs with turpentine inflammation in relation to normal values

Thoracic duct lymph

Protein-bound

Time No. of Total protein DPA hexose Neuraminic acid  Glucosamine
‘ K per mg per mg per
animals o0 mis se Extx SE 009 P w0 mitSE 100 le sE
Norm. 6 3.55+0.49 180 + 9.04 65.5+ 834 572+ 7.69 795 + 18.9
24 hrs 8 421 £0.46 165 + 453 925+ 854 404+ 324 874 + 154
48 hrs 5 520 £ 0.62 268 + 19.1 146.2 + 147 78.0 = 139 121.0 = 12.2
72 hrs 5 470 £ 0.36 276 + 29.3 1252 + 149 692+ 852 107.0 + 14.1
Table 111
Serum total protein and glycoprotein levels in cervical trunk lymph
in turpentine inflamination, in relation to normal values
Cervical trunk lymph
Protein- i
Time No. of p-rILJOtSiI:] No. of DPA bound No. of Ne“;i{{}'”'c No. of Glucosamine
ani- g per 100 ani- Ext+ SE hexose ani- mg per 100 ani- mg per
mals ml  SE mals mg per 100  mals ml+SE mals m +SE
ml+ SE -
Norm. 6 245+ 055 6 933+ 6.15 502+ 880 6 50.0+ 509 5 39.2 + 3.38
24 hrs 4 410+ 017 7 1450+ 795 614+ 636 5 280+ 228 4 57.0+ 6.56
48 hrs 6 402+ 042 6 2033+ 184 817+ 728 6 563+ 990 5 71.2 + 6.47
72 hrs 5 330+ 037 5 1890+ 262 688 + 139 5 59.0+ 850 4 635+ 105
Table IV
Carbohydrate concentration per g protein in turpentine inflammation,
in relation to normal values
Serum
Time No. of Protﬁ(ier)l(—obsgund Neuraminic acid No. of Glucosamine
i mg per i mg per
animals — ng per wombe se  Amas o0 Se
Norm. 25 18.5 £ 0.57 10.7 + 0.65 20 17.0 + 1.06
18 22.2 £ 0.93 124 £ 0.74 16 12.7 £+ 1.52
24 hrs
P < 0.0005 P < 0.05 P < 0.0125
A 12 28.1 + 1.86 15.7 + 1.16 10 21.7 £+ 1.68
rs
P < 0.0005 P < 0.0005 P < 0.0125
6 27.5 £ 2.36 141 + 1.62 5 21.7 £ 2.94
72 hrs P < 0.0005 P < 0.025 P < 005
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72 hours. Neuraminic acid behaved similarly. A fall of the glucosamine level
was registered during the first 24 hours, in contrast to the significant increase
at 48 and 72 hours (Table IV).

In thoracic duct lymph, it was only after the first 48 hours of inflamma-
tion that a significant elevation of the values for protein-bound hexose per g
protein could be noted. On the other hand, neuraminic acid was significantly
reduced only after the first 24 hours, and glucosamine exhibited no distinct
change (Table V).

Table V

Carbohydrate concentration per g protein in thoracic duct lymph
in turpentine inflammation, in relation to normal values

Thoracic duct lymph

Protein-bound

Time No. of hexose Neuraminic acid Glucosamine
H m er m er
animals g P e 100 ™ It SE 100 m I+ SE
Norm. 6 19.21 + 1.97 16.8 £12.28 22.26 + 3.86
8 219 + 1.60 10.04 + 1.02 20.27 + 1.31
24 hrs
P < 0.20 P < 0.01 P < 0.30
48 h 5 28.36 + 0.65 14.88 + 2.16 23.56 + 1.37
rs
P < 0.0025 P < 0.30 P < 0.40
5 26.48 £ 2.14 14.80 + 1.53 2244 + 1.92
72 hrs P < 0.025 P < 030 P < 0.49
Table VI

Carbohydrate concentration per g protein in cervical trunk lymph
in turpentine inflammation in relation to normal values

Cervical trunk lymph

Protein-bound

Time No. of hexose Neuraminic acid No. of Glucosamine
; mg per ; mg per
animals - Mg per womi e animals "0 P ee
Norm. 6 23.26 + 3.28 2454 + 3.82 5 19.07 £ 5.84
24 h 4 12.36 + 1.25 6.47 £+ 0.53 4 1399 + 1.67
rs
P < 0.025 P < 0.005 P < 0.25
48 h 6 21.12 + 1.96 14.28 + 2.45 5 16.62 £+ 1.90
rs
P < 0.30 P < 0.025 P < 0.35
5 20.97 + 3.21 19.0 £ 3.54 4 20.52 + 5.09
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Table VII

Concentration of protein-bound hexose per g protein in thoracic duct and cervical
trunk lymph in turpentine inflammation in relation to the serum levels

Protein-bound hexose per g protein

No. of No. of No. of No. of

ani- Normal ani- 24 hours ani- 48 hrs ani- 72 hrs

male mals mals mals
Serum 25 185 + 0.6 18 22.2 £ 0.93 12 28.1 + 1.86 6 275 £2.36
Thoracic 6 19.2 + 2.0 8 21.9 £+ 1.60 5 28.36 + 0.63 5 26.48 + 2.14
duct lymph P < 0.35 P < 0.45 P < 0.475 P < 0.40
Cervical 6 233 + 3.3 4 12.36 £ 1.25 6 21.12 + 1.96 5 20.97 £ 3.21
trunk lymph P < 0.01 P < 0.0005 P < 0.025 P < 0.010

In the right cervical trunk lymph the protein-bound hexose and neurami-
nic acid levels reckoned for 1 g of protein showed a significant fall at 24 hours;
at 48 hours the values of the former approximated the initial levels and those

Tabic VIII

Concentration of neuraminic acid per g protein in thoracic duct
and cervical trunk lymph in induced inflammation, in relation to the serum levels

Neuraminic acid per g protein

No. of No. of No. of No. of

ani- Normal ani- 24 hrs ani- 48 hrs ani- 72 hrs

mals mals mals mals
Serum 25 10.7 = 0.7 18 124 + 0.74 12 157 = 1.16 6 141 £ 1.62
Thoracic 6 16.8 + 2.3 8 10.04 £ 1.2 5 14.88 + 2.15 5 148 £+ 1.53
duct lymph P < 0.0025 P < 0.05 P < 0.40 P < 0.04
Cervical 6 245 + 3.8 4 6.47 + 0.53 6 14.28 + 2.45 5 19.0 £+ 3.54
trunk lymph P < 0.0005 P < 0.0025 P < 0.45 P < 0.15

of the latter were significantly below the normal. Glucosamine did not show any
significant change (Table Y1).

The mutual relationship of carbohydrate per g protein in serum, thoracic
duct and cervical trunk lymph, respectively, has also been studied. In this
respect there was no significant difference between thoracic duct lymph and
blood serum. In contrast, the relative values in the cervical trunk lymph were
significantly lower than those in serum at 24 and 48 hours (Table VII).

Neuraminic acid levels in thoracic duct and cervical trunk lymph in relation
to its serum values showed a significant decline in the first 24 hours only (Table
VIII).
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The concentration of glucosamine per g protein in relation to the serum
values showed a significant decline only after the first 24 hours in the thoracic
duct lymph and after 48 hours in the cervical trunk lymph (Table IX).

Further comparative studies dealt with the concentrations of protein-
bound carbohydrates in the blood of the external carotid artery and of the
external jugular vein. At 24 hours there was a hardly evaluable elevation in the
arterial as well as in the venous blood whereas at 48 hours a significant rise in
both values was noted. Serum total protein was below its initial value in both
arterial and venous blood at 24 and 48 hours (Table X).

Table IX

Concentration of glucosamine per g protein in thoracic duct
and cervical trunk lymph in induced inflammation, in relation to the serum levels

Glucosamine per g protein

No. of No. of No. of No. of

ani- Normal ani- 24 hrs ani- 48 hrs ani- 72 hrs

mals mals mals mals
Serum 20 170 £ 1.1 16 12.7 + 1.52 10 21.7 +1.68 5 21.7 + 2.94
Thoracic 6 223 + 3.9 8 0.27 + 131 5 23.56 + 1.37 5 22.44 + 1.92
duct lymph P< 0.3 P < 0.0025 P < 0.25 P < 0.45
Cervical 5 19.1 £+ 58 4 13.99 + 1.67 5 16.52 £ 1.90 4 20.52 + 5.09
trunk lymph P < 0.30 P < 0.35 P < 0.05 P < 0.045

Discussion

In evaluating the data obtained, it must be taken into account that the
lymph of the thoracic duct is largely hepatic whereas that of the cervical
trunk is peripheral in origin. Presumably, the protein-bound carbohydrates in
the lymph of the thoracic duct are mostly derived from the liver, whereas
those of the cervical trunk from transcapillary protein transfer. The lymph of
both vessels carries, moreover, those protein-bound carbohydrates which leak
from the connective tissue ground substance across the interstitial spaces into
the blood stream. This is supported by the fact that under normal conditions
the concentration of protein-bound carbohydrates per g protein is higher in
thoracic duct and cervical trunk lymph than in blood serum. When the inflam -
mation has become manifest, the carbohydrate level in the lymph draining the
affected area is significantly reduced whereas the values found in the lymph of
the thoracic duct remain identical with those of the blood serum.

Berencsi andK rompecher [2] concluded fromhistochemical studies that
the polysaccharides originating from tuberculous lesions pass into the blood
stream through the lymphatic pathways of the tissue. They based their view
on the assumption of Gersh and Catchpole [8] and other authors that depoly-
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Table X

Serum total protein and protein-bound hexose in external carotid arterial and jugular venous blood

Normal
No. of mg per No. of
animals 100 m I+ SE animals
Art. carot. ext. 8 5.54 + 0.05 5
Total protein
Vena jug. ext. 8 5.46 + 0.08 5
Art. carot. ext. 8 1131 +3.3 5
Protein-bound
hexose Vena jug. ext. 8 1116 +4.4 5

24 hours

mg per
100 m I+ SE

480 = 0.34
P < 0.01

4.46 = 0.22
P < 0.005

123.2 £ 6.6
P < 0.10

120.8 + 2.8
P < 0.05

No. of
animals
4
P < 0.25
4
4
P < 0.40

48 hours

mg per
100 mli SE

458 + 0.35
P < 0.0025

473 = 0.43
P < 0.025

163.1 £6.1
P < 0.0005

162.6 + 4.8
P < 0.0005

P < 0.45

P < 0.49
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merization of connective tissue ground substance results in increased blood
concentrations of water-soluble and diffusible glycoproteins. Local accumula-
tion of protein-bound carbohydrates due to inflammations or injuries of small
extent would, however, be hardly so serious as to account for the high serum
values.

It is a further question, to what extent the protein-bound carbohydrates
originating from the liver are represented in the thoracic duct lymph and how
far they are mobilized in order to meet the organism’s demands. Houck [9]
found cortisol to reduce in rats the amount of subcutaneous connective tissue
in the first 24 hours, but to cause no further tissue loss upon continued admin-
istration.

It is therefore thought that mobilization of glycoproteins does not exceed
the demands. Schmidt [21] has shown in animal experiments that the hexos-
amine level is definitely lower in linear wounds than in autografts. According
to our observations, in cases of malignant disease associated with increased
glycoprotein values no further increase occurs in the level of these substances
if the tumour has successfully been removed. On the other hand, when normal
values had been present prior to surgery, they have been found to rise invariably
subsequent to it [18]. This favours the view that even when the primary cause
of enhanced glycoprotein mobilization has been eliminated (e.g. a tumour by
surgery), sufficient amounts required for tissue repair are still available in the
blood.

The reduced glycoprotein levels in the lymph of the cervical trunk involv-
ed by turpentine-induced inflammation are in conformity with the increased
amounts of these substances found after various injuries in the affected area
by Jackson [13], Fishkin et al. [7], White et al. [28] and Houck [10, 12]. In
other words, our observations lend support to the theory that the glycoproteins
leaving the capillaries are retained within the damaged area for the purpose of
tissue repair. On the evidence of further studies by Houck and Jacob [11], the
concentration of hydroxyproline in the wound decreases while that of hexos-
amine increases, then, as healing of the wound proceeds, a quantitative in-
crease in its collagen and acid mucopolysaccharide contents takes place at
the expense of glycoproteins.

According to the results of Rosenlund [20], Miettienen [14], and
others, the concentration of protein-bound carbohydrates fails to rise after
hepatic injury. It has been confirmed by our earlier experiments that the level
of glycoproteins correlates well with the extent of liver damage [19]. Though
there is a certain rise in glycoprotein concentrations 24 hours following carbon
tetrachloride poisoning, nevertheless, this increase only amounts to 50 per cent
of that occurring in healthy animals. After partial hepatectomy, the level
persists at the initial value. This would seem to account for the poor wound
healing in patients with liver disease.
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STEROIDS IN HUMAN SKIN AND HAIRS

I. ZIMMERMANN CHROMOGENS IN THE SKIN OF NORMAL
AND OF HIRSUTE WOMEN

By

M. JULESZ, |I. FarEDIN and I. TOTH

FIRST DEPARTMENT OF MEDICINE (DIRECTOR: PROF. M. JULESZ),
UNIVERSITY MEDICAL SCHOOL, SZEGED

(Received April 12, 1965)

Specimens of the hairless abdominal and the hairy pubic skin excised from endo-
crinologically healthy women were found to contain Zimmermann chromogens. The
chromogen content was considerably higher in the hairy skin.

Zimmermann chromogens were detected in much greater amounts in the hairy
abdominal and the pubic skin of hirsute than non-hirsute women.

Skin extracts were studied by means of paper and thin-layer chromatography.
Thin-layer chromatography with Kieselgel G as adsorbent, revealed substantial quan-
tities of cholesterol and several kinds of steroids in moderate amounts; with aluminium
oxide as the adsorbent, a few 17-ketosteroids were detected.

Several disturbances of steroid metabolism have been brought to light by
urinary and blood steroid studies aimed at clarifying the pathogenesis of
hirsutism, yet we are still ignorant of the extent to which they may be essen-
tial in the causation of the condition (Brooksbank, 1961; Dorfman, 1963;
Julesz et al. 1963; Faredin et al., 1964). This lack of knowledge is a source of
much uncertainty in the diagnosis and treatment of hirsutism and this is why
many cases reported in the literature, and even one third of our own cases, had
to be diagnosed as “idiopathic hirsutism”.

The working hypothesis underlying the present investigations is, that the
causative factor of hirsutism must be sought for in the skin, respectively in the
enzyme systems which are active in the skin and its secondary structures.
Hirsutism develops in women in whose skin, or around whose hair follicles,
the androgen to oestrogen ratio is high. Theoretically it may therefore be put for-
ward that, on the cellular level, the woman becomes hirsute whose hair follicles
are reached by much androgen from the blood, or whose follicular cells, due to
some enzyme defect, bind more than the normal amount of androgen or break
down oestrogens at an excessive rate. It is equally possible that steroids are
produced from precursors by the skin itself. A detailed study of these questions
might lead to a better understanding of what is termed idiopathic hirsutism
and, perhaps, to the clarification of its Seabright bantam syndrome-like form.

Little is known of the processes of steroid metabolism occurring in the
skin. Their study rests on the detection and estimation of the steroids in the
skin. The present paper will give an account of investigations into substances
detected in the skin of normal and hirsute women by application of the Zimmer-
mann reaction.
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Methods

Solubilization of skin tissue

From normal and hirsute women, subjected to lower median laparotomy for various
gynaecological conditions, 1 to 3 g specimens of abdominal skin (hairless in normals) and of
hairy skin from the pubes, were excised, carefully cleansed of fat and blood, frozen and, after
removal of the horny layer, cut into sections 20 to 25 ft thick. The sections were then collected,
weighed, suspended in 40 ml of a 2.5 per cent solution of NaOH, and allowed to stand at room
temperature for 24 hours.

Enzymatic hydrolysis and extraction

The lysed tissue suspension was adjuncted to near pH 6 with about 2.5 ml of 11 n HC1,
and then acidified to pH 4.5 with 5 ml of acetate buffer. After addition of 0.5 ml of a solution
of crystalline penicillin (25,000 1U) and 50,000 U of /3-glucuronidase, the tissue suspension
was incubated at 43 °C for 18 hours.

Following hydrolysis, the tissue suspension was centrifuged, and the separated aqueous
phase extracted with 4x20 ml of chloroform. The chloroform was separated from the aqueous
phase by centrifugation. The collected chloroformic extract was shaken out first with 5 ml
of cold 1 n NaOH and then with 5 ml of cold 0.1 NaOH, lastly with 5 ml of cold distilled
water, thereafter dehydrated with 2 to 4 g of anhydrous Na2504, and evaporated to dryness
in vacuo at 45 °C. The dry residue was dissolved in 2 ml of absolute ethanol, and 0.2 ml por-
tions of this solution were used for the Zimmermann reaction (Faredin et al., 1956).

Hydrochloric-acid hydrolysis and extraction

The aqueous phase left over after chloroformic extraction was measured and added to
the remains of the tissue that had been separated by centrifugation following enzymatic
hydrolysis. To this, 3 ml of concentrated HC1 was added for every 20 ml of the aqueous phase
and the mixture was boiled with glass beads under a reflux condenser for 15 minutes.

The tissue hydrolysate was centrifuged and the separated aqueous phase extracted
with the same 20 ml of ether with which the tissue fragments had previously been shaken out.
The aqueous phase was then extracted with additional 3x20 ml of ether.

The collected ethereal extract was washed with 2X 20 ml of 2 n NaOH and 2x 10 ml
of distilled water, then dehydrated with 2to 3 g of anhydrous Na2S04 and evaporated to dry-
ness. The dry residue was dissolved in 2 ml of absolute ethanol, and 2 ml portions of this
solution were used to estimate the Zimmermann chromogens.

Total Zimmermann chromogens

The data obtained with enzymatic and hydrochloric-acid hydrolysis were computed
for 1 g of wet skin tissue and added up.

Ketonic Zimmermann chromogens

The ketonic Zimmermann chromogens were separated by treating the total Zimmer-
mann chromogens obtained after enzymatic and hydrochloric-acid hydrolysis with the Girard-T
reagent, following the method of Pincus and Peariman (1941), and purified on Nymco florisil
adsorbent column (Faredin and Toth, 1964). The dry substance of the resulting eluate was
dissolved in 1 ml of absolute ethanol, and 0.2 ml portions of the solution were used for the
quantitative determination of the ketonic Zimmermann chromogens. The values were computed
for 1 g of skin tissue, and added up.

Identification studies

Paper chromatography. Schleicher-Schiill No. 2043 b. M.G.I. filter-paper was impreg-
nated with a methanol—propylene glycol mixture 1 : 1, according to Kochakian and Stid-
worthy (1952). A 1:1 mixture of benzene and cyclohexane saturated with propylene glycol
was used as the mobile phase. On completion of the run, which took 3 to 4 hours, the Zimmer-
mann colour reaction was developed.
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Thin-layer chromatography was done in a Desaga apparatus, using a type AK-01-AK-02
analytical quartz lamp.

W ith Merck Kieselgel G as the adsorbent, a 0.25 mm layer was made on a glass plate
measuring 10 cm by 20 cm. After running in 4 per cent ethanol benzene the plate was thor-
oughly soaked with 50 per cent H3P01and it was dried at 80 °C for half an hour to develop
the colour reaction.

W ith aluminium oxide a 0.25 mm layer was spread on a glass plate measuring 10 cm
by 35 cm. The Zimmermann chromogens were applied onto a layer activated at 120 °C, and
run in a mixture of n-hexane, ethyl acetate, glacial acetic acid and absolute ethanol (120 :
2120 : 2 : 1) for 3 to 4 hours at 30 °C. The separated steroids were developed with the Zim-
mermann reaction.

Results

Samples of abdominal hairless skin excised from 19 endocrinologically
healthy women, operated on for various gynaecological diseases (retroflexion,
Douglas’ abscess, etc.), were studied for total Zimmermann chromogens. In
five of these women, determinations were also carried out in samples of hairy
skin excised from the pubic region. All results are expressed in micrograms of
androsterone referred to 1 g of wet skin.

Table | shows that in the hairless abdominal skin of 19 non-hirsute wom -
en the amount of the total Zimmermann chromogens ranged between 53 and
170 /tg/g (mean, 107 /ig/g), and in the hairy skin from the pubes of 5 women
between 104 and 274 yug/g (mean, 193 /ig/g). Though it varied over wide ranges,
the amount of Zimmermann chromogens was twice as much in the pubic than
in abdominal skin. The difference was significant statistically (t(2) = 5.251;
p < 0.001).

The Zimmermann reaction is not specific for 17-ketosteroids; several
other steroids, and even contaminants accompanying them, react with alka-
line m-dinitrobenzene. Therefore, the ketonic fraction was separated from the
total Zimmermann chromogens and purified on Nymco florisil. We succeeded
in determining this fraction in 12 of the abdominal and 4 of the pubic skins.
Table | shows that ketonic Zimmermann chromogens varied in hairless ab-
dominal skin from 11 to 44 /tg/g (mean, 24 ~g/g), and in pubic skin from 24 to
82 /wglg (mean, 52 jug/g).

The finding thus revealed that only a small proportion of the total Zim-
mermann chromogens is ketonic (21 and 23 per cent, respectively); further, that
the hairy skin tissue of healthy women contains more ketonic Zimmermann
chromogens.

So far we could study the Zimmermann chromogen content of abdominal
and pubic skin in two women with ovarian hirsutism. The diagnosis, verified
by histology, was in both cases ovarian microcystic degeneration. The total
Zimmermann chromogen content in the abdominal skin of one woman was
147 yUglg, and in that of the other 240 /ig/g (mean, 193 /tg/g). These abdom -
inal skins were as hairy as were the pubic skins from the same two women.
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Initials

Tn
-

Cs. L.
Sz. S.

H. G.
Cs. G.

Age,

years

19
35
36
37
38
'38

39
39
41
42
42

43

55

56
65
33
28
48
53

M. JULESZ, I. FAREDIN and I. TOTH

Diagnosis

Douglas abscess
Ovarial tumour
Ovarial cyst

Perineal rupture
Perineal rupture

Hypertrophic
uterus

Ovarial cyst
Perineal rupture
St. p. lapar.
Myoma

Perineal plast.
oper.

Explor. laparo-
tomy

Amput. of the
uter. cerv.

Myoma
Salpingitis
Perineal rupture
Perineal rupture
Myomatosis
Myoma

Mean
Limits

Statistical analysis:

Table 1

Hairless abdominal skin

Total Ketonic Z chr.
Z. chr.
Mis %
136 25 18.5
121 19 15.7
107 16 15.1
109 28 26.0
85 22 26.0
65 16 25.3
133 — —
170 36 21.4
117 30 25.6
58 — —
96 16 16.8
149 21 13.8
59 — —
53 — —
129 11 8.7
119 44 36.6
125 — —
56 — - —
161 — -
107+H 23.7x2.7
53-170 11-44

Total Zimmermann chromogens:
Ketonic Zimmermann chromogens:

Zimmermann chromogen contents of skin in non-hirsute women

Hairy pubic skin

Total
Z.chr,
Myg Myg
274 82
262 55
104 —
147 24
180 47
193+33 52+12

104-274 24-82

t(2) = 5.251, p < 0.001
t(14 = 4.710, p < 0.001

Ketonic Z chr.

%

The ketonic Zimmermann chromogens amounted to 31 and 52 /rg/g, respec-

tively (mean, 42 ,ag/g) (Tahié II).

The amount of total Zimmermann chromogens in the pubic skins was
206 and 450 /tg/g (mean, 328 /tg/g). After purification, the ketonic Zimmermann
chromogens were 73 and 75 g/g, respectively (mean, 74 /tg/g). These findings
hardly permit conclusions; all one may say is that the hirsute abdominal skin
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Table 11

Zimmermann chromogen contents of skin in hirsute women

Hairy abdominal skin Hairy pubic skin
Initials Age, Diagnosis Mg/g Mg/g
years
Total Ketonic Total Ketonic
Sz. 1. 23 Ovarial hirsutism 147 52 206 73
L. D. 24 Ovarial hirsutism 240 31 450 75
Means 193 42 328 . 74
After treatment with ACTH

A. K 21 Ovarial hirsutism 225 95 -
B. E 27 Ovarial hirsutism 148 34 91 41
M. E 18 Stein—Leventhal syndrome 220 79 307 148

Means 198 69 199 95

most probably contains more Zimmermann chromogens than does the non-
hirsute skin.

The question arose whether the skin of hirsute women might not respond
to ACTH treatment with a rise in the amount of Zimmermann chromogens.
Three patients with ovarian hirsutism were each given 40 IU of ACTH for the
three last preoperative days. To control the effect of this treatment, the total
17-ketosteroids and 17-hydroxy-corticosteroids were studied in the urine.The
results of the experiments on the skin are presented in Table Il. In the hairy
abdominal skin the total Zimmermann chromogen content varied between 148
and 225 /xg/g (mean, 198 /xg/g), and the ketonic one between 34 and 95 /xg/g
(mean, 69 /xg/g). Though no appreciable difference was found between the
untreated and ACTH treated groups, the results confirmed our former finding
that hirsute abdominal skin contains much more Zimmermann chromogens than
does the non-hirsute one. In two of these three women in pubic skin the total
Zimmermann chromogens amounted to 91 and 307 /xg/g (mean, 198 /xg/g), and
the ketonic to 41 and 148 /xg/g (mean value of 95 /xg/g). Despite the fact that
these values appear to be higher than those obtained for hirsute patients not
treated with ACTH, no significance can be attributed to them in view of the
limited number of cases and the wide scatter.

In order to determine whether the Zimmermann chromogens found were
steroids, the following studies were undertaken.

Paper chromatography. The total and the ketonic Zimmermann chromo-
gens in hairy and hairless skins were studied. At the places corresponding to
androsterone, etiocholanolone, dehydroepiandrosterone and epiandrosterone,
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used for control purposes, it was not possible to demonstrate these steroids with
the Zimmermann reaction either from the hairy or the hairless skin samples.
Only an elongated spot was detected whose values varied between 0.88 and
0.92. Such high Ry values were obtained only with 3-chlorodehydroepiandro-
sterone and the acetylated derivatives of androsterone, etiocholanolone,
dehydroepiandrosterone and epiandrosterone. The colour of the spots of the
control steroids was much more stable than those ofthe Zimmermann chromo-
gens separated from the skins.

Thin-layer chromatography. Proceeding from the assumption that skin
extracts obtained by enzymatic or hydrochloric acid hydrolysis may contain
steroids not demonstrable with the Zimmermann reaction, attem pts were made
to separate the total Zimmermann chromogens by thin-layer chromatography
with Kieselgel G as adsorbent, and to demonstrate them by fluorescence and the
phosphoric acid colour reaction methods allowing to detect minute quantities
of steroids.

Fig. 1 presents the thin-layer chromatogram of the total Zimmermann
chromogens obtained with enzymatic (E) and hydrochloric acid (S) hydrolysis,
as viewed under ultraviolet light. The controls were 20 g of dehydroepiandro-
sterone, 40 g of androsterone, and 40 g of cholesterol. As seen, none of these
three control steroids was demonstrable under ultra-violet light. In the skin
extracts a few intensely fluorescent spots are visible; in addition, the spot with a
high Rf value also appeared.

Fig. 2 presents the same chromatoplate with colours developed by phos-
phoric acid. It shows, in addition to the control spots of dehydroepiandroste-
rone and cholesterol, a considerable amount of cholesterol (violet-red spot) and
a high Ry russet spot, in both skin extracts.

Fig. 3 shows the same chromatoplate under ultra-violet light. It dis-
tinctly reveals intensely fluorescent spots of the control steroids and of the skin
extracts obtained by enzymatic and hydrochloric acid hydrolysis.

W ith Kieselgel G the skin extracts revealed, in addition to cholesterol,
the same spot of rapid mobility, which could be shown to be present by paper
chromatography. Besides, below and above the cholesterol spot, several other
substances were detected in minute amounts, which most probably were
steroids.

Next it was studied whether some ofthe Zimmermann chromogens deter-
mined in substantial amounts were 17-ketosteroids. In our experience, the total
Zimmermann chromogens contain considerable quantities of foreign chromo-
gens, fat, etc. To reduce the interfering effect of such substances, we applied the
ketonic fraction of the Zimmermann chromogens obtained from a 4.3 g sample
of hairless abdominal skin excised from two non-hirsute women, using thin-layer
chromatography with aluminium oxide which was found the best adsorbent for
the separation of 17-ketosteroids.
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Fig. 1. Chromatogram of skin extracts on Kieselgel G
layer under ultra-violet light
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Fig. 4. Chromatogram of skin extracts on
aluminium oxide layer, developed with the
Zimmermann reaction
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Fig. 3. The same chromatogram as on Fig. 2 under
ultra-violet light
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Fig. 4 presents the resulting picture. On the first strip (from left to right),
to which the extract obtained by enzymatic hydrolysis had been applied, devel-
opment by the Zimmermann reaction produced four violet-blue spots and a
large brownish-blue one of high mobility, indicating different 17-ketosteroids.
To the second strip were applied the standard steroids (from above down-
wards): 10 fig of 3-chlorodehydroepiandrosterone, 20 fig of déhydroépiandro-
stérone, and 11 fig of 11-ketoandrosterone. On the third strip the extract
obtained by hydrochloric acid hydrolysis was run. On this, there appeared
three faint spots. Because of the interference by impurities (mostly fat), this
chromatogram could not be used for identification purposes but demonstrated
the presence of 17-ketosteroids.

Discussion

The skin is no longer thought to be the passive organ, for which it had
been taken formerly. Its lifelong restitution and the cyclic process of hair-
growth require vigorous metabolism. A wide variety of enzymes has been de-
scribed from the skin and its secondary structures: cytochromoxydase, mucinde-
hydrogenase, monoamino oxydase, dermopeptidase, phosphorylase, etc.
(Montagna, 1962).

Meyer (1931) detected substantial amounts of cholesterol in the human
skin. Several authors demonstrated that various animal tissues, including
human skin, are capable of synthesizing cholesterol from acetate (Srere et al.,
1950; Popjak and Beeckman, 1950; Kritchevsky, 1958). However, from the
point of view of our working hypothesis, greater importance attaches to two
questions: can the human skin be shown to contain steroid hormones? and if
so, is the cholesterol in it capable of conversion into a steroid hormone? In his
monograph, Rothman definitely stated in 1955: “up to this time, no biologi-
cally active steroid hormones have been demonstrated to be present in the
skin.” The situation has not changed since (Montagna, 1962). An increasing
number of data has accumulated on the relationship of hair-growth to hormones,
but none seem to be available as yet on the demonstration of steroid hormones
in the skin. Malkinson et al. (1959) suggested a role for the skin in glycocorti-
coid metabolism, but the published data refer only to the steroid contents of
the sebum and sweat (Cook and Lérincz, 1963; Bosse and Pascher, 1964;
Bosse et al., 1964). Fazekas (1961) suggested a role for the skin in glyco-and
mineralocorticoid metabolism, too.

The part played by the androgens and oestrogens in the development of
the secondary sexual structures, has long been recognized. The difference in
hair growth between the human male and female is commonly attributed to
these steroids. Our working hypothesis assigns to them also arole as aetiological
agents in hirsutism. This is a difficult problem, for very little is known of the
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biochemical, physiological and pathophysiological conditions prevailing in the
hair follicles. Nor have we any knowledge of the mechanism through which the
androgens and oestrogens would participate in the causation of hirsutism.

To detect and quantitatively determine androsterone, déhydroépi-
androstérone, epiandrosterone, and certain other androgens, the Zimmermann
reaction is most widely used. This reaction is not, however, suitable for the
detection of testosterone and it is of limited specificity; more reliable are the
values obtained for the ketonic fraction separated by the use of the Girard’s
reagent T.

The present results have shown less Zimmermann chromogens in the
hairless abdominal than the hairy pubic skin of non-hirsute women. The quan-
tity of Zimmermann chromogens is practically the same in the hairy abdominal
skin of hirsute women as in the hairy pubic skin of non-hirsute women. Treat-
ment with ACTH leaves unaffected both the abdominal and the pubic skin of
hirsute women.

Our paper chromatographic studies have shown the presence of a spot of
high Ry value. Thin-layer chromatography with Kieselgel G revealed in the
total Zimmermann chromogens a substantial quantity of cholesterol and lesser
amounts of substances fluorescing with phosphoric acid; these are presumably
steroids. On aluminium oxide layer, the ketonic Zimmermann chromogens are
separable and the Zimmermann reaction yields four steroid spots. Their
identification is in progress.

Further investigations are required to explain the differences found in the
amount of Zimmermann chromogens and to identify the steroids present in the
skin extracts.

REFERENCES

Bosse, K., Pascher, G.: Klin. Wschr. 42, 1196 (1964).

Bosse, K., Pascher, G., Romiti, N.: Klin. Wsclir. 42, 1195 (1964).

Brooksbank, B. W. L.: Physiol. Rev. 41, 623 (1961).

Cook, T. J., Lérlncz, A. L.: J. invest. Derm. 41, 265 (1963).

Dorfman, R. |.: Obstet, gynec. Surv. 18, 65 (1963).

Faredin, |I., Novaszel, F., Kende, E.: Kiséri. Orvostud. 8, 438 (1956).

Faredin, |, Téth, I.: Acta med. Acad. Sei. hung. 20, 185 (1964).

Faredin, |., Szarvas, F., Téth, |, David, A. M., Julesz, M.: Acta med. Acad. Sei. hung.
20, 325 (1964).

Fazekas, I. Gy.,: Hautarzt, 12, 203 (1961).

Gould, R. G.: Amer. J. Med. 11, 209 (1951).

Julesz, M., Faredin, |I., Téth, |., David, A. M., Kovacs, K.: Acta med. Acad. Sei. hung.
19, 311 (1963).

K ochakian, C. D., Stidworthy, G,: J. biol. Chem. 199, 607 (1952).

K ritchevsky, D.: Cholesterol. Wiley, 1958.

Malkinson, F. D., Lee, M. W., Cutuhovic, I.: J. invest. Derm. 32, 101 (1959).

Meyer, A.: Z. Kinderheilk. 50, 596 (1931).

Montagna, W.: The Structure and Function of Skin. Academic Press, New York 1962,
2nd ed.

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



STEROIDS IN HUMAN SKIN AND HAIRS, I. 33

Pincus, G., Pearlman, W. H.: Endocrinology 29, 413 (1941).
Popjak, G., Beeckman, M. L.: Biochem. J. 46, 547 (1950).
Rothman, S.: Physiology and Biochemistry of the Skin. The University of Chicago Press

1955.
Srere, P. A., Chaikoff, |I. L., Treitman, S. S.,

629 (1950).

Burstein, L. L.: J. biol. Chem. 182,

Dr. Miklés Julesz, . L. ) . .
. First Department of Medicine, University Medical
Dr. Imre Faredin, L.
, School, Szeged, Koradnyi rakpart, 12. Hungary
Istvan Toth

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)






Acta Medica Academiae Scientiarum Hungaricae Tomus 22 (1), pp. 35—40 (1966)

STEROIDS IN HUMAN SKIN AND HAIRS

Il. NEW METHODS OF CHOLESTEROL ASSAY IN HUMAN SKIN AND HAIRS

By

I. Toth, I. Faredin and M. Julesz
FIRST DEPARTMENT OF MEDICINE (DIRECTOR: M. JULESZ),
UNIVERSITY MEDICAL SCHOOL, SZEGED

(Received April 12, 1965)

Thin-layer and column chromatography revealed considerable amounts of cho-
lesterol in extracts of human skin and hairs. Thin-layer chromatograms showed, in
addition, the occurrence of other steroids.

A procedure has been elaborated to estimate minute quantities of total cholesterol
in human skin and hairs. The maximum difference between parallel determinations
amounted to 12.5 per cent. The mean recovery rate was 92.2 per cent.

It has been known since Meyer’s work (1931) that the human skin con-
tains cholesterol in substantial quantities. Moore and Baumann (1952) showed
that most human organs are rich in it. Its biosynthesis in the skin, especially in
the rat, has been studied by several investigators (Miller and Baumann, 1954;
Neiderhiser and Wells, 1959; Gaylor, 1960; Horlick and Avigan, 1963;
Clayton et al., 1963, etc.).

Opinions now agree that cholesterol is one of the principal steroid pre-
cursors. Incubating adrenal, testicular, ovarian, and placental homogenates,
several authors have shown the formation of intermediate products during the
conversion of cholesterol to pregnenolone (Solomon etal., 1956; Shimizu et al.,
1960; Dorfman, 1961, etc.). A question still open is whether the cholesterol
present in the skin is capable of conversion into biologically active steroid
hormones. Nor are any data available on the quantity of cholesterol in human
hairs.

In the hope that a detailed study of the latter point will lead to a better
understanding of the genesis of hirsutism, we first had to elaborate a rapid and
simple method for the quantitative determination of the total cholesterol con-
tents in human skin and hairs.

Methods

1. Solubilization and exgtaction of hhman skin and hairs

Hairs obtained from different areas (head, pubic region, armpit, etc.) was defattened
with a 5 per cent solution of a commercial detergent, washed several times with distilled water,
and dried. Amounts of 30 to 50 mg were used in the experiments.

Samples of skin, excised during an operation, were cleansed of fat and surface iodine,
cut into slices, and used in quantities of 80 to 100 mg.
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Skin and hairs alike were solubilized by boiling under a reflux condenser for 20 minutes
in 20 ml of 2.5 per cent sodium hydroxide solution. After cooling, the homogeneous solution
was acidified with 11 n hydrochloric acid to pH 2—3, and shaken out with 4x 15 ml of ether.
The ethereal extract was washed with 3X20 ml of 2 n sodium hydroxide and 2x20 ml of
distilled water, then treated with 1—3 g of anhydrous sodium monosulphate, and evaporated
to dryness.

2. Thin-layer chromatography of skin and hair extracts

A 20 sq. cm Desaga glass plate was used, with 250 ft Merck Kieselgel G layer (after
Stahl). The skin and hair extracts, and cholesterol as the standard, were applied in benzene
to strips 2 cm in width. During their application, a stream of hot air was directed to the starting
points. Running time was 60—70 minutes.

The dried plate was sprayed with 50 per cent phosphoric acid and kept at 80 °C for
30 minutes, whereupon the characteristic spots of cholesterol appeared.

3. Purification of skin and hair extracts on Nymco florisil column

The crude extracts of skin and hairs treated according to Zlatkis et al. (1953), in addi-
tion to the violet red colour characteristic of cholesterol, often revealed a reaction brownish
in colour. As this was presumably due to impurities, the crude extracts were purified on Nymco
florisil (Faredin and Toéth, 1964). The cholesterol extract was applied onto a 2 g column
suspended in benzene, and washed first with 15 ml of benzene and then with 10 ml of 0.5
per cent ethanol in benzene. Thereafter, the pure cholesterol was eluted from the column
with 12 ml of 0.5 per cent ethanol in benzene. The eluate was evaporated to dryness and the
colour reaction of Zratkis et al. (1953) was performed. This yielded the same colour as did the
cholesterol standard.

4. ldentification of the purified cholesterol fraction

Apart from the sulphuric acid-ferric chloride method of Z1atkis et al. (1953), to identify
the purified cholesterol obtained from human skin and hairs the sulphosalicylic acid method
(Rappaport and Eichhorn, 1960), the Liebermann-Burchard reaction (Schoenheimer and
Sperry, 1934), the perchloric acid (Tauber, 1952),and the phosphomolybdic acid (Kritchevsky
and Kirk, 1952) colour reactions were performed.

5. Technique

To the dry residue obtained from the florisil column 4.5 ml of glacial acetic acid are
added and the content of the flask is dissolved under mild heating. The solution is mixed
with 2.5 ml of ferric chloride under vigorous shaking. After cooling for 5 minutes, the intensity
of the developing violet red colour is measured against the blank in a Havemann photometer,
using a Y.G. 9 colour filter and 0.5 cm cuvettes.

Results

For the qualitative study of the cholesterol contents, skin and hairs were
obtained from different sites on the body of a patient with ovarian hirsutism who
had been treated with ACTH preoperatively for three days. The results are
shown in three chromatograms, in each of which the sequence of the substances
studied is as follows (from left to the right): 1 = extract of hair from the head;
2 = extract of axillary hairs; 3 = 40 ftg of control cholesterol; 4 = extract of
pubic hairs; 5 = extract of hairs from the thigh; 6 = hairy abdominal skin
extract obtained by enzymatic hydrolysis; 7 = 40 /ig of control dehydroepi-

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



Fig. 1. Chromatogram of extracts of skin and liairs under
ultra-violet light
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Fig. 2. Chromatogram of extracts of skin and hairs detected with
50 per cent phosphoric acid in daylight
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Fig. 3. Chromatogram of extracts of skin and hairs detected
with 50 per cent phosphoric acid under ultra-violet light
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androsterone and 40 pg of cholesterol; 8 = abdominal skin extract obtained
by hydrochloric acid hydrolysis (Julesz et al., 1966).

Fig. 1 presents the Kiesclgel G thin-layer chromatogram of the extracts
of hairs and abdominal skin viewed under ultra-violet light. The control
steroids are barely perceptible. The extracts of hairy abdominal skin show the
picture known from earlier work (Julesz etal., 1966). The extracts of hairs from
different areas reveal a few fluorescent spots.

Fig. 2 presents the phosphoric acid colour reaction on the same chroma-
toplate as seen in daylight. The control cholesterol and dehydroepiandrosterone
spots are distinct. At the level of the cholesterol standard, there appear the
cholesterol spots of the hairs and the abdominal skin. At and below the level
of the dehydroepiandrosterone standard russet-coloured spots are demonstrable
in the axillary and pubic hairs.

Fig 3. shows the same chromatoplate viewed under ultra-violet light. This
is the most distinctive and informative of the three chromatograms. It displays
the spots of the control steroids and the fluorescence of the abdominal skin
extracts. Remarkably, in each type of hairs at least three intensely fluorescent
spots are visible. Mostintense is the spot appearing at the level ofthe cholesterol
standard. In the extract of axillary hairs the spot appearing at the level of the
standard dehydroepiandrosterone, with one or two smaller fluorescent spots
above and below it, compels attention. The spot detected at the same level in
the extract of pubic and thigh hairs respectively likewise attracts notice. The
different extracts show the fluorescent spots of apolar substances already
described from skin extracts.

Table |

Cholesterol contents of human hairs before and after purification on
florisil column

Cholesterol found, mg/g

Hairs studied without after %g:egr\ﬁg
purification

2.22 1.66 25.2

2.37 1.94 -18.1

2.30 1.56 -31.8

Of the head 3.40 3.04 -10.6
2.42 1.82 -24.8

3.11 2.60 -16.4

3.39 3.43 + 1-2

Pubic 3.36 3.26 - 3.0
3.21 3.20 - 03

3.45 3.27 - 52
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From the findings it appears that the crude cholesterol extracts of skin
and hairs contain foreign substances in considerable quantities. This is defi-
nitely supported by Ziratkis’ colour reaction, which along with the violet red
colour characteristic of cholesterol shows a brownish tint, which is particularly
marked in extracts of hairs.

The data in Table | show differences in the amount of cholesterol found
in unpurified and florisil purified hair extracts; these differences ranged from
—10.6 to —31.8 per cent for hair from the head and from —5.2 to +1.2 per
cent for pubic hairs.

As to the other colour reactions, 12 per cent sulphosalicylic acid in the
presence of sulphuric acid gave with cholesterol isolated from skin and hairs a
bluish-green colour. The Liebermann-Burchardt reaction with acetic acid
anhydride and sulphuric acid, gave a greenish-blue colour. The cholesterol sepa-
rated from skin and hairs yielded a pink colour with 70 per cent perchloric acid
in chloroform at 56°C. This colour disappeared upon the effect of water. Skin and
hair extracts dropped on paper and sprayed with 10 per cent phosphomolybdic
acid and kept at 110°C, gave a blue spot. These reactions also indicated that the
substance separated from skin and hairs and identified by thin-layer and flo-
risil column chromatography, was truly cholesterol.

W ith a view to assessing the accuracy of our method, parallel examina-
tions were carried out. As the data in Table Il show, the difference between the
parallels was less than 10 per cent for hairs and maximum 12.5 per cent for
skin.

Table 11

Parallel cholesterol determinations in human hairs and skin

. . A B A—B difference,

Material studied mglg mglg per cent

1.45 1.38 - 4.8

Hair from the head 2.70 2.74 + 15

2.42 2.23 - 79

2.33 2.55 + 9.4

3.18 3.38 + 6.3

Pubic hairs 2.51 2.54 + 12

2.57 2.37 - 7.8

1.76 1.89 + 7.4

1.64 1.84 + 12.2

Skin 112 1.26 + 125
1.16 1.16 0

1.26 1.27 + 0.8
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As shown in Table Ill, an average of 92.2 per cent of the cholesterol added
to the reaction mixture could be recovered.

Table 111

Cholesterol recovered (after alkaline lysis,
ethereal extraction and purification with florisil)

Added to Recovered

reaction Mean recovery,
mixture, per cent

My g per cent

80 73 91.2

80 71 88.7 92.2
120 114 95.0

120 108 90.0

Discussion

It has been shown earlier (Juresz et al., 1966) that human skin, whether
hairy or hairless, contains cholesterol. This is a fact known since Meyer’s
investigations (1931) but, to our knowledge, the different body hairs themselves
have not yet been studied for their cholesterol contents. Most investigators
have only concerned themselves with the cholesterol in the sebaceous and lipid
layer present on the surface of skin and hairs. We have succeeded in detecting
substantial amounts of cholesterol in extracts of skin and different types of
hairs by thin-layer and florisil column chromatography as well as various colour
reactions.

In the chromatograms of the crude skin and hair extracts in addition to
the large cholesterol spots, several small spots were visible. The fluorescent
spots seen below it, particularly at the level of the standard déhydroépiandro-
stérone, were most probably steroids.

Our working hypothesis assigns a role to the cholesterol contents of skin
and hairs in the normal growth of hair in humans, and in the development of
hirsutism in women. We have therefore worked out a method of cholesterol
assay in skin and hairs. The method allowed the recovery of about 92 per cent
ofthe cholesterol added to the reaction mixture. The differences between paral-
lels amounted at most to 12.5 per cent. On these grounds, the procedure is
thought to be suitable for the estimation of minute quantities of cholesterol in
skin and hairs. The values for cholesterol purified on florisil column and deter-
mined with phosphoric acid-ferric chloride as the reagent, are regarded as the
“total cholesterol” in skin and hairs; a study of its fractionation will be the
subject of a subsequent paper.

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



40 I. TOTH, I. FAREDIN and M. JULESZ

REFERENCES

Clayton, R. B., Nelson, A. N., Frantz, |I. D. jr.: J. Lipid Res. 4, 166 (1963).
Dorfman, R. I.: 5th int. Congr. Biochem. Moscow 1961.

Fahedin, I, Téth, I.: Acta med. Acad. Sei. hung. 20, 185 (1964).

Gaylor, J. L.: Doctoral Theses. Univ. of Wisconsin, 1960.

Horlick, L., Avigan, J.: J. Lipid Res. 4, 160 (1963).

Julesz, M., Faredin, |., Toth, |.: Acta med. Acad. Sei. hung. 22, 25 (1966).
Kritchevsky, D., Kirk, M. R.: Arch. Biochem. 35, 346 (1952).

Meyer, A.: Z. Kinderheilk. 50, 596 (1931).

Mitter, W. L. jr., Baumann, C. A.: Proc. Soc. exp. Biol. (N. Y.) 85, 561 (1954).
Moore, P. R., Baumann, C. A.: J. hiol. Chem. 195, 615 (1952).

Neiderhiser, D. H.,, Wells, W. W.: Arch. Biochem. 81, 300 (1959).
RappAport, F., Eichhorn, F.: Clin. chim. Acta 5, 161 (1960).

Schoenheimer, R., Sperry, W. M.: J. biol. Chem. 106, 745 (1934).

Shimizu, K., Dorfman, R. I., Gut, M.: J. biol. Chem. 235, PC 25 (1960).
Solomon, S., Levitan, P., Liebermann, S.: Rev. canad. Biol. 15, 282 (1956).
Tauber, H.: Anal. Chem. 24, 1494 (1952).

Ziatkis, A., Zak, A., Boyle, A. J.: J. lab. clin. Med. 41, 486 (1953).

Istvan Toéth
Dr. Imre Faredin
Dr. Miklés Julesz,

First Department of Medicine, University Medical
School, Szeged, Koranyi rakpart, 12. Hungary

Acta Medica Academiue Scientiarum Hungaricae 22 (1966)



Acta Medica Academiae Scientiarum Hungaricae Tomus 22 (1), pp. 41—47 (1966)

STEROIDS IN HUMAN SKIN AND HAIRS

I1l. CHOLESTEROL IN THE SKIN AND HAIRS OF NORMAL
AND HIRSUTE WOMEN, AND IN THE HAIRS OF NORMAL MEN

By

I. Faredin, |I. Toth and M. Julesz

FIRST DEPARTMENT OF MEDICINE (DIRECTOR: PROF. M. JULESZ),
UNIVERSITY MEDICAL SCHOOL, SZEGED

(Received April 12, 1965)

The total cholesterol contents of the skin and of the hairs of hirsute and endo-
crinologically normal women and normal men, were studied. In both hirsute and normal
women more cholesterol was found in the pubic than in the abdominal skin. Hairs were
found to contain cholesterol in considerable quantities, particularly the axillary hairs
of normal men and women. Hairs of hirsute women were rich in cholesterol. ACTH
appeared to have no effect on the cholesterol content of hairs.

It has been shown that human skin and hairs contain considerable
amounts of cholesterol (Julesz et al., 1966), and a method has been elaborated
for its quantitative determination (TOTH et al., 1966).

It has long been known that in the peripheral endocrine glands (adrenal
cortex, testis, ovary, placenta) a wide variety of steroids are formed from
cholesterol. According to Dorfman (1961), the way cholesterol breaks down in
these glands is probably the following: 20 ct-hydroxycholesterol — 20, 22 (?)
dihydroxycholesterol (-> 20«-liydroxy, 22-ketocholesterol) — pregnenolone 4*
isocapronic acid. There are, however, no data in the literature available to us
on the role of the cholesterol present in skin and hairs. Still, a study of the
biochemical processes taking place in the skin might supply the key to the
pathogenesis of hirsutism. Disturbances of steroid metabolism can only be
studied if the metabolites are reliably estimated. It was on these considerations
that we undertook the quantitative determination of cholesterol in the skin and
hairs of normal males and females and hirsute women.

Methods

Specimens of hairy and hairless abdominal skin and pubic skin were excised from patients
subjected to surgical or gynaecological operations. Patients not affected by endocrinological
disease formed the normal group. The patients in the hirsute group were afflicted with the
ovarian type of the condition.

Hairs were taken from different sites (head, armpits, pubic region, etc.) of normal
males and females, and from women with ovarian, adrenal or idiopathic hirsutism. The hirsute
women were subjected to treatment with 80 I.U. of ACTH (Exacthin; Richter, Rudapest)

daily for 3 days before sampling.
Statistical analyses were carried out with Student’s t test.

Results

In the hairless abdominal skin from 8 non-hirsute women, the cholesterol
contents varied between 0.71 and 1.39 mg/g, averaging 1.09 mg/g. In pubic skin
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of 6 of the same 8 women, the cholesterol contents ranged from 1.12 to 1.94
mag/g, with an average of 1.41 mg/g. With the exception of one patient, more
cholesterol was found in the pubic than in the abdominal skin (Table I). The
values refer to 1 g of wet skin.

Table 1

Cholesterol contents of the skin of non-hirsute
women

Cholesterol in skin, mg/g

Pifrlltiit(iezglts,S ;ﬁe\ga?’s Abdominal Pubic
(hairless) (hairy)

H. G. 48 1.22 -

B. I 28 1.16 1.27

Y. J 32 1.36 1.94

Z.1. 39 0.88 1.21

K. K. 35 0.71 1.12

F.J 55 1.39

A. 41 1.14 1.19

Sz. S. 33 0.88 1.72
Mean 1.09 + 0.09 141 + 0.13
Extremes 071 - 139 112- 194

Significance t(1A = 2.052
p > 0.05

In 5 women with ovarian hirsutism, cholesterol in abdominal skin varied
between 0.62 and 1.09 mg/g (mean, 0.81 mg/g), and in pubic skin between
0.87 and 1.56 mg/g (mean, 1.27 mg/g) (Table II).

Table 11

Cholesterol contents of the skin of women with
ovarian hirsutism

Cholesterol in skin, mg/g

P.?]t.'tue;lés yAega?s Abdominal Pubic
(hairy) (hairy)
A. K. 21 0.97 1.56
B. E. 27 0.74 1.42
L.D. 24 1.09 1.45
M. E. 18 0.62 1.04
S. I 19 0.63 0.87
Mean 0.81 + 0.11 1.27 £ 0.17
Extremes 0.62 - 1.09 0.87- 1.56

Significance t(8 = 2.251
p > 0.05
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Tabic 111

Cholesterol contents of hairs of normal women

Patient’s Age, Hair, Pubic hairs, Axillary hairs,
initials years mg/g mg/g mg/g
\V. M. 41 1.56 2.53 2.97
K. J. 27 1.66 1.73 3.46
K. M. 32 1.65 2.47 3.84
B.J. 26 1.87 1.42 3.23
K. Zs. 22 1.94 211 3.17
0. M. 48 1.49 — R
L. L 28 1.82 — —
F. E. 20 2.85 2.31 3.23
F. L 25 1.40 2.30 2.28
B.J. 26 1.37 2.59 2.47
V.J. 32 1.22 2.53 3.12
Mean 1.71 + 0.13 2.22 + 0.13 3.09 + 0.15
Extremes 122 - 285 142- 259 2.28 —3.84
Significance in comparison with axillary hairs t/18 = 7.337 t/lej = 4.242
p < 0.001 p < 0.001
Table IV

Cholesterol contents of hairs of normal men

Patient’s Age, Hair« (mg/g)
initials — years head pubic aillary chest
T. L 29 2.64 1.89 3.09 1.73
W. M. 40 2.94 1.55 3.52 1.38
F. I 41 2.43 1.36 3.47 1.96
F. I 27 2.06 211 4.03 2.30
Sz. I. 49 2.11 2.73 2.70 1.77
B. I 27 2.39 1.85 3.18 1.77
M. F. 54 2.56 2.17 3.40 2.63
B.S. 24 2.96 1.35 4.15 1.30
D. E. 26 2.12 2.25 3.09 —
I1. S. 58 1.90 2.19 2.23 1.39
Sz. K. 55 — 1.54 - 1.55
Mean 241 £ 0.10 1.90 £ 0.13 3.28 £ 0.18 1.78

Extremes 190 —2.96 136- 273 223 —4.15 130- 230
Significance in comparison with axillary hairs (without the chest-hairs):
tps) ~ 3.780 t(19 = 6,293
p < 0.01 p < 0.001
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Tabic V

Cholesterol contents of hairs of hirsute women

Hairs (mg/g)

Age,

fars head pubic aillary chest abdomminal thigh beard buttocks
21 2.97 3.50 — 2.30 — — — —
49 2.29 2.90 — 3.20 ) - ] _
21 2.00 3.16 — 2.14 _ _ ] _
18 2.34 241 — 3.12 ] ) ] _
27 3.64 359 4.56 - ) _ _ _
28 274 3.37 3.98 — . ) ] _
20 1.64 1.76 2.93 311 3.01 2.46 559 2.94
23 1.91 1.40 2.34 — 2.95 3.04 4.85 2.34
27 251 — 2.64 — — 2.70 - _
2 1.64 2.02 2.92 — 461 _ . _
21 2.78 1.34 2.64 — ; 3.13 - —
19 1.14 2.62 2.86 — — ; 3.25 -
18 172 147 2.60 — — 3.43 . —
20 142 1.28 3.10 3.24 3.67 . ] _

2.19 2.37 3.05 2.85 3.53 2.95 4.56 2.64
1.14-2.97 1.28-3.59 2.34-4.56 2.14-3.24 2.95-4.61 2.46-3.43 3.25-5.59 2.34-2.94
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The question arose how much of the cholesterol found in the skin origi-
nated from hairs left embedded in the epidermis. Thus the investigations were
extended to hairs in different areas.

Table 111 presents the data for normal women. It shows individual varia-
tions in the cholesterol contents between 1.22 and 2.85 mg/g for hair (mean
of 11 patients, 1.71 mg/g); between 1.42 and 2.59 mg/g for pubic hairs (mean of
9 patients, 2.22 mg/g); and between 2.28 and 3.84 mg/g for axillary hairs (mean
for 9 patients 3.09 mg/g).

The corresponding values for normal men were (Table IV) between 1.90
and 2.96 mg/g for hair (mean of 10 patients, 2.41 mg/g); between 1.36 and
2.73 mg/g for pubic hairs (mean of 11 patients, 1.90 mg/g); and between 2.23
and 4.15 mg/g for axillary hairs (mean of 10 patients, 3.28 mg/g). Hairs grow-
ing on the male chest were found to contain cholesterol in quantities between
1.30 and 2.30 mg/g (mean of 10 patients, 1.78 mg/g).

Table V shows the values for cholesterol found in various skin areas of
hirsute women.

In the hair 1.14 to 2.97 mg/g; mean of 14 cases, 2.19 mg/g; in pubic hairs
1.28 to 3.59 mg/g; mean of 13 cases, 2.37 mg/g; in axillary hairs 2.34 to 4.56
mg/g; mean of 10 cases, 3.05 mg/g; in hairs on the chest 2.14 to 3.24 mg/qg;
mean of 8 cases, 2.85 mg/g; in abdominal hairs 2.95 to 4.61 mg/g; mean of 4
cases, 3.53 mg/g; in hairs on the thigh 2.46 and 3.43 mg/g; mean of 5 cases,
2.95 mg/g; in beard 3.25 and 5.59 mg/g; mean of 3 cases, 4.56 mg/g; in hairs on
the buttocks 2.34 and 2.94 mg/g; mean of 2 cases, 2.64 mg/g.

Hairs from 5 hirsute women were studied for cholesterol contents before
and after ACTH treatment. Table VI shows that though in the individual cases
ACTH treatment moderately increased or decreased the cholesterol content,
the mean values were practically identical before and after treatment.

Table VI

Cholesterol contents in hairs of hirsute women before and after ACTH treatment

Hairs (lllg/g)
patient’s Age, head pubic axillary
initials years before after before after before after
ACTH treatment

B. E. 27 251 2.49 — 1.42 2.64 2.51
N. J. 20 1.64 1.15 1.76 2.01 2.93 3.24
N. E. 23 191 2.36 1.40 2.26 2.34 2.80
K. Zs. 18 1.72 1.28 1.47 1.93 2.60 2.46
M. E. 20 1.42 1.70 1.28 1.57 3.10 2.61

Mean 1.84 1.80 1.48 1.84 2.72 2.72

Extremes 1.42-2.51 115 249 1.28-1.76 1.42-2.26 2.60-3.10 2.46—3.24
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Discussion

Little is known of the significance of cholesterol in human skin and hairs.
Clayton et al. (1963) have demonstrated the ability of rat skin to synthesize
cholesterol from acetate. This shows that the skin of the rat is rich in enzymes.
By treatment with triparanol, these authors successfully inhibited the enzyme
responsible for reduction of the 24,25-double bond in the sterols. Similar
results have been obtained by Horlick and Avigan (1963). These findings and
the cyclic growth of hairs constitute additional proof of vigorous metabolic
processes taking place in the skin. Hormonal influences are thought to be
responsible for the differences in hair growth between the human male and
female, but the causative biochemical processes are unknown.

In the present experiments more cholesterol was found in the hairy pubic
than the hairless abdominal skin of endocrinologically normal persons. In
hirsute women, pubic skin contained more cholesterol than did the hairy abdom -
inal skin. However, in neither group was the difference statistically significant
(Tables I and I1).

According to Meyer (1931), the amount of cholesterol in dry normal skin
is 367 mg/100 g. We found an average of 1.25 mg in 1 g of wet skin. Since skin
contains about 60 per cent water, 1.25 mg/g of wet skin corresponds to 313
mg/100 g of dry skin, which value agrees well with that established by Meyer.

Hairs showed higher cholesterol contents than did the skin; the corre-
sponding values were similar for males and females. In both sexes, the contents
were the highest in axillary hairs, significantly less in hair and pubic hairs, and,
in men, in hairs of the chest (Tables Ill and 1V).

Hair and pubic and axillary hairs contained about as much cholesterol
in hirsute as in endocrinologically normal women. Much higher were the cho-
lesterol contents in hirsute women with characteristic masculine hair growth
(chest, abdomen, thighs, beard). Thus, considerably more cholesterol was found
in hairs of the chest of hirsute females than of normal males (Tables IV and V).

ACTH treatment caused no appreciable change in the cholesterol contents
of hairs from hirsute women.

The present investigations were restricted to total cholesterol determina-
tion, and were not extended to cholesterol esters, and the cholesterol deriva-
tives isolated from the skin by earlier workers. Moore and Baumann (1952)
isolated 7-dehydrocholesterol from rat skin. Idler and Baumann (1952) demon-
strated in the rat skin the presence of A 7-cholestenol, Neiderhiser and Wells
(1959) that of 4 a-methyl-A7-cholestenol (methostenol), and Stokes et al.
(1958) of 24-dehydrocliolesterol (desmosterol). Gaylor (1960) determined the
proportions of the chief cholesterol derivatives in the rat skin and found 52 per
cent cholesterol, 31.2 per cent A7-cholestenaol, 7.5 per cent cholestanol, 2.4 per
cent desmosterol, and 1.9 per cent 7-dehydrocholesterol. Studies of these
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sterols would yield interesting results and may explain the origin and signifi-
cance of the substantial amounts of cholesterol found in the hairs of hirsute
women.
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Extracts of the hairs of normal men and women, and of hirsute women, have
been studied. Hair, axillary and pubic hairs were found to contain 17-ketosteroids;
axillary hairs were the richest in them. Dehydroepiandrosterone and its artefact,
3-chloro-dehydroepiandrosterone, were identified by their Hy in different thin-layer
chromatographic systems and by different colour reactions.

In hairs from hirsute women two 17-ketosteroids of low Ry value were detected;
these were absent from the hairs of normal women. No qualitative differences were
observed between body hairs before and after ACTH treatment.

In earlier experiments it has been shown that human skin extract puri*
fied with Girard’s reagent T contains 17-ketosteroids (Julesz et al., 1966). In a
study concerned with the cholesterol content in human body hairs, thin-layer
chromatography revealed at the level ofthe standard 17-ketosteroids the appear-
ance, in addition to cholesterol, of intensely fluorescent substances, probably
17-ketosteroids (Toth et al., 1966). This raised the question whether hairs might
contain androgen steroids; a point on which we have been unable to find infor-
mation in the literature. Another of our observations was that human hairs
contained more cholesterol, the principal steroid precursor, than did human skin
(Faredin et al., 1966). All this seemed to justify a detailed study of the 17-keto-
steroid content of the hairs from normal men and women as well as women with
hirsutism.

As Kieselgel G is not suitable for the fine separation of androgen-type
steroids on thin layers, thin-layer chromatography with alumina as adsorbent
(Faredin and Toth, 1966) was used in the present experiments, which allowed
the separation of minute quantities of 17-ketosteroid present in biological
substances.

Methods

Exposure and extraction of hairs

Hairs cut from different areas (head, armpits, pubic region) of normal men and women
were collected in hatches of 400 to 1600 mg and boiled under reflux in 40 ml of a 2.5 per cent
solution of NaOH for 20 minutes. The solution was then neutralized with 3 ml of 11 n HC1
and acidified with 6 ml of concentrated HC1, and boiled under reflux for another 15 minutes.
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Cooling was followed by extraction with 4x20 ml of ether. The ethereal extract was
washed with 3X20 ml of 2 n NaOH and 2x20 ml of distilled water, thereafter dehydrated
with 3 to 5 g of Na2S 04, filtered, and evaporated to dryness.

Purification of hair extracts

The crude extract was dissolved in 5ml of benzene and evaporated to dryness in vacuo.
The dry residue was applied in 3X 5 ml of benzene onto a 2 g Nymco florisil column suspended
in benzene. The column was washed first with 15 ml of benzene and then with 10 ml of 0.5
per cent ethanol in benzene. Thereafter, the 17-ketosteroids were eluted from the column
with 45 ml of 2 per cent ethanol in benzene. The eluate was evaporated to dryness, purified
with Girard’s reagent T according to Pincus and PeariIman (1941), and the ketonic fraction
was separated.

Thin-layer chromatography

The ketonic fraction was applied in benzene on a 0.25 mm layer of alumina spread on
a chromatographic plate measuring 10 cm by 35 c¢m, and run in a mixture of ethyl acetate,
n-hexane, glacial acetic acid and absolute ethanol (120 : 120 : 2 : 1) at 30° C for 3 to 4 hours.
After chromatography, the glass plate was dried and the layer sprayed with a 1:1 mixture
of 2 per cent m-dinitrobenzene in ethanol and 2.5 n KOH in methanol. After drying, there
appeared the lilac-blue 17-ketosteroid spots (Faredin and Toéth, 1966).

Results

In the first part of the presentinvestigations, 17-ketosteroids, in the hairs
of normal men and women were studied by thin-layer chromatography, with
alumina as adsorbent. From males, 1432 mg of hair, 490 mg of axillary hairs,
and 1263 mg of pubic hairs were studied. Fig. 1 presents the results. Proceeding
from left to right, strip 1 contained the 17-ketosteroids from the pubic hairs;
it shows 5 spots.On strip 2 were run the standards: 20fig of 3-chloro-dehydro-
epiandrosterone (Cl.-D.E.A.); 20 fig of déhydroépiandrostérone (D.E.A.);
and 20 fig of 11-hydroxyandrosterone (11-HO-A). To strip 3 was applied the
extract of the axillary hairs; 10 spots can be seen on it. Strip 4 shows again
spots of standard 17-ketosteroids; namely, in downward order, 20 fig of ClI.-
D.E.A.; 20 fig of androsterone (A); 17 fig of etiocholanolone (E); and 11 fig of
ketoandrosterone (11-O-A). Strip 5reveals 4 spots of ketosteroids from hair.

From normal women were collected 1534 mg of hair, 482 mg of axillary
hairs, and 1206 mg of pubic hairs. The results are presented in Fig. 2. Strip
1 refers to pubic hairs, strip 2 to standard 17-ketosteroids, viz.: 10 fig of ClI.-
D.E.A., 10 fig of D.E.A., and 10 fig of 11-HO-A. On strip 3, 5 spots of the
extract of axillary hairs can be seen. Strip 4 shows, in downward order, the
spots of 10 fig of CI.-D.E.A., 10 fig of A, 8.5 fig of E., and 5.5 /zg of 11-O-A.
Strip 5relates to hair.

Fig. 3 presents the chromatograms of the pooled hairs from three different
areas of two hirsute women, before ACTH treatment. Strip 1 relates to the
extract of 481 mg of hair, strip 2 to the standards, 5 fig of Cl.-D.E.A., 5 fig of
D.E.A., 6 fig of 11-HO-A, and 12 fig of ketoetiocholanolone (11-O-E). On
strip 3 the extract of 172 mg of axillary hairs was run. Strip 4 shows the spots
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of 5 fig of CI.-D.E.A., 5 /lg of A, 8 /Jug of E, and 11 /ig of 11-0-A, strip 5
the extract of 467 mg of pubic hairs.

Fig 4 shows the results for the pooled hairs ofthe same two hirsute wom-
en after ACTH treatment in the order as in Fig. 3. The quantities worked up
were: 455 mg of hair, 143 mg of axillary hairs, and 186 mg of pubic hairs.

Discussion

Figs 1 and 2 show that the hairs of normal men and women contain
considerable quantities of 17-ketosteroids and that the richest in them are the
axillary hairs in both sexes. In hairs from all the skin areas studied, 3-chloro-
dehydroepiandrosterone is present in the largest amount. This is an artefact
arising from dehydroepiandrosterone upon the effect of hydrochloric acid
hydrolysis. Both 3-chlorodehydroepiandrosterone and dehydroepiandrosterone
were identified with the Zimmermann and the phosphoric acid colour reactions,
and also with that of Patterson (1947) which is specific for these two steroids.
The characteristic Ry of these two steroids chromatographed in two different
systems (Kieselgel G and alumina), represents additional evidence.

In human hairs, particularly the axillary hairs, there are a number of
other 17-ketosteroids. The two spots below that of Cl.-D.E.A. are presumably
5 a-androstane-3 : 17-dione and androst-4-ene-3 : 17-dione. ldentification of
these two 17-ketosteroids and the other spots, is in progress.

Apart from the spot of Cl.-D.E.A., two well-discernible but faint spots
were present in the hair of hirsute women, at the level of the Il-oxy-17-keto-
steroids (Fig. 3). No similar spots could be detected in three times that amount
of hair of normal women. Along with the CIl.-D.E.A. spot, the axillary hairs
gave several spots of lower value. The pubic hairs also yielded a few keto-
steroid spots of lower R™ value, which could not be detected in the pubic hairs
from normal women. These spots faded away and are not visible in Figs 3 and 4.

The chromatogram obtained after ACTH treatment (Fig. 4) agrees with
the former chromatogram (Fig. 3). These qualitative results did not yield
quantitative information. Thus all we can conclude upon isthat upon the effect
of ACTH there appeared no 17-ketosteroids other than in the controls.

The experiments raise a number of problems. The first question is whether
the 17-ketosteroids detected may not be regarded as mere artefacts arising
from one of two 17-ketosteroids due to rough manipulations. This question is
now being studied.

Nor can the possibility be ruled out that the detected 17-ketosteroids are
artefacts formed under the effect of alkali or that of acid hydrolysis. It was
shown earlier (Toth et al., 1966) that after treatment with alkali, acid hydroly-
sis and ether extraction, 92.2 per cent of the added cholesterol was recovered.
This makes it improbable that steroids originating from cholesterol degrada-
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tion should appear in the chromatogram. To rule out this possibility, cholester-
ol subjected to different manipulations was run with standard steroids. Fig. 5
shows the chromatograms of steroids run on Kieselgel G layer following treat-
ment with phosphoric acid. From left to right the following substances were
run. Strip 1 : 150 fig of untreated cholesterol (extraction with ether from aque-
ous solution); strip 2 : 20 fig of standard D.E.A. (lower spot) and 80 fig of
cholesterol; strip 3 : 150 fig of cholesterol after boiling in alkali for 20 minutes;
strip 4 : 20 fig of standard D.E.A. and 80 fig of cholesterol; strip 5 : 150 fig of
cholesterol after boiling in alkali for 20 minutes followed by boiling with
hydrochloric acid for 15 minutes.

These tests revealed no artefacts whatever.

The effect of manipulations was controlled on alumina layer by the
Zimmermann reaction. Fig. 6 presents the data; strip 1 : 150 fig of cholesterol
without previous boiling; strip 2 : 20 fig of standard D.E.A. and 11 fig of
11-O-A; strip 3 : 150 fig of cholesterol after boiling in alkali; strip 4 : 10 fig of
standard CI.-D.E.A. and 20 fig of D.E.A.; strip 5 : 150 fig of cholesterol after
boiling in alkali and subsequent acid hydrolysis.

In this system, no steroids could be detected to have formed from cho-
lesterol.

These investigations supply evidence that the 17-ketosteroids found in
human hairs are steroids not arising from the degradation of cholesterol.

Accordingly, our assumption that human hairs contain considerable
quantities of not only cholesterol but also of 17-ketosteroids, has been verified.
The axillary hairs are the richest in 17-ketosteroids; they are richer in choles-
terol than is hair and the pubic hairs. Although these experiments are of a pri-
marily qualitative character, they permit the statement that the human hairs
contain 17-ketosteroids in much greater amounts than does the human skin
(Jutesz et al. 1966).
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SERUM MUCOPOLYSACCHARIDES IN ALLOXAN
AND STEROID DIABETES

By
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(Received April 26, 1965)

Neutral mucopolysaccharide fractions in the serum of rabbits — hexose, hexos-
amine, sialic acid, and seromucoid — have been studied for changes occurring in diabetes
induced by treatment with alloxan, cortisone, and alloxan combined with cortisone.
In alloxan diabetes hexosamine and sialic acid, and in steroid diabetes hexose and sero-
mucoid, were found to rise in concentration. The changes observed in diabetes induced
by alloxan and cortisone were similar to those observed in steroid diabetes. The mor-
phological lesions were severest on alloxan <~ cortisone treatment and showed no
parallelism with the changes in the serum levels of neutral mucopolysaccharide fractions.

In spite of continuous efforts, little progress has been made in the problems
of vascular complications in diabetes. A number of authors have succeeded in
demonstrating increases in the serum mucopolysaccharide (MPS) fractions
mostly in patients with manifest complications (1 through 7). We have shown an
increase in the neutral MPS fractions, principally the hexose and seromucoid
fractions, in slight and moderate diabetic retinopathy [8]. However, MPS
metabolism and the origin of serum MPS-protein complexes are still unclear in
many respects, in spite of the fact that between serum and tissue MPSs there
must be a dynamic relationship, for changes in tissue MPS metabolism are
usually accompanied by changes in the composition of serum MPSs.

In view of this it seemed interesting to study the serum MPS fractions in
experimental diabetes, particularly in cases accompanied by vascular changes.

Alloxan injected into animals is followed by a diabetes-like condition due
to insulin deficiency, while cortisone administered for several weeks is known to
induce diabetes and associates vascular changes morphologically similar to
human micro-angiopathy.

Materials and methods

The serum neutral MPS fractions were estimated in a total of 51 female rabbits weighing
2200 to 2400 g each. The animals were divided into three groups.

In Group I, 21 animals were each given a single intravenous injection of 100 mg per kg
body weight of alloxan (BDH, London). Fasting blood sugar level was then determined weekly
for four weeks, whereafter the rabbits were exsanguinated. At the end of the experiment,
the serum MPS fractions were once more determined and the tissues, especially the kidneys
were subjected to histology. For protein-bound hexose assay in serum the orcin reaction was
used following SI'ARY et al. [9]; hexosamine was estimated by the method of RIMINGTON [10],
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using Ehrlich’s reagent; sialic acid with diphenylamine according to Ayala [11], and sero-
mucoid according to Weimer and Redlich-Moshin [12] from the hexose contents.

In Group Il, each of 10 rabbits received daily 7 mg of cortisone (Adreson, Organon,
Oss.) for four weeks, fasting blood sugar and sugar excretion were examined weekly.
In Group Ill, 20 animals were each given a single intravenous injection of 100 mg per kg

body weight of alloxan, followed immediately by 4-week treatment with cortisone, as in
Group IlI.

Results

A single alloxan injection induced persistent diabetes in 10 of the 21
animals in the first group; 10 animals developed no hyperglycaemia or glyco-
suria; and 1rabbit died of intercurrent disease.

In the cortisone-treated second group, the fasting blood sugar level was
found to have risen in all the animals by the end of the third week.

All the animals in the third group developed diabetes in the first week
with the fasting blood sugar ranging between 180 and 260 mg per 100 ml. Eight
rabbits died of cachexia in 8 to 10 days. Since in these animals the serum
MPS fractions were determined before the alloxan injection, their data
have been neglected. The remaining 12 rabbits survived the cortisone treat-
ment, though all of them were wasted and developed severe diabetes.

Histology

1. Alloxan. In the normoglycaemic and the diabetic rabbits, only
mild glomerulonephrosis and thickening of the basement membrane were
found. In three diabetic animals, slight fibrinoid necrosis of some glomerular
sites but no hyaline droplets were seen. Some hyaline in the arteries and dys-
trophic tubular lesions were occasionally observed.

2. Cortisone. Gross inspection revealed pinpoint haemorrhages on the
renal surface in two animals. In all the rabbits of this group glomerular lesions
consisting in a thickening of the basement membrane; fibrinoid necrosis in some
places and hyaline droplets characteristic of glomerulosclerosis in others were
observed (Fig. 1). In addition, lesions indicative of vasculitis were present.
Degenerative tubular lesions were revealed in every animal.

3. Alloxan -(- cortisone. Gross examination revealed pinpoint haemor-
rhages on the renal surface of three rabbits. Histology revealed similar but much
more severe glomerular lesions than in the cortisone-treated group (Fig. 2).

Serum MPS

The results are presented and evaluated in four Tables. The changes were
studied by comparing initial values and end values. The fact that the initial
values for the individiual groups were different, made it difficult to analyse the
results statistically. Thus, the hexose values for the cortisone-treated animals
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Fig. 1. Rabbit. Cortisone treatment. Focal fibrinoid
swelling and globe-like processes in glomeruli. PAS staining

Fig. 2. Rabbit. Alloxan {- cortisone treatment. Extensive
fibrinoid necrosis in some glomeruli. Endes’ trichrome staining

were lower, and the seromucoid values for the alloxan-treated diabetic rabbits
higher, than the mean values for the other groups (Table I). For this reason, the
results were analysed in two different ways: on the basis of the changes (Table
I11), and on the basis of the end values (Table Il). The values in Table 11l differ
irom the difference between those in Tables | and Il because some animals died
during the experiment, and so less rabbits were examined at the end of the
4-week period.

The changes were evaluated with the one-sample “t” test; and in rela-
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tion to each other, with the two-sample “t” test (top part of Table 1V). The
end values were analysed with the two-sample “t” test and, where the homo-
geneity of variances permitted it, with the analysis of variance (bottom part

Table |
Initial values

Mean and scatter (mg per 100 ml)

Group Treatment Hexose Hexosamine Sialic acid Seromucoid
| Alloxan; n 12 12 12 12
no diabetes X 126 94 38.0 11.2
developed S 8 10 12.4 2.3
h Alloxan; n 8 8 8 8
diabetes X 134 86 48.1 18.5
developed S 14 12 6.8 3.1
Cortisone; n 9 9 9 9
hi diabetes X 104 87 52.8 12.6
Alloxan cortisone; n 9 9 9 9
v diabetes X 130 79 51.2 12.0
developed S 16 9 8.1 2.9
Table 11
End values

Mean and scatter

Group Treatment Hexose Hexosamine Sialic acid Seromucoid

Alloxan; n 9 9 9 9

| no diabetes X 128 86 54.8 12.9

developed s 8 6 5 2.2
Alloxan; n 8 8 8 8

11 diabetes X 99 106 75.5 10.2

developed S 12 12 11 2.6
Cortisone; n 7 7 7 7

11 diabetes X 209 86 62 29.1

developed S 41 18 11.2 8.3
Alloxan -f- cortisone; n 9 9 9 9

v diabetes X 161 82 58.6 17.9
developed s 52 11 9.4 4
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of Table IV). Data obtained in the group treated with alloxan -f- cortisone were
not compared with those obtained in the other groups because, excepting the
values for sialic acid, the changes observed in this group were all within the
limits of those seen in groups Il and III.

Table 111
Changes
Mean and scatter

Group Treatment Hexose Hexosamine Sialic acid Seromucoid
Alloxan; n 9 9 9 9
| no diabetes X 2 —7 13.4 1.7
developed S 12 8 13.9 2.6
Alloxan; n 8 8 8 8
il diabetes X -35 20 27.4 -8.3
developed S 18 10 12.3 3.6
Cortisone; n 7 7 7 7
hi diabetes X 104 —2 8.9 16.1
developed s 41 14 11.4 7.5
Alloxan cortisone; n 9 9 9 9
v diabetes X 31 3 7.4 5.9
developed S 58 17 12.4 3.6
Table IV

Comparison of individual treatments
Abbreviations used
| = alloxan treatment: no diabetes developed.
Il = alloxan treatment; diabetes developed.
= cortisone treatment; diabetes developed.

Notes

Above the diagonal, comparison of values for changes; below the diagonal, comparison
of end values.

Upper numerals in each square indicate the differences between the corresponding means

in Tables Il and Il. These were obtained by deducting from the mean in the row the mean in
the column. Lower numerals represent results of statistical analyses (p values).
a) Hexose Changes
1 1 in
| 37 -102
<0.1 <sl
-29 -139
h
<3=0.1 <81
) 81 110
in <1 <1 X \
End values
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b) Hexosamine Changes
1 1 11
| 27 -5
<0.1 >40
. 20 22
<1 <5
0 —20
|
<90 <1
End values
c¢) Sialic acid Changes
| 11 hi
| —14 45
<5 >40
0 20.7 18.5
<0.1 . <5
7.2 —135
”I >10 <5

End values

d) Seromucoid Changes
| 11 11
| 9.9 -14.4
<0 <1
| 2.7 -24.3
<5 <<1
16.2 18.19 T

11 <1 <1

End values

It has been mentioned that in a few cases the initial values differed from those in the
other groups. The change in the value for sialic acid in Group | (13.4 mg per 100 ml), though
significant, was hardly acceptable because the initial value was 10 to 15 mg less than the other
values. In Group II, the initial value for seromucoid was about 6 mg higher than in the other
groups, wherefore the decrease of 8 mg per 100 ml, though significant, was to be evaluated
with caution. In Group IIl, the rise in hexose was definitely acceptable since the end value
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for it exceeded by far the end values in the other groups; further, because if to the initial value
30 mg per 100 ml (the difference against the initial value in the other groups) were added,
the rise was still significant, and still significantly greater than in the other groups.

Evaluations of results

In Group | no appreciable changes occurred. In Group Il the values for
hexose and seromucoid decreased and those for hexosamine and sialic acid
increased. In Group III, in contrast to Group Il, hexose and seromucoid were
elevated, hexosamine was unchanged, and sialic acid showed a slight rise. In
Group IV, the changes in hexose, hexosamine and seromucoid were within the
limits observed in the preceding two groups; the change in sialic acid was
almost identical with that seen in Group I11I.

Comparison of the changes revealed a significant difference between
Group | and Group Il for all the MPS components. If corrected in the above dis-
cussed manner, the significance increased for sialic acid but decreased for sero-
mucoid.

Comparison of the data in Group Ill and Group | showed significant
differences for hexose and for seromucoid; both these fractions were increased
in Group Ill. Correction did not make the difference significant for sialic acid,
and left that for hexose unaffected.

Comparison of Groups IlIl and Il revealed significant differences in the
changes for each fraction. Correction did not interfere with significance in
the case of either hexose or seromucoid. A rise in these fractions was considera-

ble in Group IlIl whereas in Group Il a decrease was apparent. On the other
hand, hexosamine and sialic acid were markedly elevated in Group Il. In Group
Il the changes were less conspicuous.

Comparison of end values in Groups | and Il revealed significant dif-

ferences for all four MPS components. In the alloxan-diabetic animals, serum
hexose and seromucoid levels were lower, and hexosamine and sialic acid levels

higher. Between Groups Il1 and I, a significant difference was found for hexose
and seromucoid. Between Groups |1l and Il, the difference was significant for
all the four components. In Group 111, the hexose and seromucoid levels and in

Group Il the hexosamine and sialic acid levels were higher.

In bringing about the results in Group IV, three factors had a part to
play, each of which is in itself capable of influencing MPS metabolism. Alloxan
alone caused practically no change in the serum MPS level by the end of the
fourth week. This observation is in accordance with the data obtained in
Group IV, the tendency of which was similar to those obtained in Group III.
For the characteristic serum MPS level to arise, treatment with cortisone,
respectively the diabetes accompanying it, seems to be decisive.
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Conclusions

1. In animals that do not develop diabetes four weeks after a single in-
jection of alloxan, no change occurs in the concentration of either of the serum
MPS fractions studied.

2. In animals that develop diabetes after a dose of alloxan, the serum
hexose and seromucoid levels decrease, and hexosamine and sialic acid levels
increase.

3. In animals developing diabetes during 4-week cortisone treatment,
hexose and seromucoid levels markedly rise, and the sialic acid level moderately
increases.

4. Alloxan diabetes is associated with increased hexosamine and sialic
acid levels, and steroid diabetes with increased hexose and seromucoid levels.

5. Characteristic of the changes in serum MPS observable in diabetes
induced by combined alloxan and cortisone treatment is the fact that they are
within the limits of the changes observed in cortisone diabetes and alloxan
diabetes, though nearer to those in the former. This is all the more remark-
able as

6. vascular lesions were the severest in diabetes induced by combined
alloxan and cortisone treatment.

7. The severity of morphological lesions shows no parallelism with the
changes in the levels of serum MPS fiactions.

*

We are indebted to Dr. |. JuvaANCz, Head of the Biometrical Research Department,
Hungarian Academy of Sciences, for statistical analyses.
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MECHANISCHE ZEICHEN
DER KARDIALEN INSUFFIZIENZ

Von

Gy. Bodrogi, G. Dissszilagyi und K. Kocsis
HERZFURSORGESTELLE FUR JUGENDLICHE (VORSTAND: DR. GY. BODROGI), BUDAPEST

(Eingegangen am 21. Mai 1965)

Bei kardialer Insuffizienz erscheint auf der Yenenkurve die a-Druckwelle schneller
nach der P-Welle als in Normalfallen. Die Ursache der Verkiirzung der P-a-Strecke
liegt darin, daB auf der Venenkurve auBer der normalerweise vorkommenden a-Volum-
welle auch eine a-Druckwclle auftritt, die infolge ihrer wesentlich gréReren Fort-
pflanzungsgeschwindigkeit friher erscheint. Es ist angenommen, daB bei Dekompen-
sation fir das Erscheinen der sich in der Verkirzung der P-a-Strecke manifestierenden
a-Druckwelle die Erh6éhung der enddiastolischen Kammerfiullung bzw. der Anstieg
des diastolischen Enddruckes verantwortlich ist.

Anhand der Analyse von einer groRen Anzahl von Kurven und von in dem Vor-
hof registrierten Druckkurven, konnte im Einklang mit den Schrifttumsangaben nach-
gewiesen werden, daf in Fallen bzw. Zustanden, in denen wéhrend der Vorhofaktion
der Kammerdruck erhoht ist, die a-Druckwelle auf der Venenkurve friher erscheint

Man ist seit langem bestrebt, durch Registrierung der Bewegungen des
Herzens und der um das Herz liegenden GroRgefédlRe auf die mechanische Herz-
tatigkeit Schlisse zu ziehen.

In Kenntnis des engen Zusammenhanges und der weitergehenden zeit-
lichen Koordination, die zwischen den Bewegungen der einzelnen Herzteile
besteht und der strengen Aufeinanderfolge von Kontraktion und Relaxation
der einzelnen Muskelgruppen ist es selbstverstdndlich, dal im Gleichgewichts-
zustand die verschiedenen Herzteile bzw. die einzelnen Abschnitte der Grof3-
gefdlle stets (bereinstimmende Bewegungen verrichten und dall die in identi-
scher Ableitung aufgenommenen Kurven bei jeder Person stets identisch aus-
fallen. Die vom Herzen und von den GroRgefdlen verfertigten Mechanogramme
sind also gleichformig und reproduzierbar. Aller Wahrscheinlichkeit nach hat
aulBerdem die insuffiziente Herztétigkeit gewisse gesetzméfige Verdnderungen
der Kurven zu Folge, die empirisch und auf Grund theoretischer Erwédgungen
erkannt werden kdnnen.

Weber [12], der bereits 1935 auf Dekompensation charakteristische
Verdnderungen auf den Venenkurven beobachtete, wies darauf hin, dall bei
Insuffizienz die diebeiden Ebbewellen reprdsentierenden x und y-Punkte aufeiner
hoher gelegenen Stelle der Kurve erscheinen oder sogar verschwinden. Diese
Beobachtung ist mit gewisser Beschrdnkung auch heute noch giultig.
Bekanntlich kann n&mlich bei gewissen Klappenfehlern (Pulmonalstenose,
Trikuspidalstenose), Vorhofseptumdefekt, pulmonaler Hypertonie [2], sowie
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nach Abklingen einer Karditis [4] ohne das geringste Zeichen einer Dekom-
pensation y-Mangel Vorkommen. Die Vorwdlbung des absteigenden Schenkels
der c-Welle und das frihzeitige Erscheinen der x-Welle deuten ebenfalls nicht
immer auf linke Kammerinsuffizienz. Werden jedoch diese bekannten Zu-
stande vor Auge gehalten, so kann die Herzinsuffizienz anhand der erwéhnten
Ebbewellenverdnderungen unter Umstdnden diagnostiziert werden.

Die Bestimmung der zeitlichen Verhdltnisse der Ejektionsphase hat sich
zur Feststellung der kardialen Dekompensation ebenfalls gut bewahrt [6].

Untersuchungsmaterial und Methodik

W ir haben von unserem M aterial 12 solche Falle ausgewd&hlt, wo es uns gelang, mehrere
Mechanogramme waéahrend Dekompensation und im darauf folgenden kompensierten Zu-
stand aufzunehmen. Einige Patienten von denen lagen 6fters in unserem Institut, wegen Dekom-
pensation; so konnten wir bei den selben Personen &fters die Mechanogramme aufnehmen.
Zur Registrierung der Herztatigkeit dienten folgende Verfahren: Elektrokardiogramm, Phle-
bogramm, Kardiogramm, Karotiskurve, Phonokardiogramm und mitunter Ballistokardio-
gramm.

Ergebnisse

Anhand der genauen Analyse der Serienaufnahmen liefen sich auf der
Venenkurve und auf dem Apexkardiogramm Verdnderungen erkennen, die wir
fir die Dekompensation charakteristisch hielten.

Auf der Venenkurve dndert sich im Falle von Dekompensation der Zeit-
punkt der Erscheinung der a-Welle in auffallender Weise. Diese Beobachtung
steht mit der altbekannten Literaturangabe im Einklang, nach der bei kardia-
ler Insuffizienz groRe a-Wellen auftreten kdnnen. Unsere Befunde ergaben
jedoch, daB sich die a-Welle nicht nur beztuglich ihrer GréfRe verdndert, sondern
auch vorzeitig auftritt. Bei der Feststellung dieser Erscheinung kann dem
P-Wellenbeginn (Beginn der Depolarisation des rechten Vorhofs) in der II.
Standardableitung eine Bedeutung beigemessen werden. Anhand des bekannten
kausalen Zusammenhanges zwischen Vorhofsystole und elektrischer Depolarisa-
tion haben wir den Beginn der a-Welle von diesem Punkt angemessen. Die
Strecke vom Beginn der P-Welle der Il. Ableitung bis zum Beginn der a-Welle
der Venenkurve bezeichneten wir mit P-a. Anhand des Vergleiches dieser Ab-
schnitte konnte festgestellt werden, dal bei Dekompensation die a-Welle
regelmé&Rig frih auftrat, die P-a-Strecke in sdmtlichen Fé&llen unter 0,10"
blieb und im allgemeinen zwischen 0,05—0,07" schwankte. Nach Aufhdren der
Dekompensation erhdhte sich die P-a-Strecke Uber 0,10". Bei gesunden
Kindern dauerte die P-a-Strecke demgegeniiber in s&mtlichen Féllen langer
als 0,10" (0,12-0,14").

Aufden Kurven der Dekompensierten féllt es gleich auf, dall die a-Welle
héher und breiter ist, die Zeitmessung vom Beginn der P-Welle ermdglicht
jedoch eine objektive Bewertung der a-Welle (Abb. 1).
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Abb. 1. Hohe und breite a-Welle. Die vom Beginn der P-Welle
der Il. Ableitung bis zum Beginn der a-Welle verstrichene Zeit
betragt 0,08

Es sei betont, daR auf der Venenkurve parallel mit der friheren Erschei-
nung der a-Welle auch andere auf Dekompensation hin-weisende Zeichen zu
beobachten waren. In der Mehrzahl der Félle war die x-Welle hoch und trat
frih auf, mitunter wurde der diastolische Kollaps flach (Abb. 2).

Abb. 2. Die a-Welle erscheint 0,06" nach dem Beginn der P-Welle.
Der x-Punkt tritt friher und héher auf; nach dem v-Punkt lang-
sam abwarts verlaufender absteigender Schenkel

Auf dem Kardiogramm traten im Falle von Dekompensation ebenfalls
Formverdnderungen in Erscheinung. In Normalféllen zeigte die Apexkurve bis
zum Beginn der Ejektion eine Erhdhung, sodann stellte sich nach dem 6ffnen
der Semilunarklappe der bekannte systolische Kollaps ein, worauf die Kurve
steil abwérts verliefund — eventuell nach einer spatsystolischen Erhéhung —
den Tiefpunkt, den sog. O-Punkt im Moment der Offnung der Atrioventrikular-
klappe erreichte, um danach in eine, aufrasche Fillung charakteristische Welle

zu Uberschlagen (Abb. 3).
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1904/65
Abb. 3. Schematische Darstellung: a-Welle, — die der Semilunar6ffnung vorangehende 2 Pha-
sen und der darauffolgende systolische Kollaps mit spétsystolischem Aufstieg (s. b.), der den
Tiefpunkt beim o6ffnen (0) der Atrioventrikularklappe erreicht — deutlich differenzierte

Fullungsphasen der beiden Kammern

Bei Insuffizienz waren die Verdnderungen auf dem Kardiogramm nicht
so einheitlich, wie auf der Venenkurve; angesichts ihrer ausgeprdagten Tendenz
sind die beobachteten Formverdnderungen jedoch erw&hnenswert.

1.L-689/64. IV28. 1005tc
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Abb. 4. In der obersten Reihe der obenstehenden Abbildung: Apexkardiogramm. Die beiden

diastolischen Fullungsphasen sind verschmolzen. Das untere Kardiogramm wurde in kom-

pensiertem Zustand verfertigt. Deutlich wahrnehmbare Differenzierung der raschen RF
und langsamen SF Fullungsphase
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In manchen Féallen war anstatt dem systolischen Absturz eine Plateau-
bildung zu beobachten, mitunter begann der systolische Absturz bereits nach
dem Q-Punkt. In anderen Fé&llen begann der diastolische Anstieg vor dem
O-Punkt, am Ende der Systole; diese Strecke enthielt auch die wWiGGERSsche
protodiastolische und isometrische Relaxationsstrecke. Nach Wiederherstel-
lung der Kompensation wies die Kurve wesentliche Formverdnderungen auf:
Der systolische Absturz beginnt lediglich spéter, der O-Punkt liegt am entspre-
chenden Platz, und die beiden Fullungswellen zweigen sich in der Diastole ab.

Bei Dekompensation sind die Grenzen der raschen und langsamen Fil-
lungsphase hdufig verwischt bzw. es ist keine Abtrennung festzustellen, anlaR-
lich der Wiederherstellung der Kompensation kdnnen sie jedoch voneinander
deutlich abgesondert werden (Abb. 4).

Besprechung

Um die bei dekompensierten Kranken beobachtete Venenkurvenveran-
derung (frihzeitige a-Welle) kldren zu kdnnen, wollen wir vorerst die Auf-
fassungen beziglich des Zustandekommens der Venenkurvenwellen Uberblicken.
In dieser Frage hat sich auch heute noch keine einheitliche Meinung durchge-
setzt; die Venenwellen werden mit Druck- [11] oder mit VolumVerdnderungen
[13] erkl&rt. Groedel [7] nahm an, daB die Venenwelle sowohl Druck- wie
auch Volumkomponente représentiert. Luisada [10] betonte, dall innerhalb
derselben Welle der aufsteigende Schenkel auf Druckverdnderung, der abstei-
gende dagegen auf Volumverdnderung deuten kann.

Wir schlieBen uns wesentlich der Ansicht von Groedel [7] an. Unseres
Erachtens entsteht die Venenwelle wahrscheinlich in der Weise, dall gewisse
Wellen, die bei intaktem Kreislauf lediglich reine Volumverdnderungen bedeu-
ten, im dekompensierten Zustand Druckverdnderungen représentieren. Bezig-
lich der a-Welle vertreten wir die Meinung, daR diese bei kompensiertem
Kreislaufals reine Flutwelle erscheint. Ergdnzungshalber seidaraufhingewiesen,
dall der die vendse Strémung aufrechterhaltende Faktor letzten Endes ein
stets abnehmender Druckgradient ist, der seinen tiefsten Punkt im Vorhof bzw.
wéhrend der Diastole in der Kammer erreicht. Den Strémungsgesetzen entspre-
chend vollzieht sich die wé&hrend der Vorhofsystole im Vorhof auftretende
Druckverédnderung in Richtung des geringeren Druckes, d. h. kammcrwarts,
woraus folgt, dal in diesem Zeitpunkt in Richtung der Venen weder Riick-
stromung, noch Drucksteigerung zustandekommt. Die Vorhofsystole bedeutet
demnach dasselbe, wie die Errichtung eines Dammes in einem FluRbett:
hinter dem Damm entsteht wegen der stdndig dahingelangenden Flissigkeit
eine Flutwelle (Volumverédnderung), die sich in retrograder Richtung langsam
fortpflanzt. Auf diese Weise kommt infolge des augenblicklichen Abfluf3-
hindernisses — im Zeitpunkt der Vorhofsystole die Druckverdnderung venen-
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wdrts nicht zur Geltung, in dem distal vom Vorhof liegenden Venen wéchst
lediglich das Volumen an, d. h. es tritt eine Flutwelle auf, die fur ihre Fort-
pflanzung eine gewisse, gut bestimmbare Zeit bendtigt. Die zeitliche Verzdge-
rung der Volumwellen in Richtung der Peripherie ist eine unzweifelhafte Tat-
sache: dies beweisen auch unsere vorangehenden Untersuchungen uUber die
Pulsation der Schultervenen [3].

Anders stehen die Dinge bei Rechtkammerinsuffizienz. In diesen Féllen
hat der Vorhof, um seinen Inhalt in die Kammer beférdern zu kénnen, wegen
des erhdhten diastolischen Enddruckes der rechten Kammer einen starkeren
Druck zu uberwinden. Der in den Venen herrschende Druck ist selbstver-
stdndlich noch hoher, da der Druckgradient nur auf diese Weise gesichert
werden kann. Diese erhdhten Druckverhdltnisse haben es zur Folge, dall das
Dehnungsvermdgen der Venenwand sich allmé&hlich erschdpft. Im Moment der
Vorhofsystole ist die Distensibilitdt der Venenwand zur Aufnahme der durch die
Vorhofaktion retrograd transportierten Rlutmenge mittels einfacher Volum-
verdnderung bereits ungeniigend, und es entsteht eine Druckerhdéhung, die auch
retrograd, innerhalb der Venen zur Geltung kommt. Dies bedeutet, dafl im
Falle von Uber der Norm liegenden Druckwerten in der Vene infolge der Vor-
hofsystole eine Druckverédnderung entsteht, was die Erscheinung der a-Druck-
welle herbeifiihrt. Da jedoch die Fortpflanzungsgeschwindigkeit der Druck-
welle jene der Volumwellen wesentlich Gbertrifft, ist es leicht verstdndlich,
dal die a-Druckwelle frither auftritt, als die a-Volumwelle.

Wir kénnen die Richtigkeit der oben beschriebenen These mit mehreren,
indirekten Reobachtungen unterstitzen.

Rekanntlich erscheint auf den von den um das Herz entstandenen
Rewegungen verfertigten, Druckverdnderungen reprdsentierenden Mechano-
grammen mitunter auch eine vorhofaktionsbedingte Druckwelle. Auf diese Weise
treten vor dem steil aufsteigenden Schenkel der hohen Pulswelle h3ufig
2 kleine Wellen in Erscheinung; eine dieser Wellen beginnt nach dem R-Gipfel
und entspricht unzweifelhaft der isometrischen Spannungsphase. Wird die Auf-
nahme miteinem empfindlichen und auch etwas héhere Rewegungsfrequenzen
Ubertragenden Rezeptor verfertigt, ist an dieser Stelle manchmal eine winzige
Inzisur ersichtlich, die gleichzeitig mit dem SchlieBen der Atrioventrikular-
klappe auftritt. Vor dieser Welle bzw. vor dieser niedrigen Inzisur tritt gemein-
sam mit der Vorhofaktion 0,06" nach Reginn der P-Welle mitunter noch eine
niedrige positive Welle auf.

In unserem Material der letzten Jahre war auf der Karotiskurve in 25
Féllen eine ausgepréagte a-Welle zu beobachten. Da die Vorhofaktion die Kam-
merfullung steigert, bedeutet das Erscheinen dieser Welle selbstverstdndlich
eine durch die erwd&hnte Aktion ausgeléste Druckverdnderung, die durch die

geschlossene Aortenklappe auch auf der Karotiswelle zur Geltung kommen
kann.
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Von Interesse ist auBerdem unsere Beobachtung beziglich der Verzége-
rung der a-Welle, was unzweifelhaft eine Druckverdnderung bedeutet (Abb. 3).
Anhand der eingehenden Analyse von 25 Kardiogrammen, auf denen diese
Erscheinung zu beobachten war, konnte festgestellt werden, dal vom Beginn
der P-Welle der Il. Ableitung bis zum Beginn der a-Welle 0,06" erforderlich
sind. Diese Welle ist offensichtlich eine Folge jener Druckverdnderung, die
die Vorhofaktion auf die Kammerwand ausibt. Die P-a-Strecke betrégt
auch in diesen Féllen 0,06" (Abb. 5).

SClsec ___ L.E.-80L/64. XILI6.
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Abb. 5. Elektrokardiogramm, Phonokardiogramm, Apex-, Karotis- und Rechtskammer-
kurve. Auf beiden Kardiogrammen deutlich erkennbare a-Wellen, die 0,06" nach dem Beginn
der P-Welle beginnen

Auf Phonokardiogrammen von niedriger Frequenz — besonders wenn
diese bei Kindern mit dinnem Brustkorb verfertigt werden — ist nicht selten
eine auf die Vorhofaktion folgende Schwingung von niedriger Frequenz und
kleiner Amplitude zu beobachten. Diese ist die subaudibile Komponente des
Vorhoftons, die der infolge der Vorhofaktion entstehenden Kammerfillung
entspricht und demzufolge in jenem Moment auftritt, in dem die durch die
Vorhofaktion ausgeldste Druckerhdhung eine maximale Erweiterung der Kam -
merwand bewirkt, worauf diese anschwingt. Selbst diese geringe Vibration
bedeutet eine Druckverdnderung und die vom Beginn der P-Welle berechnete
Zeit betrdgt im Durchschnitt 0,10"; diese Zeitperiode ist ebenso lang wie der
Gipfel der a-Welle (Maximum des Vorhofdrucks).

Bekanntlich kann die Vorhofaktion auch unter Normalverhdltnissen
einen hdrbaren Ton produzieren. Die Ursache dieser Erscheinung liegt wahr-
scheinlich darin, daB infolge der durch die Vorhofaktion verursachten Drucker-
héhung die Klappensegel sich anldBlich der Kammer-Enddiastole plétzlich
erheben und dadurch eine Vibration verursachen. Diese Schwingungen treten
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in der Regel 0,16—0,20" nach der P-Welle auf und flieBen somit mit dem 1. Ton
zusammen. Falls nun irgendwelche Schéadigung des Herzmuskels vorliegt
(z. B. Anoxie), so kann sich die hdorbare Komponente des Vorhoftons vom 1.
Ton abtrennen und vor der Q-Welle als prdsystolischer Ton bzw. Galopprhyth-
mus erscheinen. Kincaid-Smith und Barlow [8, 9], die die Richtigkeit dieser
These bewiesen, haben aufRerdem festgestellt, dafl sich nach Aufhdren der
Ischamie der aurikuldre Ton von der P-Welle entfernt und wieder dem 1. Ton
beimischt. Im Falle einer ausgedehnten Myokardschddigung ist das frihe
Erscheinen der horbaren Komponente ausgeprédgter: In diesen Féallen kann der
Ton 0,06" nach dem Beginn der P-Welle erscheinen. Dem Anschein nach
finden sich bei Dekompensation dhnliche Verhdltnisse. Der in diesem Zeitpunkt
haufig auftretende préasystolische Galopprhythmus ist mitunter mit der sub-
audibilen Komponente gleichzeitig zu beobachten. Dies diirfte damit erklart
werden, dall bei Dekompensation sich die Klappensegel infolge der enddia-
stolischen Kammerdruckerhéhung friher erheben und dadurch die in Nor-
malféllen in den I.Ton eingeschmolzene hérbare Komponente wesentlich friher
auftritt. Aller Wahrscheinlichkeit nach entsteht bei erhéhtem enddiastolischen
Druck diese Klappenerhebung bereits in dem Zeitpunkt, in dem infolge der
Vorhofaktion die subaudibile Komponente erscheint. Dies erklart gleichzeitig
die bekannte Tatsache, daB die Herzverdnderung desto schwerer ist, je friher
der Vorhofgalopp auftritt [5].

Alle diese Beobachtungen sprechen dafiir, dall die durch die Vorhofaktion
ausgeldsten, mit der Druckverédnderung zusammenhdngenden Erscheinungen im
allgemeinen 0,06" nach dem Beginn der rechten Vorhofdepolarisation auftre-
ten, ebenso wie in unseren dekompensierten Fé&llen die a-Druckwelle auf der
Venenkurve erscheint. Dies unterstitzt indirekterweise unsere Annahme, nach
der im dekompensierten Zustand die a-Welle als Druckwelle 0,06—0,08" nach
dem Beginn der P-Welle auftritt.

Die Richtigkeit unserer Hypothese unterstitzen auch andere Beobach-
tungen. Wie darauf die endokavitdren Druckbestimmungen hinweisen, be-
ginnt die a-Vorhofwelle 0,04 —0,08" nach dem Beginn der P-Welle. Bayer und
Wolter [1] stellten anhand der Analyse der intrakavitdren Druckwellen fest,
daB die a-Vorhofwelle 0,02—0,04" nach der P-Welle auftritt. Unsere Unter-
suchungen ergaben, dafl die a-Vorhofdruckwelle 0,06" nach dem Beginn der
P-Welle derIl. Ableitung beginnt. Diese zeitliche Ubereinstimmung spricht
unzweifelhaft fir den kausalen Zusammenhang, der einerseits zwischen der
a-Vorhofdruckwelle und den Kammer- bzw. Karotiswellen, anderseits zwischen
den auf dem Phonokardiogramm niedriger Frequenz manchmal beobachteten
und den oben angefihrten Wellen besteht. Diese Erscheinung unterstitzt
gewissermalen unsere Hypothese, nach der die in dekompensiertem Zustand
friher auftretende a-Welle eine, durch die Vorhofaktion ausgeldste Druckwelle
représentiert.
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Im Einklang mit dem bisher Gesagten steht auch unsere Beobachtung,
die fur unsere bezlglich des Frihauftretens der a-Welle vertretene Meinung
spricht: Im Falle eines totalen Vorhofblocks h&dngt die L&nge der P-a-Strecke
auf der Venenkurve in erster Reihe von dem Umstand ab, auf welchen Ab-
schnitt der Diastole die Vorhofaktion fallt. Falls die Vorhofsystole zu Beginn
der Diastole eintritt, betrdgt die P-a-Strecke z. B. 0,14" und ist somit mit der
Strecke identisch, die wir bei kompensiertem Kreislauf registrieren. Wenn
jedoch die Vorhofaktion am Ende der verldngerten Diastole eintritt, in Féllen
also, in denen annehmbare bedeutendere Fillung und erhéhter Kammerdruck
vorliegen, so erscheint auf der Venenkurve die a-Welle wesentlich friher und in
breiterer und hoherer Form (Abb. 6). Wie auf Abb. 6 ersichtlich, verkirzte
sich die P-a-Strecke nach der einen Vorhofsystole auf 0,06", d.h. die a-Welle
erschien in der gleichen Zeit, wie in unseren dekompensierten Fdllen.

Abb. 6. Totaler Vorhof-Kammerblock. Die zu der zu Beginn der Diastole auftretenden Vorhof-

aktion gehodrende a-Welle (nach dem dritten Kainmerkomplex) ist niedrig und tritt 0,14"

nach dem Beginn der P-Welle auf. Die zu der am Ende der Diastole auftretenden Vorhofaktion

gehdrende a-Welle ist breit (vor dem dritten Kammerkoinplex), hoch und tritt 0,06" nach
dem Beginn der betreffenden P-Welle auf

Unsere, anhand dieser Beobachtung vorgenommenen Serienmessungen
wiesen darauf hin, daB zwischen der, den Beginn der Vorhofaktion bedeutenden
Q-P-Strecke und der P-a-Strecke (dem sich von der Depolarisation des rech-
ten Vorhofs bis zum Auftreten der a-Welle erstreckenden Abschnitt) ein enger
Zusammenhang besteht. Im Falle einer ldngeren Q-P-Strecke wird die P-a-
Strecke kirzer und die a-Welle breiter.

Die letzterwdhnte Erscheinung steht mit der Beobachtung von Kincaid-
Smith und Barlow [9] im Einklang, laut der das sog. P-G-Intcrvall (die Strecke
zwischen dem Beginn der Vorhofwelle und dem Auftreten des 4. Tons) davon
abhéngt, in welcher Etappe der Diastole die Vorhofaktion auftritt. Nach einer
frih in der Diastole auftretenden Vorhofwelle erscheintder aurikulédre Ton spéter,
als wenn es spét in der Diastole zur Vorhofaktion kommt; auf der Venenkurve
haben wir beziglich des Beginns der a-Welle dasselbe beobachtet.
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Die im Falle von Blockdissoziation beobachtete zeitliche Verdnderung
a-Welle stimmt mit der Beobachtung von Kincaid-Smith und Barlow
und mit der Feststellung von Duchosal [5] Uberein. Dies beweist auch die

Richtigkeit unserer Auffassung, d. h. wahrend der Zeit von erhdhtem diastoli-
schem Druck auftretender Vorhofaktion fuhrt auf der Venenkurven zur

Ers
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Dr.
Dr.
Dr.

cheinung der (a) Druckwelle.
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UBER DIE WIRKUNG
DER RADIOISOTOPENTHERAPIE
AUF DIE INTENSITAT DER TUBERKULINREAKTION

Von

Katalin Pongor und Gy. Petranyi

II. MEDIZINISCHE KLINIK (DIREKTOR: PROF. DR. GY. PETRANYI)
DER MEDIZINISCHEN UNIVERSITAT DEBREQEN

(Eingegangen am 2. August 1965)

Die bei hyperthyreotischen und polyzythdmischen Kranken durchgefiuhrten
Untersuchungen ergaben, daB die Radioisotopentherapie (4,5—10 mC 131 bzw.
4—5 mC 32P) die Intensitdt der Tuberkulinreaktion nicht beeinfluf3t.

Bekanntlich haben gewisse Strahlendosen die Verminderung bzw. den
vollkommenen Ausfall der Immunreaktionen zur Folge. Da die per 0s bzw.
parenterale Verabfolgung von inkorporierten Radioisotopen bei gewissen
Krankheiten allméahlich fir ein Routinverfahren gilt, stellten wir uns die Frage,
ob dies die allergischen Reaktionen der Patienten bedeutend beeinfluft. Nach
der Strahlentherapie sind in den Leukozyten Chromosomschddigungen ver-
schiedenen Typs zu beobachten. In Anbetracht, daf das Lymphoidsystem ziem-
lich strahlenempfindlich ist, und der Prototyp der allergischen Spétreaktionen,
die Tuberkulinreaktion die Folgeerscheinung der lymphozelluldren Immun-
reaktion (Sensibilisation) ist, haben wir zur Entscheidung der Frage bei hyper-
thyreotischen und polyzthdmischen Kranken vor und nach der routinartigen

13- bzw. 32P-Radioisotopentherapie die Gestaltung der Tuberkulinreaktion
untersucht.

Methodik

Die Untersuchungen wurden teils an hyperthyreotischen und polyzythdmischen Kran-
ken, teils bei Meerschweinchen durchgefihrt. Die Kranken waren frei von aktiver Tuberkulose.
Die den Hyperthyreotikern verabreichte 131J-Dosis schwankte zwischen 4,5—10 mC, wéhrend
die polyzythdmischen Kranken 4—5 mC 32P erhielten. Die Versuchspersonen waren im Alter
von 35—60 Jahren, die Geschlechtsverteilung war identisch. Die Tuberkulinpositivitdt 18
unserer Kranken war infektiosen Ursprungs. Die Tuberkulinprobe wurde mit der Mantoux-
schen Methode mit 4fach verdunnter Alttuberkulinlosung 5—6 Tage vor der 13J- bzw. 32P-
Therapie durchgefiuhrt, sodann 24 bzw. 48 Stunden nach Beeindgung der Medikation in einem
Abstand von einigen cm von der ersten Probe, auf die gleiche Weise wiederholt. Bei der Bewer-
tung der Ergebnisse hielten wir uns an die internationale Vorschrift: negative Probe = weder
Induration, noch Hautrote; zweifelhaft = 5 mm groBe, bzw. kleinere Induration; maéRig
positiv Induration mit einem Durchmesser von 6—10 mm und 1 mm Hdohe; stark positiv =
= Indurationsdurchmesser 11—20 mm, Hohe 2 mm. Insgesamt wurden 21 behandelte Kranken
(11 hyperthyreotische und 9 polyzythdmische) untersucht, 12 dieser Kranken erhielten das
Tuberkulin 24 Stunden, und 9 Kranken, 48 Stunden nach Beendigung der Isotopentherapie.
Die Kontrollgruppe bestand aus 52 an Hyperthyreose bzw. Polyzythdmie leidenden Patien-
ten, die urspriinglich zwecks lIsotopentherapie aufgenommen wurden, infolge verschiedener
Ursachen jedoch (falsche Einsendungsdiagnose, Verordnung einer anderen Therapie usw.)
keine Radioisotopen erhielten.
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Ergdnzungshalber wurde bei Meerschweinchen die Frage untersucht, auf welche Weise
die in der induktiven bzw. produktiven Phase verabfolgten 131)J-, 32P- und :i5S-llosen nach
BCG-Yakzination die Stdrke der zustandegekommenen Tuberkulinpositivitdt beeinflussen.
Da sich in unseren vorangehenden Untersuchungen zur Behandlung einiger autoimmuner
Erkrankungen das 3S gut bewdahrte, haben wir den Tieren in vorliegenden Experimenten
auBer 131) und 3P auch dieses Radioisotop verabfolgt. Die Versuchstiere waren tuberkulin-
negativ. Bei einer Gruppe der Meerschweinchen wurde die radioaktive Inkorporation in der
induktiven Phase durchgefiihrt: 15 Tiere erhielten 1 Stunde vor der BCG-Vakzination (2 ml)
80, 60, 40, 20, 10 uC Aktivitat enthaltende Dosen von 131J, 32P und 35S. Der anderen Gruppe
der Tiere wurden die Radioisotopen in der produktiven Phase zugefiihrt: 15 Tieren wurden
die je 80 p,C Aktivitat enthaltenden 131J-, 32P- und ~S-Dosen 10 Tage nach der Vakzination
verabfolgt. Die Ergebnisse der Tuberkulinprobe wurden nach 48 Stunden abgelesen und fol-
gendermafen bewertet: weder Induration, noch Hautréte: negative Probe; Induration mit
einem Durchmesser von hochstens 2 mm: zweifelhaft; Induration mit einem Durchmesser von
3 mm: méaRig positiv; Induration mit einem Durchmesser von 5 mm: stark positiv.

Zur Kontrolle dienten 15, mit Radioisotopen nicht behandelte, von den ibrigen Tieren
isolierte Meerschweinchen.

Ergebnisse

Die Intensitdt der vor und nach der Radioisotopentherapie durchge-
fuhrten Tuberkulinreaktion zeigte im Verhdltnis zur Kontrollgruppe keine
wesentliche Abweichung. Die Werte blieben zwischen den Grenzen der norma-
len Streuung. In den Fdllen, in denen die Tuberkulinprobe nicht 24, sondern 48
Stunden nach der Isotopentherapie vorgenommen wurde, waren &hnliche
Resultate zu verzeichnen (Tab. I).

Tabelle 1a

Tuberkulinprobe vor und 24 Stunden nach der Isotopenbehandlung
(Untersuchungen bei Kranken)

Zahl der Falle

Ergebnisse Vor Nach Vor Nach
131)-Behandlung 13U-Behandlung  32P-Behandlimg iiP-Behandlung

Zweifelhaft | | I |
MaRig 4 4 4 4
Stark 1 1 1 1
Insgesamt 6 6 6 6

Tabelle I b

Tuberkulinprobe vor und 48 Stunden nach der Isotopenbehandlung
(Untersuchungen bei Kranken)

Zahl der Félle

Ergebnisse Vor Nach Vor Nach
13J-Behandlung  13U-Behandlung ~ 3P-Behandlung ~ 3P-Behandlung

Zweifelhaft | 2 | |
MaRig 3 2 2 2
Stark | | 1 |
Insgesamt 5 5 4 4
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Tabelle I ¢

Unbehandelte Kontrollpersonen

Zahl der Félle
Ergebnisse i
9 Erste Probe Wég?eéhrgtjeng
Zweifelhaft 5 7
MaRig 29 32
Stark 18 13
Insgesamt 52 52

In den Tierexperimenten gestalteten sicli die Ergebnisse in &hnlicher
Weise: Wdéhrend unter 15 tuberkulinpositiven Tieren 1 bzw. 2 tuberkulin-
negativ wurden, befand sich in der entsprechenden Kontrollgruppe ebenfalls
1 Tier, das spontan tuberkulinnegativ wurde (Tab. II).

Tabelle Il a

Jsotopenbehandlung in der induktiven Phase
(mit BCG sensibilisierte Meerschweinchen)

Zahl der Fille
Ergebnisse
13J-Behandlung  saP-Behandlung ~ 3S-Behandlung
Negativ — - -
MaRig | — |
Mild 4 3 2
Stark — 2 2
Insgesamt 5 5 5
Tabelle Il b
Isotopenbehandlung in der produktiven Phase
(mit BCG behandelte Meerschweinchen)
Zahl der Félle
Ergebnisse
,3J-Behandlung  3aP-Behandlung  :i5-Behandlung
Negativ 1 2
MaRig | 1 _
Mild 3 2 2
Stark i 1 1
Insgesamt 5 5 5
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Tabelle Il ¢

Unbehandelte Kontroiltiere

Ergebnisse Zahl der Falle
Negativ |
MéRig |
Mild 9
Stark 4
Insgesamt 15

Besprechung

Die Intensitdt der wiederholten Tuberkulinreaktion kann geringe, spon-
tane Schwankungen aufweisen; diese Erscheinung konnten wir sowohl bei
unseren Kranken, als auch bei den Kontrollpersonen beobachten. Die Tuber-
kulinprobe selbst verursacht im allgemeinen keine Sensibilisierung und steigert
die vorhandene Sensibilitdit — falls die zweite Probe nicht an derselben Haut-
stelle vorgenommen wird — nicht. In Fé&llen, in denen die nacheinanderfolgen-
den Proben an identischen Hautflachen verfertigt werden, kann eine geringe
aspezifische Beschleunigung Zustandekommen, die jedoch in einigen Stunden
abklingt [4]. Wird jedoch das zweitemal eine andere Impfungsstelle gewdahlt,
so bleibt auch diese beschleunigende Abweichung weg. Anhand unserer Unter-
suchungen konnte somit festgestellt werden, daR die, durch die in der Therapie
der Hyperthyreose bzw. der Polyzythdmie angewandten Radioisotopen die
Intensitdt der Tuberkulinreaktion nicht beeinflussen. In Anbetracht dessen daf
die Chromosomsché&digungen ebenfalls in den ersten 24 —48 Stunden nach der
Strahlentherapie am ausgeprédgtesten sind [5], kann die Madglichkeit einer
Spéatwirkung ausgeschlossen werden, zumal da das Lymphoidsystem Uber eine
bedeutende Regenerationsféhigkeit verflgt.
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EFFECT OF ENDOTOXIN PRETREATMENT
ON SURGICAL LETHALITY
IN ANIMAL EXPERIMENTS

By

P. Kertai, K. Ujhelyi and V. Gerhardt

with the technical assistance of K. Stark and M. Varga

STATE INSTITUTE OF HYGIENE

(Received August 31, 1965)

Injection of Serratia marcescens endotoxin was found to affect resistance to
surgical stress in animal experiments. Normal resistance was restored in 48 hours.

In animals pretreated with endotoxin for eight days resistance remained unaffected.

In the development of resistance, the pituitary-adrenocortical system is essential, hut

in its maintenance other mechanisms are thought to be involved.

Evidence has been increasing that lipopolysaccharides (endotoxins) ol
bacterial origin enhance the organism’s non-specific resistance. After parenteraf
administration of lipopolysaccharides, experimental animals have been found
to survive infections (Shilo, 1959; Rowley, 1964), total body irradiation
(Smith, 1964), and traum atic shock (Zweifach, 1957) lethal to control animals.
Under certain well-defined experimental conditions it has been possible to
discern two phases of this change in resistance, a phase of reduced resistance
and a phase of enhanced non-specific resistance. One of the special patterns of
such changes is endotoxin tolerance, in other words the failure of arepeated
injection of endotoxin to elicit a toxic effect, or at least a major toxic effect, in
animals pretreated with endotoxin (Petersdorf, 1964). In the present investi-
gations the effect of endotoxin injected at various intervals has been studied
on surgical death in two groups ofrats, one without pretreatment and one made
tolerant to endotoxin.

Method

The experiments were carried out on 540 home-bred albino rats of both sexes, weighing
between 110 and 160 g. The endotoxin was obtained by purification of a broth culture of
Serratia marcescens. The purified endotoxin was tested for toxicity and in the whole course of
the experiments LD,0 and LD50 were applied. Calculated on the basis of dry material, the
former corresponded to 1 mg per 100 g, the latter to 5 mg per 100 g. Experimental surgery
included ligation of a jejunal loop, partial hepatectomy (these involving laparotomy), uni-
and bilateral adrenalectomy and bilateral nephrectomy (lumbar operations). The results were
expressed and tabulated in percentages of deaths. Tolerance to endotoxin was induced by
daily injections of LD10during a week. In these animals surgery was performed 48 hours after
the last injection.

Results

In the first series we studied the influence of a single dose of endotoxin
upon the effect of a second injection. When LDIO of Serratia marcescens
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Table |

Death rate of animals, per cent

Dosage

1 mg/100 g, intraperitoneally
5 mg/100 g, intraperitoneally

1 mg/100 g, intraperitoneally, together with
5 mg/100 g intraperitoneally

1 mg/100 g, intraperitoneallyJ at 2-hourinterval
5 mg/100 g intraperitoneally

1 mg/100 g, intraperitoneally -f~at 48-hour
interval 5 mg/100 g intraperitoneally

Table 11

Death rate of animals, per cent

Treatment

. Un- 2 hrs.

Type of operation treated before

surgery
Unilateral adrenalectomy 0 25
Ligation of jejunal loop 6 52
Bilateral nephrectomy 0 78
Partial hepatectomy 28 100
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endotoxin had been administered simultaneously with LD50, lethality was 60
per cent. When LD®was given two hours after LD10, lethality was 100 per
cent. When, however, there was a 48-hour interval between LD10 and LD 50,
survival was 100 per cent.

Injection of LD10lipopolysaccharide thus resulted in hyperreactivity of the
animals at 24 hours and in a tolerance to semi-lethal doses at 48 hours.

The results were similar when surgery was performed at various intervals
after injection of LD10. Table Il shows that LD10given two hours prior to opera-
tion had an adverse effect upon outcome.

of S. marcescens endotoxin pretreatment

48-hour
deaths
per cent

10
52

60

100

Effect on surgical lethality of S. marcescens endotoxin pretreatment

Treatment
48 hrs.
before
surgery

18

Surgical death by partial hepatectomy seemed to be particularly suited
for the study of changes in resistance. Table 11l clearly shows that the original
resistance of the animals was restored between the 4th and 48th hours.
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Table 111

Effect on death from partial hepatectomy of S. marcescens endotoxin pretreatment
Death rate of animals, per cent

48-hour
Type of operation death rate,
per cent
Partial hepatectomy 28
1 mg/100 gintraperitoneally,operation at 2-hour
interval 100
1 mg/100 g intraperitoneally, operation at
4-liour interval 81
1 mg/100 g intraperitoneally, operation at
6-hour interval 70
1 mg/100 g intraperitoneally, operation at
48-hour interval 15

The same experiments yielded remarkable results when repeated in animals
with induced tolerance to endotoxin. No increase in surgical deaths was noted
in these animals, though they had received endotoxin two hours prior to opera-
tion. This shows that induced tolerance to endotoxin protects the animals from
the adverse effects of endotoxin on surgical resistance as well.

By means of the present method it washoped to clearthe question whether
endotoxins absorbed through the intestinal wall had some part in the
disastrous consequences of intestinal obstruction and ofrenal failure. With this
in view, the animals with jejunal loop ligation and those with bilateral neph-
rectomy were further studied, each animal being injected 20 ml of isotonic saline
and 20 ml of isotonic glucose twice daily. If the endotoxin theory holds true,
endotoxin tolerant animals must die later than the controls. This was, however,
not the case. Death occurred at the same frequency in the first days after
operation and all animals had succumbed by the sixth day.

Table IV

Sum irai death 2 hour after a repeated injection of endotoxin in rats
made tolerant by a 6-day course of S. marcescens endotoxin
Death rate of animals, per cent

i Deaths in Deaths in
Type of operation controls tolerant
animals

1 mg/100 g intraperitoneally, ligature of

jejunal loop at 2-hour interval 52 9
1 mg/100 g intraperitoneally, nephrectomy

at 2-hour interval 78 14
1 mg/100 g intraperitoneally, partial hepa-

tectomy at 2-liour interval 100 20
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Table V

Death from intestinal obstruction and from renal
failure in the first 6 days after operation
in normal and endotoxin tolerant rats

Deaths in  Deaths in

Induced condition controls tolerant

animals

Intestinal obstruction 100 100

Renal failure 100 100
Table VI

Lethality of endotoxin injection in normal and tolerant
adrenalectomized animals
Death rate, per cent

Treatment  Treatment

. Un- 2 hrs.
Type of experiment treated prior to prior to
operation operation

Adrenalectomized, normal 0 100 100

Adrenalectomized, tolerant 0 16 25

The significance of the pituitary-adrenocortical system in the non-specific
resistance of the organism justifies investigations into the possible correlations
between endotoxin tolerance and the second phase of the general adaptation
syndrome, i.e. the phase of resistance. Adrenalectomized animals have been
found to exhibit an increased sensitivity to endotoxin (Lewis, 1946). In our
experiments even high dilutions of endotoxin proved fatal to adrenalectomized
rats, whereas doses to the extent of LDS were well tolerated by animals with
induced tolerance to endotoxin.

Table VII

Ascorbic acid content of adrenalgland in normal and endotoxin
tolerant rats 2 hoursfollowing injection
of 1 mg/100 g of endotoxin

Ascorbic acid

; content of

Type of experiment adrenal gland,

mg per 100 g

Physiological saline intraperitoneally 490 + 52
Tolerant animals with physiological saline

intraperitoneally 488 + 30

Endotoxin intraperitoneally 365 + 57
Tolerant animals with endotoxin intraperi-

toneally 478 + 54
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The adrenal cortex thus plays an essential role in inducing tolerance.
Maintenance of it involves, however, other mechanisms.

It was remarkable that in endotoxin tolerant rats injection of endotoxin
failed to cause a loss in adrenal ascorbic acid. We have thus no evidence to
connect the favourable effect of induced endotoxin tolerance on surgical
resistance with a possible ACTH-adrenocortical hyperfunction or hyper-
reactivity.

Discussion

The results of the present investigations may be summed up as follows.

1. A single injection of endotoxin results in an increased sensitivity to
endotoxin at two hours, and in a reduced endotoxin sensitivity at 48 hours.

2. Surgical death rate is increased at two hours.

3. The sensitizing effect fails to appear in endotoxin tolerant animals.

4. There is no evidence to connect the tolerance with a hyperfunction
or hyperreactivity of the ACTH-adrenocortical system.

Our preliminary results are in line with those of Abernathy (1957) and
Chedid (1964) who made mice tolerant to a second dose of endotoxin by a
single injection of the substance. Increase in non-specific resistance of the
animals to infections, radiological injury and traumatic shock as a further
effect of a single injection, has been described by various observers, as quoted in
the introductory part of the present report. It is hard to account for the reduc-
tion of non-specific resistance preceding its rise; we likewise ignore why in our
animals the postoperative death rate was considerably higher than in the
controls. The postoperative course may have been affected by a transitory
circulatory disturbance due to the endotoxin effect. By demonstrating that
endotoxin fails to reduce surgical resistance in endotoxin tolerant animals, we
have been able to point out a further effect of endotoxin which is suppressed
in endotoxin tolerance (Petersdorf, 1964). This phenomenon, too, is little
understood. Increased endotoxin clearance, enhanced RES activity, a higher
titre of natural antibodies might have a part in it. Our view that the ACTH-
corticoadrenal system plays no essential role in the maintenance of endotoxin
tolerance is shared by Egdahl (1958) and Chedid (1964) and is consistent
with the results of Stark (1965) who found a reduced ACTH production by the
pituitary gland in endotoxin tolerant animals.

Finally, it must be stressed that the adverse effect of bacterial lipopoly-
saccharides on resistance, on the one hand, and the increased resistance, on the
other, have important practical issues in clinical surgery. It is along these
very lines, i.e. with a view to averting this undesirable loss of resistance while
augmenting surgical resistance beyond its normal limits, that further studies
are being pursued.
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The penicillin inactivating effect of saliva is considerably diminished by boiling.
On the addition of penicillinase, the added amount of penicillin is completely destroyed.
The boiled saliva-buffer-penicillinase mixture exerts a more marked effect than the
boiled saliva-buffer mixture does. Shaking saliva with dithizone dissolved in chloroform
results in an increase of the inactivating capacity. A similar increase is induced by
shaking the saliva with chloroform. In comparison to mixed saliva, parotid secretion
has a weaker inactivating effect.

In previous experiments [I, 2] it has been shown that saliva of some ani-
mals as well as of man is capable of inactivating certain penicillins. Some con-
nection was demonstrated between dental caries experience in the saliva donors,
and the penicillin inactivating capacity of saliva.

Since the nature of this peculiar salivary factor has not been clarified,
further experiments were carried out to examine changes in the penicillin
inactivating capacity on subjecting the salivary sample to different treatments.

Materials and methods

Two and a half ml portions of saliva were collected from voluntary donors (patients
and nurses of the Department of Stomatology) into flasks containing an equal volume of
phosphate buffer pH 7.2. No attention was paid to the oral condition (caries and gingival
status) of the donors, and to the time interval between the last meal and collecting the saliva.
Aliquots of the saliva-buffer mixtures were subjected to different treatments. Thereafter
crystalline potassium G-penicillin was added to each aliquot, to a final penicillin concentration
of 5.0 U/ml.

The treatment procedures are summarized — together with their effects — in Table I.

Penicillin activity of the aliquots was estimated by the plate method. One tenth ml
samples were put into each well of the plate previously inoculated with spores of B. subtilis
ATCC 6633. After incubating the plate for 24 hours at 37 °C, the width of the inhibition rings
around the wrells was measured to the next 0.5 mm. The broader the inhibition ring, the higher
the concentration of penicillin in the well, and thus the smaller the inactivating effect of the
salivary sample. As our aim was a comparison of the different treatments, the widths of the
inhibition rings were not converted into units of penicillin but were handled statistically
directly.

Results

Results are summarized in Tables | and II.
Boiling the salivary sample prior to the addition of penicillin resulted in a
diminished inactivation effect. This was the case with all the treatment proce-
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dures applied. A total of 140 comparisons of unboiled and boiled salivary-
samples were made; in 138 instances the boiled sample was less inhibitory than
the unboiled one. In two samples of dithizone treated saliva no difference was
found between the unboiled and boiled salivary sample. This finding was in full
agreement with our former experience [1, 2].

Addition of penicillinase to the mixture of saliva and buffer resulted in a
complete inactivation of the added amount of penicillin. In the first experi-
ments penicillinase-producing staphylococciwere inoculated into, and incubated
with, the saliva-buffer mixture. Later a standard penicillinase preparation

Table 1
Effect of different treatments on inactivation of penicillin by human saliva
A) Means and standard errors

Number Width of
Treatment of the saliva* of inhibition ring,
Code buffer mixture saliva and standard
samples error in mm
A No treatment = native 40 26.8 + 0.62
B Boiled 40 32.1 £+ 0.50
C Penicillinase, native (unboiled) 40 0
D Penicillinase, boiled 40 28.6 + 0.62
E Shaken with dithizone, native (unboiled) 40 24.3 + 0.57
F Shaken with dithizone, boiled 40 29.8 £ 0.75
Ex Like E (included in the 40 samples) 20 26.1 + 0.67
Ei Like F (included in the 40 samples) 20 33.2 £ 0.80
G Shaken with chloroform, native (unboiled) 20 27.4 £ 0.37
H Shaken with chloroform, boiled 20 33.5 + 0.33
B) Differences of means
Codes Difference Codes Difference
%Zéa,ﬂ?ézs and standard error ()(:t)rsr?;r)g‘rjxlezs and standard error
A- B — 5.3 + 0.8%** Ft- H -0.3 + 0.86
C- D —28.6 £ 0.62*** Et- G -1.2 + 0.77
E- F — 5.5 + 0.94%**
G- H — 6.1 £ 0.5%** B- D 35 = 0.8*%**
A- D -1.8 + 0.88*
A- E 2.5 + 0.85** D- F -1.2 + 097
B - 2.3 £0.9**
A- F — 3.0 £ 1.2**

= statistically probable
** = statistically very probable
= statistically significant
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Table Il

Width of inhibition rings of differently treated aliquots

of identical salivary samples

Difference of width in mm

Codes
of .samples more than up to
compared 10 0
10 1

A- B n 0 0
C- 0 0 0
E- F 0 0 2
G 0 0 0
A - E 28 0 2
B F 28 0 0
)- B 4 2 1
A - It 14 2 3

up to
-1.0

W Ul N W O = O N

more than
-1.0

38
40
37
20

5
28
18

83

If the first sample was more inhibitory, the difference was considered positive; if the
second sample was more inhibitory, the difference was considered negative.

Table 111

Inactivating effect of human mixed and parotid saliva

Source, and treatment of salivary sample

Mixed, native

Parotid, native

Mixed, boiled

Parotid, boiled

Penicillinase-incubated mixed, native (unboiled)
Penicillinase-incubated parotid, native (unboiled)
Penicillinase-incubated mixed, boiled
Penicillinase-incubated parotid, boiled
Dithizone-shaken, mixed, native (unboiled)
Dithizone-shaken, parotid, native (unboiled)
Dithizone-shaken, mixed, boiled

Dithizone-shaken, parotid, boiled

Width of inhibition

27
39
31
40

29
38
28
28
32
33

/.one in mm

in examinee No.

2

32
39
35
41

0

0
23
35
25
25
34
33

3

32
39
35
41

28
35
29
31
33
35

Mixed saliva was collected by direct flow, parotid saliva by aid of a suction cup applied
to Stenson’s duct.

{Neutrapen Ricker) was used of which 0.8 IT were added to each unit of peni-
cillin. The mixture ofsaliva, buffer and penicillinase was kept at room tempera-
ture for 24 hours, then penicillin was added, and the mixture was filled into the
wells, partly in the native, and partly in the boiled state. The native mixtures

6"
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caused no inhibition, while with the boiled ones marked inhibition zones were
obvious after 24 hours incubation. These were narrower than with boiled mix-
tures of saliva and buffer not containing penicillinase. The difference was
significant statistically. The inactivating effect of the boiled saliva-buffer-
penicillinase mixture was, nevertheless, weaker than that of a native saliva-
buffer mixture, without penicillinase; and in some instances the aforementioned
boiled mixture exerted a stronger inactivating effect than the boiled (yet
otherwise untreated) salivary sample.

These experiments have proved that the peculiar salivary factor was not
penicillinase. No explanation can be offered for the significant increase of
inactivation in the boiled mixture ofsaliva, buffer, and penicillinase ascompared
with the boiled mixture of saliva and buffer. Dilution of a factor in saliva by
which penicillin might be protected, through the addition of penicillinase may
be taken into consideration.

In order to remove metal traces which might be involved in destroying
(or protecting) penicillin in saliva, aliquots of the saliva-buffer mixtures were
shaken with 0.5 per cent ditliizone, dissolved in chloroform of which 0.5 ml
was added to each 5 m| of the mixture. Penicillin was then added to native and
boiled samples of the supernatant. Samples shaken with dithizone displayed
a more marked inactivating effect in the native and in the boiled state than
corresponding samples not treated with dithizone. The dithizone-treated boiled
sample’s inactivating effect was, however, weaker than that of the native
saliva-buffer mixture. In these comparisons individual samples behaved differ-
ently. In the case of 10 ofthe 40 salivary samples, inactivation was more marked
mwith the native mixture than with the native dithizone-shaken sample, and in
12 with the boiled mixture than with the boiled dithizone-treated one.

Since by the above treatment not only the metals were removed from the
specimens but by the chloroform used as a solvent also the lipids, 20 salivary
samples were shaken out with chloroform alone (0.5 ml to 5.0 ml of the saliva-
buffer mixture). The inactivating effect of these salivary specimens was similar
whether they were shaken with dithizone dissolved in chloroform or with
chloroform alone. This was true for both native (unboiled) and boiled samples.

These experiments have unequivocally demonstrated that penicillin is
protected against destruction by a salivary factor which is of lipid nature. Metals
apparently do not play any role in the process.

As regards the source of the inactivating factor, our former experiments
pointed to its production by the oral flora. This conclusion was now further
substantiated by comparing the inactivating effect of mixed saliva and of
parotid saliva obtained directly from the duct by a suction cup. While the
mixed saliva of three volunteers exerted a marked inactivating effect, signif-
icantly less inactivation was exerted by their parotid saliva, whether or not the
latter had been boiled (Table IIl).
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Discussion

According to the above findings, the partly thermolabile penicillin-
inactivating factor of mixed saliva seems to be a product of the oral flora. This
explains the differences in the inactivating effect, induced by different treat-
ments. The factor is certainly different from penicillinase. Its action seems to be
connected in some way with the lipid fractions contained in the mixed saliva.
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ACTA MEDICA
TOM XXII - BbIM. 1

PE3IOME

XAPAKTEPUCTUKW LUYMA MPU NIEFOYHOW HEAOCTATOYHOCTWU, HE
OCNNOXXHEHHOW TMMEPTOHWEW NEFOYHOW APTEPUU WU
MPABOIrO CEPALA

Ob. BUNATW, T. TOHbAW, K. NOXAAWN w AOb. BOAPOTN

LLym npyv HemoCTATOYHOCTU KanaHOB JfIErOYHOM apTepun He COMpPOBOXAatoLelics
rMnepToHVen NPaBoro cepAaLa, MOXHO Ha OCHOBaHUWM Hadvana, opMbl, AANTENBHOCTU M YacTobl
anddepeHUMpoBaTL OT LUyMa MpYM HeAOCTaTOMHOCTU aopTasibHbIX KamaHoB WM Npu (yHKLWMO-
Ha/lbHOM NeroYHol HegocTaTtovHocTn (wym [Fpaxem—Ctunng) (puc. 7). Mo HabnogeHUAM
aBTOPOB OTAe/bHble BWAbl NPUOGPETEHHOW HEJOCTATOYHOCTM KJ/anaHOB /Ier0YHOlM apTepum c
TeYeHVeM BpeMEeHW MOryT YCUAMBATbCS. B CBSI3M C paclUMpeHWeM /IerO4HO apTepum MOXeT
BO3HWKHYTb TaK HasblBaeMblli (peHOMeH AycTUH—®AMHTA. AMUIHUTPUT B 06LLEM MNPUrOAeH
N5 pacno3HaBaHWsA LUyMa HefjoCTaTOMHOCTM K/lanaHoB /IerOYHON apTepun, 04HAKO, ycuieHue
€ro MHTEHCMBHOCTU HabnofaeTcs He BO BCEX CnyyasX. B MpOTMBOMOMOXHOCTL 3TOMY roc/e
NMOBTOPHOr0 rly60KOro BAOXa LUyM BCerfa ycunnBaeTcsi. ABTOpbl YCTaHaB/IMBAKT, YTO MeXaHo-
rpaMmbl BecbMa MO/E3Hbl MPU UAEHTU(MUKALMM LUyMa HeA0CTaTOYHOCTM K/amnaHoB JieroyHol
apTepuu.

NCCNEAOBAHVE KOHUEHTPALUWW ¥YTJIEBOAOB, CBA3SAHHbLIX K BE/KAM
CbIBOPOTKU N NM®bl MPN SKCMNEPUMEHTAJ/IBHO BbISBBAHHOM
BOCIANTEHNIN

N. BAPTA, . MNYKOBWY, T. 3. 30NTAH, M. TABOP u M. ®ENbAN

B MosHOM cornacun ¢ nMTepaTypHbIMU AaHHbLIMK, aBTopbl HaGMlfanu, B OMbiTax Ha
XWBOTHBIX MPW BOCMANeHWN, BbI3BAHHOM CKUMWAAPOM, MOBbILLEHWE YPOBHS /IMKOMPOTENI0B
B CbIBOPOTKe. [lapannenbHO MOBbIWEHUIO KOHLEHTPAUMKU CbIBOPOTOUHBIX T/IMKOMNPOTEN]0B
NOBLILLIAETCS TaKXe B FPYAHOM MPOTOKe CofiepXKaHMWe YrieBoaoB, CBsA3aHHbIX K 6enkam. Coaep-
KaHue TNNKONPOTENAOB B LUEMHOM CTBOME, MPOMUCXOAALLEM U3 06/1acTX BocnasieHusi, Gbino no
MCTEUeHUN 24 1 48 yacoB [JOCTOBEPHO HWXKE, YeM B CbIBOPOTKE WM B FPyAHOM NpoToke. Ha
OCHOBaHUW 3TUX Pe3yNbTaToB Mo/araeTcsi, UTo B 06/1aCTV BOCMANEHUS! OPraHU3M yaepXXuBaeT
rNVKONPOTEUAbI, B LENSX WUCMOMb30BAHUA WX ANS MPOLECCOB pereHepaLyu.

CTEPOUAHbIA OBMEH YE/IOBEYECKOWM KOXW W BOJIOCAHOIO MOKPOBA
B HOPME U B MNMATONOIMMYECKUMX YCJ/TOBUAX

I. XpomoreHbl LlyMMepmMaHa B KOXE 3[0pPOBbIX EHLMH W NpuU rupcyTU3Me
M. IONEC, N. PAPEANH n WN. TOT

VccneaoBanmck XpoMoreHsl LiyMMepMaHa B KOXe, BbIPe3aHHOW M3 KOXW XuBoTa (6e3-
BO/IOCHOI) M U3 BOJSIOCATOM KOXM /106Ka 3HAO0KPWMHOMOMMYECKM 3[10P0BbIX XEHLWH. Mo pe3y/b-
TaTam UcCnefioBaHUiA Kak BosiocaTast, Tak U 6e3B0/I0CHAas KOXKHasi TKaHb COAePXUT XPOMOreHbl
LiumMmepMaHa, NpuyeM B BOMOCATON KOXKHOW TKaHU KOMIMYECTBO 3TUX XPOMOreHOB 3HAUNTENbHO
BbILLE.

B B0/10CATON KOXe XXMBOTA U B JIOGKOBOW KOXHOM TKaHW >KEHLMH C TMPCYyTM3MOM
XPOMOreHbl LiMMepMaHa MOXHO BbISIBUTb B 3HAUMTENIbHO GOMbLUEM KOMMYECTBE, YeM B COOT-
BETCTBYIOLMUX KOHTPO/bHBLIX TKAHSIX.
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BbITS)KKA KOXMW WUCCNEA0BaMCh METOAOM XpomaTorpaduy Ha bymare M Ha TOHKMX
cnosix. Mpu xpomartorpaguu Ha TOHKOM C/iI0e KPEeMHUCTOro refist I 6bIf0 BbISB/EHO 3HAUYNTE b-
HOE KOJIMYECTBO XOIECTEPMHA W PSifi CTEPOMO0B, MPUCYTCTBYIOLWMUX B MeHbLUEM KOSIMYECTBE.
Ha cnoe OKWCK alloMUHUS YAAN0Ch BbISIBUTL HECKOMIbKO 17-KeTocTepouaos. MaeHTuhUKaums
M BbISICHEHME POMKN 3TUX CTEPOVAOB MPOBOAMTCS B HacTosLiee Bpemsi.

CTEPOWAHbIA OBMEH YEJ/IOBEYECKOWM KOXW 1 BONIOCAHOIO MOKPOBA
B HOPME W B MATOJIOTMYECKUMX YCNOBUAX

Il. HoBble MeToAbl ANA WUCCNefOBaHWUA COAepXXaHUA Xo/iecTepuHa B YesIOBEYECKOM KOXe U
BOJIOCAHOM NOKpoBe

n. TOT, N. ®APEAVNH n M. IONEC

ViccnegoBanncb BbITSDKKU Ye/TI0OBEYECKOM KOXW M BOMOC NPW MOMOLUM METOAOB XpoMma-
Torpaduun Ha cTonbe M Ha TOHKUX CNO0AX. YCTaHOB/IEHO, YTO KOXKa W pasfiMyHble BOMOCbI COAep-
KaT 3HauMTeNlbHOE KONMYeCTBO XoflecTepuHa. B XxpomaTorpammax Ha TOHKWMX C/osiX Obin
BbISIB/IEHO, YTO 3TV OpraHbl, NOMUMO XOSIECTEPUHA, COAepXXaT elle W Apyrue cTepovibl.

ABTOpbI pas3paboTany MeTo4 ANS ONpefeneHVs KOMYecTBa «0OLUEro XonecTepuHa» B
He60MbLUNX KOMNYECTBaX Yesl0BEYECKON KOXW W Bosoc. Mpu NoMoLmy HOBOro MeToga NpoBOAu-
NMCb napannenbHble WUCCNefoBaHUSA Ha o06pasuax Ye/roBeHECKON KOXM U pasIM4HbIX BOJIOC.
OTKJ/I0HEHUA MexX Yy napannie/bHbIMU UCCNef0BaHUAMU He npeBbicuv 12,5%. [MNpw aTom MeToAe
[06aBNeHHbIA XOMeCTEPUH B KaXKAoW ase uccrefoBaHusa (LienodHas 06paboTka, aKcTparu-
poBaHue, Xxpomartorpagua Ha cTonbe nopucuna) MOXKHO MONY4YUTb 06paTHO ¢ 92%-HbiM Bbl-
XO[0M.

CTEPOUAHbLINN OBMEH YE/IOBEYECKOW KOXXW W1 BOJIOCAHOIO MOKPOBA
B HOPME N MPU TMATOJIOTMYECKNX YCJ/TOBUAX

I11. CopepxaHue xonecTepuHa B KOXKe U BOSOCAHOM MOKPOBE 3[j0PO0BbIX XEHLMH U XEeHLNH
CTpafjaloLlIMX TMPCyTU3MOM, a TakXXe B BOMIOCSHOM MOKPOBE 3[0P0BbIX MYXUUH

N. ®APEANH, N. TOT n M. FONIEC

ViccnefoBanoch 06Lee cofep)kaHMe X0necTepMHa B KOXe M BOJIOCSAHOM MOKPOBe 340p0-
BbIX XXEHLUMH W XEHLUNH C TMPCYTU3MOM, a TakXXe B BO/IOCSHOM MOKPOBE 3[0PO0BbIX MY>XUYUH.
YCTaHOBMNEHO, YTO B /IOOKOBOW KOXE 340POBbIX YXEHLWMH M 60/bHBIX FMPCYyTU3MOM COAep-
XaHue xonectepurHa 00/bLUe, YeM B KOXXe >XMBOTA. BbIAB/IEHO TakxXe, UTO BO/MOCHI COAepXKaT
60/1bLLIOE KOMMYECTBO XOMECTEPUHA, M UTO Y 340POBbIX XEHLLMH U MY>X4UH 60N Lle BCero
XO0JIECTEPUHA COLEPXKUTCA B MOAMbILLEYHbIX BO/IOCAX. Bosiockl, NoABAAOLWMECS NPU TUPCYTU3ME
N OTCYTCTBYIOLLME Y 340POBbIX XKEHLLNH COAepPXXaT BeCbMa 60/1bLLIOE KOMMYECTBO XO/1eCTepuHa.
Ha ocHoBaHWW pe3ynbTaToB MccnegoBaHuin KaxkeTcsi, 4To AKTI He Bbi3biBaeT aphekTa Ha
COflep>XaHne xosnectepMHa B BOJOCax.

CTEPOUAHbLIA OBMEH YE/IOBEYECKOW KOXW W BOSIOCAHOIO MOKPOBA
B HOPME W MPW MNATONOIMYECKNX YCNOBUNAX

1V. HeiiTpanbHble 17-KeTOCTEPOMAbl B BOSIOCSIHOM MOKPOBE 4Ye/I0BEYECKOro Tena
M. FONEC, . ®APEAVH n N. TOT

VccnefoBannch BbITSDKKWA BOJOC 3[0POBbIX MYXUUH U JKEHLMH, a TaKXKe XeHLINH,
CTpafaloLUInX rMpcyTU3MOM. BbISIBNIEHO, YTO BOMOCHI, MOAMbILLIEUYHbIE, NI06KOBbIE BO/OCHI YEH-
LWH 1 MYXUUH cofiepXKaT 17-KeTocTepon/bl, U YUTO CPEAM 3TUX BUAOB BOJOC 60/bLLE BCETO KETO-
CTepOM0B coAepKaT NoAMbILLIEYHbIE BOMOCHI. [JernapoaHapocTepoH v ero apTedakT — 3-X/10po-
[ernipoaHipoCTepoOH — WAEHTUMULMPOBANIUCL PA3/IMUHLIMKA  MeTodamMmn XpomaTorpaduu Ha
TOHKMX CNOSIX U Pas3/MUHbIMKA LYETOBbIMUA peakLMsiMu. B B0/0CaxX >KEHLUMH, CTpajatoLux
rMpCYTM3MOM, BbIM BbISIBMEHbI ABa 17-KeTOCTepomaa C Takol HWU3KOM BenuumHol Rf, KoTopyto
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He yjanocb 06HapY>XWTb B BOI0OCAX 340POBbIX XeHWMWH. Mpu nevyeHnn AKTI He 6bi1o OT-
MeYeHO M3MEHEHUS MO CPABHEHWIO C KauyeCTBEHHOW KapTWHOM BOOC, OMpefefieHHON 0 Havana
neyeHns.

NCCNEJOBAHVA MYKOMONNCAXAPNAOB B CbIBOPOTKE IMPU
OKCMNEPUMEHTAJIbBHOM AJIJTOKCAHOBOM W CTEPOMAHOM AWNABETE

Nn. AKAB, M. BPETAH, A. ®EXEP un /. KAMMEPEP

Mpy NOMOLIM BBEfiEHWSI afifIoKCaHa, KOPTM30HA W a/l/lokcaHa + KOPTM30HA aBTopbl
BbI3bIBA/IN Y KPO/IMKOB 3KCMEPUMEHTASIbHBINA CaxapHblii Aua6eT M McCcnefoBasim U3MEHEHUs!
HeliTpabHbIX (DpaKumii MyKomnonmncaxapuaoB (rekcosbl, FeKco3aMuHa, CUaSIMHOBOW KUCIOTbI
M CepoMyKOWMAa). YCTaHOB/IEHO, UTO MPU a/fOKCAaHOBOM AvabeTe MOBbILAETCH KOHLEHTpaLms
rekcosbl 1 cepomykouga. Mpu auabeTe, BbI3BaHHOM COBMECTHOM fadeli annokcaHa  KopTu-
30Ha, M3MEHeHMs1 MYKOMO/MNCaxapuioB B CbIBOPOTKE 60/iee GM3KM K M3MEHEHUAM, Habmio-
[aeMbIM MpU CTepouaHOM auabeTe. Mopdonornyeckme U3MeHeHUs Hambosee TsKesble Mocne
COBMECTHOM Jauy asifiokcaHa + KOPTW30HA M He MPOUCXOASAT MapaiefibHo M3MEHeHUsIM
KOHLEHTPAUUM  OTAE/bHbIX (PPaKUWiA HEATpasibHbIX MYKOMONCAxXapuioB B CbIBOPOTKE.

MEXAHWYECKUE MPU3HAKWN HEOOCTATOYHOCTW CEPALA
Ob. BOAPOTUN, T ANOWCUAALBU n K. KOYMLL

Mpn HegocTaTOMHOCTU CepaLa Ha BEHO3HOW KpuBoi (a) nocne 3ybua P 3ybel, gaBneHus
NosiBASIETCS paHblUe, YeM B HOpMe. MpuunHoii yKopodeHus 3y6La P sBNsieTcs TO, YTO MOMKMO
HabnogaemMoli B Hopme 3y6ua obbemMa (a) MMeeTcs TakKXKe 3ybOel, AaBMeHWUsl, KOTOPbIA, TakK Kak
€ro CKOpPOCTb PacrnpoCTPaHeHUsi 3HAUUTESIbHO BbILLIE, NOSAB/SETCS paHbLue. 10 MHEHUIO aBTOPOB
npy AeKOMMeHcaummn cepala nosieneHve 3y6ua faB/eHns, Bbi3bIBAOLLEr0 YKOpoUueHme 3y6La P-
06ycnaBnMBaeTCsl MOBbILLEHNEM HAMOTHEHUA XXeNy[0UYKOB B KOHLE AMAacTofbl, TO ecTb MOBbl-
LUEHNEM [aBfieHUs B KOHLE [AMacTofbl.

HabntofeHnsi aBTOpOB, CAeNaHHble MPU UCCNeA0BaHMM APYTMX KPUBbIX U KPUBOW AaB-
NIEHNA, U3MEPEHHO B MOMOCTU NpeAcepansi, a TaKXe NuUTepaTypHble [aHHble A0Ka3blBalT
yTo 60sIee paHHee MosiB/ieHMe 3y6L,a BEHO3HOW KpMBOI (a) HabnogaeTcs B yC/I0BUSAX MOBbILLEH-
HOro YXenyAo4KOBOro AaB/fieHWs BO BpPeMsl MpeCepAHOro AeicTBUS.

OENCTBUE PAOVNOTEPAMUN HA PE3Y/IbTAT TYBEPKY/IMHOBOW MPOBbI
K. MOHIOP u Ab. METPAHbW

CornacHo pesynbTaTam UccnefjoBaHWUiA, MPOBOAUBLUMXCSI Y 6GOSIbHbIX FMNEPTMPEO30M U
nonuuymutemmeid, npn gade 4,5—10 /<C JBBLmnn 4—5 /rC P2 pesynbTaT Ty6epKy/IMHOBOW MpPo6bl
He M3MeHsIeTCs.

OEVCTBME MPEABAPUTE/IBHOW OAUYM 3HAOTOKCUHA HA
OMNEPAUNOHHYHKO CMEPTHOCTb MOAOMNbITHbLIX >XNBOTHbIX

M. KEPTAW, K. YUXEU n N. TEPXAPAT

Mocne BMPbLICKMBAHWS 3HAOTOKCWMHA Serratia marcescens YMEHbLUAETCS PE3UCTEHT-
HOCTb MOJOMbITHLIX JXWBOTHbLIX B OTHOLUEHWM OMepaLUOHHOM Harpy3ku. [lo wucTedeHun 48
YacoB MOC/NE BMPbICKMBAHWSI 3HAOTOKCMHA COMPOTMBAEMOCTb >KMBOTHBLIX HOPMAanu3yeTcs.
MpenBapuTenbHas fadva SHAOTOKCMHA B TeyeHVe Hefenun MnpefoTBpallaeT YMeHbLUEHUE pPesnc-
TEHTHOCTW. B pasBUTUM PE3UCTEHTHOCTY OMNpeaesieHHY pPofib UrpaeT cucTema runodus-Kopa
HafNoOYeYHNKOB, HO B MOAAEPXKMBAHWUM PE3UCTEHTHOCTU CNeAyeT CUMTaTbCA C APYTMM Mexa-
HU3MOM.
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HOBbIE 3KCMEPUMEHTbI MO WUCCAELOBAHUIO UHAKTUBUPYIOLLEW
CrMNOCOBHOCTN C/MIOHbl B OTHOLWEHWW NMEHWUMNANTNHA

U. AONEP-XPALELLKWN, 5. KENEHTEW u M. AQJEP

KunsiueHne B 3HAUMTENbHOW Mepe CHUXaeT CMoCOGHOCTb C/lOHbI MHAKTUBMPOBATHL
neHUUUANVH. Tpn A06aBNEHU NEHWULMIININHASBI CMELLEHHbIA CO CIOHOM NMEHULMNMNH MOXKHO
NONHOCTbIO MHAKTUBMPOBaTb. OfHAKO MPOKMUMSUEHHAs CMeCb COHLI—BY(epHOro pacTeopa —
NeHNUWNINHA3bl UHAKTUBUPYET A06aBNEHHbIV K ClOHE NEHULUUANNH 60/ee CUbHO, YeM Mpo-
KMUNSUEHHas CMecb CMoHbI U BydepHOro pacteopa. Mocne BCTPSXMBAHUA COHbI C UTWU30HOM,
pacTBOPEHHOM B X/10POOPME, MOBbILLIAETCA MHAKTUBMPYIOLLAsA CMNOCOGHOCTb C/OHbI B OTHO-
LEHMN MEHUUMNAMHA. ECnn CNoOHY BCTPSXMBATb /UL C X/10POIOPMOM, MoslydaeTcsl Takoe
)Ke MOBbILLIEHNE ee WHAKTWBMPYHOLLEA CrMocO6HOCTM. 0 CPaBHEHWIO CO CMELLAHHON C/OHOM
MHaKTVBMPYIOLLLAs CMOCOGHOCTb C/ItOHbI, MOMYYEHHOM NpX MOMOLLY MpuUcoca M3 NPOToKa OKO-
NOYLIHOW Kenesbl, OKasanacb MeHbLLIEN.
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A. Bogsch and A. Leszler
Diagnastic Pneumomediastinum

In English « Approx. 220 pages »70 figures ¢ Cloth

The authors discuss the injection of air into the medi-
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BEHAVIOUR OF SERUM LIPIDS
AND SERUM PROTEINS IN METHYLCELLULOSE-
AND ENDOTOXIN-TREATED DOGS
AND IN DYSPROTEINAEMIC HUMAN SUBJECTS
By
S. Benko, L. Varga, M. Csanady, F. Durszt,

T. Tibordi and Gy. Medgyesi

FIRST AND SECOND DEPARTMENTS OF MEDICINE. UNIVERSITY MEDICAL SCHOOL, SZEGED,
AND CENTRAL LABORATORY, NATIONAL BLOOD DONOR SERVICE, BUDAPEST

(Received June 11, 1965)

The effects of methylcellulose and of S. typhi endotoxin have been studied in
dogs. Both substances given separately or together have been found to cause mono-
cytosis, endotoxin had moreover an anaemizing effect. Purified endotoxin failed to
attenuate pulmonary arteritis and periarterial granulomas as did in earlier experiments,
filtered E. coli broth cultures. No histological changes due to endotoxin were demon-
strable in the various systems. Methylcellulose was intensively stored in the RES
of the liver, still more of the spleen and formed spheroid deposits in the renal glomeruli.
In the kidneys of animals treated with endotoxin and methylcellulose together, the
renal deposits were distinctly reduced. The substances affected the physicochemical
structure of the serum proteins and lipoproteins in a similar manner. Combined admin-
istration of the two substances was found to attenuate the quantitative changes in
the protein and lipoprotein patterns. Fifteen out of 26 patients with dysproteinaemia
displayed a characteristic abnormality marked by the appearance of three lipoprotein
fractions on the lipoproteinogram, and a blurred precipitation band in the immune
electrophoretic pattern.

It has been shown [3, 4] that solutions of methylcellulose (Me) injected
intraperitoneally are stored in, and induce hypertrophy of the RES. Protracted
intravenous methylcellulose treatment of dogs leads to proliferative inflam-
mation and perivascular granulomatous changes of,the pulmonary vessels
associated with abnormal serum protein and serum lipid patterns, as revealed
by paper-electrophoretic and immune-electrophoretic studies [2]. Methyl-
cellulose being a substance foreign to the organism, we intended to study the
effect of a macromolecular substance which may occur naturally in the organ-
ism, as for instance bacterial endotoxin. The filtrate of a broth culture of
E. coli is a complex substance containing endotoxin. When dogs were treated
with both such a filtrate and methylcellulose, the intravascular and peri-
vascular changes induced by the latter substance were found to be slighter
than without endotoxin [5, 6]. The problem arose whether the effect was due
to the endotoxin or to other substances present in the broth.

Endotoxins are lipopolysaccharides of bacterial origin [7, 40] which pro-
duce a variety of phenomena, such as vasoconstriction and vasodilation,
local and general Shwartzman phenomenon with bilateral cortical necro-
sis of the kidneys [38], stimulation of RES-phagocytosis [26], reduction of

the plasma fibrinogen level [39], induction of fibrinolysis [24, 25], endogenous
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release of heparin [28, 29, 33]. Cats and dogs are immune to the acute toxic
effects of endotoxin [38].

The investigations to be reported in the present paper have been con-
cerned with the serum protein and lipid pattern under the effect of methyl-
cellulose and purified bacterial endotoxin. It has been furthermore investigated
whether the influence of purified endotoxin on the proliferative methylcellulose
induced changes of the pulmonary arteries is similar to that of filtered E. coli
broth cultures. The effects of these substances on blood counts as well as on
the histological structure of the kidneys, liver and spleen in dogs have also
been studied.

Since both substances are capable of inducing hyperplasia of the RES
parallel with changes in the serum protein and lipid patterns, we found it
of interest to study the blood lipids and proteins also in human disease asso-
ciated with hyperplasia of the RES or its granulation (reticuloses).

Material and methods

Thirty mongrel dogs of both sexes weighing between 9 and 12 kg and kept on a mixed
diet were used. Eight animals received 2.5 ml per kg body weight of a 1 per cent solution of
methylcellulose intravenously twice weekly. Six animals were treated intravenously with
10 /tg per kg body weight of purified bacterial endotoxin in a sterile saline solution. The endo-
toxin was obtained from the 0 :901 strain of S. typhi, by extraction according to Boivin
and Mesrobeanu and further purification by alcoholic precipitation. The amount releasing
a Shwartzman-reaction was 3 /tg. Further 6 dogs received injections of endotoxin in the above
doses twice weekly, on the days subsequent to those on which methylcellulose had been given.
The 10 controls received 2.5 ml per kg body weight of saline intravenously twice weekly.
Samplings were done before and after treatment. Blood was collected in plastic tubes or sili-
coned glass tubes.

Blood chemistry included 1. serum total proteins by the biuret reaction, 2. protein
fractions by paper electrophoresis, 3. protein-bound hexose by the method of Stary et al.,
4. serum glutamic oxalacetic transaminase (SGOT) by the method of Dubach, 5. thymol test
according to Maclagan, 6. serum total lipids by the method of Kunkel et al., 7. lipoprotein
fractions by paper electrophoresis, 8. serum total cholesterol by the method of Zratkis et al.,
9. phospholipids by the method of Youngburg and Youngburg, and 10. free fatty acids
by the method of Dole. The value for total protein was calculated by means of a Beckman—
Spinco photocell apparatus devised for evaluation of paper electrophoresis.

In addition to these, the red blood cell, white blood cell, platelet and differential counts
were estimated.

Results obtained before and after treatment were evaluated by Student’s t-test.

At the conclusion of treatment the animals were killed by air embolism. The internal
organs (heart, kidneys, lung, spleen, liver) were weighed, their specimens embedded in paraffin
and stained with haematoxylin-eosin for histological study. The kidneys of the dogs which
had been treated with methylcellulose and methylcellulose -j- endotoxin, were stained with
Congo red [22]. The animals did not display any significant circulatory change in the course of
the studies. Temperatures reaching peaks of 40°C were noted 2 to 4 hours after the injection.

In a number of animals the lipoproteins were studied by ultracentrifugal analysis for
the determination of Gofman’s Sf-values, using a Phywe 131 type centrifuge. In one animal of
each group treated with methylcellulose, physiological saline, methylcellulose and endotoxin and
endotoxin alone, lipid extracts of the serum were subjected to thin-layer chromatography in
silicagel medium in a chloroform-methanol, 2 : 1 v/v phase before and after treatment. The
layer thickness of the silicagel (G. Merck) was around 0.25 mm. The layer was activated at
110°C during 25 minutes. The chromatogram was evolved in petrolether-ether-acetic acid
90 : 10 : 1v/v. The front was run to a distance of 15 cm. The spots were developed by phospho-
molybdenic acid and subsequent heating to 110°C [32, 35].
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In 26 patients with dysproteinaeraia, serum proteins and lipids were studied by paper
electrophoresis and immune electrophoresis, according to Grabah and Williams as modified
by Sheidegger. Paper electrophoresis was carried out on Schleicher and Schiill’s type 2043 B
paper, in a veronal buffer of 0.1 ionic strength at pH 8.6, for 16 hours at 250 V; current inten-
sity per strip was 1.5 to 2.0 mA. For protein electrophoresis 0.02, for lipoprotein electrophoresis
0.05 ml blood serum was used. Proteins were stained with acid fuchsin, lipoproteins with
Sudan black (after Swahn). For immune precipitation, antihuman rabbit serum was used.
The system was run on an agar-gel medium.

Results
A) Animal experiments

In the methylcellulose group, the RBC, WBC and platelet counts remained
essentially unchanged. The average absolute lymphocyte count showed a
decrease, the monocyte count, an increase from 66 to 401. In the endotoxin
group RBC showed a reduction by 1,200,000, the WBC a rise from 6600 to
8600; the rise in the monocyte count from 33 to 582 was remarkable. In the
group treated with methylcellulose and endotoxin a slight reduction of the
RBC (by 500,000) and the lymphocyte count associated with a rise from 22
to 359 of the monocyte count occurred. No significant changes in the blood
counts of the control animals were found at the conclusion of treatment.
Results for blood counts are presented in Table I. No statistical evaluation
has been carried out.

Table |

Blood counts. Mean values before and after treatment

Before treatment

NoTrg]gtg:ﬁ%tals RBC WBC  Platelet Differential count (abs. numbers)

mill. thousand m;ﬁ‘f %zr::jn Segm. Eo Ly Mo

Methylcellulose 8 5.37 7120 195 0 100 4446 108 2400 66

Endotoxin 6 5.7 6600 206 0 99 3861 132 2475 33
Methylcellulose + endo-

toxin 6 5.4 7500 226 7 120 4455 8 2888 22

Physiological saline 10 5.6 7100 247 7 280 4210 85 2518 0

After treatment

Methylcellulose 8 5.42 7300 230 88 no 4742 117 1842 401

Endotoxin 6 4.5 8600 238 54 54 4953 137 2820 582
Methylcellulose -f- endo-

toxin 6 4.9 6200 228 93 93 3999 186 1470 359

Physiological saline 10 5.6 7200 260 73 187 4484 144 2168 144
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The histological studies showed a distinct storage of methylcellulose in
the RES elements, particularly in the liver and spleen, both in animals treated
with methylcellulose and in those with methylcellulose and endotoxin. In the
spleen there was an increased number of histiocytes with a characteristic
foamy protoplasm. Storage was assessed by the relation of liver and spleen

Table 11

Statistical evaluation by Student's t-test

Groups I, I1l, and 1V have been correlated with group I.

weight to total body weight. Enlargement of the spleen in relation to the
controls was notable in the animals treated with methylcellulose and still
more so in those which had received methylcellulose and endotoxin. Liver
weight showed no significant change (Table Il1). Proliferative arteriitis and
perivascular granulomas in the lungs described earlier by us [3] were present
in every instance. The methylcellulose deposits in the glomerular capillary
loops were most conspicuous. Fig. 1 shows a degenerated shrunken glomerulus
with methylcellulose deposits. Congo red staining disclosed the presence of
methylcellulose globules of various sizes in the majority of the glomerules in
all sections. The deposits had considerably damaged the neighbouring loops.

In the animals treated with endotoxin alone, there was no vascular or
systemic change. In dogs treated with methylcellulose and endotoxin, pul-
monary arteriitis and granulomatous periarteriitis of the same extent was
found as in those which had received methylcellulose alone, in opposition to
our previous observations with E. coli filtrate [5, 6].
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In the glomerules of animals treated with methylcellulose and endotoxin
haematoxylin-eosin staining failed to reveal methylcellulose deposits and the
glomerules were practically unaffected, with the exception of a single dog
which showed thickening of Bowman’s capsule in a single glomerulus (Fig. 2).
Congo red staining revealed methylcellulose storage in the glomerules of ani-
mals treated with methylcellulose and endotoxin, nevertheless the picture

Fig. 1. Histologic appearance of a glo- Fig. 2. Glomerulus of a dog after com-

merulus in a dog after treatment with bined administration of methylcellulose

methylcellulose. Spheroid deposits of and S. typhi endotoxin, with practically

methylcellulose are seen in the glome- no structural change and slight methyl-

rular loops (haematoxylin-eosin, X300) cellulose deposit (haematoxylin-eosin,
X300)

was entirely different from that seen after exclusive dosage of methylcellulose’
Most glomerules contained methylcellulose deposits, but the substance occurred
in the form of fine granules; large clumps were rare. The organs of control
animal No. 10 showed no significant change.

Fig. 3 shows the serum protein and lipoprotein electrophoresis of a normal
and of a methylcellulose treated dog [15]. The serum protein pattern after
methylcellulose treatment showed intensive beta- and gamma-globulin spots,
the serum lipids displayed three lipoprotein bands. In the serum of the other
7 dogs which had received methylcellulose, increase in beta- and gamma-
globulins was less marked.

Table 111 presents a quantitative analysis of serum proteins. Administra-
tion of methylcellulose resulted in a significant reduction of albumin, a signif-
icant rise of alpha-globulin, and a less significant rise of beta- and gamma-
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Table 111

Effect of treatments on serum proteins

globulins. Endotoxin reduced albumin significantly, increased alpha-globulin
to the same, and gamma-globulin to a somewhat greater extent, than did
methylcellulose. On the combined administration of the two substances the
reduction of albumin was less marked, while alpha- and gamma-globulins
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showed practically no increase, — in brief, a tendency to normalization was
recognizable in the protein pattern.

Table IV presents data for serum lipids. For some unknown reason,
possibly upon the influence of some stressor substance, total lipid values were
considerably raised in all four groups. Methylcellulose reduced the total chol-

Fig. 3. Paper electrophoresis of serum proteins (15) and lipoproteins (15) of a dog after methyl-
cellulose treatment, and of a normal dog

esterol values and left those of the phospholipids and free fatty acids unaf-
fected. No significant change in the serum lipid fractions was induced either
by endotoxin alone or by the combined administration of the two substances.
Table V registers the values for protein-bound hexose, SGOT, and the
thymol test. Administration of endotoxin alone or in combination with methyl-
cellulose caused a significant reduction of SGOT within the normal range.
As seen in Table VI, in 4 out of 8 animals treated with methylcellulose,
in 3 out of 6 animals treated with endotoxin, and in 4 out of 6 animals treated
with the two substances, a triad of lipoprotein fractions appeared. Upon the
administration of methylcellulose, alpha-lipoproteins showed a significant rise,
while beta-lipoproteins a fall. Endotoxin caused no quantitative change in
the lipoprotein level and in combination with methylcellulose it reduced the
alpha-lipoprotein level and raised that ofbeta-lipoproteins. Combined admin-
istration of the two substances thus had an effect opposite to that of methyl-
cellulose on lipoproteins. Table VI also shows the amounts of alphaj- and
alpha2-lipoproteins; these have not been evaluated statistically.
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Table IV

Effect of treatment on serum lipids

j  Total lipids I. Methylcellulose (8 dogs)
mgX M mol/ml
i 500- Phosphor -
Cholesterol nosphor Free fatty
2000- 400- lipids 20 acids
1500- 300- 15
1000- 5 B 200 0
- % % 100- 5-
p<0,02 P <0,02 P >0.10 p >00
mg /e
30?)0- IT. Endotoxin (6 dogs)
Total lipids mg %
2500- 500- .
Cholesterol Fpiifse" M mot/mt
2000- 400- - 20-
1500- 300- 15 acids
1000- [\ @ 200- o ® o) 10- %
5 % 1
500- 100- 5-
@ & g B 5 8
p <0,02 p>010 p> 010 p <010

mg %

3000- Tt lipids . Methylcellulose +endotoxin (6 dogs)

mg/»
2500- 500- I'o -
Cholesterol prregfhor- M mot/mt
2000- 400- 20-
Free fatty
1500- 300 15 acid
1000- 200 & © & 10-
500- 100. é @ % 5.
p<0,01 p >010 p >0.10 P> 0,20
mg Y. X Physiological satine  (10dogs )
3000-  Total lipids
mg J1
2500- 500- M mol/ml
2000- 400- Cholesterol Phosphor- 20-
lipids Free fatty
1500- 300- 15- acids
1000- 8 @/I 200- ® i 10.
9 6
s0- @ G 100- @ 5
Gn ™ U (oYY
p >0,01 P >050 p>050 P>050
N value before treatment ~J value after treatment

Ultracentrifugation of the pooled serum of four healthy dogs revealed
a component with an Sf of 16.5; in the serum of one dog treated with endo-
toxin, a component with an Sf of 12; and in the serum of a dog treated with
methylcellulose, a component with an Sf of 7.7.

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



BEHAVIOUR OF SERUM LIPIDS 95

Table V
Effect of treatments on protein-bound hexose-, SCOT- and thymol values

1 Methylcellulose (8 animats)

mg . Protein-bound soot Thymol
hexose
250- tu- A
200 80- 2.0-\
150- 60- 1,5-
100- <0-| 1,0-
50- 20-i 6 2 05 8 8
£ g
JL ©&
p >0,05 P >0,20 p >0,05

Fig. 4 shows the results of thin-layer chromatography of the lipid extract,
of the serum of four animals before (1) and after (Il) treatment. The firss
animal was treated with methylcellulose, the second with physiological salinet
the third with methylcellulose and endotoxin, the fourth with endotoxin
alone. The order of the fractions was as follows. 1. Sterol ester (large homo-
geneous fraction), 2. fatty acid methyl ester (artificial), 3. neutral fat (tri-
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Table VI

Effect Of treatments on lipoprotein pattern

% LLI. Methplcellulose + endotoxin (6 animals)
100- Sum of Fraction triad in 4 animats
a- lipoprotein
80- fractions <Xf lipoproteins o@-lipoproteins
60- R - lipoproteins
40-
20-
Cft i
p >0,05 p >005
O value before treatment Od value after treatment

glyceride), 4. free fatty acids, 5. cholesterol, 6. phosphatides (start). The fatty
acid methyl ester fraction was missing from the control rabbit serum as well
as from that of the dog obtained atthe conclusion of treatment with physiolog-
ical saline. The spot of sterol ester fraction seemed to he larger after treatment
with methylcellulose and endotoxin and with endotoxin alone, that of neutral
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Me. Phys. Mct endo- Endotoxin  Rabbit
saline toxin serum

1 I 1o L on L1 control
A A\

Fig. 4. Thin-layer chromatograms of lipid extracts obtained from sera of dogs before (I)

and after (I1) treatment with methylcellulose, physiological saline, methylcellulose and endo-
toxin, and endotoxin, and from normal rabbit serum

. sterol ester

. fatty acid methyl ester

. neutral fats

. free fatty acids

. cholesterol

. phosphatides start

o U wN -

fat and of cholesterol after treatment with methylcellulose and methylcellulose
and endotoxin. In the zone between the free fatty acids and cholesterol the
appearance of two faint lipid bands has been noted but their nature is unknown.
No quantitative analysis has been made in the thin-layer chromatographic
studies.

B) Patients with dysproteinaemia

The criterion of dysproteinaemia was in the case of myeloma an increase
in abnormal (myelomatous) alpha-, beta- or gamma-globulins, in the case of
haemoblastoses or reticuloses, an increase in gamma-globulin or the demonstra-
tion of abnormal globulins, including macro- or kryoglobulins, and, in the case
of collagen disease, increase of gamma-globulin and the presence of para-
proteins. The 26 cases under study included: 1 case of Waldenstrom’s hyper-
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globulinaemic purpura confirmed by autopsy, 7 cases of multiple myeloma,
10 cases of haemoblastosis or malignant reticulosis and 8 cases of collagenosis
of various types (systemic lupus erythematosus, polyarteriitis nodosa, rheuma-
toid arthritis). All these conditions are characterized by a primary or secondary
(reactive) proliferation of the RES.

Fig. 5. Paper electrophoresis of serum proteins (Kiss, A. 4721/72) and lipoproteins (Kiss, A.
4722/72) in a patient with multiple myeloma, compared with the proteinogram (Lénér 78
and lipoproteinogram (Lénar 78/4705) of normal human serum

Fig. 6. Immune electrophoretic pattern of lipoproteins in normal human serum. The lipo-
proteins of slow mobility are characterized by a more intensive but sharp precipitation arc,
those of fast mobility by a less intensive precipitation arc

Fig. 5 shows the protein and lipid patterns of a patient with beta-
myeloma in comparison with those of a healthy subject. The broad spot of
the beta-globulins is marked; the lipoprotein strip displayed in 7 out of 26
cases instead of the usual two bands two intensive lipid bands at the level of
the beta-globulin spot and one faint band at that of albumin.

On agar-gel medium the lipoproteins usually dissociate into two groups,
one of slower and the other of faster migration, giving with immune sera
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a broad precipitation arc (Fig. 6). The abnormal immune electrophoretic
lipoproteinogram is marked by a completely disrupted pattern of both groups
and with immune serum it gives a broad band instead of a sharp precipitation
arc. Such a protein pattern originates in a failure of the precipitate to dissolve
in an antigen excess and it is a sign of a physicochemical abnormality of the
protein [14]. Though no such phenomenon has been described in connection

v

Fig. 7. Immune electrophoretic pattern of serum in a case of Waldenstrom’s hyperglobulin-
aemic purpura. The lipoproteinogram shows a broad, blurred precipitation band in contrast
to the sharp precipitation arcs in normal serum

157.

Fig. 8. Immune electrophoretic pattern of serum lipoproteins in a case of myeloma multiplex,
with broad, blurred precipitation arcs, in contrast to the sharp precipitation arcs in the
normal lipoproteinogram

with lipoproteins, we feel justified in interpreting a broad precipitate with
blurred outlines as an abnormal lipoprotein pattern. Fig. 7 shows the immune
electrophoretic lipoproteinogram of a patient with Waldenstrom’s hyper-
globulinaemic purpura and Fig. 8 that of a patient with myeloma multiplex.
The broad blurred precipitation bands of the abnormal sera on one half of the
figure are shown against the sharp precipitation arcs of normal sera on its
other half. The lipoprotein abnormalities described above were demonstrable
in 4 out of 8 cases of myeloma multiplex, in 5 out of 10 cases of haemoblastosis
and malignant reticulosis and in 4 out of 8 cases of collagenosis.
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Discussion

The observed increase in the monocyte count upon the administration
of methylcellulose or of endotoxin, as well as of the two substances together
is interpreted as a sign of reticular or rather lymphoreticular hyperactivity.
Endotoxin has been found to induce aslight anaemia, presumably by damaging
the bone marrow.

The fact that methylcellulose did not cause anaemia is not in contrast
with our earlier findings [1], since the substance induced haemolytic anaemia
associated with hypersplenism chiefly in rats whereas in dogs anaemia occurs
largely as a consequence of protracted treatment with massive doses and even
then it results from chronic renal damage rather than from hypersplenism [41].

From the histologic changes, those found in the lungs and Kkidneys
deserve to be dealt with in more detail. Since the attenuating influence of
filtered E. coli broth cultures on pulmonary arteriitis and granulomas could
not be reproduced by purified bacterial endotoxin, it had to be presumed that
the stressor effect of the E. coli filtrate was far stronger than that of the endo-
toxin doses applied. The inhibitory effect of E. coli broth filtrate upon pul-
monary arteriitis and peri-arteriitis has been ascribed by us to cortisone mobi-
lization. The fact that we have been able to inhibit the pulmonary changes by
means of cortisone, confirms us in this belief [5, 6].

It is generally believed that macromolecules, thus also methylcellulose,
are retained by the glomerules and this would account for the renal damage
sustained in this manner [27]. Hat1 and Hat1 [16—20] induced renal changes
similar to those in glomerulonephritis or glomerulosclerosis by means of methyl-
cellulose and NaCl, and these were aggravated by splenectomy. In earlier
experiments on albino rats we were able to increase the glomerular storage
of methylcellulose by massive doses of cortisone until massive spheroid deposits
reminiscent of those seen in Kimmelstiel—Wilson’s syndrome had appear-
ed in the glomerular loops [21, 23]. On the evidence of our present studies,
endotoxin in contrast to cortisone, has a strong inhibitory effect on the storage
of methylcellulose in the glomerular endothelium. This finding might be
connected with the transglomerular passage of macromolecules. Endotoxin,
being an activator of the RES, may enhance the phagocyting and storing
functions of this system the affinity of which to methylcellulose would also
increase in this manner, or, else, it stimulates the transporting activity of the
glomerular endothelium. The capacity of endotoxin to reduce the plasma
fibrinogen level may also be regarded as a factor inhibiting coalescence and
deposition of methylcellulose molecules in the glomerular loops. Finally,
a competitive inhibition on the part of endotoxin, barring the entry of methyl-
cellulose molecules into the glomerular endothelium, may also be considered
as a possibility.
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The changes caused by methylcellulose and endotoxin in the serum pro-
tein pattern are very similar. Both macromolecules seem to affect the meta-
bolism and physicochemical properties of the protein components. It is, how-
ever, a point of interest that the effect of the two substances when given
together, so far from being additive, even seemed to be mitigated. It is well
within the possibilities that the two substances act on different subcellular
structures which may result in a tendency to normalization of the protein
abnormalities.

The changed physicochemical behaviour under the influence of both
methylcellulose and endotoxin is reflected by the lipoproteinogram of triple
distribution. A similar pattern has been described in human liver disease [11].
On the evidence of ultracentrifugal analysis showing a reduction in the flotation
constant (Sf) as well as of the slighter but nonetheless distinct lipid changes
revealed by thin-layer chromatography, both polymers must be assumed to
cause similar physicochemical modifications in the lipid components.

The serum level of alpha-lipoproteins rises under the effect of methyl-
cellulose at the expense of beta-lipoproteins, while endotoxin has an opposite
effect. Under the effect of a combination of the two substances, the level of
alpha-lipoproteins remained unchanged while that of beta-lipoproteins rose.

Among the 26 dysproteinaemic patients, a lipoprotein abnormality was
found by paper electrophoresis in 7, by immune electrophoresis in 15 cases.
This supports our view that anomalies of protein synthesis are associated,
at least in a number of cases, with abnormalities of the lipoprotein pattern.

*

We are indebted to Dr. T. G. Kovats for the purified endotoxin and to Mrs. |I. Laszl1é

for technical assistance.
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UBER DIE WIRKUNG DER VORHOFSYSTOLE
AUF DAS SCHLAGVOLUMEN

Von
A. Naszlady und -)-Gy. Gottsegen

IV. MEDIZINISCHE UNIVERSITATSKLINIK UND UNGARISCHES INSTITUT FUR KARDIOLOGIE
(DIREKTOR: fPROF. DR. GY. GOTTSEGEN)

(Eingegangen am 12. Juli 1965)

Bei 12 Kranken wurden vor und nach Wiederherstellung des Sinusrhythmus
mittels Elektrokardioversion die Gestaltung des Zeit- (Herzminuten-)volumens und
Schlagvolumens untersucht. Es wurde festgestellt, daf sich nach Normalisierung des
Sinusrhythmus beide Werte signifikanterhdhten,der Anstieg des Schlagvolumens betrug
durchschnittlich 28%. Bei weiteren 6 Patienten, bei denen die Kardioversion erfolglos
blieb und der Sinusrhythmus nicht normalisiert werden konnte, lieR sich die Erhéhung
der erwdhnten Werte nicht beobachten.

» ..wenn nur mehr die Vorkammer allein schldgt und die Herzspitze
mit einer Schere abgeschnitten wird, so flieft aus der Wunde bei jedem Vor-
kammerschlag Blut«, — schrieb Wirttiam Harvey 1628. Seitdem wurde die
Vorhoffunktion von zahlreichen Verfassern im Tierexperiment [5, 9, 21, 24] und
beim Menschen [3, 4, 6, 8, 13] untersucht. Henderson [11] behauptete noch,
daB infolge der Vorhofkontraktion nur einige Tropfen Blut in die Kammer
gelangen. Hirschfelder [12] fand bei experimenteller Mitralstenose, daR fur
1/10—1/4 des diastolischen Kammervolumens die Vorhofsystole verantwortlich
ist. Straub [24] konnte bei Katzen wéhrend der Vorhofsystole eine diastolische
VolumenvergréfRerung der Kammer registrieren. Lewis [14] meinte, dafl die
bei Vorhofflimmern beobachtete Zeitvolumverminderung nicht durch das
Fehlen der Vorhofsystole, sondern durch die Frequenzsteigerung verursacht
wird. Diese Hypothese wurde von Skinner und Mitarb. [22] widerlegt, da bei
ihren Untersuchungen wéahrend des bei narkotisierten Hunden herbeigefiuhrten
Vorhofflimmerns nebst unverdnderter Kammerfrequenz sowohl das Schlag-
wie das Zeitvolumen abnahm. Die an Herz- und Lungenprdparaten durch-
gefihrten Untersuchungen von Gesell [5] ergaben, dalR im Falle normaler
Vorhofsystolen das Zeitvolumen bei jedem beliebigem vendsem Druck um
50% hdher war. Stewart [23]wies mit Hilfe eines implantierten Herzkatheters,
mit dem direkten FICKsehen Verfahren wéhrend des Vorhofflimmerns eine
20—60%ige Verminderung des Zeitvolumens nach. Hawthorne [9] beobach-
tete bei unanésthesierten Hunden wéhrend der Vorhofsystole einen 30 40%-
igen Anstieg des enddiastolischen Kammervolumens.

Seit der Verbreitung der Herzkatheterisierung stand die hdmodynami-
sche Untersuchung der Vorhoffunktion teils im Zusammenhang mit der
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Chinidintherapie des Vorhofflimmerns, teils nach der Entdeckung der Elektro-
kardioversion im M ittelpunkt des Interesses. AnldRlich der Untersuchungen
wurden vornehmlich die zwischen der im Laufe des Vorhofflimmerns bzw.
die nach Behebung desselben bestimmten Zeitvolumenunterschiede registriert.
Ferrer und Mitarb. [4] sowie W ade und Mitarb. [25] fanden bei
rheumatischen Herzkranken, daf bei Vorhofflimmern das durchschnittliche
Herzminutenvolumen niedriger ist als bei Sinusrhythmus. Hecht und Mit-
arb. [10] stellten fest, dal nach Vorhofflimmern der Sinusrhythmus das
Herzminutenvolumen nur bei Belastung steigert, im Ruhezustand dagegen
nicht. Kory und Meneety [13] fanden bei 6 von 8 Kranken nach Behebung
des Vorhofflimmerns mit Chinidinbehandlung sowohl im Ruhezustand als
auch bei Belastung erhdhte Minutenvolumwerte. Reeve-Hansen und Mit-
arb. [18] beobachteten bei 9 von 14 mit Chinidin behandelten Patienten nach
W iederherstellung des Sinusrhythmus auch im Ruhezustand eine mehr als
10%ige Erhohung des Herzminutenvolumens. Brock und Multter [3] regis-
trierten die Angaben von 20 Kranken im Ruhezustand und unter Belastung,
vor und nach Behebung des Sinusrhythmus mit Chinidin. W &hrend des Vor-
hofflimmerns erhdhte sich das im Ruhezustand gemessene durchschnittliche
Zeitvolumen von 5,6 1/min bei Belastung auf 6,8 1/min. Wé&hrend des Sinus-
rhythmus betrug der in Ruhezustand registrierte Wert 6,2 1/min, bei Belastung
dagegen 8,1 1/min. Das Schlagvolumen machte wé&hrend des Vorhofflimmerns
im Ruhezustand 66 ml und bei Sinusrhythmus 78 ml aus; bei Belastung betru-
gen diese Werte durchschnittlich 51 bzw. 69 ml. In den 4 Féllen von Gilbert
und Mitarb. [6] waren nach Wiederherstellung des Sinusrhythmus sowohl
nach Belastung als auch im Ruhezustand bedeutend erhdhte Zeit- und Schlag-
volumenwerte zu beobachten. Die, bei an Mitralstenose und anderen rheum ati-
schen Erkrankungen leidenden Patienten durchgefiihrten Vergleichsunter-
suchungen von Setzer [21] wiesen darauf hin, daB bei Vorhofflimmern das
Herzminutenvolumen im allgemeinen geringer ist, als bei Sinusrhythmus.
Mclintosh und Mitarb. [16] faRten sdmtliche Literaturangaben uber
die Kardioversion neulich zusammen. Demnach erhdhte sich nach Wieder-
herstellung des Sinusrhythmus bei 77% der Kranken das Herzminutenvolumen
im Ruhezustand durchschnittlich um 43% und bei 95% der Kranken bei
Belastung um 26%. Es sei jedoch erw&hnt, dalR die einzelnen Verfasser nur
Uber eine geringe Anzahl von Féllen berichteten und dafl die Bestimmungen
in einem Zeitabstand von 3 Stunden—16 Tagen vorgenommen wurden. Im
Gegensatz mit der bisherigen Auffassung stellten Graettinger und Mitarb. [8]
fest, daR falls die Kammerfrequenz bei Vorhofflimmern und Sinusrhythmus
identisch ist, bleibt auch das Zeitvolumen sowohlim Ruhezustand als auch bei
Belastung unverdndert. In diesem Zusammenhang vertritt Braunwalid [2] die
Meinung ,dal die Ergebnisse jener h&Amodynamischen Untersuchungen, in denen
die Wiederherstellung des Sinusrhythmus in den Zwecken der Herzkatheteri-
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sierung dienenden Laboratorien vorgenommen wurde, nur mit Vorbehalt
bewertet werden dirfen, da, falls es sich um einen submaximalen Stre handelt,
mit Hilfe der das Herzminutenvolumen beeinflussenden zahlreichen Faktoren
andere Reservmechanismen zur Geltung kommen kdnnen, die trotz des Fehlens
der entsprechend tempierten Vorhofsystole das Herzminutenvolumen auf nor-
malem Niveau zu halten vermdgen. Anhand dieser Erwdgungen gelangte
Braunwald [2] zur Ansicht, dal die Bedeutung der Vorhofkontraktion bei
maximaler Muskelarbeit bewertet werden sollte. Wir wollten diese, den Patien-
ten wunginstige Untersuchungsbedingung vermeiden und arbeiteten eine
andere Methode aus.

Untersuchungstechnik

In unserer Klinik wurden im August und September 1964, 25 an Vorhofflimmern lei-
dende, vor Elektrokardioversion stehende Kranken untersucht. In 18 dieser Félle erhielten
wir ein bewertbares Ergebnis (fur nicht bewertbar wurden lediglich die Falle betrachtet,
in denen irgendein methodischer Fehler z. B. paravendse Injektion usw. vorkam). Unter den
18 Kranken waren 14 Frauen und 4 Manner. Zur Kontrolle dienten die 6 Falle (4 Frauen,
2 Ménner), in denen sich der Herzrhythmus nicht normalisierte.

In die rechtsseitige A. femoralis wurde in Fluothan -j- Succinyl -j- Atropin-Narkose eine
Punktionsnadel eingefihrt, die durch einen dinnen Gummischlauch mit dem Hahn des Frak-
tionskollektors in Verbindung stand. Da die Patienten vor der Elektrokardioversion eine anti-
koagulante (Dikumarin) Behandlung erhielten, wurde ihnen im Laufe der Untersuchung kein
Heparin zugefiuhrt. Nach Verfertigung der EKG-Kurve wurde in die rechte Kubitalvene mit
einer Spritze — vom Korpergewicht abhdngig — 6—8—10 ml 5%ige Bromsulfalein- (Brom-
thalein Merck)-l6sung rasch injiziert. Nach 1—3 sec. wurde der Fraktionskollektor in Gang
gesetzt und der, mit der A. femoralis verbundene Hahn ge6ffnet. Die Probeentnahme erfolgte
mit einer Geschwindigkeit von 90/min. Die Farbendilution ging in der Gblichen Weise vor sich.
Demnach erhielten die Patienten zwecks Behebung des Vorhofflimmerns mit dem LowNschen
Kardioverter einen Gleichstromschlag. In den Féllen, in denen sich auf der unm ittelbar darauf-
folgend verfertigten EKG-Aufnahme die Normalisierung des Herzrhythmus erkennen lieR,
wurde das Minutenvolumen durchschnittlich nach 15 i 3 min. abermals bestimmt. Nach der
zweiten Messung wurde die Nadel aus der A. femoralis entfernt und die Stichwunde mit einem
Druckverband versorgt. Die Kranken wachten etwa nach 6—8 Minuten auf. Die Pulsfrequenz
wurde mit Hilfe der EKG-Aufnahmen registriert.

Die Ergebnisse sind in Tabelle | dargestellt.

Die in Tabelle I angefiihrten ziemlich hohen Herzminutenvolumenwerte
sind aller Wahrscheinlichkeit nach der Narkose (Atropinwirkung) und der
teils konsekutiven Tachykardie zuzuschreiben. Da jedoch im ubrigen die
gleichen Untersuchungsbedingungen Vorlagen, kénnen die Ergebnisse der vor
und nach dem Vorhofflimmern verfertigten Untersuchungen ohne weiteres
verglichen werden. Nach der Behebung des Vorhofflimmerns war in 10 Féllen
der Anstieg und in 2 (Fall 10 und 11) die Verminderung des Herzminuten-
volumens zu verzeichnen; das Schlagvolumen stieg in 11 Fdallen an und ver-
minderte sich in 1 Fall (Fall 8). Bei dem letzteren Kranken war das Schlag-
volumen bereits im Laufe des Vorhofflimmerns in bedeutendem MaRe erhdht,
woraus folgt, dal der Organismus die nach Normalisierung des Vorhofflim-
merns auftretende ebenfalls maximale — Frequenzsteigerung nicht weiter
zu erhdhen vermochte.

2* Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



106 A. NASZLADY und GY. GOTTSEGEN

Tabelle 1

Werte des Minutenvolumens, der Pulsfrequenz und des Schlagvolumens

Minutenvolumen, 1/min. Pulsfrequenz, min Schlagvolumen, ml
N VF SR VF SR VF SR
I 8,3 10,3 100 110 87 93
2. 7,3 9,5 120 130 60 73
3. 7,0 . 93 130 110 53 84
4. 9,9 10,9 120 120 82 90
5. 9,0 10,7 90 80 100 133
6. 9 10,1 80 70 113 144
7. 7,2 11,0 80 80 90 137
8. 11,0 11,9 80 100 137 119
9. 8,3 10,1 110 90 75 112
10. 9,6 8,1 110 80 87 101
11. 10,0 7.9 100 70 100 112
12. 8,7 10,0 115 80 75 125

VF = Vorhofflimmern

SR = Simisrhythmus

Die statistische Analyse ergab, daBR das Herzminutenvolumen nach
Wiederherstellung des Simisrhythmus signifikant hdher ist, als wahrend des
Yorhofflimmerns; noch ausgeprédgter, d. h. stark signifikant ist der Anstieg
des Schlagvolumens. Die mit Hilfe des Studentschen t-Tests berechneten
Angaben veranschaulicht Tabelle II.

Tabelle 11

Statistische Analyse der Veranderungen des Zeit- und Schlagvolumens

X s* *[u] P
Zeitvolumen i,i6 0,45 2,5 0,05
Schlagvolumen 22 5,5 4,0 0,01

Da sich die Mdéglichkeit erhob, dall die Vorgefundenen Verdnderungen
durch den Stromschlag selbst verursacht worden waren, registrierten wir die
Gestaltung der Pulsfrequenz und des Schlag- und Zeitvolumens auch in den
6 Féllen, in denen die Elektrokardioversion erfolglos blieb (d. h. die Norma-
lisierung des Vorhofflimmerns nicht gelang). Die diesbeziiglichen Daten sind
in Tabelle Il ersichtlich.
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Tabelle 111

Werte des Herzminutenvolumens, der Pulsfrequenz
und des Schlagvolumens vor und nach Kardioversionsversuch

N Herzminutenvolumen, 1/min Pulsfrequenz/min Schlagvolumen ml
" v n v n v n
l. 12,0 11,3 90 110 133 111
2. 10,4 12,0 60 70 173 171
3. 6,1 8,5 60 80 110 100
4. 9,3 9,0 120 120 77 75
5. 13,0 10,3 110 150 118 68
6. 10,1 11,8 70 80 144 147

vor Elektrokardioversionsversuch
nach Elektrokardioversionsversuch

=1
1 n

Die Verdnderungen des Zeitvolumens waren nicht charakteristisch, in der
Halfte der Félle (Fall 2, 3, 6) waren erhdhte, in der anderen Héalfte (Fall
1,4,5) verminderte Werte zu verzeichnen. Das Schlagvolumen war entweder
vermindert (Fall 1,3,5), oder im wesentlichen unverdndert (Fall 2,4,6);
die Verkirzung der diastolischen Fullung spielte nur in 1 dieser Félle (Fall 5)
eine Rolle, in dem sich eine paroxysmale supraventrikuldre Tachykardie ent-
wickelte.

Diese Angaben weisen darauf hin, daB fur die Erhdhung der Schlag-
volumwerte, im Falle erfolgreicher Kardioversion keineswegs die Prozedur
selbst verantwortlich ist.

Anhand der Gestaltung der Gesamtwerte des Zeitvolumens kann fest-
gestellt werden, daB der Anstieg des Schlagvolumens nicht ausschlieBlich
infolge der Frequenzverdnderung zustandekommt. In den Féallen 1, 2, 4, 7 war
die Frequenzerhdhung geringer als die Erhohung des Herzminutenvolumens;
in den Féllen 3,5,6,9, 12, in denen sich eine Frequenzverminderung ver-
zeichnen lieB, hdtte das Herzminutenvolumen — falls zwischen Schlagvolumen-
erhdhung und Frequenzverminderung eine Proportionalitdt bestehen wirde —
entweder unverdndert bleiben, oder aber in geringerem Male abnehmen sollen;
demgegeniber wurden auch in diesen Fallen erhéhte Herzminutenvolumen-
werte registriert.

In den Féllen 10, 11 verminderten sich sowohl die Frequenz als auch das
Herzminutenvolumen, die Quotienten der beiden Werte weisen jedoch darauf
hin, daR sich das Zeitvolumen in geringerem Male verminderte, als das anhand
der Frequenzvermindernng voraussichtlich war. Falls in diesen Fdllen keine
Erhéohung des Schlagvolumens zustandegekommen wére, hdtte die Herz-
minutenvolumenverminderung bedeutender sein sollen. Die zwischen Zeit-
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volumen und Frequenzverdnderung bestehenden Zusammenhdnge haben wir
in Tabelle IV zusammengestellt.

Tabelle 1V
Verénderungen des Pulsfrequenz — Minutenvolumen-Quotienten
Herzminu-
tenvolumen: i Ver-
oder Steigerung minderung
Zeitvolumen
Pulsfrequenz
gesteigert 3 —
unverandert 2
vermindert 5 2
Besprechung

Die Bewertung der im Schrifttum bekanntgegebenen Untersuchungen
erschwert die Tatsache, daB vor und nach der Wiederherstellung des Sinus-
rhythmus wesentlich verschiedene Umstdnde Vorlagen. Die beiden Unter-
suchungsserien fanden in einem Abstand von einigen Tagen statt, die Patienten
wurden nicht narkotisiert, was die Herzfunktion zweifellos beeinflufRte. Auch
die Herzkatheterisierung l8st das erste Mal sicherlich eine andere Wirkung
aus, als das zweite Mal. In den mit Chinidin behandelten Fallen ist auBer den
angeflihrten Faktoren auch der wohlbekannten myokarddepressiven Wirkung
des Chinidins eine Bedeutung beizumessen.

Um den stdrenden EinfluB dieser bekannten und auch der zahlreichen
unbekannten Faktoren auszuschalten fihrten wir unsere Untersuchungen in
der bekanntgegebenen Weise durch. Es besteht kein Zweifel, dal fur den,
zwischen den Ergebnissen der beiden, in 20—30minutiger Narkose verfertigten
Bestimmungen Vorgefundenen Unterschied entweder die nach Wiederherstel-
lung des Sinusrhythmus zur Geltung kommende Vorhofsystole oder die Wieder-
herstellungsprozedur selbst verantwortlich war. Die zweite Mdglichkeit konnte
anhand der bei der Kontrollgruppe (narkotisierte, mit Stromschlag behandelte
Kranken) erzielten Resultate ausgeschlossen werden.

Unsere Untersuchungen fiuhrten somit zur Feststellung, dall die Vorhof-
funktion die Gestaltung des Herzminutenvolumens — vornehmlich durch
die Verdnderung der Kammerfillung — beeinfluft. Die bei Sinusrhythmus
beobachtete Erhéhung des Schlagvolumens betrug im Verhéltnis zu den wéh-
rend des Vorhofflimmerns registrierten Werten durchschnittlich 28%.

In Kenntnis dieser Angaben erhoben sich jedoch die Fragen, ob vom
Gesichtspunkt des kranken Herzens die Steigerung des Zeit- und Schlag-
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Volumens gunstig sind bzw. ob das Vorhofflimmern nicht etwa das End-
resultat irgendeines Kompensationsmechanismus ist, der bezuglich der Herz-
funktion im gegebenen Fall glnstigere Verhé&ltnisse sichert?

Die zuverldRliche Beantwortung dieser Fragen wére nur in dem Fall
mdglich, wenn die Pathophysiologie der Vorhoffunktion in jeder Hinsicht
geklart wére.

Die Ergebnisse der Serienuntersuchungen von Braunwaitd uUnd Franhm
[1], Ssarnoff und Mitarb. [19, 20], McIntosh und Mitarb. [16] und anderer
Verfasser [22, 8] kénnen nicht einheitlich erklart werden. Uber die Frage,
ob der Vorhof die Funktion einer Pumpe oder eines Reservoirs versorgt, wird
auch heute noch viel diskutiert [7]. Braunwatd und Franm [1] beobachteten
z. B., dalR bei Kranken, bei denen der Vorhof »pumpenartig« arbeitete, das
Auftreten eines Vorhofflimmerns die bedeutende Verschlechterung des Kreis-
laufs und den Anstieg des Mitteldrucks im linken Vorhof zur Folge hatte.
Die zwischen dieser pathologischen Erscheinung und der Arbeitsdyspnoe
sowie dem Herzasthma und dem Lungentédem bestehenden Zusammenhénge
sind seit langem bekannt. In diesen Féllen scheint die Wiederherstellung des
Sinusrhythmus unbedingt wiinschenswert zu sein.

Zwecks Klarung der Fragen, welche Bedeutung den angefiuhrten, sta-
tistisch signifikanten Verdnderungen bezlglich der Leistungsfédhigkeit des
Herzens beizumessen ist bzw. in welchen Krankheitsbildern die Hervor-
rufung derselben sich flr gunstig erweist, hat unsere Arbeitsgruppe weitere
Untersuchungen in Gang gesetzt.
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APPARATUSES IN MYOCARDIAL INFARCTION
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In the ramifications of the left coronary artery, pad-like cellular structures
bulging into the lumen have been demonstrated. They are similar to the structures
found by Barath et al. in the blood vessels of the gall bladder in chronic cholecystitis,
as well as to the pad-like blood vessel sphincter apparatuses demonstrated in biopsy
specimens of the human nasal mucosa. By changes in size due to an uptake of salts
and fluids, these sphincter apparatuses can significantly influence flow relations in the
terminal vascular system. In the pathogenesis of myocardial infarctions which are not
associated with morphological changes of the coronary vessels, alterations in the func-
tion of the sphincter apparatuses may play arole. Such alterations may lead to ischaemia,
anoxia, infarction accompanied by haemorrhage, and later to fibrosclerotic foci. Func-
tional disturbances may result from abnormal reflexes, autonomic nervous affects,
nutritive injuries, stress, and from excessive catecholamine effect. Acute infarction
may develop in consequence of electric shock, physical over-exertion, epileptic seizures,
burns, etc. The functional disturbances of the sphincter apparatuses may play an impor-
tant role in the pathogenesis of myocardial infarction.

Among the causes of myocardial infarction, diseases associated with
hypertension, as well as the diseases and occlusion of the coronary blood vessels
are considered to be the commonest. The connection, however, is not always
as close as usually believed. Albertini, Brunck and Papernitzky (1956),
analyzing the 2-year autopsy material of all the pathological institutes of
Switzerland, found that coronary sclerosis was present in 1208 of 7976 cases.
However, while coronary thrombosis occurred in 15 per cent of the 1208 cases,
the incidence of coronary infarction amounted to 62 per cent. The divergence
between the relatively common myocardial infarction and the much smaller
number of coronary thrombosis is remarkable. Pathological experience has,
however, shown that myocardial infarction is quite frequent in such cases,
in which the coronaries exhibit no morphological alterations. In such cases
functional, neurohormonal, nutritive or other factors may be held responsible
for the infarction, for example in connection with hypertension or as a result

of terminal circulatory failure leading to ischaemia by some other mechanism.

Infarction, necrosis, and [librosclerosis in various organs

In clinical and anatomical investigations, Barath et al. (1955; 1958; 1959)
demonstrated special groups of cells in the minutest blood vessels of many
organs such as the gall bladder, the nasal and oral mucosa. These cells, which
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have an important role in terminal circulation, form peculiar structures bulging
pad-like into the lumen. The pads vary in size; they can take up water and
salts or give them off, and as a result they swell or decrease in size. According
to some authors, in certain organs these structures contain epitheloid cells
with hormonal activity; according to Schumacher (1938) certain groups
produce acetylcholine. Some of these cellular conglomerates are in close cor-
relation with the arteriovenous anastomoses (Clara, 1956), and changes in
their size may profoundly influence the terminal circulation. Their dysfunction
may he due to neural, humoral or nutritive factors, and may give rise under
pathological conditions to hypoxia, haemorrhage, infarction, necrosis and,
ultimately, fibrosclerosis of non-inflammatory origin. According to Renyi
et al. (1955) the pathogenesis of certain forms of chronic cholecystitis of non-
bacterial origin may be explained in this way.

Apparatuses regulating terminal circulation
and sphincter apparatuses in the coronary blood vessels

Those outlined above allow the conclusion that in the genesis of myo-
cardial infarctions occurring without there being morphological changes in
the vascular wall, functional causes may produce pathological changes in
terminal flow. Zinck (1939; 1940), Watzka (1942), Conti (1945; 1953) already
described cellular structures in the ramifications of coronary blood vessels
and in the arteriovenous anastomoses. These structures, composed of longi-
tudinal smooth muscle cells and at sites of epitheloid conglomerates, may be
considered to regulate blood flow. Zinck assumed to them a regulating role
in coronary blood flow; under pathological conditions they would exert variable
and noxious effects. Studying fresh biopsy specimens of human nasal mucosa,
Barath et al. (1959; 1962) observed constriction and dilation, a sluice-like
effect leading to congestion or changes in flow in response to various agents,
for example to hypotensive drugs.

Thus, in the case of myocardial infarction in young people, exhibiting
no morphological changes in the vascular wall, functional disorders of the
vascular sphincter apparatuses may be responsible for the infarction. Myo-
cardial infarction without blood vessel changes have been found following
sudden death caused by electric shock, in stress, epilepsy, eclampsia, after
physical overstrain, following a large dose of adrenaline, in cases of phaeochro-
mocytoma, crush-syndrome, severe burns, in toxic conditions, etc. Sés et al.
(1965) have succeeded in inducing infarction by dietary means in the heart
of rats, dogs and cocks; changes in the wall of the coronary vessels, hyper-
tension and vasomotor disturbances also developed.
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Terminal regulating apparatuses in the coronary vessels.
The anatomical patterns

We have studied specimens of human heart muscle in order to determine
whether the pad-like structures were present in the smallest and medium-sized
coronary blood vessels of the area supplied by the left anterior coronary artery,
where infarction is frequent.

The specimens of heart muscle were fixed in 7 per cent formalin, embedded
in paraffin and sections 5to 8 u thick were cut. In such thick sections the elastic

Fig. 1. Sphincter apparatus in the blood vessels of the nasal mucosa. They may show con-
siderable variations in size under the effect of drugs. Biopsy specimen. Tarjan,Balint and
Barath, 1959

fibres appear in a bright colour; for staining, haematoxylin-eosin, resorcin
fuchsin and van Gieson’s dye were applied. Since the structures regulating
terminal circulation must be normal anatomical ones, the cases in which at
autopsy or on histological examination arteriosclerosis, or other blood vessel
changes were detected, have been neglected.

Identification of the structures in question was made according to the
description of Conti. The structures are usually hemispheric in shape, sitting
with their base on the internal elastic membrane, which retains its continuity
in every case. The pad immediately under the endothelium is covered by a thin,
so-called accessory elastic lamina. There may be one or two fine elastic fibres
inside the pad. The pad between the two membranes is composed of longi-
tudinally running muscle fibres which, if they contract, impede blood flow
to a great extent. At the same time the circular mural muscles also contract
and thereby complete occlusion of the vessel results. The figures show such
coronary sphincter apparatuses. Their structure may vary in the various
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organs, and even in the same organ. For example, those observed in the nasal
mucosa hang into the lumen of the blood vessel, increase in diameter when they
contract and occlude thereby the lumen (Fig 1.) Some smooth muscle elements
stain light, these we call myoepithelial elements; according to some authors
these are the ones capable of swelling.

Fig. 2. Pad-like structure in a small artery of the left heart. The 31 years old female patient
suffering from mitral stenosis died of heart failure. Haematoxylin-eosin

Fig. 3. Pad-like structure in left coronary artery

In Fig. 2 and Fig. 3 a sphincter apparatus is visible in a medium-sized
artery of the left half of the heart of a female patient aged 31 years. Fig. 4
shows another layer of the same pad. The elastic fibres appear in dark colour.
Histologically, the heart muscle showed no pathological changes.

Fig. 4 shows a pad in a precapillary arteriole of a male aged 66 years
who had died of aortic rupture. In the aorta slight traces of arteriosclerosis
could only be demonstrated, the cause of the rupture was a necrosis of the
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Fig. 4. Sphincter apparatus in a small artery of the left heart, from a male aged 66, who
died of aortic rupture

media. Arteriosclerosis was ruled out on the basis that it affects the vascular
wall diffusely and always damages the elastic fibres. Proliferation of the intima
may occur in chronic inflammatory processes; this, however, extends inward
from the internal elastic lamina and is not covered by an accessory elastic
membrane. In rheumatic fever and necrotizing angiitis, fibrinoid necrosis is
visible in the vascular wall; this was absent in the present cases. Likewise,
cellular infiltration has been absent in every case.

Discussion

Pad-like formations on the intima of small blood vessels can be found
in many organs. It is certain that they play a regulatory, directing, choking,
closing role in terminal local flow. As already been mentioned, Zinck described
such structures and believed them to be more than simple parts of the arterio-
venous anastomoses. The pads observed by us are by all certainty normal
anatomical formations, as confirmed also by Kiss. These contractile structures
may play a significant role in the occlusion of vessels free from sclerosis. From
an obstruction by the pads might result for example the myocardial infarction
occurring during epileptic seizures.

The pad-like formations may play an important, though little known,
role in circulatory regulation. Various noxious effects may lead to a hypoxaemic
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condition, then to haemorrhagic infarction and necrosis. Such effects may be
abnormal reflexes, autonomic nervous effects, stress (Selye and Bajusz),
hypoxia caused by catecholamines (Raab) etc. According to Raab the neuro-
humoral disturbance is often due to a lack of exercise, to an absence of the
braking action of antiadrenergic factors. In response to adrenaline or to sym-
pathetic stimulation, the sphincter apparatuses show in fact excessive swelling,
with narrowing of the lumen (Clara, 1956; Barath and TemesrékAsi, 1958).
We believe that an abnormal function of the sphincter apparatuses demon-
strable in the area supplied by the left coronary artery plays a significant role
in the development of myocardial infarctions not accompanied by morpholo-
gical changes in the coronary blood vessels.
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Klara Tenner, Eva Konyar und Zsuzsanna Szabé

Il. PATHOLOGISCHES INSTITUT DER MEDIZINISCHEN UNIVERSITAT, BUDAPEST

(Eingegangen am 6. September 1965)

Das senile Emphysem sollte als eine physiologische altersbedingte Erscheinung
betrachtet werden, die auf dem Altern der elastischen Fasern und einer Vermehrung
der argyrophilen und kollagénén Fasern beruht.

Das senile Emphysem ist eine der kennzeichnenden Verdnderungen des
Alterns beim Menschen, die so hdufig vorkommt, dal Burger die Verdnderung
»bis zu einem gewissen Grade als physiologisch« bezeichnete. Die Verdnderung
wurde durch mehrere Autoren, wie Hartung, Giese, Hieronymi usw. €in-
gehend untersucht. Giese behauptete: » . .man findet nur einen allmé&hlichen
Schwund der elastisch-muskuldsen, weniger der kollagénén Fasersysteme, der
mit einer zunehmenden Erschlaffung des Lungengewebes und einer allméh-
lichen Erweiterung der Azini in das diffuse senile Emphysem (bergeht«, und
ferner: »An den elastischen Fasern sind histologisch bisher keine Verdnderun-
gen nachgewiesen worden, aus denen diese Funktionsminderung abgelesen
werden kann.« Diese und &hnliche Behauptungen brachten uns zu dem Ent-
schluf, uns mit dem Zustand der elastischen und kollagénén Fasern der senilen
Lungen zu beschdaftigen. Wir bearbeiteten 13 aus Méannern und 37 aus Frauen
stammende, also insgesamt 50 solche Lungen; der jingste Fall war 65, der
alteste 95 Jahre alt. Bei 8 der Fille war nur Emphysem, bei 31 auch Odem
und hypostatische Pneumonie, bei 8 Lungenembolie und schlieflich bei 3
sparliche Krebsmetastasicrung zu beobachten. Histologisch wurden die von
dem LungenprozeR bzw. den Metastasen fernliegende Lungengebiete bearbeitet.
Mit den Literaturangaben Ubereinstimmend fanden wir in keinem der Félle
Cor pulmonale. Diese Erscheinung wird durch Parsi und Geissler damit
erklart, dal »da &ltere Menschen im allgemeinen keiner erh6hten kdrperlichen
Belastung ausgesetzt sind, sich auch die an das Herz gestellten Anforderungen
verringern«.

Die aus den Lungen verfertigten Schnitte wurden mit H&matoxylin-
Eosin, Orzein bzw. nach Van Gieson geférbt. Schon die ersten Untersuchungen
bewiesen, daR sich die einfache Orzeinfarbung zur Information {ber den
Zustand der feineren elastischen Fasern nicht eignet, deswegen haben wir die
Schnitte vor dem Féarben mit Permanganat behandelt. Da in den ublichen
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Schnitten von 5 /x die elastischen Fasern oft als zerbrdockelt erschienen, bedien-
ten wir uns mit Gefrierschnitten von 50 fx Dicke, die in Bergamottdl aufgehellt
wurden. Der Verlauf der elastischen Fasern war so leicht zu verfolgen. Die
argyrophilen Fasern wurden mit der Footschen Imprdgnation nachgewiesen.
Der Zustand der Fasern wurde durch die Anilin- bzw. Phenol-Reaktion laut
Romhanyi beurteilt. Zur Verdauung der elastischen Fasern wurde in unserem

Abb. 1. Lunge, Gefrierschnitt von 50 //. Orzeinfarbung. Links 13jéhriges Kind, rechts 65jahrige
Frau. 50 X

Institut isolierte Pankreas-Elastase benutzt. Die Doppelbrechung wurde mit
Toluidinblau von verschiedenem pH untersucht. Laut Heim und Cseh wurde
auch die eigene Fluoreszenz der Fasern Uberprift.

In den mit Orzein gefdrbten 5/iSchnitten (im weiteren als Dinnschnitte
bezeichnet) erwiesen sich die elastischen Fasern als zerbrdckelt. Demgegen-
Uber war ihr Verlauf in den 50 (xGefrierschnitten (im weiteren als Dickschnitt
bezeichnet) gut sichtbar (Abb. 1). In dem von einem 7jdhrigen Mé&dchen
stammenden und mit Anilin behandelten Dinnschnitt waren keine elastische
Fasern nachzuweisen, demgegeniiber kamen solche mit schwach negativer
Doppelbrechung in der Lunge einer 81jdhrigen Frau zum Vorschein. Im Dick-
schnitt ist die Anilinreaktion nicht verwertbar, weil die Doppelbrechung der
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dinnen Fasern durch jene der dicken kollagénén Biindeln verdeckt wird.
In Dickschnitten ist die negative Doppelbrechung mit der Phenolreaktion
sowohl in der Alveolarwand wie auch in den Ductus alveolares gut sichtbar.

Die elastischen Fasern dlterer Frauen wurden durch Elastase rascher
verdaut als diejenigen von den Lungen jlingerer Personen bzw. Embryonen
(Abb. 2).

Abb. 2. Links 13jahriges Madchen, rechts 65jahrige Frau. Gefrierschnitt von 50 L, Orzein-
farbung nach éstindiger Elastaseverdauung. In der Lunge des jungen Madchens sind die elasti-
schen Fasern kaum verdaut. 50 X

W éhrend in fdétalen Lungen entweder keine, oder nur wenige Foot-
positive Fasern zu beobachten sind, konnten in der zellarmen Lunge von
alten Frauen Foot-positive feinere und derbere Biindel in groBerer Zahl vor-
gefunden werden. Beim senilen Emphysem erscheinen im Vergleich zu Sdug-
lingslungen eine grofle Anzahl argyrophiler Fasern in feinen oder dickeren
Biundeln (Abb. 3) ; ihre hochgradige Vermehrung fihrt dann zur Entstehung
wellenférmiger oder gerade verlaufender Fasern (Abb. 4). Die Verdickung der
Fasern ist besonders im subpleuralen Gebiet auffallend. Hinsichtlich der
senilen alveolaren Struktur kdénnen wir die Auffassung von Hartung voll-
kommen bestdtigen: ». . .es ist also nicht richtig von einer Alveolenerweiterung
zu sprechen. Die Alveolen verstreichen vielmehr und gehen in der Wand der
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erweiterten Gange auf, die zu langlichen ungegliederten Schlduchen umgeformt
werden.« Die alveolare Struktur kann besonders nach Elastaseverdauung mit
Footscher Imprégnation untersucht werden, da in dieser Weise die argyro-
philen Fasern und dadurch die alveolare Struktur besser zum Vorschein kommt,
als bei der einfachen Imprédgnation; die Zahl der Nervenelemente unter den

Abb. 3. Dickschnitt (50 fi) aus der Lunge einer Frau von 80 Jahren. Die Fasern bilden ein
kompliziertes Netzwerk. Footsche Imprégnation. 320 X

imprégnierten Strukturen kann jedoch erst durch weitere Untersuchungen
bestimmt werden.

Weiterhin wurden im Polarisationsmikroskop mit Toluidinblau behan-
delte Dickschnitte von pH-W erten 4,4, 5,6 und 6 untersucht. Bei senilen Lungen
(z. B. beieiner 65jahrigen Frau) konnten wir bei pH 5,6 einen lebhaften Polarisa-
tionseffekt der elastischen Fasern beobachten. In der Alveolarwand alter
Personen waren fast Uberall aus besenartig verzweigten dinnen elastischen
Elementen zusammengesetzte elastische Fasern mit lebhafter eigener Fluores-
zenz zu beobachten. In der jungen Lunge kommen nur in der Wand der Ductus
alveolares und in der GefdBwand vereinzelte elastische Fasern mit schwacher
Fluoreszenz vor (S. Abb. 5).
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Zusammenfassend durfte also behauptet werden, dall bei dem senilen
Emphysem sich die elastischen Fasern nicht zerbréckeln, sondern ihre Elasti-
zit&t verlieren, und somit sich verlangern. Dementsprechend wird ihr Verlauf
wellenférmig und ihre eigene Fluoreszenz verstdrkt sich. Im Gegensatz zu
der S4auglingslunge vermehren sich in der alten Lunge die argyrophilen Fasern

Abb. 4. 65jahrige Frau, Gefrierschnitt von 50 u, Footsche Imprégnation. Links ohne Ver-
dauung, rechts nach 24stindiger Verdauung mit Elastase. Nach Verdauung sind die argyro-
philen Fasern gut sichtbar. 128 X

in der Alveolarwand, die Ductuli alveolares und ihre Wand verdickt sich.
Zeichen der Umwandlung in Kollazin, Kollastin oder Elazin waren mit dem
GiESEschen Verfahren nicht nachweisbar. Demgemdl durfte wenigstens bei
nicht vorgeschrittenem Emphysem mit Recht auf eine mit dem Altern in
Zusammenhang stehende Funktionsabnahme geschlossen werden. Gleichzeitig
vermehrt sich das kollagéné Stitzwerk der Wand der Alveoli und der Ductuli
alveolares. Das senile Emphysem soll also als eine physiologische, alters-
bedingte Erscheinung betrachtet werden, die auf dem Altern der elastischen
Fasern und einer Vermehrung der zum Aufrechterhalten der Elastizitdt der
Lunge nicht geniigenden argyrophilen und kollagénén Fasern beruht. Unsere
morphologischen Untersuchungen sollen durch elektronenmikroskopische
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Abb. 5. Links 7jahriges Kind, rechts 81jadhrige Frau. Eigene Fluoreszenz der elastischen
Fasern. Bei dem Kinde sind nur in der Wand der Ductus alveolares vereinzelte elastische

Fasern sichtbar, die eine schwache Fluoreszenz aufweisen. 120 X

Untersuchungen ergdnzt werden, die aber eben bei senilen Lungen gewisse
Schwierigkeiten bedeuten.

10.
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Conversion of established atrial fibrillation to sinus rhythm was closely followed
by prolonged AV-conduction in 40 per cent of 119 patients. Normal conduction was
attained in a fortnight in most cases. The change was rare after paroxysmal fibrillation
and never occurred without organic heart disease, neither could it bedemonstrated
after transitory periods of fibrillation in animal experiments. Inhibition of AV-con-
duction, which is an essential factor of atrial fibrillation, may transiently persist after
conversion to sinus rhythm when the conduction system has suffered a prolonged,
though mostly reversible damage by the close sequence of atrial impulses.

In the genesis of atrial fibrillation two factors are prevalent, i.e. the high
ratio of auricular impulses and the partial inhibition of AV-conduction
(Holzmann [2]). According to the traditional view, even the timing of the two
factors is very close. In the words of Scherf [6] “as soon as fibrillation and
tachycardia cease, AV-conduction becomes normal again”. In contrast to this,
we have collected a fairly large number of cases displaying a persistent pro-
longation of AV-conduction after conversion of atrial fibrillation to sinus
rhythm. We could find no pertinent data in the literature, with the exception
of Katz’s Electrocardiography [3] where Fig. 421 shows a tracing taken after
conversion to sinus rhythm by quinidine, with an AV-interval of 0.21 sec.
The first-degree block was ascribed to the drug, the inhibitory effect of which
on conduction has been known for more than four decades (Cohn and Leévy [1],
Lewis et al. [4]). Investigations into the mechanism of this phenomenon have
not been mede (Pick [5]) as, until recent years, it was rarely possible to rule
out the effect of quinidine. Today, on the other hand, defibrillation by direct-
current shock has enabled us to differentiate the drug effect from the conversion
of atrial fibrillation.

Material and methods

The ECG has been studied in 119 subjects during atrial fibrillation and after conversion
to sinus rhythm. As seen in Table I, most patients had rheumatic valvular disease (mitral,
with the exception of a single subject), and about 25 per cent had coronary sclerosis. In 10
patients the paroxysms of fibrillation were interspaced by symptom-free intervals; in these
patients the closest clinical and instrumental studies have failed to reveal any organic cardio-
vascular disease.

Before electrical defibrillation had become known, conversion to sinus rhythm had been
attained by means of drugs, in the majority with digitalis and/or quinidine. In these cases
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Table 1

Distribution of cases under study

No. of cases with

Diagnosis established paroxysmal
fibrillation
Rheumatic valvular disease 57 9
Coronary sclerosis 16 17
Hyperthyroidism 2 3
Other heart disease 3 2
No organic change 10
Total 78 41
Table 11

A V-conduction after conversion to sinus rhythm in 119 cases of atrial fibrillation

AY-conduction

Type
of fibrillation Therapy
prolonged normal
1. Drugs
(a) Digitalis 7 7
(b) Quinidine 3 2
Established (c) Digitalis quinidine 4 8
(d) Methimazole 1 1
15 18
2. Electrical defibrillation
(a) Digitalis 3 11
(b) Quinidine 2 3
Established (3) Digitalis -f- quinidine 1 4
(d) No drug 9 12
15 30
3.
(a) Digitalis 2 20
(b) Quinidine 1 2
Paroxysmal (c) Digitalis -f- quinidine 1 10
(d) No drug 1 4
5 36
Total 35 84
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we correlated the prolonged and normal AV-intcrvals with the doses applied. In 2 cases, con-
version to sinus rhythm was successful with Methimazole. Electrical defibrillation was effected
by means of a Lown-type cardioverter at 100 to 400 W/sec.

Asregards treatment, the patients fall into three groups (Table Il). In cases of prolonged
fibrillation the current method in the last year was electrical defibrillation. A rapid heart rate
was lowered by means of digitalis prior to the procedure. At first, quinidine had also been used
hut was given up because of unfavourable reports. About 50 per cent of the patients had no
previous medication.

In 36 out of 41 cases, fibrillation ceased on the intravenous injection of digitalis, the
doses being successively increased until sinus rhythm was restored. In 5 casesfibrillation ceased
spontaneously. Conversion to sinus rhythm was generally followed by preventive dosages of
0,20 to 0,60 g quinidine daily.

In 8 mongrel dogs of both sexes and various body weight, atrial fibrillation was induced
after thoracotomy by means of a subepicardial injection of 2.5 mg acetylcholine chloride into
the region of the sinus node, under chloralose anaesthesia and artificial respiration.

Results

Prolonged AV-conduction, from 0.22 to 0.32 sec. following upon the
arrest of established atrial fibrillation appeared with an incidence of 43 per cent
among the cases where sinus rhythm had been restored by direct-current shock
alone, with an incidence of 25 per cent among those where drugs had been
applied prior to the intervention and with an incidence of 38 per cent in the
cases where exclusively drugs had been administered (Table Ill.). In one of
the 2 patients with hyperthyroidism where established fibrillation had been
controlled by Methimazole, AY-conduction was prolonged, while in the
other patient it remained normal.

As shown by Table IY, the incidence of prolonged conduction among the
patients who had been treated with digitalis and/or quinidine was lower than
in the cases with no previous drug treatment.

Tabic 111

Correlation of therapy with A V-conduction

AV-conduction

Fibrillation Therapy prolonged normal
No. of cases % No. of cases %
Drugs 14 38 17 62
Electrical defibrillation 9 43 12 57
Established Electrical defibrillation drugs 6 25 18 75
Methimazole 1 0 1 0
Total 30 38 48 62
Drugs 4 11 32 89
Paroxysmal Spontaneous 1 20 4 80
Total 5 12 36 88
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In paroxysmal fibrillation, whether its arrest had been spontaneous or
induced by drugs, subsequent prolongation of AY-conduction only occurred
in 11—20 per cent, respectively (Table Il1l), and in none of the 10 cases where
no organic heart disease had been found.

Table IV

Previous administration of digitalis and/or quinidine and A V-conduction after conversion
of established atrial fibrillation to sinus rhythm

AV-conduction

Drug prolonged normal
No. of cases % No. of cases %
Digitalis 10 36 18 64
Quinidine and/or digitalis 10 37 17 63
No drug 10 43 13 57
Total 30 48

Twenty patients with prolonged AY-conduction were followed up for
a period of 15 days after conversion to sinus rhythm. In 2 cases the result of
therapy was transitory, in another, prolonged AV-conduction persisted during
the whole period of observation, whereas in the remaining cases it successively
decreased until the normal range was reached, though in a small number of
cases it still accounted to more than 0.20 sec. onthe 15th day. Quinidine was
administered to all patients during the whole period of study (Table V).

Table V

Progress of prolonged A V-conduction under the influence of further quinidine dosage

Conversion to sinus rhythm

Length of AV-conduction Total
Medicamentous Electrical
Returned to less than 0.20 sec n 3 8
Decreased (>20sec.) 6 2
Unchanged | 1 —
Fibrillation returned 2 - 2
Total 20

Atrial fibrillation induced in 8 dogs in 16 instances ceased spontaneously
after a duration of 30 to 45 minutes. AV-conduction in the moment of con-
version to sinus rhythm was found normal throughout.
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Discussion

Prolongation of AV-conduction subsequent to conversion of auricular
fibrillation to sinus rhythm has been observed in 38 per cent of our material.
The theory connecting this prolongation with a drug effect has been invalidated
by our findings.

There was no evidence to suggest a rheumatic relapse in the cases display-
ing a prolonged AY-interval, nor was there in the individuals with coronary
disease any cause to connect this alteration which spontaneously subsided in
a fortnight, with the process.

In contrast to established atrial fibrillation, paroxysmal fibrillation
entailed a prolonged AV-conduction in 12 per cent only. This is in agreement
with our animal experiments where AV-conduction remained normal during
30 to 45 minute periods of fibrillation. Though this finding might be interpreted
as being due to species differences, its close agreement with the clinical obser-
vations nevertheless justifies one to correlate the prolongation of AV-conduc-
tion with the duration of atrial fibrillation.
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A study of the effects of anabolic hormone preparations in aged patients reveal-
ed that

(i) delta-methyl testosterone and nor-androstenolone phenyl propionate were
found to stimulate the daily production of both albumin and globulin.

(ii) According to direct turnover studies with 3S-methionine, the anabolic
hormones act in the anabolic phase of protein synthesis.

(iii) Anabolic hormones raise the mass distribution ratio of albumin and glo-
bulin in the extravascular pool, a finding indicative of an increased migration towards
the tissues.

(iv) Anabolic hormones might induce a shifting of electrophoretic motility of
certain protein fractions.

Earlier studies on the effect of the anabolic steroid hormone deltaj-
methyl-testosterone (DMT) showed that while the serum total-protein level is
not affected, albumin turnover is highly stimulated [1]. The study has raised
further problems, viz. (i) whether anabolic hormones affected the metabolism
of both albumin and globulin and whether the same effect asserted itself with
both substances; (ii) whether the anabolic or the catabolic phase of protein
metabolism was affected; (iii) whether the distribution of albumin and globulin
in the extra- and intravascular pools was affected, and, finally (iv) whether
any change due to the anabolic hormone effect might be detected in the serum
protein fractions.

Material and methods

The patient material was selected according to the principles specified in the previous
paper [1]. The mean age of the 13 patients under consideration was 69 years.

The first experimental series included gamma-globulin turnover studies with 131l-labelled
globulin in 3 patients subjected to DMT treatment. Human gamma-globulin (produced by the
Institute for Serobacteriological Production and Research “Human”, Budapest) was used.

Simultaneous turnover studies were performed to determine the rate of change induced
by DMT in albumin and globulin metabolism. This was carried out as follows. Two patients
were given 13l-labelled gamma-globulin and other patients 51Cr-labelled albumin intravenously:
50—150 ,uC, resp., were administered.” The albumin was labelled according to Gray
and Sterling [2], the globulin according to Veall, Pearson and Hanley [3]. Immune
electrophoresis and determination of the biological half-life confirmed that labelling did not
denature the proteins. Lugol’s solution, administered two days before and during the whole

* Present address: ,,Frédéric Joliot-Curie” National Research Institute for Radiobiology
and Radiohygiene, Budapest.
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experimental series was used to block the thyroid. Radioactivity in blood samples and collected
urines was measured in a thallium-activated well-type Nal crystal (Gamma Optical Works,
Budapest). The photo peaks of 131l and 5ICr being near to each other, a crystal of good resolu-
tion, i.e. not exceeding 8.5 per cent, was used.

Blood samples were collected 10 minutes after injecting the isotope and subsequently
every other day for about a fortnight, from the cubital vein on the opposite side. This method
allowed to estimate the intravasal and extravasal pools of globulin and albumin, and the
amount protein produced daily.

Next, direct turnover studies were performed with 38S-methionine to determine whether
the anabolic or the catabolic phase of protein metabolism was affected by the hormone. These
studies were also performed by self-control, so that the incorporation rate of 3S-methionine
into albumin was determined before and 3 months after DMT treatment. In the course of the
examinations performed on two patients the radioactivity of plasma albumin fractionated
according to Cohn was measured in infinite thickness in an argon gas flow detector (Gamma
Onptical Works, Budapest).

The values obtained in the first group of patients allowed to compute the extravasal
and intravasal albumin and globulin distribution ratio. This was done according to the extra-
polation method proposed by Sterling [4], and the equilibrium time method suggested by
Campbell et al. [5], Matthews [6], and Freeman et al. [7].

Since the results obtained by the two methods were in perfect agreement, they will be
presented according to the equilibrium time method only.

Paper electrophoresis was used for studying the effect on serum protein fractions.

DMT and norandrostenolone phenylpropionate (NPP) were administered by the method
laid down in literature and specified in our previous paper [1]. The total dose was 630 mg
of DMT and 175 mg of NPP.

Table 1|

Values of y-globulins before and after DM T treatment

Intravascular K Daily globulin
Patient, age Plasnrwnelxlléolume globulin pool (degradation pro)ziugction,
De rate) % “tgAg/chy
S. J. before 42 0.6 6.6 40
56 after 45 0.7 13.8 66
F. A before af’ 38 0.87 6.0 35
82 after o] 40 0.95 11.0 62
V. P. before 35 1.05 6.3 32
71 after 38 1.2 13.0 78
Results

As seen in Table I, DMT induced a slight increase in the intravascular
gamma-globulin pool of all the three patients under consideration. Simulta-
neously, the daily production of gamma-globulin was also raised, together
with the degradation rate (k). These data suggest — as concluded upon in
our previous paper [1] that, in addition to its effect on albumin metabolism,
DMT has a similar effect on globulin synthesis.

This promising hypothesis necessitated a study of the DMT effect on
the albumin and globulin turnover by a simultaneous estimation of radio-
activity i.e. of the tracer administered.

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



EFFECT OF ANABOLIC HORMONE ON ALBUMIN TURNOVER 133

As data in Table 11 clearly suggest, according to simultaneous indirect
turnover studies with 13ll-labelled gamma-globulin and 51Cr-labelled albumin,

Tabic 11

Simultaneous values of y-globulins and albumin before and after DM T treatment

Intravascular pool Degradation rate Daily protein production,
) g/kS % mg/kg/day
Patient, age

globulin albumin globulin albumin globulin albumin

V. P. before 1.05 1.0 6.3 9.9 32.0 42.0
71 after . 1.20 1.25 13.0 13.6 78.0 80.0

>

A. F. before 9 0.96 0.95 14.0 9.3 20.0 65.0
70 after L 1.58 1.20 16.0 11.0 25.0 95.0

DMT induces a rise in the daily production of both albumin and gamma-
globulin. Since the results were obtained in two patients only, it was impossible
to obtain fully reliable data on the daily production of albumin and globulin;
still, it was evident that the rise was more marked with albumin.

Fig. 1. Incorporation of 3S-methionine into albumin before and after DMT treatment

Results of direct turnover studies with 3S-methionine are shown in
Fig. 1, expressed per mg of dry material from the albumin fraction isolated
according to Cohn. Incorporation of labelled methionine into the albumin
was increased by 30 to 35 per cent on DMT treatment. In both cases the
incorporation peaks were reached about three hours after the injection of the
amino acid. The half-life of albumin amounted to 24 days before treatment
and fell to 18 and 16 days, respectively, afterwards (Fig. 2).

The mass distribution ratio of globulin and albumin — in constant trans-
fer between the intravascular and extravascular pools — is shown in Fig. 3.
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Following treatment, this ratio shifted towards the extravascular pool. Accord-
ingly, the EV/IV ratio (r) for albumin increased from 1.3 to 1.6, that for glor
bulin from 1.2 to 1.7. The rise was significant in both cases.

Fig. 2. Semilogarithmic plot showing relationship of Fig 3. Changes of extravascular/
specific activity of plasma albumin and interval following intravascular (EV/IV) mass ratios
the administration of 35S-methionine after treatment

The changes induced by DMT in the serum protein level and in the ratio
of the protein fractions are shown in Table Ill. While the albumin mass
decreased significantly in three patients and somewhat less significantly in
two others, a significant increase in globulin mass took place in all the patients.

Table 111

Serum proteins before and after treatment

Total Globulin fractions %
Patient, pgro’t)eelp Albumin
age 100 ml « a2 A A Yy
Sz. 1. before treatment 6.3 39.2 9.6 13.2 8.9 4.4 24.7
76 after 7.4 29.4 10.4 13.0 13.7 33.5
K. F. before treatment 6.3 36.6 3.9 10.7 12.2 6.4 30.2
72 after 7.0 34.7 13.4 12.2 12.2 27.5
N.J. before treatment 7.4 50.3 6.7 9.0 8.9 4.5 20.6
73 after 8.4 45.6 11.4 13.4 10.0 19.8
M. J. before treatment 7.4 59.0 5.0 6.5 11.5 18.0
63 after 7.4 34.1 12.9 114 16.8 24.8
J.J. before treatment 5.5 35.4 8.3 8.7 17.3 5.7 24.6
82 after 6.7 28.0 10.8 16.5 13.6 335
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In four patients this increase fell to the alpha-1, in three to the alpha-2, and
in further three to the gamma globulin fraction.

Upon the effect of DMT, the beta-1 and beta-2 fractions became homo-
geneous and instead of migrating separately — as before treatment — they
continued to migrate together.

Discussion

Our earlier experiments have shown that anabolic hormones stimulate
the albumin turnover. In the present study an attempt has been made to
elucidate some details of the hormones’ action mechanism. It is well known
that in addition to a relative decrease in albumin synthesis, an increase of the
globulin mass is characteristic of the protein pattern in aged subjects. If the
anabolic hormone were affecting the metabolism of albumin only, this would
necessarily lead to a normalization of the protein pattern in aged subjects.
Accordingly, it seemed interesting to study whether the hormone exerted an
effect on the globulin fractions, too. The results suggest that anabolic hormones
are stimulating the synthesis of both albumin and globulin. As confirmed by
direct turnover studies, anabolic hormones act in the anabolic phase.

If compared with the daily albumin production characteristic of young
and healthy individuals, amounting to 145 mg/kg body weight/day [8] and
with that of globulin, amounting to about 35 mg/kg body-weight/day [9]
our results have shown that the anabolic hormones fail to normalize the A/G
ratio. Since these hormones stimulate the production of both albumin and
globulin, the A/G ratio in old people fails to become similar to that of young
individuals.

The simultaneous determination of albumin and globulin metabolic
processes by double isotope labelling has been made difficult by the fact that
the photo peaks of 5ICr and 131l are near to each other (0.32 MeV and 0.364
MeV, respectively). However, as proved by Adams et al. [12, 13] and Obrink
and Ulilfendahl [14], double isotope determination might still be performed,
provided the detecting crystal has a solving capacity of less than 10 per cent.
Some authors failed to obtain reliable results with estimating only the values
falling between 0.64 and 0.72 MeV in the energy range of labelled iodine.
Since only about 12 per cent of radioactive disintegrations are included in
this energy range, the statistical accuracy of the method is greatly reduced.

Our calculations were done according to Adams [13].

Labelling of proteins with cationic chromium isotopes is highly efficient
and, if carefully done, the tagging procedure does not denature the proteins,
as has been confirmed by immunological experiments [16]. Isotope linkage is
stable and no appreciable disintegration occurs during several weeks.
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Data concerning the action mechanism of anabolic hormones are uniform
in emphasizing that upon the effect of these hormones body-weightis increased
and the nitrogen balance becomes positive [10, 11]. When determining the
extravascular and intravascular pools of albumin and globulin, DMT was
found to increase the distribution ratio of both proteins in the extravascular
pool. This suggests that one of the essential effects of the anabolic hormones
consists in directing proteins towards the tissues. Thus, even if these hormones
fail to alter the protein pattern characteristic of advanced age, indirectly,
— by increasing the synthesis of albumin and globulin — they still promote
their utilization.

In addition to this effect, anabolic hormones interfere even more deeply
with protein metabolism. This hypothesis is supported by our finding that
N PP changed the migration speed of beta-1 and beta-2 globulins. Considering
that NPP did not induce essential changes either in the total protein pattern
or in the single protein fractions, while both the serum protein level
and the ratio of the single protein fractions were changed, it might be supposed
that the effect of the anabolic hormones depended in its chemical structure.
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1. Anoxidimetric method has been worked out for the quantitative determination
of organic materials other than protein, carbohydrate and carbamide in blood serum.

2. Plasma sodium, potassium, chloride, bicarbonate, as well as the oxidizable
residue and NPN were determined in every case, emphasis being laid on the correlations
between potassium, NPN, and oxidizable residue.

3. In chronic nephritis the bicarbonate level is generally reduced, though, occa-
sionally, normal values may be found. The levels of potassium, NPN and the oxidizable
residue are generally high. As the oxidizable residue consists for the greatest part of
organic acids, it has a large share in the reduction of bicarbonates.

4. In tubular lesions associated with obstructive jaundice or hepatitis, serum
potassium remains normal until it comes to extreme oliguria, whereas the levels of
NPN and oxidizable residue increase in spite of the polyuria.

5. A similar pattern may be found in tubular lesions of septic nature.

6. There is no close correlation between the values for NPN and oxidizable
residue.

7. Potassium-losing renal failure may be accompanied by severe chloracidosis
with greatly increased NPN, but normal values for oxidizable residue.

Increased levels of organic acids were demonstrated in uraemic hu-
man serum by Csaps and Kerpet-Fronius thirty years ago [1]. While
subsequent investigators arrived at the same results by determinations
of other electrolytes involved in acid-base balance, i.e. sodium, potassium,
bicarbonate, chlorides, in other words by indirect inference from increased
levels of residual acid radicals (phosphates, sulphates, organic acids, total
proteins), our findings were arrived at by direct alkalimetric titrations. Accu-
rate knowledge of the amount of organic acids requires, in the case of indirect
methods, the determination of the individual acid radicals.

Apart from the quantitative interrelation of anorganic ions and in-
creased carbamide levels it is the organic fraction which has the greatest signif-
icance in the clinical features of renal failure, as it represents the majority
of toxic substances involved in uraemia.

Since for alkalimetric titration 5.0 ml of serum is required, too much to
be suited for serial studies, it has been attempted to work out a procedure
simpler and yet more accurate than alkalimetry with minimum amounts of
serum to be used. We have modified for this purpose our method developed
for the determination of the organic non-protein and non-carbohydrate con-
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stituents of the CSF, to make it suitable for the quantitative study of the
oxidizable residue of serum. We are going to describe our method and the
results obtained in cases of renal failure.

Method

Reagents. 2 per cent ZnS04; 2 per cent Ba(OH)2 (the amount required for the neutrali-
zation of 1.0 ml ZnS04is determined on each occasion using phenolphthalein as indicator);
ra/10 KM n04; ra/10 oxalic acid; 10 per cent NaOH; 4 n H2S04; Somogyi—Schaffer’s copper
reagent; 2.5 per cent solution of KI containing 2.5 per cent potassium oxalate; 2.5 per cent
solution of KI; 1»/100 ceric sulphate; nj200 sodium thiosulphate; 1 per cent starch solution.

Deproteinization

To 1.5 ml serum are added 5 ml of a 2 per cent solution of ZnS04 and the amount of
Ba(OH)2required for its neutralization. The mixture is made up to 30 ml with distilled water,
allowed to stand for half an hour, centrifuged and filtered through Whatman No. 1 filter

paper.

Hot oxidation

To 5.0 ml of the deproteinized filtrate, 5.0 ml n/10 KMnO, and 2 ml 10 per cent NaOH
are added in a 160 X 25 mm test tube, kept in a boiling water bath for 30 minutes, then acidified
with 4 n H2504, the permanganate excess reduced with 5.0 ml n/10 oxalic acid, and after
clearing, titrated with freshly prepared n/50 permanganate, against a blank solution containing
instead of serum the same amount of distilled water.

Calculation

The difference of ml ra/50 permanganate required for the titration of the blank and of
the serum filtrate multiplied by 80 gives the total oxidation value. From this the amount
of permanganate required for the oxidation of sugar is subtracted. Oxidation of each g sugar
requires 1.33 mlra/10 permanganate. The mg per 100 ml sugar value multiplied by 1.33 must be
subtracted from the total oxidation value. This corresponds to the mEq value of the oxidizable
residue per 1 litre serum. Carbamide undergoes no oxidation.

Sugar determination by the Somogyi—Shaffer’s method

Somogyi and Schaffer’scopperreagentis prepared from anhydrous Na2C03; Rochelle
salt; 10 per cent solution of crystalline CuS04; NaHCO03; KI; ra/10 K103 The reagents should
be dissolved in the right order. 25 g NaHCO03and 25 g Rochelle salt are dissolved in 500 ml
cold distilled water with continuous stirring. When solution is complete, 75 ml 10 per cent
CuS04is layered under the fluid with gentle stirring, then 1.0 g KI and 20 g NaHCO03 are
added. After solution, 50 ml K103 is added, made up to 1 1 with distilled water, and passed
through a filter paper of good quality.

Technique

4.0 ml deproteinized filtrate (0.2 ml serum) is put into a 160x25 mm test tube.
5.0 ml copper reagent is added, then the mixture is keptin a boiling water bath for 15 minutes,
cooled in cold water for 4 minutes, and acidified with 125 ml 4 aH204 To this is
added 2.0 ml 2.5 per cent KI with 2.5 per cent potassium oxalate and titrated with starch as
indicator with ra/200 thiosulphate, against a blank of serum-free filtrate.

Calculation

The amount of thiosulphate used for blank titration minus the amount used for titration
of the filtrate is multiplied by 56.5. This product corresponds to the serum sugar level in mg
per 100 ml. If the blood sugar level considerably exceeds 200 mg (as in the case of intravenous
drip infusions), then 2.0 ml filtrate is sufficient, in which case the factor is 113.

Blood sugar determinations have also been carried out from the original sera by the
method of Hagedorn and Jensen. Though this method yields slightly higher figures than
that of Somogyi and Schaffer, we have found it satisfactory.
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Cold oxidation

5 ml deproteinized filtrate is put into each of two 160X 25 mm glass tubes. With
each tube a blank of serum-free material is set up. 2.0 ml re/100 ceric sulphate is pipetted into
each tube and the mixture is allowed to stand at 21°C. After 10 minutes 0.5 ml 2.5 per cent Kl
is put into the first tube and the corresponding blank, and titrated with ra/200 thio-
sulphate using starch as indicator. This is repeated with the other two tubes which have been
allowed to stand for 4 hours at 21°C.

Calculation

The difference between the amount of thiosulphate used for titration of the blank and
the amount used for titration of the test material is multiplied by 200; the result gives the
amount in mEq of ceric sulphate necessary for the oxidation of 1 litre protein-free serum.
At 21°C, oxidation of sugar is negligible.

For the estimation of oxidizable substances in the CSF, the method is modified in that
instead of 1.5 ml serum 3.0 ml CSF is used; in the case of hot oxidation the factor is 40, and
of cold oxidation, 100. Determination of sugar in CSF requires 5.0 ml filtrate (0.5 m| CSF), the
factor being 23 in this case.

Results

First ofall the hot and cold oxidation values were established in 30 healthy
children and adults. The former ranged between 8 and 13 mEq, the residue
oxidizable in cold between 2 and 3 mEqg at 10 minutes and 8 and 12 mEq
at 4 hours. Cold oxidation values showed a further rise but these figures were
not more informative than those obtained at 4 hours.

After establishing the normal range, patients (most of them adults)
displaying primary or secondary renal failure were studied. Plasma sodium,
potassium, chloride and standard bicarbonate values were determined. The
calcium level was invariably accepted as 5.0, the magnesium as 2.0 mEq.
The difference between the total kations and the sum of standard bicarbonate
and chlorides corresponds to the so-called residual acid radicals which include
phosphates, sulphates, organic acids and proteins. The oxidizable residue was
estimated in serum, not in plasma. The values obtained with ceric sulphate
at 21°C at 10 minutes and 4 hours as well as values for NPN are also
tabulated. When serum was left over, phosphate and creatinine were also
determined. Creatinine was found to belong to the less oxidizable substances.
We were, however, chiefly concerned with potassium, oxidation values, and
non-protein nitrogen.

The patients listed in Table | can be divided into three groups: 1. primary
renal affections (Cases Nos. 1 to 9); 2. renal failure consecutive to paren-
chymatous or obstructive jaundice (Cases Nos. 9 to 18); 3. miscellaneous group.

In the first group, sodium and chloride values were not characteristic,
and showed no distinct parallelism. Standard bicarbonate, the decrease of
which usually points to metabolic acidosis and its rise to metabolic alkalosis,
was generally low, though normal values were also encountered. The acid
radical residue, normally between 24 and 28 mEq, was invariably high in the
renal cases. Though this rise may have been due to an increase in phosphates,
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Table |

Na K Cl

mEq/1 mEq/1 mEq/1
1 K. J. Chronic nephritis 132.5 5.0 95
2 S.J. Chronic nephritis 150.0 7.9 122
3 T.J. Chronic nepliritis 149.0 5.75 98
4 Sz. P. Chronic nephritis 1415 3.8 96
5 V. Gy. Chronic nephritis 126.0 6.3 81
6 F.S. Chronic nephritis 132.0 4.2 91
7 O. A. Subacute nephritis 137.0 4.5 100
8 D.J. Lipid nephrosis 143.0 5.4 90
9 G. L. Pyelonephritis 133.0 7.7 100
10 S. M. Obstructive jaundice 151.0 5.5 103
11 P.l. Obstructive jaundice 140.0 3.2 97
12 L.J. Obstructive jaundice 145.0 3.5 67
13 P. S. Obstructive jaundice 133.0 4.0 86.5
14 H.J. Obstructive jaundice 134.0 6.3 83
15 S. I. Infectious hepatitis. Cholaemic nephropathy 139.0 5.0 84
16 K.Zs. Infectious hepatitis. Cholaemic nephropathy 127.0 4.8 88
17M.Gy. Infectioushepatitis. Cholaemicnephropathy 130.0 4.2 84
18 B. 1. Infectious hepatitis. Cholaemic nephropathy 137.0 4.0 101
19 S. D. Malignant oedema. Septicaemia 1425 3.9 93
20 T. L. Purulent meningitis 141.0 5.0 80
21 K. Gy. Salmonella gastroenteritis 147.0 3.6 102
22 M. P. Leptospirosis 135.0 4.5 93
23 B. E. Peritonitis, Appendicitis 131.0 5.3 84
24 Sz. L. Septic abortion 137.0 7.5 90
25 K. M. Hypernephroma 147.0 4.0 98
26 B.J. Falciparum malaria 140.5 6.5 97
27 L. Ph. Falciparum malaria 139.0 4.9 93

sulphates, and proteins, this alone does not account for the high values found
in our cases. A large part must be ascribed to organic acids, an assumption
which was supported by earlier alkalimetric studies of Csaps and Kerpel-
Fronius, as well as by the present investigations which showed high
values for the oxidizable residue. The latter obviously comprises organic sub-
stances ofnon-acid character too. Here lies one ofthe advantages of oxidimetry
over alkalimetry. The values of oxidizable residue may call our attention to
some possible inaccuracy in the technique of determining the residual acid
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Cold oxidation

Standard Re;g:jdual Hot NPN Phosphate Creatinine
bicarbonate radicals oxidation 10 min. 4 hours mg per mg per mg per
mEq/1 mEg/1 mEq/1 100 ml 100 ml 100 ml
mEq/ml

7.5 42 267 9.6 24.2 208 - 14.0
6.1 37 277 11.6 20.8 243 6.6 11.6
24.0 40 248 4.0 14.8 216 — —
15.8 40 211 6.8 15.6 162 5.6 7.6
9.0 49 322 10.0 24.4 310 — —
20.1 32 159 2.8 11.2 85 5.3 3.6
13.8 35 275 6.8 16.4 212 — —
21.0 44 352 — — 260 — —
10.0 38 268 9.2 17.2 215 — —
21.0 40 231 5.6 17.6 165 — —
19.0 34 246 8.0 21.4 172 5.8 10.0
40.5 48 220 3.2 14.0 102 — —
16.0 41 225 5.8 12.4 256 8.3 6.5
11.0 53 318 11.2 23.6 338 4.8 8.1
18.0 49 262 8.4 18.0 247 2.6 5.8
13.0 38 346 7.6 24.0 214 9.4 —
18.0 39 253 6.0 22.0 182 4.8 —
13.0 35 193 6.0 18.8 203 8.0 6.1
12.3 48 302 — — 255 — —
23.0 50 253 12.8 34.2 128 — —
16.4 39 279 8.4 20.0 257 6.7 11.8
17.0 36 171 3.6 14.0 190 — —
23.0 36 266 6.4 20.6 102 — —
10.0 51 274 6.0 148 300 10.9 —
25.0 35 232 2.0 14.0 87 — —
14.3 43 256 54 18.2 105 — —
17.4 41 175 6.0 12.8 241 1.7 —

radicals calculated from the values of sodium, potassium, calcium, magne-
sium, bicarbonate, and chloride.

In our cases the increase in organic acids was largely responsible for the
reduction of standard bicarbonate. Owing to certain correlations of sodium
and chlorides, there may occasionally occur normal or even increased bicar-
bonate levels in spite of an increase in organic acids (Case No. 12). Normal or
excessive bicarbonate values in the range of metabolic alkalosis may mask a
substantial rise in organic acids which is by no means indifferent to the
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organism, this fraction being responsible for the largest part of uraemic
toxins. In short, bicarbonate values alone do not reflect the true condition of
acid-base balance and may even be misleading.

Our results are in agreement with the fact that in advanced stages of
chronic nephritis hyperkalaemia may occur. The high NPN levels were invari-
ably associated with an increase in oxidizable residue. Occasionally, the serum
potassium levels may remain within the normal range until oliguria ensues.

Oxidability of protein-free serum was determined by Boda [3] in
uraemic animals by the ceric sulphate method at 21°C. Excessive values
were found at 10 minutes. This is in agreement with our findings in clinical
cases where 2—4 fold values were noted at 10 minutes. The elevation was
still distinct at 4 hours though less excessive than found at high temper-
atures. Presumably, in chronic nephritis the rise in the NPN level is the earliest
sign, while retention of the residual substances oxidizable at low and high
temperatures follows only later.

The second group comprised cases of jaundice due to hepatitis, biliary
obstruction or tumour, complicated with renal failure of tubular origin.
The results were in certain respects different from those obtained in chronic
nephritis. The sodium values were variable, the chlorides were reduced in
nearly every case. The bicarbonate level varied within a wide range with an
equal incidence ofreduced, normal or excessive high values. With the exception
of one case, serum potassium was within normal limits. The acid radical residue
was invariably high. When, however, the oxidizable residue is correlated with
the NPN in nephritis on the one hand and in cholaemic nephropathy on the
other, in some cases of the latter type the rise in the oxidizable residue was
higher than in the NPN. W hat may have been the cause of this discrepancy?
W hile the early stages of renal failure are marked by a retention of normal
waste products excessive production of organic materials of acid and non-
acid character ensues only at later stages. In nephropathy associated with cho-
laemia, control of oxidation by the liver is disturbed, this probably accounts
for the overproduction of pathologic metabolites in addition to simple reten-
tion. Obviously, the NPN values may also be high, depending on the severity
of renal damage. The oxidizable residue, or, more exactly, its correlation with
the NPN, gives better information about the degree of metabolic disturbances
than either potassium and bicarbonate or NPN alone. This correlation shows
whether the oxidative or rather the excretory functions are upsetin a given case.

The third group is a mixed one. In these cases, except for No. 25 with
hypernephroma, tubular insufficiency and nephritis with anuria developed
as a consequence of severe infections. The potassium level reached a patho-
logical high value only in one case (No 24, septic abortion). The decrease of
bicarbonate is not an indispensable peculiarity of the pathological picture in
renal failure. The correlation between the oxidizable residue and the NPN
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depends on the fact, whether the disturbance in metabolic processes or in
the renal function is prevalent. The potassium would increase to pathologi-
cal level only in cases with anuria. Cold oxidation values give a lesstrue infor-
mation of renal failure than those of hot oxidation.

Two cases of tropical malaria are very illustrative (Cases Nos. 26 and 27).
In the first (26) one, the blood samples taken in a state of high pyrexia showed
a moderate rise in NPN together with excessive high values for oxidizable resi-
due. In the other case, the samples were taken on the sixth day of apyrexia, renal
failure consequent to tubular lesion having developed in the meantime. Here,
the rise in NPN was prevalent whereas the oxidizable residue exceeded the
normal only slightly, its increase having been due to renal failure and not to
a toxic disturbance of the oxidative processes.

Table 11

Na K a Standard R Hot NPN

mEq/1 mEq/1 mEq/1 b'C;fgg/flate rad ézz?lls Oﬁ%ﬁ;f” mg per

CS.J. E. coli septicaemia, liver abscess
12. X1I. 1963 132.0 3.8 92 15.6 35 221 70
13. XII. 132.0 4.0 93 12.7 37 335 126
14, XII. 139.0 4.0 87 215 42 332 189
16. XII. 123.0 3.9 81 16.0 37 249 225
18. XII. 127.0 4.7 85 21.0 33 197 207
20. XII. 137.0 3.7 94 26.0 28 157 106
27. XII. 160.0 3.2 116 25.5 28 131 71
29. XII. 161.0 3.0 119 22.0 30 125 72
3. 1. 1964 148.0 4.3 114 16.0 29 174 72
8. I 147.0 4.3 106 15.0 38 278 118

Table Il shows the data of a 30-year-old female patient suffering from
liver abscess and E. coli septicaemia. The urinary output was 1 to 2 litres
daily, therefore hyperpotassaemia did not develop, in spite of excessive
NPN values. The sodium, chloride, bicarbonate levels were greatly influenced
by the intravenous drip. In the initial stage the oxidative disturbance due to
bacterial toxins was prevalent, whereas in the second stage, when the oxi-
dative disorder had subsided, a tubular lesion, marked by a persistent eleva-
tion of NPN, developed. The oxidizable residue was not increased when the
NPN was still 72 mg per 100 ml. The figures give a true reflection ofthe toxic
state prevailing in the first stage, in opposition to the uraemia ensuing a few
days later. The patient succumbed to circulatory failure.
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Table 111
Na K Ca ,Standard R Hot
icarbonate i oxidation
mEq/1 mEq/1 mEq/1 mEQ/L rﬁ:ié%z}lls MEQ/L
S. G. Gastroenteritis
6. 11. 1965. 135.0 2.8 42 56 47 263 77
8. 11, 129.0 35 62 36 41 191 109
9. II. 132.0 2.0 74 34 33 181 102
10. II. 137.0 3.3 89 30 28 97 70
12. 11. 138.0 5.0 104 21 25 123 52
13. I1I. 134.0 5.2 102 19 25 111 47
15. 11. 134.0 4.1 100 21 24 113 47
Table Ill presents data for a 52-year-old male patient suffering from

acute gastroenteritis; he was dehydrated and comatose at admission and
displayed exceptionally low values for chloride and a consecutive rise in plasma
bicarbonate. While the NPN was slightly elevated, the oxidizable residue
showed a considerable increase, a pattern made up oftoxic oxidative disturb-
ance and consecutive dehydration. Copious amounts of saline and potassium
were administered. Adequate diuresis ensued, chloride and bicarbonate were
restored to normal. The successful control of dehydration and the clearing up
of the confused mental state were folloved by a rapid fall of the oxidizable
residue while NPN values remained slightly increased for a time. The extra-
renal disorder led to a tubular failure of moderate severity, still present when
the oxidizable residue had returned to normal values.

Table IV presents a case of potassium-losing renal failure in a 16-year-old
male with congenital ectopia of the bladder, having made implantation of the

Table IV
. ) . Resicéualj Cold oxiidation | -
a Cl tandar aci ] Hot  70"min 12 Thours
mEgq/1 mEg/1 mEq/1 bicarbonate ~ radicals Joxi_dation 10 min. 14 hours  mg per
mEg/L  niEqg/l — 100 ml
mEq/1
P.J. Hypopotassaemia
9. XI. 1964 142.0 1.9 119 6.2 26 122 3.6 10.8
10. XI. 140.0 1.9 107 18.0 24 126 2.0 9.2
13. XI. 140.0 2.8 105 20.0 25 84 2.0 8.4
17. XI. 142.0 3.7 108 18.0 27 103 1.8 8.4
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ureters into the sigmoid necessary. He had been admitted earlier on several
occasions for hypopotassaemic paralysis, having neglected to take the pre-
scribed maintenance doses of potassium. Then he was again admitted, with
total muscular paralysis. Blood sodium was normal, chloride level was exces-
sively high, there was a corresponding reduction of bicarbonate and severe
acidosis. This had been found on earlier occasions too. The potassium value
was 1.9 mEq. The NPN was high, the residual acid radicals, the oxidizable
residue as well as the cold oxidation values were within the normal range.
The decrease in bicarbonate was ascribablc to the increase in chloride. No reten-
tion of organic acids was present. The patient was rehydrated with 5 per cent
glucose with high amounts of potassium, with the result that on the next
day, though still hypopotassaemic, he sat up in bed and moved his extremities.
W ith the normalization of the chloride value, the bicarbonate level was
restored to normal. Though the residual acid radicals, as well as the hot and
cold oxidation values remained normal, the NPN level was still 116 mg per
100 ml on the fourth day, when diuresis was abundant, and fell rapidly to
normal values.

We have no reason to ascribe the increased NPN values to pyelo-
nephritis, since in that case the oxidizable residue would also have been high,
as in patient No. 9 (Table I). Moreover, in any severe case of pyelonephritis
with uraemia the tendency of both the clinical state and the NPN to return
to normal is much slower.

According to the investigations of Kerpel-Fronius et al. [4], persistent
hypopotassaemia leads to structural changes in the distal tubuli. In the cases
under study, chloracidosis of variable severity was presumably an additional
factor. In tubular damage of this kind, as opposed to nephropathies of chol-
aemic or bacteriotoxic origin, retention is confined to anorganic radicals and
NPN while excretion of organic acids and other organic compounds remains
unaffected.

There seems to be a difference between the tubular lesions according to
the causative factor, e.g. potassium loss or bacterial toxins. In our case,
tubular failure was soon brought under control by restitution of potassium
losses and the patient, while still slightly hyperchloraemic, was discharged
on a maintenance dose of 6.0 g potassium bicarbonate and 3.0 g sodium
bicarbonate.

Discussion

It is questionable what kind of organic substances take part in the
increase of the oxidation values. As we have pointed out in another stu-
dy, the rise of cold oxidation values at 10 minutes is due to a retention of uric,
pyruvic and citric acids, while for the increased hot and cold oxidation
values found at 4 hours, in addition to the former substances, retention
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of amino-acids, lactic acid and of various unidentified organic substances is
responsible.

According to the current view, in uraemia the blood plasma contains
increased amounts of organic acids, apart from retained carbamide. This is
calculated from the elevation of residual acid radicals in plasma, but has
not been ascertained by direct quantitative determinations owing to
methodological difficulties. Reliable quantitative determination of organic
acids is not possible if the amount of phosphates, sulphates, and proteins,
moreover the character of the latter substances, are left out of calculation.
On the other hand, indirect methods yield unreliable values, owing to various
inherent sources of error. It is the direct method that gives the promptest and
most reliable quantitative information about the abnormally increased sub-
stances of acid and partly non-acid character other than carbamide. It can be
applied to serial studies and helpsto check the figures obtained by indirect
methods.

Accumulation of oxidizable residue may result either from retention
owing to renal failure, as in chronic nephritis or anuria, or from excessive
production in consequence of inadequate oxidation due to bacteriotoxic or
chemical influence. In certain conditions, e.g. in tubular lesion of bacterio-
toxic origin or in the hepatorenal syndrome, both factors may be involved.
There is no close correlation between the amount of oxidizable residue and of
NPN. In retention caused by renal failure both values are high, but eleva-
tion of NPN appears earlier. When, however, excessive production is preva-
lent, the increase in NPN is slight, whereas the oxidizable residue shows
high values. The ratio of NPN and oxidizable residue gives useful informa-
tion, whether the oxidative or the excretory processes are disturbed. The po-
tassium-losing tubular lesions have the common feature of being associated
with high NPN levels wdiile leaving the amount of oxidizable residue unaf-
fected. The tubular lesions thus show a different behaviour according to
their origin.

Standard bicarbonate, which depends on a variety of factors, gives no
reliable information about the disorder, namely whether excretory or oxida-
tive processes are deranged. Normal or even excessive bicarbonate levels are by
no means incompatible with oxidative or excretory failure. This may be best
recognized by correlating the values of NPN and of the oxidizable residue.
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ADRENOCORTICAL AND PITUITARY FUNCTION
FOLLOWING LONG-TERM PREDNISOLONE
TREATMENT

By
E. Goth, G. Gorgényi, J. Fovenyi and E. Szantes

SECOND DEPARTMENT OF MEDICINE, JANOS HOSPITAL, BUDAPEST
AND DEPARTMENT OF RHEUMATOLOGY, POLYCLINIC OF THE 6th DISTRICT COUNCIL, BUDAPEST

(Received September 28, 1965)

Adrenocortical and pituitary function has been studied following prolonged
prednisolone treatment in 40 cases of rheumatoid arthritis, by the ACTH and méto-
pirone tests. The ability of the adrenal cortex to react was diminished or ceased fol-
lowing intermittent prednisolone administration over 2 ¥2 years. The normal pituitary
response was usually absent after one year of steroid treatment. After a total dose of
3000 mg of prednisolone had been administered, neither the adrenals nor the hypophysis

reacted. During protracted steroid treatment during and following stress, prophylactic
cortisone administration is necessary for at least half a year.

The glycocorticoids by suppressing ACTH secretion, cause atrophy
of the adrenal cortex, mainly in the two inner zones. Consequently, the patient
treated for long periods with corticosteroids develops a state of hypadrenalism
and when exposed to stress is not capable to mobilize sufficient quantities of
glycocorticoids. Thus, in connection with surgery, infections, diarrhoea, etc.,
circulatory failure may develop [2, 3, 4, 7, etc.]. As a preventive measure,
ACTH treatment has been recommended during and after protracted corticoid
treatment. In response to the ACTH, the atrophied cortex regains its normal
function. In our experience [5] 3 to 4 doses of 40 units of Zn ACTH each
suffice to produce this result. This, however, does not yet solve the problem,
it being unknown what the reactivity of the pituitary will be following pro-
tracted corticoid treatment. This is the essence of the problem because, if
exposed to stress, the patient requires an increased ACTH secretion and no
matter how adequately the adrenal cortex is functioning, the absence of
increased ACTH secretion during stress will lead to life-endangering collapse
in the same way as adrenocortical atrophy does. No protection against this is
afforded by the administration of ACTH following protracted corticosteroid
treatment. This is clearly shown by clinical experience; severe, or even fatal
collapse has been described to occur after the administration of ACTH following
protracted steroid treatment [8]. We, too, have made similar observations.
One of our patients had been taking steroids for 3 years; after this treatment
was discontinued, 40 U of Zn ACTH were administered daily for 4 days.
Two days after the last ACTH injection vomiting, hypotension and excessive
weakness appeared. These symptoms were promptly alleviated by cortisone.
Hotub et al. observed the same hyaline changes in the basophilic cells of the
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hypophysis as Crooke found in Cushing’s disease. From this it was concluded
that the changes of the basophilic cells were induced by the glycocorticoids.
According to Kyle et al.,, when the blood cortisol level is high, ACTH secretion
remains insufficient for a while. In such cases if ACTH treatment is discon-
tinued, the adrenal is not capable of maintaining a normal hormone secretion,
and adrenocortical activity decreases immediately when ACTH administration
is discontinued. Holub et al., as well as Carreon et al. found that ACTH
synthesis and secretion decrease following protracted steroid treatment.
According to Holub et al., however, the pituitary ACTH-storing capacity
decreases only after massive doses of steroid. Savage reported that the
ACTH response to metopirone diminishes after one year of steroid treatment
already while Melby found a diminished response to pyrogenic vaccine. On the
other hand, Amatruda is of the opinion that ACTH secretion remains normal
even after protracted steroid treatment. In view of the contradictory data,
it seemed interesting to study the problem.

Materials and methods

Pituitary and adrenal cortical function has been studied in 40 patients with rheumatoid
arthritis treated for long periods with 5 to 10 mg of prednisolone daily. This treatment was
suspended 2 to 5 days before the test. To estimate adrenal function, the 24 hour urine was
pooled on three consecutive days. On the 2nd and 3rd days, 40 units of Zn ACTH were injected
intramuscularly. Blood samples were taken before and 24 hours after the first ACTH injection.
Pituitary ACTH reserve was studied at least one week later. The 24 hour urines were pooled
on three consecutive days. On these days the patients ingested from 8 o’clock a. m. till 8 o’clock
p. m. 500 mg of metopirone every two hours, i.e. a total dose of 3 g. In 4 cases the tests were
repeated after prednisolone treatment had been suspended for 3 to 6 months. The result was
considered normal when under the effect of ACTH the urinary ketogenic steroid content
increased by at least 9 mg, and, in response to metopirone by at least 8mg, by Norymberski’s
method, and in response to ACTH the plasma hydrocortisone level, as determined by Vecsei’s
paper chromatographic method, increased by at least 3 fig per 100 ml. The measure of the
increase was judged from the highest steroid content of the urine samples obtained on the
second and third days. The response was considered positive in the case of an increase in urine
or plasma. The reliability of urine collection was controlled by creatinine determination. As a
control group, 38 subjects not treated with prednisolone and displaying normal adrenal and
pituitary functions were tested with metopirone. In patients sensitive to ACTH the meto-
pirone test alone was carried out. To study ACTH sensitivity, 1 : 1000 and 1 : 10 000 dilutions
of the drug were injected intradermally; in positive cases, erythema appeared in 2 to 4 hours.

Results

Table | contains the data for the prednisolone treated patients, in the
order of the treatment’s duration.

ACTH test. Twenty patients had been taking prednisolone for 2 to 30
months; among these, 17 showed a satisfactory response to ACTH of the
adrenal cortex. Twenty patients had been treated with steroid for more than
30 months, of these in response to ACTH the urinary ketogenic steroid output
increased in 2 cases and the plasma hydrocortisone increased in 3 cases. In 7
patients the test could not be carried out in view of their sensitivity to ACTH.
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Age

65
65
57
57
30
59
74
42
51
43
59
36
34
52
78
53
64
53
71
62
74
71
75
80
68
48
67
51
70
59
45
43
56
56
71
28
58
39
48
50

Dura-
tion
of
treat-
ment
months)

~N g A o woN

Prednisolone

total
mg
500
120
240
500

1800
270
800

1200
850

1100

2 400
400

2 600

1600

1600

1000

2 100

2 800

1900
800

1500

3 000

2 800
800

1400

4 000

1200

3 800

10 000
3 500
10 000
11 000

2 200

3 000

7 000

9 000

4 000

2 200

12 000

daily
dose
mg
8.3
1.3
2.0
3.3
4.3
6.0
0.8
2.2
2.9
2.0
2.1
4.7
0.7
4.1
2.3
2.1
1.3
2.6
3.5
2.1
0.8
1.5
3.0
2.7
0,8
1.3
3.9
1.1
3.2
7.4
2.6
7.2
8.0
1.6
1.8
4.0
5.1
2.0
11
6.6

Table

Response after ACTH

urine

ketog. st.

mg/24h

19— 45
3.7- 3.9
3.2- 29.9
20.3- 31.3
2.7- 15.8
4.3- 45.0
14.2- 75
8.9- 27.2
6.2- 20.1
5.0- 6.0
38.4- 19.1
28.6- 83.5
6.5—61.3
19.7- 28.1
5.7- 15.8
10.0- 19.0
9.0- 44.6
20— 2.9
11.3- 25.0
50— 8.3
14.0- 125
3.0- 33
9.9- 8.8
10.8- 19.7
8.1- 59
12.3- 10.0
6.6 —12.0
7.9- 16.1
93— 9.3
3.2- 3.8

plasma
cortisol
Ilg per
100 nil
14.0—20.8
37.4- 135
13.3- 18.0
2.2- 35
17.8— 6.9
3.0- 12.0
8.7- 11.4
12.0—18.7
9.4- 17.0
9.2- 16
2.2- 157
9.0- 12.0
10.0- 10.0
17.5—16.0
8.1— 9.2
27.2- 33.3
15.7- 2.8
25.0- 12.2
12.7- 10.7
17.5- 38.0
14.1- 21.0
14.6- 11.7
15.0- 8.5
17.6- 25.0
10.8- 7.2
15.0— 85
7.5- 35
15.7- 16.5
10.1- 10.8

Response
after
metopirone
ketog, st
mg/24h
5.5- 57.8
16.1- 5.0
5.1- 11.6
5.9- 141
11.5- 22.3
5.5- 225
5.8- 223
3.4- 25.0
9.7- 16.9
13.6- 14.8
6.6- 9.9
14.3- 11.3
1.9- 6.4
29.2- 217
21.8- 12.3
7.0- 16.9
10.6- 21.5
11.2- 5.6
6.6- 10.3
16.4- 20.8
13.4- 141
4.7- 121
3.4- 29
11.2- 10.9
4.5- 4.6
16.3- 8.0
4.9- 8.0
6.0- 12.9
25.2- 9.8
7.0- 55
6.6- 8.8
12.5- 11.8
5.4- 125
6.9- 22.3
4.4- 4.0
48 - 5.0
7.8- 79
2.1- 47
18- 7.9
2.6- 3.6

Result
after ICTH
urine plasma

0 +
0 0
+ +
+

0
+ +
0
+ +
+
0 +
0 0
+ +

+
+ 0

0
+ 0
+ +
0 0
+ 0
0 0
0 +
0 +
0 0
0 0
0 +
0 0
0 0
+ 0
0 0
0 0

After
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urine

+

+
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C4SES

Fig. 1. Effect of the total dose of prednisolone on adrenocortical and pituitary hormone
production

Table 11

Control cases

Metopirone test

Urinary ketogenic steroids mg/24*1

1 140 - 28.2 4+ 20. 15.6- 425 +
2. 12.7- 212 4+ 21. 17.1—359 +
3. 15.8- 59.6 ¢ 22. 9.2—27.2 4
4. 7.1- 132 o 23. 12.0—27.4 +
5. 22.4- 315 4 24. 10.6- 33.4

6. 16.4- 36.1 .p 25. 9.8- 154 o
7. 18.3- 338 4+ 26. 6.0- 63.8 4+
8. 30.7- 62.4 4 27. 5.5- 39.2 4
9. 6.3- 186 4+ 28. 5.6- 19.0 +
10. 16.0- 228 o 29. 14.8- 121 o
11. 9.5- 376 + 30. 5.1- 147 4
12. 10.8- 34.4 4 31. 5.2- 13.2

13. 27.2- 524 4 32. 145—273 4
14. 52- 284 4+ 33. 10.3- 256 +
15. 11.1- 465 + 34. 7.9- 166 +
16. 15.8 - 23.8 + 35. 9.3- 23.2 +
17. 7.7- 233 4+ 36. 9.9- 377 +
18. 9.7- 245 + 37. 10.1 —18.2 +
19. 14.0- 28.0 + 38. 15.2- 344 4+
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This seems to indicate that after 2 % years of treatment with 5 to 10 mg of
prednisolone daily the reactivity of the adrenal cortex is abolished, even if
administration has been intermittent as was usual with these patients. This
isin agreement with our earlier results [5] in that the adrenal failed to respond
to ACTH after 1 y2 years of corticoid treatment. In those cases corticoids
were administered continuously and the doses were higher, and that is why
adrenal insufficiency developed sooner.

Metopirone test. Of eight patients who had been treated with prednisolone
for 2 to 12 months, six showed a good response to metopirone. Among the 32
patients who had had prednisolone for more than 12 months, only 2 showed
a satisfactory response (Nos. 17 and 34; who had received a total dose of
1000 and 1200 mg, respectively).

In the control groups of 38 patients 37 showed an increase; this was
slight in 3 of them. In one case there was no increase (Fig. 1 and Table I1).

Discussion

According to Liddle, metopirone inhibits the secretion of cortisol by
the adrenal cortex. This is followed by increased ACTH secretion, which then
increases the secretion of other hormones by the adrenals. These are converted
by the method of Norymberski to ketogenic steroids, the urinary output
of which increases if the adrenal corticoid secretion and pituitary ACTH
secretion are intact. Thus, if the adrenal cortex is intact, the metopirone test
allows conclusions as to pituitary ACTH secretion. If corticoid output increases
in response to metopirone, adrenal cortical and pituitary ACTH activities are
normal. If it does not increase, the defect may be either in the adrenals or in
the pituitary. This can be decided by the ACTH test. If an increase ensues
upon the administration of ACTH, but not upon that of metopirone, pituitary
function is impaired. It does not occur, of course, that in the absence of an
increase in response to ACTH there should be one in response to metopirone,
because if the adrenal cannot react to exogenous ACTH, it will not be capable
of reacting to the endogenous ACTH mobilized by metopirone, either. The
control of our method is that no such case has occurred. The changes in urine
and plasma were in the same direction or there occurred no change following
ACTH administration in 17 cases, in 7 cases there was an increase in urinary
output, but none in plasma, and in 5 cases there was an increase in plasma
only. In these last 5 cases the reaction was considered positive although one
might suggest that 24 hours after the injection of Zn ACTH the higher plasma
level was due not to the ACTH, but occurred spontaneously or was induced
by some kind of a stress.

According to the above results it takes about 30 months for low doses
of prednisolone to cause such a hypofunction of the adrenal cortex that it
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does not respond to ACTH, while pituitary ACTH secretion decreases after
one year already. This is why in 12 of the cases the adrenals still reacted to
ACTH when no pituitary response was elicited by metopirone. In the patients
who had had total dose of at least 3000 g of prednisolone both the adrenal
cortex and the pituitary showed a diminished or no reactivity. In the cases
of Treadwell et al.,, 4600 mg was the smallest total dose after which the
pituitary did not react to metopirone.

In 2 cases the pituitary failed to react to metopirone after treatment of
less than 10 months’ duration; and in one of these cases the adrenal cortex
failed to react to ACTH. In the latter patient the initial values, too, were
low; thus, a hypoadrenalism due to some other cause might have been present.
However, it may happen that metopirone elicits no rise in healthy subject
(Kaplan); this was the case in 4 patients of the control group.

Sensitivity to ACTH seemed to be increasingly frequent in patients
treated with prednisolone for longer periods (Cases Nos. 30, 31, 33, 35, 36, 38
and 39). It appears as if hypoadrenalism would increase the tendency to
allergy.

Treadwell et al. have studied adrenal and pituitary activity in 41
arthritic patients treated with prednisolone whom they gave 40 U of Zn
ACTH daily for 4 days, in order to normalize adrenal cortical function before
carrying out the metopirone test. On the fourth day, urinary ketogenic steroid
output was increased in every patient; this was only natural in the light of
the experience that the hypoadrenalism subsequent to cortisone treatment is
abolished by four doses of 40 U of Zn ACTH each. In the same patients,
pituitary function was studied with metopirone; the results agreed well with
our experience in that there was an increase after 1 to 15 months of treatment,
variable results after 16 to 31 months of treatment (8 patients reacted, 8 failed
to do so), while among the patients treated longer than 31 months only 2
reacted to metopirone.

In Table Il we have compared our results with those obtained by
Treadwell et al. There was a divergence in the group treated for 16 to 31
months, where the said authors observed a positive result more often than

Table 111

Effect of the duration of treatment on the result of the metopirone test

longer than

1- 15 months 16-31 months 32 months Total

(0} + 0 + 0 + 0 +
Treadwell et al., 41 cases | 4 8 8 18 2 27 14
Present series 40 cases 3 6 10 1 19 1 32 8
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we did. This may have been due to the fact that they applied 4.5 g of meto-
pirone instead ofthe 3 g applied by us, a dose to which our control cases always
responded normally. The effect of protracted treatment is indicated by the
fact that in the cases treated for less than 40 months the mean initial ketogenic
steroid value was 10.5 mg/24 hours, while in the patients treated for longer
periods it was only 5.9 mg, failing to reach the lowerlimitof normal, 8 mg.
The mean value for the patients treated for the same length of time was
5.5 mg in our material and 5.9 mg in that of Treadwell et al. The mean initial
value in our control group was 11.7 mg (Table 1V). Mean urinary output in

Table 1V

Mean urinary ketogenic steroid levels before melopirone administration

More than
1;‘;2&22%“ 40 months Control cases
treatment
Treadweltl el al 7.4 55 —
Present series 10.5 5.9 12.3

response to metopirone was also much lower in the treated group: 13.2 mg,
than in the controls (30.3 mg) (Table V). The marked decrease in pituitary-
adrenal function is clearly indicated by the data in Table IV and Table V.

Table V

Mean urinary ketogenic steroid levels after metopirone administration
mg/24 hours

Cases treated with prednisolone Control cases
Treadwell et al 15.6 —
Present series 13.2 31.3

From the above the conclusion has been drawn that protracted glyco-
corticoid treatment leads to a decrease not only in adrenal cortisol secretion,
but also in pituitary activity. As a result, in the case of stress no ACTH will
be mobilized. ACTH administration following protracted prednisolone treat-
ment is no safeguard against this. Following steroid treatment for more than
1 year one must always reckon with a collapse in the case of stress due to
surgery, injury, infection, etc. In the case of such events if the patient had
had prednisolone treatment for more than one year, the dose should therefore
be increased temporarily, and after treatment prophylactic administration of
corticosteroid is necessary for about half ayear. According to some informative
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tests, the restoration of pituitary function takes about half a year after pred-
nisolone treatment has ceased.

It seems therefore important that patients subjected to long-term pred-
nisolone treatment should carry on them a warning note and to reach an
international agreement in this sense.
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NEUE MOGLICHKEIT ZUR VERHINDERUNG
DER HORNHAUTVASKULARISATION

Von

Gy. Imre und J. Bogi

II. AUGENKLINIK (DIREKTOR: PROF. DR. T. NONAY)
DER MEDIZINISCHEN UNIVERSITAT BUDAPEST

(Eingegangen am 9. Oktober 1965)

Pantothensdure und Zystein, die in der Koenzym-A-Produktion teilnehmen und
den oxydativen Stoffwechsel der Hornhaut fordern, hemmen die mit Milchsdure aus-
geloste Hornhautvaskularisation bei Kaninchen. Am wirksamsten erwies sich die
3%ige Zysteinsalbe. An den mit diesem Prdparat behandelten Augen entstand eine
signifikant sparlichere Hornhautvaskularisation, und auch der Zustand der Kornea
besserte sich rascher als an der Kontrollseite. Im Gegensatz zu den bisherigen thera-
peutischen Verfahren fordert diese Behandlung — nebst Verhinderung der Hornhaut-
vaskularisation — auch die Regenerationsprozesse der Kornea.

Die Hornhautvaskularisation ist im allgemeinen schédlich, da sie die
Durchsichtigkeit der Kornea beeintrdchtigt, die Antigenimmunitdt derselben
aufhebt und Fettablagerung in der Kornea ermdglicht [4]. Eben deshalb ist
die Prognose der Keratoplastik bei vorangehend vaskularisierter Hornhaut
schlecht. In diesen Fdllen wird die Ubergepflanzte Scheibe infolge allergischer
Reaktionen héufig tribe, auBerdem kann es an der Wirt-Spender-Grenzober-
flaiche zur Lipoidablagerung kommen [15]. Die Vaskularisation der Uber-
pflanzten Scheibe ist ebenfalls schédlich; besonders um den 10. postoperati-
ven Tag fuhrt sie zur Scheibentribung [1].

Die zur Verhinderung der Vaskularisation dienenden gegenwaértig
gebrduchlichen Verfahren (Kortikosteroidbehandlung, Irradiation durch Rént-
gen- bzw. beta-Strahlen) ergeben nicht immer befriedigende Ergebnisse und
entsprechen nicht in jeder Hinsicht dem »nil nocere« Prinzip, da sie auch die
Regenerationsprozesse der Kornea hindern. Die neuesten Kenntnisse, die uns
Uber die GeféReinsprossung zur Verfigung stehen, ermdglichen dagegen die
Bearbeitung einer kausalen, die schadlichen Spéatfolgen ausschaltenden
Methode.

Die Gefdlle wachsen stets in Gewebe mit hypoxischem Stoffwechsel und
mit schlechtem vendsem AbfluR ein, wo dieim Laufe der androben Glykolyse
produzierte Milchsdure angehduft wird. Anhand unserer vorangehenden Expe-
rimente halten wir es fir wahrscheinlich, daB der vasoformative Faktor die
Milchsdure ist [9]. Die Hornhautvaskularisation 14Rt sich in s&mtlichen Féllen
auf die Verminderung des oxydativen Stoffwechsels der Kornea zurtckfihren,
woraus folgt, dal im Interesse der Verhinderung der kornealen Vaskularisation
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eine Steigerung des oxydativen Stoffwechsels von ausschlaggebender Bedeu-
tung ware.

Diese Steigerung des oxydativen Stoffwechsels kann durch Sauerstoff-
UberschuB nicht erreicht werden, da fir die Verminderung des oxydativen
Stoffwechsels der Kornea im allgemeinen nicht der Sauerstoffmangel, sondern
die infolge der beeintrdchtigten Sauerstoffverwertung zustandekommende
Schédigung des Epithels bzw. des oxydativen Enzymsystems verantwortlich
ist. Dieser Umstand erkldrt auch die Erfolglosigkeit der von Ashton und
Cook [2] sowie Michaelson, Herz und Kertesz [16] durchgefihrten Kanin-
chenversuche, in denen die experimentell (mittels Alloxan bzw. Elektro-
koagulation) herbeigefiihrte Hornhautvaskularisation durch Hyperoxie nicht
vermindert werden konnte.

Des weiteren wollen wir einige, sich zur Steigerung des oxydativen Stoff-
wechsels der Kornea eignende Methoden anfihren. Nach Tomizawa und
Kudo [19] sowie Thiel und Wacker [18] fordert die Pantothensdure — ein
Bestandteil des im oxydativen Stoffwechsel wichtigen Koenzym-A — die
Regenerationsprozesse der Kornea. Die Untersuchungen von Funatsu und
Mogi [7] ergaben, daR die subkonjunktival injizierte Pantothensdure auch die
Hornhautatmung beschleunigt. Einige Verfasser wiesen darauf hin, dafl das
Riboflavin die Heilung der oberflichlichen Keratitiden fdrdert [11, 5].
DeBerardinis und Bonavolonta [3] nahmen an, dal die die Kornearegenera-
tion fordernde Wirkung einiger Aminosduren — Arginin, Histidin [3], Zystin
[17, 6] und des in der Koenzym-A-Bildung teilnehmenden Zysteins [3, 8]
mit dem Umstand zu erkl&ren ist, daR diese Verbindungen den oxydativen
Stoffwechsel der Kornea steigern. Nach Kurachi und Matsuda [13] f6rdern
auch K- und Mg-aspartat die Atmung der Hornhaut.

In vorliegender Arbeit wollen wir Uber Tierexperimente berichten, in
denen die Einwirkung der oxydativen Stoffwechselsteigerung auf die durch
intrakorneale Milchsdure-Injektion herbeigefiihrte Korneavaskularisation unter-
sucht wurde.

Versuchsmaterial und Methodik

Vierzig, 2,5 kg wiegende erwachsene Kaninchen wurden in 4 Gruppen eingeteilt. Zwecks
Herbeifihrung der Korneavaskularisation wurde in beide Augen der Tiere mit Hilfe einer
in die Nahe des Hornhautzentrums eingestochene und interlamellar in Richtung des Limbus
geflihrten Injektionsnadel (Nr. 20) 0,05 ml 0,1% ige Milchsaurelésung injiziert. Auf Wirkung
der Injektion entstand im allgemeinen dem Limbus entlang eine Schwellung von 4 mm Durch-
messer, die an einem 3—4 mm langem Abschnitt mit dem Limbus in Verbindung stand. Nach
3 Tagen wurde, méglichst durch den ersten Stichkanal die Milchsdureinjizierung wiederholt.

Beide Augen der Kaninchen wurden von der ersten Injektion gerechnet 10 Tage hin-
durch behandelt, das eine Auge wurde mit Medikamenten und das Kontrollauge mit dem Grund-
stoff der angewandten Augentropfen bzw. Salbe behandelt.

I. Gruppe (10 Tiere): In der Zeitperiode von 6—22 Uhr wurde das rechte Auge stiindlich
m it Solutio ophthalmica isotonica und das linke mit 1% iger Bernsteinsdurelésung behandelt.
Zur Anwendung des letzterwahnten Mittels veranlafte uns die Annahme, dall die Bern-
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steinsdure durch Steigerung der Oxydation im Zitrat-Zyklus den oxydativen Stoffwechsel
der Hornhaut beschleunigt.

Il. Gruppe (9 Tiere) (das 10. Tier ging am 2. Tag der Experimente ein): Die Augen-
behandlungen erfolgten taglich 3mal und zwar wurde rechts 10%ige Streptomycinsalbe und
links 10%ige, 3% Na-Pantothenat enthaltende Streptomycinsalbe angewandt.

I11. Gruppe (10 Tiere): Zwischen 6—22 Uhr wurde das rechte Auge stindlich mit
Solutio ophthalmica isotonica und das linke mit 1% iger Zysteinlésung behandelt. Die Zystein-
I6sung wurde taglich 2mal frisch hergestellt.

IV. Gruppe: Bei den, zu dieser Gruppe gehdrenden Tieren wurde ein Blindversuch
vorgenommen. In der Apotheke der Medizinischen Universitdt Budapest lieBen wir zweierlei
Salben [3%ige Zysteinsalbe und K aiian—KORITSANSZKYsche Salbe) verfertigen, die — unseren
Anweisungen entsprechend in mit I bzw. Il bezeichnete Tiegel verpackt wurden. Das
rechte Auge der 10 Versuchstiere wurde mit Salbe I und das linke mit Salbe Il taglich 5mal
behandelt. Die Salben wurden jeden zweiten Tag frisch hergestellt.

Bei sdmtlichen Versuchstieren wurden taglich folgende Verhéltnisse untersucht: Maxi-
malentfernung des zentralen Randes der Hornhautvaskularisation vom Limbus, Intensitat
der Vaskularisation und Zustand der Kornea. In einigen Versuchen wurde auch die Breite
des Limbusabschnitts abgemessen, von dem die Vaskularisation ausging. Der arithmetische
Durchschnitt und die Streuung der bei den identisch behandelten Augen entstandenen Vas-
kularisation wurde berechnet. Das Studenlsche-t-Verfahren diente zur Feststellung der Signi-
fikanz der Differenz zwischen den beiden Seiten.

Ergebnisse

Die experimentellen Angaben sind in Tabelle | dargestellt.

I. Gruppe: Zwischen der in den mit I1%iger Bernsteinsdure-Tropfen
behandelten und in den Kontrollaugen entstandenen Vaskularisation bzw.
Korneazustand war nur ein geringer Unterschied festzustellen.

Il. Gruppe: In den mit 3%iger Na-Pantothenatsalbe behandelten Augen
war eine geringere Vaskularisation zu beobachten als in den Kontrollaugen.
Am 10. Tag war das Vaskularisationsgebiet in 6 von 9 Féllen kleiner, in 3
Fallen war die GeféBbildung von identischem Ausmaf. Der zwischen den
beiden Seiten bestehende Unterschied war zwar geringfligig, aber selbst am
4., 6. und 10. Tag signifikant (p 0,01, p < 0,01, p <] 0,05). An der mit
Pantothenatsalbe behandelten Seite war die Vaskularisation in 2 Féllen bedeu-
tend spérlicher und in 5 Féllen ging sie von einem schmaleren Gebiet aus, als
an der anderen Seite. In 4 Féllen verlief die Verminderung des Hornhautédems
in den mit Pantothenatsalbe behandelten Augen wesentlich rascher. In den
Ubrigen Féllen waren in dieser Hinsicht keine Unterschiede festzustellen.

I1l. Gruppe: In den mit 1% iger Zystein-Tropfen behandelten Augen
kam eine wesentlich kirzere GefdRbildung zustande. Am 10. Tag war die
Lange der Vaskularisation durchschnittlich um 19,9% kiirzer als an der
Kontrollseite. Bei 7 von 10 Kaninchen war die Vaskularisation an der mit
Zystein behandelten Seite kirzer und spérlicher: in 3 Fédllen war ein der Kon-
trollseite entsprechendes Bild zu erhalten. Die zwischen den beiden Seiten
beobachtbare Abweichung war am 8. und 10. Tag signifikant (p < 0,05).

Bei der IV. Gruppe (Blindversuch) entstand in den mit der Salbe 1l
behandelten linken Augen eine wesentlich mildere Vaskularisation. Am 10. Tag
war die GefaRbildung in 8 von 10 Fallen an der linken Seite kiirzer und durch-
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Tabelle |

B ehandlungsergebnisse

Zahl A0 R i
N der e O R ektion (©.15%, 008 T vaskblrisaton
iere (Tage)
4. Tag
1. 10 rechte Sol. ophthalmologica isotonica. Bei Tag
stiindlich 2—4 0,49 + 0,40
linke 1% ige Bernsdureldsung. Bei Tag stind-
lieh 2-5 0,44 = 0,39
il. 9 rechte 10%ige Streptomycinsalbe. 3mal tag-
lieh 2—4 0,36 + 0,17
linke 5%ige Na-Pantothenat -|- 10%ige Strep-
tomycinsalbe. 3mal taglich 2—4 0,27 + 0,15*
in. 10 rechte Sol. ophthalmologica isotonica. Bei Tag
stiindlich 2—4 0,53 + 0,40
linke 1% ige Zysteintropfen. Bei Tag stiind-
lieh 2—4 0,53 dz 0,43
V. 10 rechte Ung. ophthalmicum Kahan—Koritsan-
szky. 5mal taglich 2—4 0,21 dz 0,07
linke 3%ige Zysteinsalbe taglich 3—4 0,14 = 0,06*

* = 0,001 <p <0,01, ** = 0,01 <p <0,02, ** = 0,02 <p <0,05 **** = p = 0,05

schnittlich um 19,6% geringer; der Unterschied war selbst am 4., 8. und 10.
Tag signifikant (p < 0,01, p < 0,05 und p = 0,05). In 9 dieser Fdlle ging die
Vaskularisation von einem wesentlich (im Durchschnitt um 24,4%) schmaleren
Limbusabschnitt aus, als in den kontralateralen Augen; der Unterschied war
signifikant (p < 0,02). In 6 Fallen war im Verhdltnis zu den Kontrollaugen
eine bedeutend spéarlichere Pannusbildung zu beobachten, in 7 Féallen ent-
wickelte sich die Tribung der Kornea rascher zuriick. Abb. 1 veranschaulicht
das rechte Auge eines Versuchskaninchens, auf Abb. 2 ist das mit Salbe II.
behandelte linke Auge desselben Kaninchens sichtbar. Die Aufnahmen wurden
am 10. Behandlungstag verfertigt. Nach Beendigung der Experimente teilte
die Apotheke mit, dal der mit No | bezeichnete Tiegel Kahan—Koritsan-
SZKYsche Salbe und der mit No Il bezeichnete 3%ige Zysteinsalbe enthielt.

Besprechung

Unsere vorangehenden Versuche ergaben [10], daR intrakorneal inji-
zierte Milchsdureldsung bei Kaninchen frihe und ausgeprédgte Hornhautvas-
kularisation verursacht. Vorliegende Experimente haben es bewiesen, daB
Pantothensdure und Zystein — die nach einigen Verfassern die Regenerations-
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Entfernung der Vaskularisation vom Limbus (mm). Arithmetischer Lange
Durchschnitt und Standarddeviation der Vaskularisation
im Limbus (mm).

Arithmetischer

Durchschnitt

6. Tag 8. Tag 10. Tag und Standurd-
deviation
1,15 £ 0,33 1,79 £ 0,23 2,49 + 0,46 -
1,06 £ 0,36 1,70 = 0,98 2,39 + 0,65 —
1,22 + 0,35 1,96 + 0,26 2,57 £ 0,43 8,55 + 3,06
*kk

1,06 £ 0,32* 1,78 + 0,35 2,37+ 038 7,39 £ 1,92
1,17 + 0,46 1,98 £ 0,62 2,61 + 0,66 —
1,02 £+ 0,41 1,68 £ 0,48*** 2,09 £ 0,77*** —
1,08 £ 0,27 1,82 £ 0,35 2,55 £ 0,38 6,35 £ 1,60
091 + 0,35 1,59 + 0,31*** 2,05 = 0,68**** 4,80 £+ 1,32**

prozesse der Kornea férdern und den oxydativen Stoffwechsel der Kornea
steigern — die durch Milchsdureinjizierung ausgeldoste GefdRbildung der
Kaninchenhornhaut zu verhindern vermdégen. Bei unseren Versuchen hat sich
zu diesem Zweck die 3%ige Zysteinsalbe am besten bewdhrt.

Die Korneavaskularisation hemmende Wirkung des Zysteins und des
Na-Pantothenats ist aller Wahrscheinlichkeit nach mit dem Umstand zu
erkldren, dafl diese Verbindungen den oxydativen Stoffwechsel der Hornhaut
steigern und die Milchsdureverwertung bzw. die Epithelregeneration beschleu-
nigen. Die Besserung des oxydativen Stoffwechsels trug auch dazu bei, daB
die Regenerationsprozesse die androbe Glykolyse d. h. die Milchs&ureproduktion
in geringerem MaRe steigerten. In diesem ProzefRl ist annehmbar auch der
rascheren Regeneration des geschédigten oxydativen Enzymsystems eine
Bedeutung beizumessen.

Im Gegensatz zu den bisherigen therapeutischen Verfahren bt die
3%ige Zysteinsalbe eine doppelte Wirkung aus: Hemmung der Korneavasku-
larisation und Forderung der Regenerationsprozesse. Zur Verhinderung schwe-
rer Vaskularisationsprozesse wird sich die Zysteintherapie allein voraussichtlich
nicht eignen, in diesen Féllen empfiehlt sich deshalb die mit anderen Amino-
sduren bzw. Pantothensdure kombinierte Behandlung. AnschlieRend sei betont,
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dall im bei Korneaverletzungen bzw. nach Keratoplatik ein durch Dauer-
verband herbeigefihrter, geringfligiger Oxygenmangel den Zustand noch weiter
verschlimmert. Das Abbinden der Augenlider hindert die Sauerstoffaufnahme
der Augen, was nach Kaufman, Capella und Robbins [12] die Regenerations-
prozesse der Kornea unginstig beeinfluft, nach Langham [14] den Anstieg
der Milchs&durekonzentration verursacht und nach unseren vorangehenden
Experimenten [10] die Hornhautvaskularisation férdert. Diese Angaben spre-
chen dafir, dal nach Korneaverletzungen und Keratoplastik der Augen-
verband maoglichst rasch entfernt werden soll. In Anbetracht, dal im Laufe
der Keratoplastik die ubergepflanzte Scheibe mit Nd&hten fixiert wird, kann
die frihe Verbandentfernung keineswegs nachteilig sein.

Unsere Experimente ergaben, daB die zur Verhinderung der Korneavas-
kularisation dienende Kausaltherapie auf der Besserung des oxydativen Stoff-
wechsels, d. h. auf der Forderung der Epithélisation und der Regeneration des
geschéadigten oxydativen Enzymsystems beruht. Diese Therapie ermdglicht
die Vermeidung einiger Hornhautiberpflanzungen und eine Besserung der
Operationsergebnisse.
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It is impossible to decide by physical examination whether a patient with crypt-
orchidism belongs to the fertile or infertile group. Therefore every patient has to be
treated, first with human chorionic gonadotrophine (HCG). The optimal time to start
this treatment is before the 10th year of life because after this time irreversible defects
(secondary atrophy of the germinal epithelium) occur. Some authors start hormone
treatment at the beginning of the 6th year of life (Maier, Hecker and Braren).
According to our opinion, the best time is between the 8th and 10th year of life. A dose
of 1000 to 1500 I.U. of HCG should be administered twice weekly, the total dose should
be 12,000 to 15,000 I.U. If descensus is not attained after this first course of treatment
it is necessary to start a second cure 6—8 weeks later with the same hormone dosage.
In case of a negative result, funiculo-orchidolysis (Oberniedermayr and Maier)
should be performed immediately after hormone treatment. Orchidopexy is not advis-
able, it being often followed by testicular atrophy (Maier).

It is impossible to decide the optimal time of herniotomy in childhood. Sometimes
the course of the disease fixes the term of surgery. One should abstain from performing
herniotomy in early childhood.

It is impossible to predetermine the therapeutical effect, a cosmetically satis-
factory effect is no proof of fertility.

These studies were conducted in cooperation with Dr. O. Steeno, Department of
Medicine of Léwen University, Belgium.

The most important part of medical treatment is to follow-up the patient
in regard to the cause of his disease and to the treatment prescribed by the
physician. So every treatment for undescended testis must come to a nega-
tive final result as long as the physician does not follow-up the patient for
many years.

In the following we shall report on follow-up studies of patients pre-
viously treated for undescended testis.

According to the literature the incidence of cryptorchidism in the new-
born is between 1 and 10 per cent with a general rate of4 to 5 per cent (Scorer;
Bierich). A great part of the retained testes descend spontaneously into the
scrotum; in adult men the percentage of cryptorchidism is 0.23 to 0.5 per cent
(Gitbert and Hamilton; Carroll; Bierich).

We looked into the files of our 5000 andrologic cases to find all the
patients with a delayed descensus testis or those who had been treated with
hormones or surgically in order to ensure a descensus. Cases operated upon
for inguinal hernia in early childhood were included in the material as we
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believe that the term “herniotomy” in early childhood often means an unde-
scended testis. In addition it must be mentioned that in former years the testes
were often damaged after a herniotomy in childhood.

A total of 264 cases were examined. The majority consisted of males
who reported because of childlessness. The minority consisted of patients who
had been treated by us with hormones for undescended testis and who have

CRYPTORCHIDISM
(undescended testicle)

| RETAINED TESTICLE

| NORMAL

Fig. 1. The position of the testicle

been followed-up for many years. We did a physical examination with special
regard to the genitalia and took a spermatogram (see Schirren — 1961).
We abstained from taking a spermatogram in the case of young unmarried
males without sexual experience, it being unnecessary to require masturbation
if the spermatogram has no therapeutic implications.

Results are demonstrated in the Tables, all of which contain

(i) The age of the patients and the duration of treatment, in groups
of 0—10, 11—14, 15 20 and >20 years.

(ii) Clinical examination with special regard to testicular volume in
order to compare the cosmetical result with the clinical facts.

(iii) Spermatograms according to diagnoses.

In 5 cases the testis came down spontaneously at the age of 10—14 years.
The cosmetical results was satisfactory while the spermatogram showed nor-
mospermia in one case only and severe oligospermia in 4 cases. In the latter
the histological picture was poor (Table I).

21 patients in the age group <[20 years were treated with HCG in divided
doses of 1000 I.U. twice weekly; the total dosage was 6000—8000 I.U. In 14
cases the testis was of normal size bilaterally, 1 patient had only one normal
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Table |

Delayed spontaneous descensus

Age
(investiga- Age Volume of  Sperm Motility high
tion) (descensus) testicle count (moderate) immotile
(years) (years)
29 12 normal <3 — — 100
35 14 normal <3 50 20 30
30 10 normal 300 60 20 20
31 14 normal <3 — — 100
29 10 normal <3 50 40 10
Testicular biopsy
Normal (occlusion)
Sertoli cells only
Tubular insufficiency 2
Tubular degeneration 2
Table 11

Result of hormonal treatment

Age (therapy) 0-10 11-14 15—20years Total
Cases (total) 7 12 2 21

Clinical result

testicular volume normal 6 7 | 14

testicular volume abnormal bilaterally 5 | 6

testicular volume abnormal on one side | 1
Spermatogram

impossible | 3 4

normospermia | 2 3

hypozoospermia —

oligospermia 3 3
oligospermia, severe 2 1 | 4
azoo-, aspermia 1 2 |

Testicular biopsy
tubular insufficiency 1 1

testis. Among these 15 cosmetically satisfactory cases only 3 were normosper-
mie, in 6 cases there was oligospermia and in 8 cases (47.5 per cent) absolute
infertility. As regards the effect on fertility, it was irrelevant at what age the
patients were treated as all 3 patients with normospermia had been treated
at the age of 11—14 years (Table Il). Fifty per cent of the 6 patients with
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Table I11

Cryptorchidism
(one-sided)

Cases (total)

Clinical result
testicular volume unilaterally normal
testicular volume unilaterally abnormal
Spermatogram
impossible
normospermia
hypozoospermia
oligospermia
oligospermia, severe
azoo-, aspermia
hypokinesis
Testicular biopsy (contralateral)
normal occlusion
Sertoli cells only
tubular insufficiency
tubular degeneration

Table TV
Surgery for undescended testicle
(one-sided)
Age (operation) 0-10 11-14

Clinical result

testicular volume normal bilaterally |

testicular volume abnormal bilaterally 2 |

testicular volume normal unilaterally 6 4
Spermatogram

impossible 1 1

normospermia 2 2

hypozoospermia
oligospermia 3 1

oligospermia, severe

azoo-, aspermia 2 1

hypokinesis 1
Testicular biopsy

tubular insufficiency 3 -

cases (total) 8 6
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oligospermia were treated at the age of 0 10 years and the other fifty per cent
at 11 14 years. The motility rate of spermatozoa was extraordinarily high
and was considered normal. These six patients might still have a small chance
to become fertile. In 4 of the 21 patients a spermatogram could not be per-
formed. AIll this means that a cosmetically satisfactory result of hormone
treatment does not necessarily mean normospermia or fertility.

In the cases of one-sided cryptorchidism in 60.9 per cent the normally
descended contralateral testis was of normal size, while in 39.1 per cent it
was below normal. Only in 2 cases were normospermie. In 12 cases (52.1 per
cent) there was absolute infertility. 6 patients showed oligospermia or hypozoo-
spermia (Table V). On 2 patients out of 4 biopsy of the normally descended
testis revealed Sertoli cells only. In the cases of bilateral cryptorchidism a
normal spermatogram could not be expected. Sertoli cells only were found in
2 cases. Although only 9 cases were examined by us, we feel justified in stating
that in bilateral cryptorchidism fertility cannot be expected. Results after
surgical treatment were equally poor. In Tables IV and V 43 cases are shown,
of which 18 were subjected to unilateral surgery. The contralateral testis was
normally descended. Table IV demonstrates that in more than 3/4 of the cases

Tabic V
Surgery for undescended testicle
(bilateral)
Age (operation) 0-10 11-14 15-20 >20vy. Total
Cases (total) 13 19 1 2 35

Clinical result

testicular volume normal bilaterally 2 4 6
testicular volume abnormal bilaterally 9 13 2 24
testicular volume normal unilaterally 2 2 I 5
Spermatogram
impossible 2 1 3
normospermia 1 1
oligospermia 1 2 3
oligospermia, severe 4 4 8
azoo-, aspermia 5 11 | 2 19
hypokinesis 1 1
Testicular biopsy
normal (occlusion) 2 2
Sertoli cells only 1 | 1 3
tubular insufficiency 1 1
tubular degeneration 1 1 2
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only the normally descended testis had a normal size. The spermatogram of
this group showed a disturbance of fertility in 65.2 per cent of which 37.5
per cent was absolute infertility. If we take into account that the normally
descended contralateral testis was of normal size, then the poor spermato-
grams of this group allow the conclusion that both testes had been damaged
and not only the undescended one or one could not explain the high percentage
of fertility disturbance. Normospermia was found in 5 cases (27.7 per cent).
In all the 4 cases biopsy of the normally descended testis revealed a tubular
insufficiency.

In Table V we see the final results of 45 cases of bilateral surgical treat-
ment. In 29 cases (82.9 per cent) the volume of the testis was below normal.
Among these 35 cases only one was normospermie. In 31 cases (96.9 per cent)
a disturbance of fertility and in 84.4 per cent an absolute infertility was
demonstrated. Of 8 testicular biopsies two revealed occlusion of the deferential
duct with a histologically normal testis, 3 times there were Sertoli cells only,
once a tubular insufficiency, and twice tubular degeneration.

Table VIII demonstrates the number of patients with “retained testes”

that means testes which were palpable just at the exit of the inguinal canal.
According to the patients, their testes had never shown a tendency to come
down further into the scrotum. It was of interest whether certain relationships
existed between the high localisation and the spermatogram. Table VIII fails
to reveal such a relationship. The percentage of oligospermia in this group
(31.25 per cent) equalled the incidence of oligospermia (30 per cent) in the total
number of 5000 andrologic patients.

There are 136 cases with herniotomy, 100 unilateral and 36 bilateral.
In these cases the differentiation into certain groups of age is of importance.
Among the 100 cases with unilateral herniotomy (Table V1) in 51 per cent were
both testicles normal in size, while in 31 per cent only the contralateral testis
was of normal size. This means that in 49 per cent the testis which had been
operated upon was abnormally small. In 18 per cent the contralateral non-
operated testis was also small. These 18 cases were probably operated upon for
undescended testis or for this and hernia. This is supported by the following
data. In the age group 0—10 years there were 21 cases and in the age group
11—14 years 4 cases with a small testis which makes a total of 25 cases
(25 per cent). Among the 100 cases 32 per cent were normospermie, 62 per cent
had a disturbance of fertility with 28 per cent absolute infertility. Among
the 57 patients with disturbances of fertility 23 patients belonged to the
0—10 year and 5 to the 11—14 year age group. Even if it is after the 20th
year of age that herniotomy is performed, disturbances of fertility amount
to 20 per cent. This proves that unilateral herniotomy cannot be the cause of
the subfertility. The 12 biopsies of the contralateral testis showed an occlusion
of the deferential duct in 2 cases, Sertoli cells only in 4 cases, tubular insuffi-
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Table VI
Surgery for inguinal hernia
(one-sided)
Age (operation) 0-10 11-14 15-20 20 y. Total
Cuses (total) 41 7 18 34 100
Clinical result
testicular volume normal bilaterally 20 3 6 22 51
testicular volume abnormal bilaterally 7 3 2 6 18
testicular volume abnormal unilaterally 14 I 10 6 31
Spermatogram
impossible 1 | 1 1 4
normospermia 14 I 7 10 32
hypozoospermia 3 1 3 7
oligospermia 12 2 2 7 23
oligospermia, severe 1 1 6 8
azoo-, aspermia 8 2 3 6 19
hypokinesis 2 4 1 7
Testicular biopsy
normal (occlusion) 2 2
Sertoli cells only 3 1 4
tubular insufficiency 1 1 2 4
tubular degeneration 1 1 2

ciency in 4, and tubular degeneration in 2 cases. In the 36 cases of bilateral
herniotomy (Table VII), in 14 patients surgery had been performed at the age
of 0—10 years and in 6 patients at 11—14 years. In 17 of these cases both
testes were of normal size and 6 were operated upon after the age of 15 years.
In 15 cases both testes were extremely small, in 8 cases only 1 testis was small.
The spermatogram revealed normospermia in 8 cases, a disturbance of fertility
in 25 cases of which 16 cases showed an absolute infertility. Normospermia was
found especially in those patients who had been operated upon after puberty;
the disturbances of fertility were found especially in those patients who had
been operated on before the onset of puberty. In 1 case biopsy revealed occlu-
sion of the deferential duct.

The histological results of the biopsies show that in the majority of these
cases we have to expect a poor excretory function of the testis. It has been
mentioned that in 13 patients only Sertoli cells could be observed; because
of the small diameter of tubuli and lack of any kind of spermatogenesis we
have to consider these cases as congenital ones. Figs. 2 to 6 show the results
of testicular biopsies in 5 different patients with cryptorchidism between the
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Table VII
Surgery for inguinal hernia
(bilateral)
Age (operation) 0-10 11-14 15-20 >20vy. Total
Cases (total) 14 6 6 10 36

Clinical result

testicular volume normal bilaterally 4 3 2 13
testicular volume abnormal bilaterally 7 | 3 15
testicular volume abnormal unilaterally 3 2 | 2 8
Spermatogram
impossible 1 | 2
normospermia 1 1 2 4 8
hypozoospermia 1 1
oligospermia 5 2 1 1 9
oligospermia, severe 2 3 1 6
azoo-, aspermia 4 2 4 10
Testicular biopsy
normal (occlusion) 1 1
Sertoli ceils only 1 1
tubular insufficiency 1 1
tubular degeneration 1 1

Fig. 2. Cryptorchidism. Seminiferous tubules with normal or decreased diameter and sclerosis

of the tubular wall. Inside the tubules Sertoli cells only and some spermatogonia, spermato-

cytes 1.° and sporadic mitoses. No sperms. Interstitium extensive; Leydig cells increased
(biopsy at age of 42 years). X 240
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Fig. 3. Cryptorchidism. Many seminiferous tubules with decreased diameter and sclerosis
of the tubular wall. Inside the tubules Sertoli cells only and spermatogonia. No spermatogenesis.
Interstitium extensive; Leydig cells increased (biopsy at age of 22 years). X 240

Fig. 4. Cryptorchidism. Seminiferous tubules with decreased diameter and sclerosis of the
tubular wall. Inside the tubuli Sertoli cells only. Interstitium extensive; only some Leydig
cells (biopsy at age of 15 years). X 240
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Fig. 5. Cryptorchidism. Seminiferous tubules with normal diameter, without sclerosis of the
tubular wall. Connective tissue between the tubules.Immature testicular cells inside the tubules.
No Leydig cells (biopsy at age of 13 years). X 240

Fig. 6. Cryptorchidism (pendulum-like testis). Seminiferous tubules with normal diameter,
without sclerosis of the tubular wall. Inside the tubules immature testicular cells. No Leydig
cells. (Biopsy at age of 10 years.) X 240
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ages of 10 years to 42 years. These figures show a relationship between the
age of the patient and the testicular findings with diminished diameter, sole*
rosis of the tubular wall and the lack of any kind of spermatozoa. It seems that
if the testis is located near the abdomen or in the inguinal canal for a longer
period, the tubular wall undergoes a progressive sclerosis; afterwards the
tubuli are dispersed and connective tissue or Leydig cells are found between
the seminiferous tubules. Inside the tubules there are only Sertoli cells or
a poor initial state of spermatogenesis without spermatozoa. In the 5 patients
with a histologically normal testicle surgery had been performed for bilateral
descensus (Table VIII) or unilateral (Table VI) or bilateral hernia (Table VII).

We do not intend to discuss the incidence of malignant growth of the
undescended testicle. In contrast to Thurzé and Pinter, Hausfeld and
Schrandt, many authors (Oberniedermayr and Maier; Ostrowski;
Carroll; Bierich) found no significance in the malignancy of cryptorchid
testes. In our opinion surgical removal of the testis should not be done
as we found no malignancy of the cryptorchid testis in our patients. In spite
of this, cryptorchidism may he a common symptom of several embryologie
abnormities, which may differ just in the possibility of tumour development
(Thurzé and Pinter).

Conclusions

In 2 of our groups (1 and 4) there were less than 10 cases; therefore
statistical conclusions cannot be drawn.

In all groups the disturbance of fertility amounted to 60 to 80 per cent;
anormospermia was found in 20 to 40 per cent only (Table VIII). If both testes

Table VIII

Synopsis of fertility-disturbances
(264 cases)

Diagnosis Cases diFsiLrltrik!Ltr{(-:e Inf((;lile
) 9
Delayed spontaneous descensus 5 80 80
Hormonal treatment (HCG) 21 82.6 47.2
Cryptorchidism (one-sided) 23 76.5 54.0
Cryptorchidism (bilateral) 9 100 100
Surgery for undescended testis (unilateral) 18 65.2 37.5
Surgery for undescended testis (bilateral) 35 96.9 84.4
Retained testicle (bilateral) 17 31.25 18.75
Surgery for inguinal hernia 100 62.13 28.53
Surgery for inguinal hernia (bilateral) 36 77 47
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were retained, the incidence of fertility disturbance was 15 to 30 per cent
more than in unilateral cases. In our material, hormone treatment, surgery,
or the expectance of spontaneous descensus had all the same therapeutical
effect. The incidence of absolute infertility was the same in all groups. The
high percentage of fertility disturbances in cases with herniotomy in early
childhood demonstrates the danger ofthis kind of surgery. We believe, however,
that in many ofthese cases a combination of herniotomy and descensus or a pure
descensus surgery may help. The group “retained testes” was added as control.
Here the incidence of fertility disturbance was about 30 per cent, with absolute
infertility in about 18 per cent. The testicles descended at the right time,
and then no abnormalities could be demonstrated. The 60—70 per cent incid-
ence of fertility disturbance in cases with unilateral cryptorchidism or unila-
teral herniotomy may prove our theory that in these cases there is a primary
maldevelopment of both testicles.

REFERENCES

Bierich, J. R.: Die Behandlung des Hodenhochstandes aus der Sicht des Péadiaters. In:
Neue Ergebnisse der Andrologie, ed. C. Schirren. Springer, Berlin 1965.

Carroll, W. A.: J. Urol. (Baltimore) 61, 396 (1949).

Charny, C. W., Woigin, W-: Cryptorchidism. Cassel, London 1957.

Gilbert, J. B., Hamilton, J. B.: Surg. Gynec. Obstet. 71, 731 (1940).

Gross, R. E., Jewett, T. C.: J. Amer. med. Ass. 160, 634 (1956).

Hand, J. R.: J. Urol. (Baltimore) 77, 471 (1957).

Hausfeld, K. F., Schrandt, D.: J. Urol. (Baltimore) 94, 69 (1965).

Hecker, W. Ch., Braren, F.: Arztl. Wschr. 13, 83 (1958).

Hinman, F., Benteen, F. H.: J. Urol. 35, 378 (1936).

Maier, W. A.: Therapiewoche 14, 579 (1964).

Maier, W. A.: Tagl. Prax. 6, 246 (1965).

Oberniedermayr, A., Maier, W. A.: Z. Kinderchir. 1, 97 (1964).

Ostrowski, L.: Zbl. Chir. 84, 1327 (1959).

Schirren, C.: Fertilitdtsstorungen beim Manne. Diagnostik, Biochemie des Spermaplasmas,
Hormontherapie. Enke, Stuttgart 1961.

Scorer, C. G.: Brit. J. Urol. 27, 374 (1955).

Sohval, A. R.: J. Urol. (Baltimore) 75, 285 (1956).

Thurzo, R., Pinter, J.: Urol. int. (Basel) 11, 216 (1961).

W eyeneth, R.: Méd. et Hyg. (Geneve) 15, 140 (1957).

Priv. Doz. Dr. med. C. Schirren 2 Hamburg 20, Univ. Hautklinik, BRD.

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



Acta Medica Academiae Scientiarum Hungaricae Tomus 22 (2), pp. 173—182 (1966)
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SEVERE HAEMORRHAGE
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Oligaemic shock has been induced in dogs by bleeding to a systemic blood pressure
of 50 mm Hg maintained for 90 minutes, then the whole blood was retransfused.

1. Of the animals bled under chloralose anaesthesia a greater number survived
the immediate (48 hour) effects of injury than of the non-anaesthetized animals.

2. Six out of 16 animals surviving the first 48 hours succumbed to acute renal
failure between the 2nd and 8th days. By a suitable adjustment of blood loss it isthus
possible to induce acute renal failure in the dog. Ten animals surviving the first 14
days may be regarded as definite survivors.

3. On the evidence of acute experiments carried out within the first 30 hours
after blood loss or 14 days later, respectively, RBF decreased parallel with a rise in renal
resistance and a considerable reduction of GFR and Epg” in the first days after injury,
while on the 14th day no impairment of renal function was demonstrable.

4. The correlation of renal 02 consumption to RBF and to tubular sodium
reabsorption was comparable in the control and the bled animals.

The outcome of injury, haemorrhage or surgical intervention is variable
in the human subject. Immediate death or, conversely, complete recovery may
ensue, or, as a further possibility, the syndrome of shock-kidney may develop,
making its appearance in the first days after injury with the full-blown picture
of acute renal failure and often leading to death through an oligo-anuric and
azotaemic phase, in a few days or weeks. In contrast, the laboratory animal
either succumbs to, or recovers from, the injury. It has not as yet been possible
to induce acute renal failure by bleeding or injury in animal experiments.
Phillips, Dole, Hamilton, Emerson, Archibald and Van Slyke [14]
ascribed this to two possible factors, (i) a slighter sensitivity of the animal
kidney; (ii) and/or a higher sensitivity of the animal organism to injuries to
which it is, for this very reason, bound to succumb before renal failure ensues
(Smith [20]).

As we have reported in several papers in the course of recent years,
we were able to induce acute renal failure in dogs by temporary clamping of
the renal artery. W ith certain restrictions this may serve as a model experiment
for acute renal failure in man. It emerged from these studies that, the duration
of renal ischaemia being equal, the functional and structural changes are less
marked if (i) the intervention is carried out under deep anaesthesia and (ii) if
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surgical or pharmacological denervation of the ischaemic kidney has been
carried out (Balint, Fekete and Taraba [4,5]; Balint, Chatel, Fekete
and Forgacs [2]). The “protective” influence of general anaesthesia on pcst-
ischaemic renal failure has been demonstrated by Sheenhan and Davis as
well [19].

The present experiments were designed to clear the questions, (i) whether
general anaesthesia had any influence on the mortality of dogs after bleeding;
and (ii) whether it is possible to induce renal failure in anaesthetized and non-
anaesthetized dogs by bleeding.

The dogs were bled by the standard method of Wiggers and Werle [24].
The point of this procedure is to maintain arterial blood pressure on a given
level of hypotension through a given period by removing and returning suitable
amounts of blood. According to Wiggers et al. [23] when blood pressure has
been maintained in dogs at 50 mm Hg for 90 minutes and at 30 mm Hg for
further 45 minutes, 100 per cent of the animals die in irreversible shock within
a few hours after reinfusion of the whole blood. “Standard injury” was con-
sidered a systemic hypotension of 50 mmHg maintained for 90 minutes, after
which period the whole amount of blood withdrawn was returned by the arterial
route. The animals were then kept under observation for a period of 14 days,
or until spontaneous death ensued. In the course of the investigations, the
parameters of renal function were determined in acute experiments (referred
to below).

Methods

Forty-six mongrel dogs of both sexes were used. In the first group (24 animals) deep
anaesthesia was induced by the intravenous injection of 0.10 g/kg of chloralose (anaesthetized
group), while in the second group (22 animals) bilateral inguinal procaine anaesthesia was
carried out (unanaesthetized group). The femoral artery was exposed on both sides in each
animal for the purposes of bleeding and reinfusion, as well as of blood sampling and blood
pressure reading.

The animals were bled from the femoral artery into a heparinized container at a rate
of 50 mIl/min. until the arterial blood pressure had fallen to about 50 mm Hg. In some animals
the initial withdrawal was sufficient to maintain arterial pressure on the desired level for
90 minutes, while in others a spontaneous rise of blood pressure made further bleeding neces-
sary. The volume of total blood loss per kg bodyweightis referred to as “total bleeding volume™.

At 90 minutes the whole bleeding volume was returned and the wound was closed.
In some of the animals, a falling tendency of systemic blood pressure after the initial bleeding
required partial return of blood before the term of 90 minutes.

NPN was determined in each dog every second day until the 14th day or spontaneous
death (Cleghorn and Jendrassik [10]).

An acute experiment was carried out in 21 cases on a day of arbitrary choice. The tech-
niques applied have been described in detail (Balint, Fekete, and Taraba [5]). The para-
meters determined were, arterial blood pressure (mm Hg), cardiac output (1/min/m2 body
surface); renal blood flow (RBF; ml/min/100 g kidney); glomerular filtration rate (GFR;
ml/min/IOO g kidney); extraction ratio of PAH; arterio-venous 0 2-difference, and the corre-
sponding 02-consumption by the kidneys. Total peripheral resistance (TPR per kg body weight),
renal resistance (Rren per kg kidney weight), and renal fraction of cardiac output (RF in
per cent) were calculated from the corresponding data. Statistical evaluation was carried out
by the usual procedures (Fisher [11]).
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Results

Table | shows the mortality of 34 dogs subjected to haemorrhage.
Eighteen animals (53 per cent) succumbed the very day of bleeding or next
day, with irreversible oligaemic shock. (The 12 animals sacrificed in acute
experiments within the first 48 post-bleeding hours were not evaluated from
the aspect of mortality.)

Table 1

Mortality of dogs after bleeding

Died Died on

on the Survived
Bleeding day of the
bliiegd- 1st day 2nd day 3rd day 6th day 8th day L4th day
Under chloralose anaesthesia
(18 dogs) | 4 1 (130) 1(188) 1 (216) 1 (220) 7
1 (152) 1(270)
In the unanaesthetized state
(16 dogs) 5 8 — — 3

Figures in brackets show NPN values in mg per 100 ml.

It emerges from the comparison of mortality in the “anaesthetized”
and “unanaesthetized” groups that 13 ofthe 16 non-anaesthetized animals died
as against 5 of the 18 anaesthetized animals. By the aid of the ~2-test which
showed a highly significant difference (P < 0.001), the protection conferred
by general anaesthesia on the animals against irreversible shock has been
established beyond any doubt.

The three animals of the unanaesthetized group surviving the first
48 hours survived the 14th day as well. In the anaesthetized group, however,
13 animals survived the first 48 hours, but only 7 of them were alive on the
14th day, 5 died between the 2nd and 8th days; one animal showed excessive
azotaemia on the third day when it was subjected to the acute experiment.

Fig. 1 shows the NPN values observed in the experiments evaluable
from the aspect of spontaneous death rate. In the animals which died within
the first 48 postliaemorrhagic hours, NPN did not exceed 100 mg per 100 ml,
and in those which were alive on the 14th day, NPN remained in the normal
range. In one of the surviving animals, transient azotaemia developed, reaching
its peak of 224 mg per 100 ml on the 6th day and persisting at about 60 mg
per 100 ml on the 14th day.

Six animals in the anaesthetized group died with acute renal failure
between the 2nd and 8th days. (This group includes an animal sacrificed for
the purpose of an acute experiment on the 3rd day, with a NPN level of 188 mg
per 100 ml.) The kidneys of these animals displayed extensive necrotic areas
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N = anaesthetized group
s.N.= non-anaesthetized group

involving the renal cortex to a variable extent. No serious changes were
detectable in the kidneys of the animals which died in the first 48 hours or
survived (including those used in acute experiments).

Total blood loss in the anaesthetized group was 50.0 Jk 2.3 ml per kg,
in the unanaesthetized group, 36.5 £ 1.9 ml per kg; the difference was signif-
icant (P <0 .001). In other words, in the conscious group considerably less blood
had to be withdrawn to decrease blood pressure to 50 mm Hg and maintain
it there than in the anaesthetized group. On the other hand, within the two
groups there was no difference in bleeding volume between surviving animals
and those which died in shock, or between the animals which died of renal
failure and the other animals of the anaesthetized group.

The acute experiments are presented and evaluated in two separate
groups. Table Il shows data obtained immediately after bleeding and on the
next day (including those of the animal sacrificed on the 3rd day after bleed-
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Table 11

Circulatory and renal functions in the first days after bleeding

Systemic Cardiac

blood RBF R RF GFR v
No. pressure  Output  TPR i ren % mimin  mUmin  EPAH
mm Hg
Bleeding under chloralose anaesthesia
Experiment one hour after retransfusion
74/63 108 1.85 51.9 240 2.68 16.5 21 0.79 0.39
75/63 110 3.19 47.8 340 1.92 12.2 31 0.53 0.68
12/64 90 1.33 117.0 94 5.90 12.3 0 0 0.20
Experiment one day after bleeding
21/64 99 5.26 23.3 285 2.10 10.2 41 0.47 0.77
56/64 80 3.04 38.8 319 151 13.7 23 0.11 0.65
57164 103 3.92 37.7 579 1.07 17.3 42 0.89 0.89
Experiment three days after bleeding
28/64 75 3.31 29.2 264 1.70 12.9 7 0.15 0.05
Bleeding in the unanaesthetized state
Experiment one hour after retransfusion
73/63 98 2.44 53.1 284 2.07 131 0 0 0.17
15/64 79 3.17 36.2 154 3.08 7.8 10 0.04 0.29
Experiment one day after bleeding
17/64 95 3.23 40.0 185 2.28 8.1 30 0.25 0.66
22/64 119 2.33 69.1 262 2.72 16.8 5 0.21 0.66
37/64 90 1.97 133.0 247 2.28 175 6 0.11 0.17
X 94 2.88 48.7 266 2.50 13.3 19 0.30 0.45
Sx +4 +0.32 +4.6 %35 +0.34 +1.0 +5 +0.08 £0.08
Control
X 122 3.97 66.2 467 1.69 14.8 59 0.95 0.68
(146)
X +2(6) +0.39 +5.5 +11 +0.05 +1.1 +3 +0.11 +0.01

ing). As compared with the controls, the difference in relation to RBF, GFR
and E PAH was significant. In the bled animals, the average figures for RBF
were 57 per cent, for GFR 32 per cent, for EPAH 66 per cent, of the correspond-
ing mean control values. (The latter are reproduced from the papers of Batint
and Forgacs [7] and Balint and Chatel [1].)

Table Il shows results found in the surviving animals on the 14th day
after bleeding. Comparing the mean values to the controls, none ofthem showed
any significant difference.
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Table 111

Circulatory and renal functions in dogs surviving the 14th day after bleeding

S{)Slgzomdic Cardiac RBF RF GFR v
No. '&rﬁfsﬂé Olt;r‘npil;t TPR mi/min Eren % mi/min  mi/min  ePAH
Bleeding under chloralose anaesthesia
81/63 121 4.80 35.3 473 1.59 11.3 34 0.54 0.86
4/64 99 1.92 74.6 177 3.38 13.4 18 0.19 0.52
10/64 117 2.68 59.2 535 1.31 21.0 39 0.84 0.75
48/64 106 3.98 335 558 1.14 18.3 34 0.44 0.39
49/64 103 3.58 34.6 416 1.53 12.6 32 0.23 0.67
54/64 123 2.69 63.3 415 1.78 14.8 50 0.38 0.68
55/64 123 2.15 71.3 336 2.20 18.6 48 0.25 0.78
Bleeding in the unanaesthetized state
3/64 103 — - 247 2.49 — 45 121 0.67
5/64 125 2.27 73.7 470 1.61 24.2 51 1.54 0.79
X 114 3.00 50.6 403 1.92 17.0 49 0.63 0.66
si +2 +0.36 +3.6 *45 +0.21 +1.7 +4 +0.16 +0.05
Control
X 122 3.97 66.2 467 1.69 14.8 59 0.95 0.68
(146)
Si +2 +0.39 55 11 +0.05 +1.1 +3 +0.11 +0.01

Fig. 2 shows the relationships between renal 02consumption, RBF and
Na-reabsorption in the acute experiments. The data shown in Tables Il and 111
figure separately (circles and dots) but in plotting the line of regression the
totality of data has been taken into account. The line of regression derived
from the control experiments (continuous line) shows no deviation from the
corresponding relationships demonstrable in the animals after bleeding. On the
basis of this evidence, bleeding did not affect renal basal and suprabasal 02
consumption (Balint and Forgacs [6]).

Discussion

According to Wiggers [23] the procedure of bleeding used in the present
study (50 mm Hg blood pressure for 90 minutes) carries a mortality of around
40 per cent. Similar figures were recorded in our material, where 53 per cent
of the dogs died in the first 24—30 hours after retransfusion of blood. The
standard procedure includes barbital, amytal or chloralose anaesthesia (Werle,
Cosby and Wiggers [22]).
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Fig. 2. Renal 02consumption correlated to tubular sodium reabsorption (upper figure), and
renal blood flow (lower figure)

Circles: values obtained in the first days after bleeding (data of Table II)
Dots: values obtained in surviving dogs (data of Table II1)

Broken line: line of regression in test group

Continuous line: line of regression in control group

In the present material, mortality of the animals bled under anaesthesia
was significantly lower than of those bled in the unanaesthetized state.
According to Wiggers, Ingraham and Dille [25], their standard bleeding
method is associated with a lower mortality and a less severe condition of the
animals when carried out under barbiturate anaesthesia instead of local
anaesthesia, i.e. in the conscious state. This is at variance with the results of
Ingraham, Goldberg, Roemhild and Wiggers [12] who found no difference
in mortality of dogs bled in the unanaesthetized state or under pentobarbital
anaesthesia. According to Walcott [21], it requires slightly larger bleeding-
volumes to induce shock in the non-anaesthetized dog.

According to our data, total bleeding volume is greater in the anaesthe-
tized than in the non-anaesthetized animal. In other words, mortality in the
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anaesthetized group is lower in spite of the greater bleeding volume. Since we
have no reason to suppose that there has been any difference in total blood
volume in the two groups prior to bleeding, it necessarily follows that the total
blood volume left after bleeding must have been considerably less in the anaes-
thetized group. It is therefore obvious that the mechanism maintaining blood
pressure were better adapted in this group, since it required a considerably
greater blood loss to maintain systemic blood pressure at 50 mm Hg. Con-
sequently, the greater bleeding volume is not inconsistent with the lower
mortality; on the contrary, it is a sign of a better adaptation enabling the cir-
culation to cope with a greater blood loss.

To bridge over the seeming discrepancy between the present findings
and other reports, we must assume that chloralose affords more protection
against shock than the barbiturates used by Wiggers et al.

In opposition to the current view we have been able to show that the
consequences of bleeding may be the same in the laboratory animal as in man.
Some animals die in irreversible shock released by the injury, some survive
without further harm, and there are animals which survive the injury but
develop acute renal failure in the course of the first days. Out of 16 animals
(from the anaesthetized and unanaesthetized groups) surviving the blood loss,
5 died in uraemia, one further animal sacrificed on the 3rd day in an acute
experiment would also have probably died, and one animal in the unanaesthe-
tized group recovered after transient severe azotaemia. Out of the 13 anaesthe-
tized dogs surviving the immediate consequences of injury, 6 developed renal
failure, inevitably fatal in 5 animals and presumably so in one. In one animal
of the 3 unanaesthetized survivors, transitory severe azotaemia was demon-
strable.

It is obvious on these grounds that the immediate life-saving effect of
chloralose anaesthesia provides a greater number of animals with the chance
of developing acute renal failure, though the present material was too small
to decide conclusively whether among the actual survivors, those of the anaes-
thetized or of the non-anaesthetized group would be affected in a greater
number with acute renal failure.

Table Il shows blood pressure, cardiac output and renal functions in the
course of the acute experiment in the first 24 hours after retransfusion (with
the exception of animal No. 28/64, where the experiment took place on the
3rd day following haemorrhage). In agreement with other authors, a reduction
of systemic blood pressure, cardiac output and RBF was demonstrable along
with an increase in renal resistance. The reduction of cardiac output is com-
parable with that of RBF, as reflected numerically by the absence of any signif-
icant change in the renal fraction of cardiac output (Selkurt [15], Balint,
Fekete and Sturcz [3], Balint, Kiss and Sturcz [9], Balint, Forgacs and
Parasti [8], etc.). The GFR is considerably reduced, or, to express it in the
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current terms, the filtration fraction decreases, presumably in consequence of
constriction of the afferent arterioles. The decrease in EPaH is indicative of
impaired tubular function owing to bleeding.

The data for circulation and renal functions on the 14th day of survival
(Table I11) showed no significant deviation from the control values. A survival
of 14 days thus allows full restoration of the circulatory and renal functions.

K ramer [13] who also failed to find data concerning post-haemorrhagic
or post-traumatic renal failure in dogs which would correspond to the human
type, carried out acute experiments in the first five hours after retransfusion
and observed an increased renal resistance, an extreme reduction of GFR,
and a distinct impairment of the concentrating capacity as shown by the low
osmolarity ratio of urine and plasma (Uosm/Posm). Selkurt [16, 17] as well
as Selkurt and Elpers [18] were able to confirm these findings. As shown
in Tables Il and Ill, the average value for Uosm/Posm found in the present
studies was 1.54, which, however, does not significantly differs from the cor-
responding figures of similarly treated normal dogs. The massive fluid infusions
involved by the experiments seem to interfere with a true assessment of con-
centrating capacity.
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ACTA MEDICA
TOM XXIlI — BblM. 2

PE3KOME

MOBEAEHME CbIBOPOTOYHbLIX TNIMONAOB N CbIBOPOTOUYHbLIX Y COBAK,
nonyymeLMX METWALUE/TIFONO3Y N SHOOTOKCUH, A TAKXE Y
BOJIbHbIX ANCMNPOTEMHEMMEN

L. BEHKE, /1. BAPTA, M. YAHAAW, ®. AYPCT, T. TUBONAWN n A. MEAABELWIN

B Npofo/mKeHNN CBOMX MPEXHUX Pa6oT aBTOPbl M3y4ann Ha cobakax AeiicTBUe MeTW/-
LeNI0103bl Y GaKTepMasbHOro 3HAOTOKCMHA /IMNONONMCAXapWAHOTo XapaKTepa. YCTaHoB/EHO,
yTo 06a BELUECTBA BbI3bIBAIOT, KaK NpW M30/IMPOBAHHONM, TaK U MPU COBMECTHOI fade, MOHOLM-
TO3, W, MOMMMO 9TOr0, 3HAOTOKCUH OKasbIBaeT Take aHemusmpytollee AeiicTBue. fadva ouu-
LLEHHOr0 3HAOTOKCKMHA He MOHMXKAeT BOCMANeHUst COCYA0B WM 4ucia rpaHysoB B fIerkux, Bbi3-
BaHHbIX Aaueii METWU/ILENION03bl, KaK 3T0 Hab6/tofanock B MPEXHUX 3KCMepuMeHTax aBTopoB
B C/lydae fauv unbTpaTa 6aKkTepuanibHoOi KynbTypbl E. coli. SHAOTOKCUMH He Bbi3blBasl BO
BHYTPEHHMX OpraHax rMCTOMOrMYecKM [0KasyeMbIX W3MeHeHWiA. MeTuiuenntonosa Hakomnas-
nacb B 3nemMeHTax P3C neyeHW W, rnaBHbIM 06pas3oM, CeneseHKM, a B Ky6ouKax Moyek oHa
oTNaranacb B BUe LLIAPOBUAHBLIX Macc. B MOYKax XMBOTHbIX, MOAYUMBLUMX METWULENI03Y
N 3HAO0TOKCUH COBMECTHO, HAKOMJIEHMe METWU/LEN0N03bl BbI10 3HAUMTENbHO MeHblLMM. Ofa
BELLECTBA BbI3blBa/Ii NOAO6HbIE (IU3NKO-XUMUUECKNE U3MEHEHUS (DPaKLMIA CbIBOPOTOUHBIX MpO-
TEMHOB W /IMMNONPOTENHOB. ocne OHOBPEMEHHOM faumn IBYX BELLECTB KO/IMUECTBEHHbIE OTK/IO0-
HEHMS1 CbIBOPOTOUHbIX GE/IKOB U NIMMONPOTEMHOB YMeHbLUMAUCL. B ciyyae 60n1e3Heid, conpsi-
YKEHHbIX AUCnpoTenmHeMueli y 15 13 26 6oMbHbIX Habnloganack XxapakTepHas aHOMasnus nMno-
npoTenrHoB. Ha GyMaXkHbIX 3/1eKTpodoperpaMmax aTo BUAHO U3 NOSIB/IEHUS] TPEX MPOTEMHOBbIX
(hpakumii, a Ha UMMYHHO3/IEKTpooperpaMmMax — M3 pacn/ibIBUATOCTV MOMOChI NPELUNUTALLAN.

JENCTBWE CUCTONbI MPEACEPANNA HA YOAPHbIA OBBbEM
A. HACNAOW n 4. TOTT3ETEH

ABTOpbI 1ccnefoBann y 12 60NbHbIX O M NOC/e CMHYCOBOMO PUTMa, BOCCTAHOB/EHHOMO
3/IEKTPOKapANOBEPCHEN, U3MEHEHWS MUHYTHOIO 06beMa M CUCTONMYecKoro ob6bema. [locne
BOCCTAHOB/IEHVUA CMHYCOBOr0 puUTMa 06a nokasaTens 3HauuMTeSlbHO HapacTasin, CUCTOSIMYECKUIA
06beM B cpefjHeM Ha 28%. Y pasibHedwmnx 6 60MbHbIX, Y KOTOPbIX 3N1eKTPOKapAnoBepcuen He
yfanocb BOCCTAHOBUTb CUHYCOBbIA PUTM, He 6blN0 OTMEYEHO HapacTaHUs MWHYTHOro o6bema
N CUCTONIMYECKOro 06bema.

POJIb ®YHKLMOHAJIbHBIX ®AKTOPOB W CMELUANBbHBIX 3AMbBIKATE/IbHbIX
ATMMAPATOB KPOBAHOCHbLIX COCYJOB B BO3HUKHOBEHUW WH®APKTA
CEPALIA

M. BAPAT, f. BEPELWI n M. YEPTEMN

ABTOpPbI BbISBAMN B PA3BETB/IEHUSIX /IEBOI BEHEUHO apTepun MOAYLLIKOOo6pasHble Kiie-
TOYHble 06pasoBaHNsA, MPOHMKaloLWMe B MPOCBET cocyaa. OHM HarnoMuHaloT o6pasoBaHusl, 06-
Hapy>KeHHble BapaToM M COTPYAHWKAMU B COCYAaX CTEHKW XKE/YHOro nysbipsi B C/lyyae Xpo-
HMWUYECKOr0 XOMIeUMUCTMTa, a TaKXe NodyLiKoo6pasHble 3anmpaTte/ibHble annaparbl, BbisSBEHHbIE
B KYCKax COCY/]0B C/IM3UCTOM Hoca, B3SITbIX Y YesioBeKa in vivo. 3T 3anupaTesibHble annaparbl
MOTyT — MNyTeM WM3MEeHEHWsi CBOMX PasMepoB, MOT/IOLLEHNS BOAbl U COMei — OKasaTb 3HauM-
TeNbHOE BANSIHME HA YC/I0BUS KPOBOOGPALLEHUS B TEPMUHAILHOM COCYAUCTOl cucTeme. B BO3-
HVWKHOBEHUW WH(hapKTa Cepaua, Nnpyv KOTOPOM Hefb3sl BbISIBUTL MOPGONOrMUECKUX U3MEHEHNIA



KOPOHapHbIX COCYA0B, MO-BUAUMOMY, YYacTBYIOT NaTONOrMYecKme HapyLueHWUs (YHKLUKU 3TUX
o6pa3zoBaHunii. OHWM MOryT €034aTb WLLEMMWIO, aHOKCEMMIO, NMPUBOAUTHL K BO3HUKHOBEHWIO WH-
(hapKTa, COMPSHKEHHOr0 KPOBOTEYEHWEM, U OHM BbI3bIBAOT MO3XKe pa3BUTVE PUOBPOCKIEPOTU-
YecKMx o4aroB. [MaTonornyeckoe HapylleHWe (PYHKLMM MOXET BO3HWKHYTb B CW/Y HEHOp-
MasibHbIX peieKcoB, BO3AEACTBMA CO CTOPOHbI BEreTaTMBHOMW HEPBHOW CUCTEMbI, PaccTPOMCTB
nUTaHus, JeNCTBUIA, cTpecca Ype3MepHOro AeiicTBus katexonamuHa. OcTpblli MHAPKT MOXET
06ycnaBnMBaTbCs YAapoOM 3/1IEKTPUYECKOr0 TOKa, NPV NepeHanpshKeHWu, 3MuaenTUYeCKOM
npucTyne, oxorax u T. 4. CornacHo aBTopamM naTosiormyeckme yHKLMOHa/IbHbIE paccTpoiicTBa
TaK HasblBaeMbIxX 3anvpaTe/ibHbIX annapaTtoB MrpaloT BaXKHYH pofib B BO3HWKHOBEHUU WH-

thapkTa cepgua.

MNCCNIEAOBAHNA CTAPUECKOWN 3M®UIEMbI JIEFKUNX
N. XAPAHI'M, K. CEMEHEM, E. ®IOPEAWN, K. TEHHEP, E. KOYAP
n XK. CABO

CTapuyeckyto aMu3eMy Nerkux creiyeT paccMaTpuBaTb Kak (hM3MONormyeckoe siene-
HUe, BbI3BAHHOE CTAPEHNEM 31aCTUUECKUX BOSIOKOH M PasMHOXEHMEM aprmpodu/ibHbIX U Kona-
FeHHbIX BOJIOKOH.

M3MEHEHUA ATPUOBEHTPUKY/IAPHON MPOBOAVIMOCTU MOC/IE
TPEMETAHWA MPEACEPANIA

Nn. KAAIMAH, N. AbAP®ALL n A. TOTT3ErEH

HenocpeAcTBEHHO Moc/e NpeKpalleHus TpeneTaHUs Mpeacepauii Ha aneKTpoKapamo-
rpamme npubnnauTenbHO B 40% CcydaeB 0GHApYXXMBaeTCA YA/MHEHHOe BPeMSt aTPUOBEHTPU-
KynsipHOi npoBoaumocT. B npeo6nagatolieM 60/bLIMHCTBE CNy4YaeB BpeMsi MPOBOAUMOCTU B
npegenax AByX Hegenb HopmanuayeTcs. ocnie NMapoKCU3MasibHOro TpeneTaHus npeacepauii
yKasaHHoe YA/IMHEeHVe BPeMeHV Nepedayn VMMynbCOB Hab/oaaeTcs PeAko, a y UL, ¢ UHTaKT-
HbIM CEpPALEM HUKOTa He BCTPeYaeTCs. Y XMUBOTHLIX — MyTeM 3KCMepUMEHTa/IbHOTO CO3AaHNsA
KpaTKOBPEMEHHOIO TpeneTaHUs npeacepanii — yanMHeHUsl BpeMeHW NpPoBOAMMOCTU MOYy4YnThb
He ypanocb. lpexofsilee TOPMOXEeHWE MPOBOAMMOCTM, HENpeMeHHbI (hakTop TpeneTaHus
npejacepAvii, HabnogaeTca nocne NPeKpalieHns nocreaHero Toraa, ecnM cuctema MNpoBOAM-
MOCTU MpeTeprneBaeT BCMEACTBME 6O/bLUOIA YACTOTbI MMMY/LCOB, MPOAOKAIOWEACS B TeueHue
ANUTENBHOTO BPeMeHW, — KaK MpaBu/io 06paTvMoe — HapyLueHue.

WCCNELOBAHVE AENCTBUA AHABOJIMYECKMX TOPMOHOB HA
ANbBYMWHOBbLIN N TNOBY/TNHOBbLIN OBMEH Y MWL, MPEK/NIOHHOIO
BO3PACTA

. KOYAP, W. BUPAI, M. BAWW n /1. A4

Mpu wnccnegoBaHWM AeliCTBUS MNpenapaToB aHaG0/IMYeCKUX FOPMOHOB Y /UL, MPEK/IOH-
HOro BO3pacTa 0ObUI0 YCTAHOB/IEHO:

1. MpenapaTbl aHabonn4yeckux ropMoHoB (Hepo6on n Hepobonun) CTUMynupyoT Bbl-
paboTKy anbbyMuMHa M rnobynuHa, BbIPXKEHHYHD B MI/Kr/AeHb.

2. Ha ocHoBaHWM pe3ynbTaToB MNPSIMOro McCrefoBaHWs 06MeHa BeLLeCTB NMpW MOMOLLM
MEeTMOHMHA, MeyeHoro S3 aHa6o/MYecKMe ropMoHbl OKasblBalOT CBOe [eicTBME B aHabonmue-
CKOW (hase CUHTe3a 6GenKoB.

3. AHabonuyeckve ropmMoHbl MOBLILIAKT MPOLEHTHOE KOMMYECTBO asibbyMuHa U rnoby-
NINHA BO BHEK/IETOUHOM MPOCTPAHCTBe, 4TO, MOBUAMMOMY, AOKa3blBaeT MOBbILLEHHOE Mepeme-
LLleHMe B HanpaBfieHWe TKaHel.

4. AHabonMyecKre ropMOHbI MOTYT BbI3BaTh eLlle 60/1ee TOHKNE U3MEHEHUS, KaK Hamnpu-
Mep, MOBbILLEHME 3M1EKTPOOPETUHECKOTO MEPeMELLIEHUSI HEKOTOPbIX 6eNKOoBbIX (paKLUuii.



MCCNEQOBAHNE XMMUM3MA KPOBW MPUN HEAOCTATOYHOCTU MOYEK
. YAMO, . HEPTELWI u N. BYOAU

1 ABTOpbl pa3paboTain OKCUMETPUYUECKWIA METOA ANs  OMpefesieHnUsi OpraHMyecKux
BELLECTB B KPOBU 32 MCKJ/IHOYEHMEM 6e/KOB, Yr/eBOA0OB 1M Kapbamuga.

2. OHM BO Bcex Cry4asix Onpefensiniv B Nna3Me COfepXXaHWe HaTpusi, Kanus, cTaHaapT-
Horo 6rkap6oHaTa 1 Xx/10pa, a B CbIBOPOTKE COfepXKaHWe OKMUCSIeMOro OCTaTKa M 0CTaTOYHOro
asoTta. Hambonbluee 3HayeHVEe NPUMNUCHIBAETCS COOTHOLLEHMIO MEXAY Ka/Mem, O0CTaTOYHbIM
a30TOM W OKMC/SIEMbIM OCTaTKOM.

3. Mpy XpoHMYecKOM HedpuTe cofepkaHne GukapboHaTa B 06LLUEM MOHMUXAeTCs, HO B
BUJE WCK/THOYEHUSI OHO MOXET ObITb TaKXe HopMasibHbIM. CofepXKaHue Kanns, KakK Mpasuo,
MOBbILLAETCS, TOYHO TaK XXe KaK U OKUC/SeMbIi 0CTAaTOK, BMeCTe C OCTaTOYHbIM a30ToM. Bob-
LWas YacTb OKUC/ISIEMOr0 OCTaTKa, SIBMASICb OPraHWYeckoli KUCNOTOM, y4acTBYeT B MOHUXEHUU
KonnyecTBa 6vkapboHaTa.

4. B cny4yae NOpaXeHUs1 KaHasbLeB, BO3HMKAIOLLEFO B CBSI3W C 06CTPYKLMOHHOM Xen-
TYXO WU renaTuToM, COfepXKaHWe Kaiusi OCTaeTcs HOpMa/lbHbIM [0 TeX Mop, Nnoka He MosiB-
nsieTcA KpaliHe cunibHasi onmrypus. OCTaTOUHbIA a30T M OKWUCNSIEMbI/i OCTaTOK 3HAYMTENbHO
HapacTalT JaXe B Clyyae BbIPaXEHHOW Monnypuu.

5. Mpy MopaxeHWW KaHa/bLEB B CBA3M C CEMTUKO-TOKCUYECKUMW ClyyasiMy KapTuHa
KpOBM MnofobHa KapTuHe, HabnofaeMoil Mpu 06CTPYKUMOHHOM XXeNnTyxe U renatuTe.

6. B OTHOLLUEHMM OCTATOYHOrO a3oTa W OKMC/ISIeMOro ocTaTKa He BO BCEX C/lyyasix Ha-
6nogaeTcs napannesibHble M3MEHEHUSI.

7. Mpy rvnokaneMnYeckoid HeAOCTATOYHOCTM MOYEK MOXET pasBMBATbCS TshKeNbll
X/10pauunio3, oCTaTouHbIA a30T CU/IbHO MOBLILLAETCS, OfHAKO, BE/IMYMHA OKWUC/ISEMOro ocTaTka
0CTaeTCsl HOpMasIbHOMA.

OYHKUMNA TUMOPN3A N KOPbl HAAMOYEYHWKOB MOCJE A/TINTEJ/IbHOIO
NEYEHNA MPEAHN30/IOHOM

3. FOT, . TEPTEHbU, . ®EBEHbBU 1 3. CAHTO

Mpu nomowy Npo6bl AKTIT 1 MeTONMPOHOM MccnefoBanacb GyHKUMS rmnogmsa 1 Kopbl
HafnovyeyHKoB y 40 60/1bHbIX C PeBMATOMAHbIM apTPUTOM, NONYUMBLUUX OJNTENbHOE NleYveHne
NpegHN30/10HOM. [locne MHTEPMUTTUPYIOLLErO JleYeHUss MpPefHU30/I0HOM B TeyeHue LUecTn
MECSILLEB PeaKTUBHOCTb HAAMOYEYHUKOB YMEHbLUWIACh WM  Npekpatunace. HopmanbHas
peakums runoumsa Ha gady MeTONMpoHa yXe MOoC/ne sle4eHns cTepougaMy B TeYeHWe roga B
60MbLUNHCTBE C/lyyaeB OTCYTCTBOBasa. [locne npuHATMA obLiero Konuyectsa 3000 Mr npegHu-
30/10Ha HW HaAMOYEeYHUKN HU TUNO(U3 He pearmpoBann Ha yKasaHHble nNpobbl. Mpu AnMTensHoOM
NleYeHUN cTepovpamun B C/lydae CTpecca M nocse cTpecca MO KpaliHeli Mepe B TeveHMe LUeCTU
MecaUeB Heobxoguma npodunakTudeckas fada KOpPTM30HA.

HOBbI METOA AN1A NMPEAOTBPALWEHUS BACKYNAPU3ALMU POrOBULbI
O. UMPE n . BETU

MaHroTeHoBast KUCNOTa W UWUCTEUH, YNydlLalOWMe OKUCIUTENbHBIA 06MeH BeLLEeCTB
pOroBuLpl, 1 YyYacTBYHOLLME B CUHTE3e KO3H3MMa A, NMPensaTCTBYIOT BaCKy/NsipU3aLmny poroBuLbl
KPO/IMKOB, BbI3BaHHOA MOJIOYHOM KWCNOTOM. pheKTnBHEE BCero okasasacb 3%-Has Masb LMC-
TenHa. Mocne HaHeceHWsl 3TOl Ma3u NSiTb pa3 B AeéHb Ha POroBuLEe BO3HWKHOBEHME BaCKynsipu-
3aumy Gbl10 JOCTOBEPHO MEHbLUEE U COCTOSIHUE POrOBULbI Yy4Llanoch ObICTpee, YeM Ha KOHT-
pOJIbHOIA CTOPOHE. B NPOTUBOMOMOXHOCTb TepaneBTUUECKUM MeTofaM, MPUMEHSIBLUMMCSI paHbLLe
[0Ns1 NpefoTBpaLleHnst BacKynsipusaluy poroBuubl, 3TOT CMOCO6 NleveHUsl, KpoMe NpefoTBpa-
LLeHNA BacKy/nsipusaumMm poroBuLbl, CMOCOBCTBYET TakdXKe MnpoLeccaM pereHapaumu.



CMNMEPMATOIPAMMA BOJIbHbIX KPUTNTOPXMN3MOM
L. LWWWPPEH

Mpn nomowy m3nyeckoro ob6cnefoBaHNS Henb3A YCTAHOBWUTb, OTHOCUTCA NN 60/IbHON
C KPUMNTOPXU3MOM K MI040BUTON nnu 6GecrnnogHoi rpynne. MoaTomy Kaxaoro naumeHTta npu-
XOAMTCA NeYnTb Yel0BEYECKUM XOPUOHTOHAZ0TPOPUYECKUM ropmoHoMm (XIT). JleyeHue cne-
LyeT HauMHaTb [0 AOCTUXEHUSA [eCcATWeTHero BO3pacTa, TaK KaK Mnocre 3TOro Cpoka npo-
NCXOAAT HeobpaTUMble N3MeHeHMS (BTOPMYHAs aTpodumsa 3apoAbILeBOro anuTenuns). HekoTopble
aBTOPbl HAYMHAIOT JIeYeHWe TopMOHaMK B NATWNETMEM Bo3pacTe (Maiiep; Xekkep v BappeH).
ABTOpPbI HaCTOSLLEA CTaTbW MPUAEPXNBAKOTCA TOFO MHEHWUS, YTO ONTMMa/IbHbIM CPOKOM SiBNS-
eTca Bo3pacT oT 8 o 10 net. OHWM pekoMeHAyHT faBaTb 1000 go 1500 en. ropmoHa fABa pasa B
Hegento, npu obuiem Konmyectee 12 000 go 15000 eq. Ecnu B pesynbTaTe NepBOro Kypca fede-
HWA He [OCTMraeTcs ONyLLeHWUs AWYeK, TO MO UCTevyeHUM 6—8 Hefenb He06X0AMMO MOBTOPATH
KypC npu npexHen fo3vpoBKe. Ecnv 1 BTOPO Kypc feveHUs ocTaeTcsa 6e3pesynbTaTHbIM, TO
Heme/[/leHHO MOoC/e FOPMOHOTEpanuu cnegyet NPOBECTU (YHUKYNSAPHbIV opxugonus (ObepHu-
fepmainp n Maliep). MNMpoBefeHMe OPXMAONEKCUN He PEKOMEHAYeTCs, TaK KaK Mocfe 3Toro
BMeLlaTeIbCTBA 4acTo HabnofaeTca aTpodums AnYek.

ONTUManbHOro CpoKa MPOBELEHUS TPbDKECEUYEHUS B AeTCKOM BO3pacTe Henb3sA onpefe-
nTb. VIHOrAa CpoK onepauun onpefensieTcs TedeHWeM 60/1e3HN. Y feTeld paHHero Bospacrta o
BO3MOXHOCTW He CfieflyeT MPOBECTU IpPbbKeceyeHue.

MpeponpefennTb TepaneBTUYECKUA 3(eKT He nNpeacTaBNseTCs BO3MOXHbLIM, YA0BIe-
TBOPUTE/IbHbIA KOCMETUYECKMIA pesynbTaT elle He ABNsSeTCA A0oKasaHWeM MaoL0pPOAHOCTW.

ViccnegoBaHns NpoBOAUANCL MPU COTPYAHUYECTBE ¢ AOKTOPOM O. CTeeHo, MeSULNHCKMWI
(hakynbTeT yHuBepcuteTa r. JleBeH, Benbrus.

OEVNCTBUE HAPKO3A HA BbIDKMBAEMOCTb COBAK W ®YHKUMIO NX
MOYEK TINOCJIE OBECKPOBJ/IMBAHWA

N. BAJNHT, A. ®EKETE, N. TAPABA n M. BULLN

ABTOpbI BbI3Ba/IM Y CO6AK MyTEM KPOBOMYCKAHWS ONUFEMUYECKUI LLUOK: Ha MPOTsKe-
Hue 90 MUH apTepuanibHOe AaBfieHWe NOHW3MUMNOCL 40 50 MM PTYTHOrO CT0N6a, MoCne Yero NosHoe
KO/IMYECTBO CHATOM KPOBW PevHYHAMPOBANIOCh. YCTAHOB/EHO, YTO

1. Ecnu npoBecTn KPOBOMYCKaHWe MoA X/10Ppano3HbIM HapKO30M, TO A0/1A >XUBOTHbIX,
He normbéaroLmx OT HermocpPeACTBEHHbIX MOCNEACTBUM TpaBMbl (4O BTOPOro AHS MOCne KpPOBO-
nyckaHusa) 6o0nblle, Yem B c/lyvyae 06eCKpPOBAMBaHUA 6OAPCTBYHOLLNX XUBOTHbIX.

2. LWecTb 13 16 XMBOTHbIX, €Lle XUBLUMX Ha BTOPOW [eHb Mocie 06eCKpPOBUBAHUS,
norn6am Ha 2—8-0i AeHb Nocne TpaBMbl MpY ABEHUAX OCTPOWN HefOCTaTOYHOCTM Moyek. Cne-
[oBaTeNlbHO, COOTBETCTBYHOLLEA A03MPOBKOM 06ECKPOBAMBaHNA MOXHO Y cobaK BbI3BaTb NaTo-
NIOFMYECKMIA NpoLEecC OCTPOW HeAoCTAaTOMHOCTM MoyeK. 10 XXMBOTHBIX XUNW elwe Ha 15-biii
[eHb nocne KpoBOMyCKaHus. OTUX C06aK Mbl CUMTAIM OKOHYATENIbHO BbDKMBLUMMMU.

3. B ogHoit rpynne cobak B npegenax 30 yacoB vam cnycTa 14 fHeid nocne KpoBomny-
CKaHWA aBTOpbl NPOBENV OCTPbIA OMbIT. OHW YCTaHOBWU/IW, YTO HEMOCPELCTBEHHO NMOC/e TpaBMbl
KO/IMYECTBO KPOBW, MPOTEKAKOLLEA Yepes MOYKW, MOHMXKAETCA M CONPOTMBIIEHWE B MOYKax Mo-
BbllwaeTcsA. KnyboukoBass punbTpaumsa wam BblgeneHne MAPK B 3HauMTenbHOl Mepe MOHU-
atotcs. [Mpu npoBeseHUN uccnefoBaHuii cnycta 14 gHeir mocne TpaBmbl HabnwgaeTca Hapy-
WweHVe (YHKUMU MOYEK.

4. COOTHOLLEHWEe MeXAY noTpebneHMeM KUCIopoAa MoYKamu, KOAM4ecTBOM KPOBW, MPo-
TeKarLlel Yepe3 MOYKN U KaHaNbLEeBON peabcopbumeil HaTpMa B HOPMe M MOC/e KPOBOMycKa-
HWUA OTK/IOHEHWA He 6bl10 BbISBEHO.
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THE SYNDROME OF HAEMORRHAGIC
THROMBOCYTHAEMIA

THROMBOCYTOPATHY VERSUS COAGULOPATHY AFFECTING PRIMARY
HAEMOSTASIS

By
K. Rak, L. Lakatos and R. Szaboé

FIRST DEPARTMENT OF MEDICINE (DIRECTOR, PROF. M. JULESZ), and SECOND DEPARTMENT OF MEDICINE
(DIRECTOR, PROF. M. FOLDI), UNIVERSITY MEDICAL SCHOOL, SZEGED (HUNGARY)

(Received February 17, 1965)

Coagulation factors have been investigated in two, and platelet functions in
four cases of haemorrhagic thrombocythaemia. The platelet count exceeded one mil-
lion in all the four cases, bleeding time was prolonged in three, and in the fourth it was
at the upper limit of normal. In one case, the thromboplastin generation test was indi-
cative of an abnormality in the phase of thromboplastin formation, more specially of the
deficiency in factor X1 (PTA). On the evidence of that test, the platelet component has
been found to exhibit an anticoagulant effect at high platelet concentrations. Accord-
ing to the investigations of the in vivo adhesive platelet count described by Borch-
GREVINK, formation of the platelet plug involved an excessive number of platelets.

Though on the basis of its clinical features haemorrhagic thrombocythaemia
has a distinct place within the myeloproliferative syndromes, it is no clear-cut entity
from the pathogenetic aspect. The diagnostic criteria of the syndrome have been sum-
marized.

According to the current concept, the part played by the platelets in haemor-
rhagic phenomena asserts itself through the clotting system. Data derived from cases
recorded in the literature and from the present observations suggest, however, that
in haemorrhagic thrombocythaemia the primary haemostasis, more exactly its second
step, the phase of irreversible platelet aggregation (viscous metamorphosis and platelet
contraction) is affected, and this is the reason why no firm platelet plug impermeable
to blood is formed. Though the closer mechanism of the process is obscure, it may be
presumed that for some reason the effect of the thrombin required by the process fails
to assert itself. The clotting disturbance associated with haemorrhagic thrombocythae-
mia may be further impaired by a defect in plasma clotting which plays a decisive
part in secondary haemostasis.

It is now generally recognized that a tendency to haemorrhage is far
from being incompatible with thrombocytosis and may even he one of its
jirominent features. This is the very casein the rare syndrome known as haem-
orrhagic thrombocythaemia (HT). The cause of this seeming discrepancy is
not yet fully understood though the syndrome has been cleared up from many
other aspects. On the basis of numerous observations accumulated since its
first description thirty-five years ago, HT must be placed among the myelo-
proliferative syndromes, next to polycythaemia vera and fairly close to
chronic granulocytic leukaemia and the so-called primary (agnogenic) myeloid
metaplasia. Its features distinctive from those of the related syndromes
include a joint tendency to haemorrhage and thrombosis, persistent thiombo-
cytosis associated in some cases with splenomegaly, leucocytosis, mild hypo-

1 Acta Medica Acadeniiae Scientiarum Hungaricae 22 (1966)



184 K. RAK, L. LAKATOS and R. SZABO

chromic anaemia or again with slight erythrocytosis, particularly during the
haemorrhage-free intervals and medullary signs of enhanced thrombocyto-
poiesis. The syndrome is furthermore characterized by a protracted course and
a prevalence in middle-aged patients. It has been found to respond to certain
therapeutic agents, particularly busulphan (Myleran) and radio-phosphorus.

The tendency to haemorrhage has remained the most puzzling feature
of HT. Results of thromboplastin generation test obtained by most of the
investigators would seem to suggest a disturbed production of thromboplastin.
Opinions diverge, however, as to the nature and extent of this disturbance.
A possible disturbance in the clotting function of platelets is generally assumed
while some authors ascribe an anticoagulant effect to the platelets at the throm -
bocythaemic level. There are also other theories. While some authors leave
the whole question open until further observations or more suitable methods
of investigation are forthcoming, the majority ascribe the bleeding tendency
to a coagulopathy and look upon HT as a “haemophilia-like syndrome”
(Spaet [1]). The question, however, is by no means settled.

The incidence of HT is low, in spite of the increasing attention it has
been receiving. From the cases reported between 1930 when it was first de-
scribed byEpsTEIN and Kretz [2] and 1955,Hardisty and Wolff [3] accepted
18 cases as authentic and to these added five observations of their own. Ozer
et al. [4] accepted 21 out of 48 recorded cases after very thorough sifting,
describing in the same paper further six cases. In the same year, i.e. 1960,
Gtmz [5] reviewed 50 cases from the literature with five of his own observa-
tions in acomprehensive study on the main aspects ofthe syndrome. We have
no knowledge of any recent review with evaluable data as regards incidence,
but in our estimation the number of recorded cases recognized as HT by all
standards should not be far below a hundred. W ith the unpublished cases,
there must be, obviously, still more.

Lehoczky et al. [6] in 1963 were the first Hungarian authors to describe
HT. Another case of “essential thrombocythaemia” was reported in the same
year by Nagy and Lesvey [7]. Then Barta [8] gave a comprehensive review
of the wvarious conditions associated with thrombocytosis. The syndrome
figures in Kelemen’s monograph [9] and in 1964, Fo&ldvary et al. [10]
reported two cases.

In the past years we have observed haemorrhagic episodes associated
with platelet count exceeding a million in various haematologic conditions,
mostly polycythaemia vera or chronic myeloid leukaemia. As to the others,
only a few cases are fit to be included in the present paper as being consistent
with HT by all standards of diagnosis. In order to clarify the possible mecha-
nism ofthe haemorrhagic manifestationsin patients with haemorrhagic thrombo-
cythaemia, a close study has to be made of the whole haemostasis. This paper
gives a full account of two cases and presents the essential data of two others,
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with a review of the diagnostic criteria of HT. On the basis of our limited
material and of the data in the literature, we shall then outline our view as to
the nature of the bleeding tendency, ascribing them to an abnormality of
primary haemostatic platelet function, in opposition to the current concept
of “‘coagulopathy”.

Case records

Case No. 1. A 80-year-old male patient had been first hospitalized four years previously
because of repeated gastrointestinal haemorrhage. The diagnosis was diverticulosis of the
sigmoid and posthaemorrhagic anaemia. Leucocyte and platelet counts had been normal at
that time. The patient’s earlier history included protracted haemorrhage after tooth extrac-
tions. During the last four years he had repeatedly experienced intestinal haemorrhage and
had moreover been treated for osteoarthrosis, pulmonary emphysema and atherosclerosis.
In January, 1964, persistent melaena associated with severe anaemia called for urgent hos-
pitalization. It was then that a thrombocyte count of over one million was first noted. The
leucocyte count was 13,000 with a slight shift to the left. The most striking feature of the
hypercellular bone marrow was a hyperplasia of the megakaryocyte system.

The patient was admitted for the last time in July, 1964, after repeated melaena. The
spleen was not palpable. The haematocrit value was 25 per cent, the platelet count 2,190,000
with marked anisocytosis, the leucocyte count 58,000, with 2 myelocytes and one normoblast
per 100 cells. The bone marrow was hypercellular with reduced fat tissue. There was hyper-
plasia of all three systems with a striking preponderance of megakaryocytes, mostly mature,
functioning elements. The data received by the study of haemostasis are shown in Tables
I —I1l1 (Pat. No. 1). As a treatment, Myleran was prescribed, but the condition deteriorated
before the drug could have acted. Heart failure, azotaemia ensued, the patientbecame eventually
confused, this gave rise to the suspicion of cerebral thrombosis or haemorrhage. Death was
inevitable.

Clinical diagnosis: haemorrhagic thrombocythaemia. Diverticulosis in the colon.
Osteoarthrosis. Atherosclerosis.

Autopsy revealed generalized atherosclerosis, pulmonary and peripheral congestion,
diverticulosis of the large intestine. The bone marrow was hypercellular with hyperplasia of
all three systems and a striking preponderance of thrombocytopoiesis. The megakaryocytes
were partly immature, mostly with evidence of platelet formation. There was a minor degree
of myelosclerosis in the femoral bone with no apparent fibrosis. Extramedullar haemopoiesis
involving all three systems was found in the spleen, liver and lymph nodes. The spleen was
reduced in size but had preserved its structure.

Epicrisis: On the evidence of clinical and autopsy findings the primary disease was HT.
The concomitant condition resulting in heart failure was generalized atherosclerosis. An addi-
tional remarkable finding was the diverticulosis of the large intestine.

Case No. 2. A 66-year-old male was admitted for melaena. The history included hos-
pitalization 11 years earlier for melaena and haematemesis attributed to duodenal ulcer which
had made operation necessary. Apart from repeated épistaxis the patient had been symptom-
free for the last years. On admission in July, 1964, his liver and spleen were enlarged and there
were some palpable axillary lymph nodes. Haematocrit was 21 per cent, the leucocyte count
ranged from 12,000 to 20,000 with a shift to the left. Repeated platelet counts were found to
exceed one million with striking anisocytosis and giant platelets nearly of lymphocyte-size.
The sternal marrow showed hyperplasia of all three systems with predominant megakaryocy-
tosis. The megakaryocytes were mostly mature functioning cells. The fat tissue of the bone
marrow was reduced. The axillary lymph node showed histologically simple lymphadenopathy.
At the site of the excision an extensive haernatoina developed, responding very sluggishly to
local treatment. Gastrointestinal examinations failed to disclose any possible source of the
melaena. (Data on the haemostasis are shown in Tables I 1Il, Pat. No. 2.) Leukaemia could
be ruled out. The findings were consistent with HT. The patient was started on Myleran but
did not attend for follow-up.

Case No. 3. A 58-year-old female had a ten years’ history of crural vein thrombosis.
Splenectomy for splenic vein thrombosis had been performed eight years earlier. Ever since
this operation the leucocyte count had ranged between 12,000 and 18,000, the patient had
repeatedly intestinal, nasal and gingival haemorrhages. Repeated X-ray findings were sugges-
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tive of varicosities in the upper intestinal tract. Therefore a shunt operation had been consid-
ered a few years ago and laparotomy had been undertaken but massive haemorrhage made
the operation impossible. In November, 1964, when admitted to the Clinic, the platelet count
exceeded one million, the sternal marrow was hyperplastic with preponderant megakaryocyte
increase. (Some data are presented in Table I, Pat. No. 3.) The present picture is consistent
with the diagnosis of HT.

Case No. 4. A 32-year-old female patient had been subjected to splenectomy for splenic
vein thrombosis in 1961. She had then nasal and gingival haemorrhages, menorrhagia and
repeated intestinal bleeding. On radiological evidence the latter have been ascribed to duodenal
ulcer. She had a severe anaemia consistent with the blood loss. A platelet count exceeding one
million was noted in 1964. (Some data are presented in Table I, Pat. No. 4.) The splenic vein
thrombosis a few years earlier may well have been the consequence of HT.

M aterials and methods
Materials

Oxalated and citrated blood plasma;

blood serum obtained from clotted whole blood without anticoagulant;

adsorb-plasma, i.e. plasma prepared with BaS04;

platelet-rich plasma, resulting from fresh citrated plasma centrifuged at 800 r.p.m ;

platelet suspension obtained by differential centrifugation and washing with physio-
logical saline, using silicone-treated instruments and containers;

silicone-serum resulting from clotting of whole blood in silicone-treated glass tubes;

tissue thromboplastin (complete) prepared with acetone from human brain in our labo-
ratory;

Y partial thromboplastin (PTP) extracted from human brain with chloroform by the
method of Bell and Alton [11].

Platelet count was performed by phase contrast microscopy according to Fischer and
Germer [12].

Bleeding time was estimated according to Ivy [13]. The inflated manometer cuff was
maintained at 40 mm Hg during the procedure. A wound 1 mm deep and 6 to 8 mm long was
made in a non-vascularized area of the volar surface of the forearm, over the extensors. The
blood was blotted up every 30 seconds. Under normal conditions the bleeding time measured
in this manner was less than 7 minutes, ranging mostly between 3 and 4 minutes. This test
may be combined with the determination of the adhesivity of platelets in vivo described by
Borchgrevink [14]. The difference of the platelet count of the blood sample from the wound
and that from “venous” blood gives the number of platelets retained on the wound surface,
i.e. of the “in vivo adhesive” platelets. This may be also expressed in percentages of the plate-
lets in peripheral (venous) blood. For “venous” platelet count silicone-treated glass tubes were
used. For “wound” platelet count the blood was collected from the wound 3 to 5 minutes after
the wound has been made.

Aggregation in vitro and viscous metamorphosis were studied by phase contrast micro-
scopyusing platelet-rich plasma, to which highly diluted thrombin (a few units per ml. saline)
and a 0.025 molar solution of CaCl2had been added.

For the TGT we used partly PTP, partly a platelet suspension adjusted to the concen-
trations shown in the Table 111 after repeated washing with physiological saline. The time of
appearance of the clot has also been noted, this being, in our experience a reliable indicator of
the rate of thromboplastin generation.

The degree of retraction has been established on the grounds of the behaviour of the
whole blood clot and of that of recalcified oxalated plasma.

As to the other methods figuring in the Tables, we refer to the corresponding literature.

Results

Results for the four patients relating to the vascular and thrombo-
cytic system are shown in Table |. Bleeding time was prolonged in three
cases, and at the upper limit of normal in one case. Tourniquet test and blood
clot retraction were normal. When diluted thrombin was added to the plasma,
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platelet aggregation ensued in 60 seconds; the platelets were enmeshed in
the fibrin network appearing later. The balloon-like appearance of the clump-
ing platelets was clearly discernible. Recalcification caused similar changes.
By these standards, aggregation capacity in vitro of the platelets as well as
their viscous metamorphosis was considered normal. The platelet count
exceeded one million in all the four cases, and two million in one of them.
The platelets retained on the wound surface, i.e. the “in. vivo adhesive” platelet
count was 200,000 or more, thus outside the normal range indicated by
Borchgrevink [14] and by two subsequent investigators [64, 65]. W ith the
exception of one case, the percentual values were lower than normal. Consider-
ing, however, the excessive “venous” platelet count, the absolute number
of platelets retained on the wound surface seemed to be far more informative
than the percentage index.

Table 1

Study of vascular and platelet systems

Platelet “In vivo adhesive”
aggregation Platelets platelet count
Patient Bleeding time Tourniquet Retrac- Viscous per ml.
No. (lvy), minutes test tion metamor- (direct)
phosis X 1000 per ml
(in vitro) X 1000 %
I 15 20 negative normal normal 2190 750 34
2 6.5 8 negative normal normal 1550 250 16
3 12 19 negative normal normal 1300 200 15
4 15 16 negative normal 1150 280 24
Normal value < 7 150-300 45—185 25—58
average: average.
96 37

(Borchgrevink)

Tables Il and 11l show the coagulation data in Cases Nos. 1 and 2.
Results of clotting time, fibrinogen titration and exploratory fibrinolysis were
within the normal range. Partial thromboplastin time as well as Quick’s time
were prolonged in a variable degree, indicative of a moderate reduction of
prothrombin activity. Correction was not possible either with stored serum
(factors VIl and X) or with adsorh-plasma (factor V). The reduction pro-
thrombin activity was therefore due to a moderate reduction of the prothrom -
bin level. Prothrombin consumption values pointed to a normal, if not in-
creased prothrombin utilization. The silicone sera were found to contain fairly
equal amounts of prothrombin in all the cases. (A decreased surface activity
may have compensated the individual differences in consumption values due
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Table 11
Study of clotting system

Test Method Pnaolierit Pnag?e;t Control
Clotting time (min.) Lee-White [15] 4 5.5 5—10
Partial thromboplastin time
(PTT) (sec.) modif. Langdell et al.
[16] 72 83 66+ 3.2
Prothrombin activity (sec.) Quick [17] 18 17 15+ 1
The same with 1/10 vol.
stored serum Quick [17] 145 14 12
The same with 1/10 vol.
adsorb-plasma Quick [17] 18.5 17 15.5
Prothrombin consumption
(4 hours, sec.) modif. Quick [18] 95 71 >40(44)
The same with silicone-serum modif. Quick [18] 45 35 36
Thrombin time (sec.) Horn et al. [19] 23 22 20
Fibrinogen titration (plasma-
dilation) Sharp et al. [20] 1:128 1:128 1:128
Fibrinolysis (degree of lysis
within 24 hours) Biggs—Macfarlane [21] 0 0 0
Thromboplastin generation test
(TGT) modif. Biggs— Douglas
[22] See Table 111
Table 111
Results of thromboplastin generation test (TGT)
Platelet  Plasma Serum 3 6 9 12 Time of
appearance of
incubation
com] onents seconds fluid (min.)
FTP K K 16 9 10 12 4—5
FTP I 1 25 9 10 115 5-6
FTP 2 2 49 20 16 17 8-9
PTp 2 K 30 10.5 il 12.5 5—6
FTP K 2 31 1 10.5 12 6—7
K K K 17 12 14 175 4-5
1/a K K 13 12 13 14.5 3—4
1/b K K 45 18 17 18.5 5—6
2/a K K 15 12 13 17 4—5
2/b K K 47 19 18 20 5—6

Platelet concentrations:
K 0.45 M per c. mm 2/a 0.4 M per ¢c. mm
I/a 0.5 M per c. mm 2/lb 45 M per c. mm
1/b 5.0 M perc. mm
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to different platelet counts.) Certain difficulties in evaluation arose from the
reduced plasma-prothrombin levels. Thrombin times were slightly prolonged.
TGT-values by the use of PTP were normal in Case No. 1, while in Case No. 2,
a thromboplastin of deficient activity was generated in the presence of PTP
and Ca; substitution with normal plasma or serum components (K) resulted,
however, in full correction. This seems to indicate a moderate factor X1 (PTA)
deficiency. At the conventional concentrations of 0.5 M/c.mm the platelet
suspensions of the patients showed a satisfactory thromboplastin production
in the presence of normal serum and plasma factors. At tenfold concentrations,
thromboplastin generation was somewhat delayed and their activity reduced.
(It did not succeed to obtain a similarly concentrated platelet suspension from
a control subject.)

Discussion

It has been found preferable to classify the various conditions associated
with an increased platelet count on the basis of their origin rather than label-
ing them as primary (“thrombocythaemia”) or secondary (“thrombocytosis™).
(For instance, increased platelet count encountered in certain primary diseases,
as in polycythaemia, has been regarded by many as secondary though being,
actually, the very instance of primary thrombocytosis of unknown origin, with
high platelet counts, frequently over 1,000,000; tluombocytosis is therefore
not necessarily secondary.)

Maltarmé and Auzépy [23] discerned the following groups: 1. poly-
cythaemia vera; 2. thrombocytosis due to splenectomy or atrophy of the
spleen; 3. chronic granulocytic leukaemia; 4. myelofibrosis with myeloid
metaplasia; 5. “essential” thrombocythaemia, i.e. the actual HT syndrome;
6. thrombocytosis associated with infections, malignant disease, sarcoidosis,
blood loss, etc.

Groups 1, 3, 4, and 5 merge today into the so-called myeloproliferative
syndrome [24]. This also includes pathogenetically the HT which has been
figuring until recently or even today as essential, primary or idiopathic.
On the whole, HT is regarded today as a distinct clinical syndrome rather
than as a clear-cut pathogenetic entity [3, 4, 5, 6, 25, 26, 27].

Ozer et al. [4] follow the strictest lines in the diagnosis of HT. In their
view, distinction of HT within the myeloproliferative syndrome rests upon
the following criteria: a) haemorrhagic episodes coupled in many instances
with a tendency to thrombosis; b) the spleen must be preserved and be not
smaller than normal; c) an erythrocyte count less than 6,000,000, haemo-
globin less than 18.0 gper 100 ml, a leucocyte count ofless than 50,000, a platelet
count persistently over 800,000; d) medullar panmyelosis with predominant
megakaryocytosis and aggregated platelets; e) absence of leukaemic infiltra-
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tion. The authors stress the therapeutic significance of strict differentiation.
As to criterion b), the spleen in Epstein’s [28] second case was atrophic and
led the author to assume a “splenic subfunction”. There are several cases con-
sistent with HT and associated with an enlarged spleen and even cases where
the spleen had been removed prior to the onset of the symptoms. Thrombosis
of the splenic vein (BANTI-like syndrome) which has been the indication for
splenectomy in many instances, may have been the earliest manifestation
of HT [17, 29, 30]. According to the present view, however, the part played
by hyposplenia or asplenia in the myeloproliferative syndrome lies in enhanc-
ing its progress rather than in initiating it. It may probably favour the process
of transformation as suggested by the relative frequency of HT following the
splenectomy in cases of myeloid metaplasia [27, 31], or, on the faith of certain
observations [25], it may be responsible for the conversion of non-haemor-
rhagic HT into its haemorrhagic form. It is therefore felt that the second
criterion laid down by Ozer should be considered in the light of these observa-
tions.

Obviously, it is essential to differentiate HT from megakaryocytic or
megakaryoblastic leukaemia which is an entirely different process, closely
related to acute myeloid leukaemia and generally unattended by thrombo-
cytosis [5].

The aspects outlined above show that our Cases Nos. 1 and 2 meet the
diagnostic criteria, though in the first the spleen was somewhat smaller than
normal and the leucocyte count exceeded 50,000. The absence of leukaemia
was confirmed at autopsy. In our Cases Nos. 3 and 4 the spleen had been
removed earlier and it remains a matter for speculation whether we are justi-
fied in considering the splenic vein thrombosis for which the operation has
been undertaken as the earliest sign of HT.

In all four cases the tendency to haemorrhage was the most conspicuous
feature. The occurrence of gastrointestinal or gingival haemorrhage, épistaxis,
menorrhagia as well as surgical haemorrhage corresponds to the findings of
other observers. Purpura or intraarticular haemorrhage and extensive haema-
tomas characteristic of haemophilia, were likewise absent.

The current views regarding the pathogenesis of the bleeding tendency
associated with HT may be resumed as follows.

1. The platelets are assumed to be defective in function as well as ab-
normal in number, first of all as regards their thromboplastic function essential
to the process of clotting (intrinsic platelet defect).

2. Platelets in HT display an abnormal behaviour in vitro at high con-
centrations only. At physiological levels, for instance in the thromboplastin
generation test after dilution of the platelet component, their function becomes
normal. It is therefore believed that at high platelet levels the effect of an
anticoagulant factor becomes manifest.
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3. The tendency to haemorrhage or the minor haemorrhagic episodes
are ascribed to some plasmatic coagulation defect instead of the platelets.
4. Thrombosis of the small vessels leading to infarction, vessel-wall injury,
anoxaemic haemorrhages in consequence of disturbed local blood supply, have
also been incriminated, in the same way as a generalized vascular fragility.

Ad 1 and 2

Between the two extreme views, i.e. the platelets regarded as being
completely normal in function and vice versa, as being completely devoid of
any clotting capacity (Siede [32J), there are various opinions. Siede found
a reduced tendency to agglutinate of the platelets associated with marked
anisocytosis. While the morphological abnormalities of the platelets have been
mentioned by numerous authors, investigations into platelet functions have
been relatively scarce. Macpherson [33] had noted only a reduced platelet
adhesiveness which, however, has not been confirmed by others [34].* Bigelow
found the serotonin content of the platelets abnormally low [35] and thought
that this was to account for a supposed vasoconstrictive deficiency. This
assumption is not very convincing; it is for instance at variance with the fact
that a reduction of the serotonin level entails no disturbance of haemostasis.
The clotting function of the platelets seemed to be a more promising topic
of research. The TGT-values first studied in HTby Hardisty and Wolff [3],
point to a deficiency in platelet function. The findings of Spaet [1] confine
this abnormality to concentrated platelet suspensions, adequate dilution of
which results in normal TGT-valucs. He even showed that normal platelets
behave abnormally in concentrated suspensions; this was later confirmed by
Koller and Bounameaux [361. These findings suggest that the platelets
can inhibit coagulation when they are in excess. In 27 cases of HT reviewed
by Soulier et al. [37] normal TGT-figures, as well as values pointing to an
altered platelet function may equally be found. There were not only sub-
stantial individual differences, but the same patients yielded different results
on various occasions. Suggestive evidence in favour of the surmised anti-
coagulant effect was brought by Baumgartner and Vuille [38]; Hiepler
[39] even went so far as to connect the inhibitory effect with the isolated
alpha-granulomer fraction containing the 3rd platelet factor. Perlick [40]
could demonstrate an inhibitory effect only in the patients’ platelets. An
inhibitory effect was demonstrable in both our cases Nos. 1 and 2. We must
not forget that what we examined were damaged platelets; intact ones would
be most unlikely to display an inhibitory effect (Hiepler [39]).

* Recently, Cronberg et al. (Scand. J. Haemat. 1965. 2., 208) have found defective
platelet adhesiveness in HT by an in vitro test. However, the absolute numbers of adhe-
sive platelets were in every case in or above the normal range.
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It must be stressed that, in agreement with other observations, the
coagulation abnormality ceases parallel with the normalization of the periph-
eral platelet count. This would he a case in support of the inhibitor theory.
On the other hand, in agreement with Spaet [1] we find it hard to believe
that the excessive number of platelets should fail to make up for a partial
platelet defect.

Ad 3

Reduction in the level of practically all of the plasma coagulation factors
has been recorded by one or several authors, the abnormality having been
ascribed by certain investigators to a disturbed production, by others to an
increased utilization. The notion of “consumption coagulopathy” as conceived
by Levin [41] has been built upon the assumption that minor thrombi, though
clinically unnoticed, give off clotting components released from massive
platelet agglomerates into the streaming blood, this results in a consumption
of fibrinogen, prothrombin, and possibly of other factors. This mechanism
would seem to account for the haemorrhagic episodes.

Extensive study with the TGT has shed light on the disorders of the
early phase of coagulation. Reduction in factors VIII (AHG) and IX (PTC)
was demonstrable. Abnormal TGT-values indicative of a reduction in factor
X1 (PTA) have been found in our second case. This is the first such case to our
knowledge. The minor reduction in the activity of the coagulation factors must
be sought in a failure of the optimal platelet concentration which is supposed
to be necessary for their activation, whereas the production of these factors
seems to be undisturbed [43, 44]. The presence of antithromboplastin has been
demonstrated repeatedly by Perlick [40].

Evidence of a plasma abnormality is not uncommon, but the defect is
slight and by no means consistent. As soon as the platelet count falls below
500,000, the normal conditions are restored.

Ad 4

Of all conjectures as to the possible causes of haemorrhage in HT, that
of vascular origin is the least convincing. To begin with, the clinical type of
haemorrhage widely differs from that associated with increased vascular
fragility. The laboratory findings and, above all, the tourniquet test, show,
apart from exceptional cases, no abnormality. Local disturbances of blood
supply cannot be ruled out with absolute certainty, nevertheless it is most
unlikely that the common prolongation ofbleeding time should be of vascular
origin, the less so as, just like the other defects, it is restored to normal as soon
as the platelet count has fallen below a certain level. (In fact, the number of
conditions in which prolongation of bleeding time finds no other explanation
than vascular abnormality, has shrunk to a low figure, if not to zero, as more
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and more of these anomalies are being found to be corrigible by one or the
other of the plasma factors or by platelets. It is a question whether there is
any basis for the concept of “vascular pseudohaemophilia” [46].)

On the evidence of the literature, bleeding time is prolonged in 60 to
70 per cent of the cases with HT, particularly when lvy’s method is being
used. The other current method, that of Duke, is less sensitive [47]. Bleeding
time was prolonged in three out of our four cases, in the fourth it was at the
upper limit of normal. The theories outlined above fail, however, to explain
the cause of this abnormality and here we have arrived at the crucial point
of our discussion.

The most consistent haemostatic feature of HT is the increased platelet
count far in excess of normal values, associated with quantitative and perhaps
qualitative changes ofthe thromboplastic (coagulant) platelet factor. Bleeding
time is usually prolonged. On the evidence of the TGT, the excessive mass
of platelets displays an anticoagulant effect, but the global clotting tests
(coagulation time, prothrombin consumption) are within the normal range and
the vascular fragility tests are also negative. The type of haemorrhages are not
purpura-like, neither do they show any sign of the coagulopathies. They rather
remind of bleedings associated with thrombasthenia, thrombocytopathies and
VON Willebrand’s syndrome (also considered recently a thrombocytopathy),
as regards the prevalence of haemorrhages of the mucous membranes, particu-
larly of the gastrointestinal tract, nose, gums, menorrhagia, as well as of bleed-
ings associated with surgical or other injuries. The actual bleeding tendency is
closely correlated with the peripheral platelet count and less strongly, but con-
firmed by various observers, with the bleeding time. In the face of this evi-
dence there is as little justification to ascribe the haemorrhages in thrombo-
cythaemia to a coagulopathy, as there would be to connect the prolonged
bleeding time with a coagulation abnormality. There is more reason to seek
the cause of prolonged bleeding time, and of the consequent haemorrhages in
some defect of primary haemostasis which concerns the platelets alone leaving
the plasmatic clotting system out of consideration.

Since it was shown by Zucker [48] in 1947 that the first step of the
haemostatic reaction taking place in the small vessels was the appearance of
a platelet plug at the site of the endothelial damage, the participation and
decisive role in haemostasis of the platelet system has been confirmed and
clarified in many of its aspects by extensive studies (Luscher [49], Zucker
and Borrelli [50], Roskam and his school [51, 52, 53], Owren and his school
[54, 55, 56, 57], Sharp [58], Spaet [59], etc.)

The graph constructed according to Hellem and Owren’s scheme illus-
trates the dynamic concept of platelet functions.

After injury to the endothelial cells, the platelets adhere to the raw sur-
face of collagen fibres. Little is known about the mechanism of this process.
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It is, however, certain that it invariably occurs as the first step of haemostasis
even in pathologic conditions, with the exception of thrombocytopenia.
Damaged cells, consequently also damaged platelets, release adenosine di-
phosphate which, together with other factors, causes a reversible platelet aggre-
gation (Fig. 1). This process fails to appear in thromboasthenia, in wirre-

platelets
(unknown mechanism)
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Ca
< __anti-Willebrand factor
. — platelet-property
primary .
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aggregation ) “in vivo adhesive”
thrombin platelet-count
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irreversible
aggregation assay of bleeding time
(viscous

metamorphosis,
contraction)

thrombin (plasma-

clotting)
secondary

haemostasis
blood-clot

Fig. 1. The role of platelets in primary haemostasis

brand’s disease, and in certain, mostly acquired, thrombocytopathies, partic-
ularly in cases caused by macroglobulinaemia. Athrombia was the otiginal
term applied to this anomaly by Frank [61], in 1925. In the process represent-
ing the first step of primary haemostasis no clotting mechanism is involved.
Its disturbance results in a prolongation of the bleeding time. Examination
of the in vivo platelet adhesiveness or perhaps more exactly of the platelet
aggregation or platelet consumption in vivo, described recently by Borch-
GREVINK [14] is best suited for the study of this phase. In fact it has definite
practical advantages over the various in vitro aggregation and adhesion tests.

The next step of haemostasis is that of irreversible aggregation, viscous
metamorphosis and contraction of platelets. In the course of this process the
platelet plug,which at first hasbeenpermeable,acquires afirmness and becomes
impermeable to blood. This is the second step of primary haemostasis, which,
according to the general belief, requires the presence of thrombin in minimal
amounts. But the source of this thrombin is not and cannot even be the plasma
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at this stage, since it is only at the terminal phase of viscous metamorphoses,
upon the very effect of thrombin, when the clotting factor of intrinsic thrombo-
plastin is liberated from the platelets together with other substances. It is
difficult to account for the presence (though in traces) of a substance at a stage
when it cannot yet be possibly formed in the regular way. owren et al. have
provided an answer to this question by demonstrating that the required
amount of thrombin is formed on the surface of the platelets, in the platelet
atmosphere, under the effect of either intrinsic or extrinsic factors. Massive
amounts of anticoagulants are necessary to block this mechanism which pro-
ceeds normally for instance in haemophilia and in the majority of coagulo-
pathies. This is the reason why in the latter types the bleeding time is normal
this being a reliable indicator of the whole process of primary haemostasis.

When reversible aggregation is undisturbed, as confirmed by in vivo
tests, but bleeding time is prolonged, then the second phase must be defective.
This is probably the case in certain congenital thrombopathies, as for instance
in Bernard —Soultier’s disease where, at least on the evidence of in vitro
tests, adhesivity and aggregation are normal. If this can be confirmed in vivo
then the cause of the prolongation of bleeding time must be sought in some
abnormality of thrombin production. This also applies to exceptionally severe
cases of haemophilia [62] and to certain induced coagulopathies, e.g. by
massive doses of heparin or dextran sulphate. Only scanty observations exist
concerning the congenital haemorrhagic abnormalities associated with a pro-
longed bleeding time and normal platelet aggregation in vitro and in vivo,
where platelet transfusion — applied ex juvantibus — resulted in full correc-
tion [63].

Secondary haemostasis, the role of which is to protect and to secure
primary haemostasis, involves the plasmatic clotting system.

Returning to the prolongation of bleeding time in HT, it may now be
attempted to localize the defect. The number of platelets is amply sufficient
for adhesion and aggregation. It could be ascertained in our cases that aggrega-
tion in vivo was duly achieved and that the number of platelets forming the
plug was excessive. (To our knowledge, this aspect of HT has not been investi-
gated.) On the grounds of assays in vitro, the factors required by viscous meta-
morphosis show no abnormality, likewise, there is no suggestion of any circum-
stance interfering ab ovo with the production of the required amounts of throm -
bin. Nevertheless, we have every reason to believe that the abnormality in-
volves the second phase of primary haemostasis, presuming that the aphysio-
logic, massif platelets entail an undesirable shift in the optimal relation
between platelet plug and thrombin-supply. This question is by no means
solved, all we know is that for some reason, production of an impermeable
platelet plug capable of sealing up the small vessels fails to be formed in most
cases of HT.
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In HT the secondary haemostasis, in other words, the coagulation process
may also be affected. At high concentrations, the platelet-phospholipids may
have a local inhibitory effect on the production of thromboplastin, for which
reason formation of the definitive clot may be delayed. This probably plays
a part in surgical or traum atic haemorrhages including rebleedings. Coagulation
studies in vitro usually fail to detect this abnormality, in all probability because
the medium- and concentration relationships as well as the time factor are
quite different in vivo.

The part played by platelets in the process of haemostasis is now generally
recognized, but not yet clear in all its aspects. Inquiry into the haemorrhages
associated with HT may provide further informative evidence.
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Electroencephalograms made with the use of implanted cortical electrodes of
rats exposed to O, at 3.7 atm. pressure revealed gross, non-specific changes in frequency
and amplitude, as well as spikes. These changes presented themselves before any change
in respiration or cardiac action had become apparent, and before the first phase of pul-
monary oedema had setin; at that time arterial 0 2saturation was still normal. Absorp-
tion of exhaled CO02 i.e. prevention of rebreathing it, delayed the EEG changes and,
to some extent, warded off spike potentials. — Impaired cerebral activity is the first
symptom of 0 2 poisoning.

The pathomechanism of lesions elicited by high pressure 0 2 still awaits
clarification. Some authors have stressed the causative role of local pulmonary
damage [18, 21, 24, 26, 27, 28, 29], impaired pulmonary circulation or right
ventricular heart failure [6]. Others implicate the neuroendocrine system [3,
4], and yet others incriminate the central nervous system [17] on the grounds
that exposure to high pressure oxygen is known to give rise to spasms, opistho-
tonus, ataxia, and paralysis of the extremities in laboratory animals. Histo-
logical changes occur in the cerebral cortex and the reticular formation of such
animals. Since these changes appear before the pulmonary oedema character-
istic of oxygen poisoning, they cannot result from the associated respiratory
failure [15, 16]. Evidence has also been produced that under high 0 2 pressure,
inhalation of 1.5 to 4 per cent C02aggravates symptoms and shortens survival
[13, 34].

The present paper reports on investigations into cerebral electrical activ-
ity in oxygen poisoning, the first appearance of changes in wave pattern, and
the influence exerted on them by the presence or absence of C02 These are
questions to which the few electro-encephalographic studies to be found in
the literature [10, 14, 33] have failed to supply elucidative answers.

Materials and methods

Two frontal and two occipital electrodes were built in each of 29 albino rats of
110 to 250 g body weight. As soon as the wounds had healed, which took 5 to 7 days, an electro-
encephalogram was made of the conscious animal using a four-channel direct-writing apparatus.
The experiments proper began when the tracings were found to have become normal. Singly
or in pairs, the rats were then placed in a chamber of 60-litre capacity at 3.7 atm. 0 2pressure.

2 Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



200 I. SZAM, I. NIKOLITS and G. GOTTSEGEN

Fig. 1. Experimental arrangement a: Cage inside oxygen chamber, b: Electrode holder fixed

on the rat’s skull, c: Cables conducting cerebral electrical activity, d: Cable terminal box. e:

Electroencephalograph, f: Hyperbaric oxygen chamber, g: Manometer indicating pressure
inside chamber, h: Oxygen cylinder with pressure reductor

34

34

1.3}

Fig. 2. EEG of rat AK, observed for 120 minutes in chamber containing air ofroom temper-

ature at atmospheric pressure. I: Starting record. II, 111 and 1V: Records at 30, 60 and 120

minutes, respectively. Frequency and amplitude changes within the J; 15 per cent range;
spike discharges absent
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To prevent intertanglement of the cables or disconnection of the plug inside the chamber, the
animals were immobilized in comfortable plaster boxes lined with a soft material adjusted to
body size. In some experiments the C02contents of the chamber were augmented artificially.
In others, in order to study the effect of C02deficiency, the exhaled gas was freed from C02
by means of 2000 g of NaOH and CaOH2spread over wide areas in the chamber. At the end
of each experiment, the CO02 contents of the chamber were determined by the Scholander
method. Fig. 1 presents the diagrammatic view of the experimental arrangement.

Fig. 3. EEG of rat H3, exposed to oxygen containing 1.85 per cent C02at 3.7 atm. pressure.
I: Starting record. Il: Record made after exposure for 90 minutes showing spike discharges in
all leads and significantly lowered frequency

On the EEG made before beginning the experiments, several 6-sec curve sections were
analyzed, curve frequencies determined by counting, and the amplitudes measured. Values
found for normal animals were considered 100 per cent. Each animal was subjected to contin-
uous electro-encephalography throughout the experiment.*

The severity of pulmonary oedema was graded on histological evidence as follows.

+++ means oedema extending to more than one lobe, filling alveoli, bronchi and peri-
vascular spaces;

++ oedema restricted to one lobe;

4 focal lung oedema.

In addition, severity was determined by the relative lung weight

100 X lung weight
body weight

which was less than 1 for the intact and more than 1 for the oedematous lung.

* Although the changes in wave pattern were marked, attempts were made to qualify
them mathematically. Frequency analysis by simple counting and by Fourier’s method with
the use of an Ural Il electronic computer, yielded essentially the same data. — The authors
wish to thank the Central Statistical Office, Budapest, for permission to use their computer,
and Mr. B. Hajtmann, Mathematician of the Institute of Experimental Medicine, Budapest,
for his co-operation in the studies.
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Results

Six animals each were fixed fiimly in a given posture and kept for
100 minutes on the average in a dark chamber, breathing air of room tempera-
ture and normal pressure, to be studied for the effect of these conditions on

2-5

5-3
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Fig. 4. EEG ofrat R. 1.: Starting record. Il. Record made after exposure for 70 minutes to

COo-free O2at 3.7 atm. pressure showing significant rise in frequency and decrease of amplitude.

I1l1. After exposure for 150 minutes spike discharges appear. I1V: 24 hours after termination of
exposure to oxygen, cerebral activity is again normal

cerebral electrical activity. Spikes were absent and changes in frequency and
amplitude remained within 15 per cent of the initial values (Fig. 2). In sub-
sequent experiments, changes exceeding » 15 per cent were only considered
pathological.

Nine animals were studied in pressurized 0 2 chambers of high (1.57 to
3.05 per cent) CO02content. EEG records were made in 6 of them; all showed
spikes and significant changes in frequency and amplitude, though varying
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in direction (Fig. 3). Spike potentials made their appearance in one animal
after 50, in three after 90, and in one each after 105 and 160 minutes of ex-
posure (Fig. 3 Il). As seen in Table I, in the animals sacrificed after 90 to
110-minute exposures, cerebral electrical activity was damaged first and
pulmonary oedema followed it. The surviving animals developed grave pulmo-
nary oedema.

In a third series of experiments an answer was sought to the question
whether removal by absorption of the C02from the chamber would prevent
or at least delay the disturbance in cerebral activity. All the rats survived the
exposure to high pressure 0 2 for an average duiation of 170 minutes. At the
end of the experiments not more than 0.03 to 0.034 per cent of CO2was found
in the gas samples taken from the chambers (Table I). The EEG of the sur-
vivors revealed changes in frequency and amplitude exceeding "15 per cent

Table 1
Relative lung iveights, histology, and lime offirst appearance of EEG changes

First appearance of

Exposure EEG Relative Pulmonary
Experiment Animal (tr|nmme) changes spikes WIgingght I(w(i)sété)gomga); Note
(min) (min)
H 1 160 100 160 1.32 + + sacrificed
R 1 90 22 50 1.24 + n
3.7 atm o0 2 -f- R 2 110 100 105 0.52 ncg. n
1.57—3.05% C02 R 3 100 90 90 0.59 . n
H 3 90 90 90 0.63 . "
R 5 105 75 90 0.87 « i
101 180 90 absent survived
3.7 atm 02 CKH 180 90 absent
AKR 180 90 140
RB 150 70 150 It
COo absorption SH 180 180 180
118 150 150 absent
H 4 90 absent absent survived
R 4 90
Control cK %
AK 120 . o It
H 7 75 n ik
R 6 125 N n ik
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of the initial values (Fig. 4 Il and Ill). Spike potentials appeared in half the
animals, and after an average exposure of 158 minutes. Twenty-four hours
later, frequency and amplitude returned to normal, and spike disappeared
(Fig. 4 1V).

Arterial 0 2saturation was determined at the 150th minute of the experi-
ment, and found to be normal in each of the 8 animals examined (Table II).

Table 11
Oxygen saturation of arterial blood at 3.7 atm. oxygen pressure
Animal Blood sample Relative Pulmonary Arterial 02
No. taken at min. lung weight histology saturation, %
(oedema)
1 90’ 0.87 neg. 96
2 90’ 0.87 neg. 96
3 120’ 0.81 neg. 96.5
4 120’ 1.20 + 96
5 120’ 0.94 neg. 97
6 150’ 0.94 98
7 150’ 1.54 95
8 150’ 1.09 neg. 94
Discussion

Studies of the effects of high pressure 0 2 have progressively gained in
importance since hyperbaric oxygen has been used for resuscitation of the
newborn [19], in the treatment of certain types of poisoning, principally CO
poisoning [32], and in heart surgery [21].

In the present experiments, inhalation of 3.7 atm. 0 2was found to exert
an appreciable effect on the rat’s cerebral activity in the early phases of ex-
posure. When the rats breathed in 0 2 containing 1.57 to 3.05 per cent C02
the EEG showed significant changes in frequency and amplitude after exposure
times varying between 22 and 100 minutes, and in all animals there appeared
spike potentials signifying excitation of the central nervous system. When
the gas exhaled by the animals was freed from C02 the aforementioned signifi-
cant EEG changes presented themselves after exposure times ranging from
70 to 180 minutes, and spike potentials appeared in only half the number
of rats. The EEG showed the appearance of changes when respiration rate and
heart action were still perfectly normal and convulsions absent. Absorption
of the exhaled CO02 i.e. prevention of rebreathing it, delayed but did not ward
off changes in cerebral activity, which are of course non-specific. Such changes
constitute the first sign of 0 2 poisoning.

The EEG changes preceded the onset of pulmonary oedema character-
istic of 0 2 poisoning. This supports our earlier view, based on data bearing on
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other problems [15, 16, 34, 35], that the central nervous system plays an im-
portant role in the pathogenesis of hyperoxic pulmonary oedema; severe
neurohistological lesions [15] and tissue hypercapnia [34, 35] had been ob-
served to develop in rats exposed to 02 poisoning. The EEG informs early
of damage to the central nervous system occurring during the development of
experimental pulmonary oedema.
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1. Cervical lymphatic obstruction is followed by statistically significant oscilla-
tions of blood pressure.

2. In lymphogenous encephalopathy, as opposed to normal conditions, the
painful stimulus due to conjunctival instillation of capsaicin elicits an increased pressor
response and restricts the duration of blepharospasm.

3. The phenomena are attributed to disturbances of the central vegetative equi-
librium and to morphologic damage suffered by certain central nervous structures.
Arterial hypertension is a common occunence in conditions associated

with increased intracranial pressure. Numerous papers concerned with the
pathogenesis of hypertensive disease have quoted the experiments of Herler
[la, b] who found increased blood pressure values after raising intracranial
pressure by the intracisternal injection of kaolin. Griffith [2] not only was
aide to reproduce these results but also to throw light on the mechanism of
increased intracranial pressure. While, on the evidence of radiography, thorium
dioxide injected intrathecally normally appears in the submandibular lymph
glands, this does not occur after the intracisternal application of kaolin since
this substance blocks the lymphatics draining the subarachnoid space. This
observation has, however, remained unnoticed, and we could find no refer-
ence attributing any consequence to the obstruction of the lymphatics draining
the subarachnoid space.

The present authors have produced a new experimental entity —
“lymphogenous encephalopathy” — hy ligation of the cervical lymphatics and
lymph nodes. Among the features of the new syndrome, increased intracranial
pressure, cerebral oedema and papilloedema are relevant with respect to the
present studies concerned with the behaviour of blood pressure in lymphoge-
nous encephalopathy.

Methods

22 mongrel dogs of both sexes were used. The common carotid of one side was prepared
through a median cervical incision under hexobarbital anaesthesia, and a polyethylene cathe-
ter was passed into the aorta, to allow the electromanometric recording of blood pressure by
a Hellige-type multiscriptor apparatus in the alert, freely moving animal, as described by
Tiiuranszky [19].

In 13 animals insertion of the catheter was followed by ligation of the cervical lymphatics
and lymph nodes, as described earlier [13]. In 9 animals the lymphatics and lymph nodes were
exposed but not ligated. Daily measurements were carried out
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1. of the resting blood pressure;

2. of the intensity and duration of the pressor response elicited by the conjunctival
instillation of a 0.5 per cent solution of capsaicin. The duration of blepharospasm was also
recorded. In normal animals intraconjunctival instillation of capsaicin represents a strong
chemical pain stimulus which consistently elicits a distinct elevation of blood pressure and
blepharospasm without any damage to the tissues [20].

The data obtained were evaluated statistically.* Since the technique used made non-
surgical blood pressure readings impossible, the animals with lymphogenous encephalopathy
were compared with controls subjected to a sham operation.

Results

Blood pressure was found to oscillate during the postoperative days.
The extreme values for the animals with lymphogenous encephalopathy were
significantly higher than those foi the control group (Tables I to IIl). It was
furthermore analyzed whether, in relation to the first postoperative day, the
subsequent values tended to rise or to decline. Evaluation on the basis of
maximal and minimal deviations showed that in the lymphogenous encephalo-

Table 1
Blood pressure in dogs with lymphogenous encephalopathy

No. 1st d 3d 4th 5th 6th 7th 8th oth 10th 11th 1th
animal day after operat on

40 105 125 105 120 82.5

44 825 95 125 1325 115 60 95 105 - - - -
12 95 95 105 1175 125 145 115 - - - - -
11 85 85 85 122.5 1225 122 95 925 - - - -
7 105 1375 115 92.5 725 95 825 105 70 625 - -
8 95 125 125 1225 105 105 105 70 80 80 115 105
6 115 115 125 - - - - - - - - -
5 115 125 125 85 40 105 - - - - _ _
4 115 135 80 115 105 135 80 105 105 75 85 105
76 105 1375 135 87.5 115 135 105 80 115 70 105 107.5
14 95 115 125 105 150 85 130 100 105 85 125 100
35 115 1425 125 875 1275 105 80 100 725 105 130 100
18 105 125 1325 125 60 110 135 105 825 — _

The figures in the upper horizontal line represent the days after operation.

pathy group both increase and ieduction were significant while in the control
group the increase of blood pressure proved only significant, not its decrease.
The extent of increase and decrease was likewise significantly greater in the
lymphogenous encephalopathy group than in the control group (Table 1V).

* We are indebted to the Section of Biometry (Head; Dr. I|. Juvancz), Institute of
Adapted Mathematics, Hungarian Academy of Sciences, for the statistical computations.
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of ani-
mal
46
45
24
16
17
34
78
69
37

1st

105
107.5
105
95
105
110
105
117.5
95

2nd

95
105
105
105
100
105
105
105
105
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Table 11
Blood pressure after cervical sham-operation
3rd 4th 3th 6th 7th 8th 9th 10th 11th 12th
day after operation

105 107.5 1075 105 100 105 105 105 -
110 107.5 105 105 105 100 105 1125 — —
105 1125 105 107.5 105 — — — — _
105 105 105 105 110 105 105 1175 105 105
100 105 107.5 105 — — — — — —
102.5 105 1125 105 105 110 110 105 105 105
117.5 105 105 110 110 110 105 105 105 110
110 100 105 110 100 105 105 — — _
105 105 105 105 100 100 105 105 110 —

The figures in the upper horizontal line represent the days after operation.

Table 111
Statistical evaluation of blood pressure
oscillations
Lymphogenous Sham-
encephalo- operation
pathy

n 13 9

X 59 12

s 20 4

t 8.4

Po% <0.1
Table 1V

Statistical evaluation of blood pressure changes

Increase

lymphogenous sham-
encephalo- operation
pathy

13 9
31 7
14 9

7.8 2.4
<0.1 <5

4.5
<0.1
Acta Mediea

Decrease
lymphogenous sham-
encephalo- operation
pathy

13 9

27 4

22 9
4.4 14

<0.1 >10

3.4
<1
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The peaks of blood pressure occurred on the average 2.2 days after
operation in the animals with lymphogenous encephalopathy, and 5.1 days
after operation in the control group. In other words, the blood pressure ele-
vation after cervical lymphatic blockade was almost immediate, while after
sham operation it was relatively delayed. The intensity of pressor response to
capsaicin did not significantly differ in the two groups, but from the fifth day
onwards blood pressure rose significantly higher in the lymphogenous enceph-
alopathy group than in the control group where the maximal blood pressure
values were unchanged during the eleven-day period (Table ¥Y).

Table V

Pressor response to capsaicin after sham-operation (s.op.) and lymphatic obstruction (l.ob.)

Days 1 5 7 9 1
after oper-
ation s.op. Lob. s.o0p. l.ob. s.op. l.ob. s.0p. l.ob. s.0p. l.ob.

n 6 4 6 4 6 4 5 4 3 3
X 26.7 32.5 28.3 71.2 25.0 85.0 32.0 69.8 26.7 51.7
s 16.6 17.1 16.4 20.0 14.0
t 0.5 3.9 5.7 2.8 2.2
P % >60 <1 <0.1 <5 <5

Table VI

Duration of pressor response after sham-operation (s.op.) and lymphatic obstruction (l.ob.)

Days 1 5 7 9 11
after
operation s.op. l.ob. s.op. l.ob. s.op. l.ob. s.op. l.ob. s.op. l.ob.
6 4 6 4 6 4 5 4 3 3

X 3.2 5.8 3.2 8.1 2.7 11.2 3.0 8.5 2.3 5.5
S 1.9 1.2 1.4 2.8 1.2
t 2.0 6.1 9.6 2.9 3.3
P % >5 <0.1 <0.1 <5 <5

It was likewise from the fifth day onwards that the duration of the
pressor response to capsaicin began to diverge significantly in the two gioups.
In the animals with lymphogenous encephalopathy noimalization of blood
pressure took longer than in the controls where the time required foi the blood
pressure to regain its original level was unchanged during the eleven-day
period (Table VI).

In the controls, the duration of blepharospasm elicited by capsaicin
became progressively shorter until the eleventh day as compared to the initial
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Table VII
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Duration of blepharospasm elicited by capsaicin

a) Changes correlated to preoperative findings

Day after
operation

Day after

operation
s.0p.

diff. 10.4

t
p%

Sham-operation

Lymphatic obstruction

1 n

8 8
51.0 20.6

9.5 2.7
<0.1 <5

b) Correlation of changes

1.ob.

51.

0

9 n
s.op. lob. s.op. l.ob.
7 8 7 8
20.3 58.9 25.4 20.6
2.5 0.6
<5 >50

values. In the lymphogenous encephalopathy group the duration of blepharo-
spasm successively diminished until the fifth day, to rise after this time with-
out, however, attaining the initial values during the whole course of the experi-
ment. Until the 9th day, the reduction was significantly more marked in the
lymphogenous encephalopathy group than in the controls (Table VII).

The duration of blepharospasm correlated with that of the pressor re-
sponse was significantly shorter in the lymphogenous encephalopathy gioup
from the fifth day onwards (Table VIII).

Table VIII

Correlations between pressor response and duration of blepharospasm

Days 1
ufter
operation s.0p. l.ob.
6 4

X 99.2 48.7
S 34.2

t 2.3

P % 5

l.ob.

9 11
l.ob. s.op. l.ob. s.op. L.ob
4 5 4 3 3
10.5 99.8 32.0 146.0 53.1
1 34.0 34.8
0 3.0 3.3
<5 <1
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Discussion

Griffith et al. induced hypertension in 39 out of 85 rats by the intra-
cisternal injection of kaolin. According to their graphs, the rise of blood pressure
reached its peak between the fourth and eighth days after the injection of
kaolin. In our studies obstruction of the lymphatic drainage of the intracranial
space, whether carried out from inside by injection of kaolin, or from outside
by surgical means, entailed a transitory rise of blood pressure. Return of blood
pressure to its initial level or still farther below, as witnessed in our experi-
ments, might have been due to the following factors:

a) The pressor effect of lymphatic ligation might have released a para-
sympathetic counterregulation.

b) Surgical obstruction of the ceivical lymph channels is hardly ever
complete. The lymphatics which have remained patent dilate. Further lym-
phatic channels may open up making thus the consequences oflymphatic obstruc-
tion reversible. Foldi et al. have pointed out in an earlier paper [13] that the
animals with lymphogenous encephalopathy aie indolent, drowsy, sluggish in
response to painful stimuli and their EEG findings are consistent with those
recorded under the effect of chlorpromazine. This peculiar observation is in
line with the finding of Thuranszky in that capsaicin blepharospasm is re-
stricted in duration by chlorpromazine, and in a lesser degree, by reserpine.
In these experiments the pressor response to capsaicin was also reduced by
the two drugs. On the other hand, no agent could be found which would have
enhanced the pressor response but shortened the duration of blepharospasm.
In other words, in normal animals the two reactions are of the same direction.
The pressor response in lymphogenous encephalopathy thus differs from that
elicited after the application of tranquillizers. In lymphogenous encephalo-
pathy the pressor response to capsaicin is enhanced in all probability because
higher inhibitory structures have been damaged. Our earlier studies [7] have
revealed severe neuropathologic changes in lymphogenous encephalopathy.
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QUANTITATIVE CHANGES IN THE SERUM HEPARIN
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Treatment with formalin or glycocorticoid has been found significantly to lower
the serum heparin level. Removal of the adrenals raised it, but thymectomy prevented
this rise in the adrenalectomized animal. Hypophysectomy raised the level significantly.

DOCA treatment increased and hydrocortisone treatment decreased the serum
heparin level to a lesser extent in the thymectomized animal.

Heparin inhibits adrenocortical activity in the rat [1, 2] and reduces
24-hour urinary 17-ketosteroid excretion in man [3]. Glycocorticoid reduces
the number of mast cells [4, 5] and the amount of mucopolysaccharides in
tissues [6, 71. The number of mast cells in the thymus is high [8, 9, 10, 11];
the gland contains PAS-positive substance [12, 13] and heparin [14]. Adreno-
cortical hyperactivity or glycocorticoid treatment causes thymo-lymphatic
involution [15, 16].

Recent experiments have shown serum and heart lipoprotein lipase activ-
ity to decline in the thymecLounziod animd [17] Ahthis decline might be one
of the causes of the fall of the heparin level, this being the co-ferment of tlie
enzyme, the present work was undertaken to study in the rat the quantitative
changes of the serum heparin level under the effect of thymectomy and glyco-
corticoid treatment, known to result in thymo-lymphatic involution.

Material and methods

A total of 223 male W istar-strain rats was selected for uniformity in body weight
(120d120 g) and groups of them varying in number (cf. Fig. 1 and Table 1) were subjected to
one of the following procedures:

(@) Thymectomy following sternotomy under ether anaesthesia.

(b) Bilateral adrenalectomy from the lumbar approach under ether anaesthesia. Post-
operatively, these animals were given 0.9 per cent physiological saline to drink.

(c) Exposure of the cerebral base from the parapharyngeal approach and removal of
the pituitary by aspiration. Data for animals with successful hypophysectomy at autopsy
and histological examination, have only been included in this series.

Formalin and corticoid treatments were as follows, all per 100 g of body weight:

(a) A single dose of 0.3 per cent formalin was injected subcutaneously, and the animals
were decapitated one hour later.
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(b) Thymectomized and sham-thymectomized animals were treated either with 0.5 mg
of intramuscular hydrocortisone (Richter, Budapest), or 1 mg of intramuscular DOCA (Doca-
quosum, Organon, Oss) daily for eight days beginning 48 hours after surgery, and were decapi-
tated one hour after the last injection. The control (sham-operated) group was treated with
0.9 per cent physiological saline. The animals were decapitated on the tenth day after thymec-
tomy, adrenalectomy, or the corresponding sham operation. The blood obtained at decapita-
tion was centrifuged without the addition of an anticoagulant. Serum heparin levels were esti-
mated by the thrombin inactivation method described by Gerendas [18, 19, 20]. Statistical
analyses were performed with Student’s t test.

Results

The serum heparin level fell insignificantly after thymectomy (p > 0.10)
and rose significantly after adrenalectomy (p <[ 0.001). Thymectomy following
removal of the adrenals prevented this rise. Treatment with formalin reduced

Ireafmont for s rfuyo
Hyclrocort Doca

(1) | 1<ontrol
16
(13) VIT Thymectomized
Y'/N Adrena/edomized
Thymectomized+
(13) Adrenaledomized
oyf dH! 0,5m13% Formalins.c.
() Numberofanimals
1
x: 166 %.6 206 16,7 O 9.7 119 162 176

Sx: 103 -0,6 +0A %0,5 0,2 toa 5 to,6 102

Fie. 1. F.ffect of iliyinmnmy, aarenaiecromyband corticoid treatment on serum heparin level
*? in"tbe rat

the serum heparin level (p < 0.001). Hydrocortisone also reduced it in thym-
ectomized rats but much less markedly than in the sham-operated controls
(p < 0.01 and p -< 0.001, respectively). DOCA raised the serum heparin level
insignificantly in the thymectomized animals (p < 0.10) but significantly in
their sham-operated controls (p < 0.01) (Fig. 1).

As expected, hypophysectomy reduced body weight, adrenal weight
(p < 0.001), and lienal weight (p <[ 0.01), and raised the serum heparin level
significantly (p < 0.001) (Table 1I).

Discussion

In previous works [1, 2, 3] heparin had been studied for its inhibitory
effect on adrenocortical activity. The present experiments were carried out
to study the effect on the serum heparin level of the adrenals, treatment with
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Tabic |

Effect of hypophysectomy on serum heparin level, adrenal weight, thymus weight and lienal weight

Weight of

Experimental Number  Body weight adrenal Weight of Weight of Serum heparin,
groups of g mg/100 g thymus, mg spleen, mg ug/ml
animals body “weight
Control 9 175.6+ 7.1 19.78+ 1.25 210.8+ 14.3 187.1+ 9.4 17.20+ 0.11
Hypophys-
ectomyzed 13 134.6+ 4.9 11.15+ 0.67 201.5+ 10.0 157.1+ 7.2 20.26 + 0.22
Significance pCO.00I p>0.50 p<0.05 p<0.001

The values are means (x) with standard deviations (Sx)

corticoid, and thymectomy. In these experiments it was found that glyco-
coiticoid lowered and DOCA raised this level to a lesser extent in thymecto-
mized than in sham-operated rats. Its hould be noted that in earlier experiments
[21] these corticoids had been demonstrated to have a similar effect on the
serum properdin level of thymectomized animals.

In the present experiments thymectomy reduced the serum heparin level
insignificantly, but prevented the marked rise of it which follows adrenal-
ectomy. Thus they failed to supply information about the role of the thymus
in the regulation of the serum heparin level, though in our view the gland may
have a part in heparin synthesis and the heparin formed in the thymus may
have a share in increasing lipoprotein lipase activity. In favour of this view
argue the high number of mast cells in the thymus [8, 9, 10, 11] and the decline
of serum and heart lipoprotein lipase activity observed in the rat following
thymectomy [17].

Csaba et al. [22] observed that under the effect of cortisone a rise occurs
in the serum acid mucopolysaccharide content which they determined by
nephelometry of the turbidity caused by protamine sulphate [23]. The discrep-
ancy between their data and ours may be explained by the difference in the
methods used, among others.

Cannon [24] reported as early as 1914 that fright or fear (stress) shortens
blood clotting time. Meyer et al. [25] confirmed this hut demonstrated that
clotting time is not shortened in the adrenalectomized animal. In the present
experiments formalin, as a stressor agent, lowered the serum heparin level, and
hypophysectomy raised it. We incline to the view that the formalin-induced
stress loweied it by mobilizing endogenous ACTH, and hypophysectomy raised
it by reducing ACTIIl secretion and adrenocortical activity.

The present results appear to show that adrenocortical activity is one
of the factors controlling the serum heparin level. This agrees well with the
data referred to above [4, 5, 6, 7] and those published by Cosgriff [26] and
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other authors [27, 28, 29] that treatment with ACTH or glycocorticoid
increases the incidence of thrombo-embolic episodes.

Acknowledgements. We are indebted to Dr. B. Varga for performing the hypophysecto-
mies, and to Mr. B. Hajtmann for statistical analyses.
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SERUM LIPIDS IN EXPERIMENTAL JAUNDICE
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(Received November 19, 1965)

The appearance in serum of abnormal beta-lipoproteins in obstructive jaundice
has been demonstrated in animal experiments. An attempt has been made to clarify
the causes of this abnormality by the chemical analysis of lipoproteins isolated from the
serum of the animals under study.

Extra- or intrahepatic biliary obstruction belongs to the major predis-
posing factors of abnormal lipid metabolism. Absence of bile is known to inter-
fere with the digestion of fats in the intestines [17, 13]. Parallel with the devel-
opment of jaundice, the level of total lipids in blood serum increases [3, 4,
20]. The fractions largely responsible for this increase are beta-lipoproteins,
and also constituents of an abnormal structure [7, 12, 15].

On the basis of an empirical test (Jirgl, 1957) the present authors
(Kremmer, Ferenczy, 1964) have demonstrated a hitherto unknown abnor-
mality of fat metabolism in obstructive jaundice [11]. The pattern is made up
of abnormal beta-lipoproteins, labile to aromatic sulphonic acids, with easily
split off lipid components. A study of an extensive clinical material has shown
that changes of lipoprotein stability ensuing upon specific influences of this
kind are characteristic of conditions associated with jaundice, but are extremely
rare in other conditions. The phenomenon seemed to deserve further study.

Material and methods

According to an earlier communication of Jirgl [9] ligation of the common bile duct
can conveniently be carried out in rats. We used inbred rats of both sexes weighing between
100 and 150 g. Semi-synthetic food and water was offered ad libitum. High ligation of the
common bile duct was performed in groups of 5 animals, then 48 hours after the operation the
animals were killed under ether anaesthesia by bleeding through the femoral vein. The control
animals which had been subjected to laparotomy only, were bled in the same manner. From
the clear centrifuged blood serum of the jaundiced and control animals the following tests
were performed: serum bilirubin by the method of Jendrassik-GrOf [1]; total lipids, by the
gravimetric procedure of Sperry and Brand [16]; then, after redissolving the lipids, total
cholesterol according to Liebf.rman [1] and phospholipids by the method of ZIELVERSMIT [211
Beta-lipoproteins were isolated with dextran sulphate according to Burnstein and Samaille
[2]. After repeated extractions with CHC1, : CH.,OH (2 : 1), the eluted precipitate was ana-
lysed for total lipid, cholesterol, and phosphatide contents. The residual proteins left after
extraction were determined by the Kjeldahl micro-method.
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Jirgl’s test was carried out in an aliquot of serum. Extraction and analysis of the mu-
coprotein and lipid containing precipitate was performed by the above methods.

The studies were repeated in eight series (40 jaundiced and 40 control animals.) Lognor-
mal distribution of the results of lipid determination was checked by the GAUSS-probit graphi-
cal method. Since the zero-hypothesis could be rejected, the identical number of icteric and
control animals permitted to use Student’s two-sample f-test for the comparison of the icteric
and control group.

Results

Results are shown in Tables | and II.

Ligation of the common bile duct was invariably followed by jaundice
with serum bilirubin levels reaching 10.4 mg per 100 ml. Jirg1’s test was
strongly positive in each group, apart from a case where the material was
insufficient for serum lipid determination (Group Y). A positive test of elevated
serum bilirubin levels was observed in none of the laparotomized control
animals; the amount of lipids in the mucoprotein-containing precipitate of
these animals remained within the limits of error inherent to gravimetry.

Table 1

Control groups

Serum  lipids beta-Lipoproteins
mg per 100 ml mg per 100 ml
No.
groups
Tﬁ;ﬁl Choi. P-lip. IS,‘Q‘S' Choi. p-lip. Protein
1. 288 73 168 100 21 44 96
1. 388 60 125 230 30 66 75
1. 490 69 146 300 33 64 122
Y. 363 104 207 150 33 42 115
V. 375 63 125 210 31 47 70
V1. 390 78 139 240 40 46 109
VII. 525 80 134 360 64 89 209
VI 740 91 111 310 64 94 174
Average 440 7 144 237 39 62 121
Choi. = total cholesterol (free and esterified)
P-lip. = phosphatides expressed in lecithin, calculated from organic phosphorus content.

The rise in serum lipids due to ligation of the common bile duct
was strongly significant (p < 0.1 per cent) and involved an extreme elevation
of phosphatides at the expense of neutral fats. While the total lipids reached
2.5 times and the beta-lipoproteins 3.5 times their original level, the value for
lipids bound to alpha-lipoglobulins was practically unchanged. These changes,
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No.
groups

VI.
VII.
VIII.

Average
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Serum lipids

mg per 100 ml
T choi.  pip.
1190 335 680
1550 453 1050
1110 198 398
1210 310 590
1290 255 640
925 273 490
1055 221 453
1110 222 404
1180 283 588

Abbreviations as in Table

Tabic 11

Icteric groups

beta-Lipoproteins
mg per 100 ml

Total . . Pro-
lipids ~ Choi.  P-lip. teing

800 218 422 158
1370 342 800 256
750 170 323 167
1010 224 482 240
950 204 464 215
540 174 310 171
710 142 283 233
740 156 281 114

859 204 480 194

Abnormal lipids

Total
lipids

425
900
160
300
270
170
120

335

mg per 100 ml
Choi. P-lip.
105 223
190 145
25 37
98 65
48 87
26 68
o 15
71 91

221

Serum

Muco-

pro-

teins
99
126
79
68
49
28
32

69

as well as the pattern of labile lipids appearing in the filtered serum tested for
inucoproteins are illustrated

The described changes involved the beta-lipoproteins in the first place
and the increase in phosphatides and the fall in neutral fats were the most
conspicuous features. The changes in the protein content of the beta-lipo-

in Fig. 1.
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proteins did not go parallel with those of the lipid fraction. Table 111 shows
the changes in the composition of beta-lipoproteins ensuing upon ligation of
the common bile duct.

In the jaundice of animals, the binding of nearly one third of the lipids
forming the structure of beta-lipoproteins was abnormally labile (Table 1I).
They were split off by aromatic sulphonic acids such as sulphosalicylic acid,

Table 111

Beta-lipoprotein pattern

Control group Icteric group
Content

mg per 100 ml rel.% mg per 100 ml rel.%
Total cholesterol 39 10.9 204 19.4
Phosphatides 62 17.3 480 45.6
Other (neutral) fats 136 38.0 175 16.5
Total lipids 237 66.2 859 81.5
Protein 121 33.8 194 18.5

p-toluolsulphonic acid, etc., during the precipitation of proteins, and passed
into the filtrate in a colloidal state. Thin-layer chromatography showed them
to contain all the lipid components of lipoproteins. Their origin from the beta-
lipoproteins has been established on the following grounds:

1. Paper electrophoresis of serum stained for lipids revealed an isolated
increase in beta-lipoproteins.

2. The carriers of abnormal changes were the beta-lipoproteins.

3. Dextran sulphate added to a positive serum abolished the positivity
of the test by blocking beta-lipoproteins.

4. The beta-lipoproteins isolated from positive sera (but not from con-
trols) also gave a positive test.

Discussion

Ligation of the common duct is followed by a complexity of profound
changes in lipid metabolism. When the fats are inadequately absorbed from
the intestine, their accumulation in the blood cannot be explained otherwise
than by an increased mobilization from the stores. The various normal and
abnormal types of fat mobilization are generally associated with an increase
in beta- and alpha2lipoglobulins. In the present case, the excess of lipids in
blood was integrated into the structure of lipoproteins, thus changing their
physico-chemical nature.
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In this Connection the following questions arise

1. Which are the factors determining the production of abnormal lipo-
proteins ?

2. What causes the lability of the lipoprotein complexes in question?

According to present knowledge, the main site of beta-lipoprotein pro-
duction is the liver [14]. Biliary obstruction is associated with an increased
production of lecithin by the liver and with its integration into the lipoprotein
structure. Lipoproteins of a structure different from that occurring in serum are
excreted in the bile also under normal conditions [10, 18, 19]. The bile gives
generally a positive JIRGL-test. It is a further point of interest that in biliary
obstruction the difference between the patterns of serum and biliary lipids
tends to disappear. This would suggest a mechanic regurgitation of bile, possibly
associated with a hyperfunction of liver cells and accumulation of lipoproteins.

Friedman et al. [6] connect the production of abnormal lipoproteins
with the accumulation of bile acids. Though it is actually possible to induce
hyperlipaemia by the administration of bile acids, earlier observations in
jaundiced subjects did not suggest any correlation between the levels of labile
lipoproteins and those of bile acids in the seium [5]. This, however, does not
exclude the possibility of an intracellular mechanism affecting the liver cell.
At any rate, the phenomenon under study must be closely associated with
intra- or extrahepatic biliary obstruction and must involve the liver in the
first place.

Hanahan investigated the relative lability of lipoprotein complexes [8].
On the evidence of radio-isotope studies the most stable fraction of the mole-
cule is the protein and next to it the phosphatide, while the other lipids are
easily interchanged as a result of intermolecular collision.

In the present case the increase in the relative lipid content of the lipo-
protein complex was associated with a reduction of its more stable component,
the protein fraction. A further feature of this condition, in opposition to
others, is the integration of components of greater polarity, particularly of
phosphatides, into the molecular structure. The absence of any correlation
between the lipid and protein fractions in the filtrate of the sulphosalicylic acid
precipitate suggests that only a loosely attached portion of the abnormal lipo-
proteins is split off by aromatic sulphonic acids. However, the question still
awaits a closer study.
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A total of 400 patients with renal disease has been followed up over the last
five years.

1. Long-term care is required in addition to chronic renal disease, by patient
with acute nephritis taking a protracted course. Cure of this condition may take two
years. In the presence of two or more renal abnormalities, i.e. of combined renal disease,
long-term care offers little proapect.

2. The terms ‘‘residual proteinuria”, “residual haematuria”, “asymptomatic
bacteriuria”, “defective healing”, though giving confidence to the patient, may blunt
the alertness of the physician unless he keeps in mind that there is no complete cure
without a normal filtration fraction.

3. Slow progression of chronic glomerulonephritis is due in all probability to
auto-immunization while the short latency of acute exacerbations finds its best expla-
nation in the classical theory of streptococcal sensitization (sessile antibodies). The
predisposing factors of chronic pyelonephritis are: 1. calculi; 2. congenital malformations
of the urogenital tract; 3. pregnancy.

4. Signs of activity in chronic nephritis are microhaematuria by the standards
of the Addis count and/or a low complement titre, while the dynamics of chronic pye-
lonephritis is reflected by quantitative urine cultures and leucocyte Addis counts.

5. Appropriate measures to brake the progress of chronic condition are as fol-
lows. 1. Abstinence from harmful influences. 2. Suppression of activity by long-term
steroid therapy in glomerular affections, and protracted chemotherapy and antibiotics
in pyelonephritis. 3. If necessary, eradication of foci and surgical correction of uropoiet-
ic abnormalities. Steroid treatment is contraindicated in renal amyloidosis.

6. Patients with chronic renal disease showing signs of activity are unfit for
work. Rehabilitation in the stage of latency is an attempt calling for the closest possible
supervision.

7. Long-term care and follow-up of patients with chronic renal disease should
be entrusted to néphrologie units with suitable laboratory facilities. This should be
complemented by occasional overall studies of the renal condition. The medical practi-
tioner is in the best position to notice any unexpected change. Care of the renal patient
along these lines is a lifelong necessity.

Owing to the recent medical and surgical advances, the life of chronic
renal patients could considerably be lengthened and the number of patients
requiring long-term medical care has greatly increased. This leaves the physi-
cian with new responsibilities, particularly as concerns preserving the patient
in the best possible condition and of enabling him to pursue an activity com-
patible with his state of health.

The problems involved by the care of the renal patient have not received
the attention they deserve. We have followed up closely 400 renal cases over
the last five years. Since the majority of our material consisted of cases of
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glomerulonephritis and pyelonephritis, these two types will be discussed in the
present paper. Neither the period of observation nor the number of the cases
provide sufficient evidence to decide the pertaining issues, nevertheless pro-
visory lines of conduct can be given.

W hich patient requires long-term care?

First of all the chronically ill with the following diagnoses:

Chronic glomerulonephritis

Nephrotic syndrome;

Chronic pyelonephritis;

Renal ptosis;

Congenital anomalies of the urogenital tract, particularly polycystic
kidney;
Renal calculi;
Renal tuberculosis;

Renal tumours.

o NoS< o~ wWN R

If two or more types combine, proper care is a particularly difficult task,
though for obvious reasons there can be no question of a long-term care fatal
outcome being unavoidable in practically every case. The possibilities of com-
binations are unlimited, as illustrated by some cases from our material:

Interstitial nephritis with nephrosis;

Hypersensitive angiitis (Zeek) -f- salt-losing kidney;

Systemic lupus erythematosus -f- scleroderma involving the kidney;

Polycystic disease of kidney -f- pyelonephritis;

Pyelonephritis + renal amyloidosis;

Renal amyloidosis -f- renal vein thrombosis;

Kimmelstiel—W ilson’s syndrome -f pyelonephritis;

Pyelonephritis -)- essential (central) hypertension -)- Goldblatt
mechanism in consequence of atheromatous plaques obliterating the right
renal artery -(- generalized atherosclerosis with reduced elasticity of the aortic
wall.

It must be pointed out that acute nephritis when taking a protracted
course, may require two years for its cure. Such patients, too, are in need of
long-term care. Very often, the 14-year-old belong to no man’s land, since they
have grown out of a paediatric unit before being actually cured, and fail to
report at a medical department.
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Criteria of healing

The cured patient needs no further care. However, it is not easy to decide
when he is to be regarded as cured. The ideal requirement would be a full
restitution on the following evidence:

1. Freedom of clinical symptoms;

2. Immunological inactivity;

3. Normal ultrastructure as revealed by electron microscopy of renal
biopsy material;

4. Normal renal functions on the evidence of functional tests including
clearance.

The terms “residual proteinuria”, “residual haematuria”, “defective
healing”, “asymptomatic bacteriuria”, though giving confidence to the patient,
may blunt the physician’s vigilance and are therefore best discarded from our
terminology or made very limited use of. By our standards, one is not justified
in speaking of a “residual proteinuria” unless the renal function tests and
the filtration fraction give consistently normal results. We limit the term
“residual haematuria” to cases with an Addis count below 8 to 10 million.
We keep a careful watch on the behaviour of the filtration fraction, this being
one of the most sensitive functional indicators. When improvement of a glom-
erular lesion has advanced so far that the filtrate is practically normal in
volume, the significant reduction of the filiration fraction will still indicate
the glomerular disturbance until recovery is complete. “Three minor signs
make up a major one” is the rule of French clinicians. If we apply it to the
present issue, then residual proteinuria, residual haematuria and residual
reduction of the filtration fraction add up to chronic nephritis in the latent
stage. The patient, as concerns future care is a candidate for chronic nephritis.

When does chronic nephritis begin?

The limits are indistinct. According to Hetényi [27] chronic nephritis
starts three weeks after the onset of acute nephritis if the accompanying hyper-
tension has not completely ceased by this time. We cannot, however, subscribe
to this view as in our experience acute nephritis may affect many hyper-
reactive individuals, moreover central (essential) hypertension may be
misinterpreted as chronic nephritis [24]. Impairment of the concentration
capacity leaves, however, little doubt about the stage either of glomerulo-
nephritis or of pyelonephritis.

Bacteriuria whether symptom-free or associated with mild bouts of
pyelonephritis, calls for special attention since it may have a severe chronic
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pyelonephritis in its background, as illustrated by the carefully observed cases
of Thrupp et al. [48]. The question arises when bacteriuria should be considered
“true” . Asrecently stressed by Whartitey et al. [52], bacteriuria has no signifi-
cance unlessthe same microorganism grows from the urine in large numbers
on two consecutive occasions. Usually, 105m1 is said to be the critical count, in
our experience 10¥ml is critical in the case of clear voided urine of males and
catheter urine of females [21, 22]. A growth of different microorganisms from
different cultures repeated at closeintervals is no evidence against “true”
bacteriuria. In a person susceptible to infections the urogenital tract may
harbour different microorganisms and it may sometimes occur that even more
than one kind may be present simultaneously.

Natural history of the chronic process

Certain renal diseases assume a chronic form at the onset, as for instance
the chronic type of renal tuberculosis. Certain renal abnormalities such as
congenital malformations, obviously last through a lifetime. But it is hard to
understand how acute glomerulonephritis or pyelonephritis become chronic.

Glomerulonephritis is doubtlessly an allergic disease, but the underlying
immunological mechanism is not fully understood. The following explanations
have been put forward, among others.

1. The classical school claims streptococcal allergy to be responsible for
the disease (Schick [45], Pirquet [42]). The streptococcal proteins are sup-
posed to sensitize the human organism, the first phase of the process hoing an
attachment of antibodies to the tissues and the first manifestation of the disease
is ascribed to the reaction with the sessile antibodies of the antigen repeatedly
invading the blood stream.

2. Inverse active anaphylaxis. The theory presumes, as the first phase
of the process, the binding of the antigen to the tissues (Kellett [31], Sarre
[44]). The disease becomes manifest when the antibodies produced during
the latent stage react with the antigen bound to the kidney.

3. Auto-immunization (Schwentker and Comploier [46], Cavelti [11],
Vaucura [49]).

4. The pathogenic role of soluble antigen-antibody complexes (Dixon
et al. [13], McCluskef and Benacerraf [37]). Recent investigations clearly
point to the possibility that in the latent stage of serum sickness an antigen-
antibody reaction occurs in the blood stream where toxic complexes are formed
and these are supposed to be the responsible factors not only while circulating in
the blood but also at a later stage when they are deposited in the vascular
wall and give rise to proliferative glomerulonephritis.

A review of the literature makes one conclude that all of the alleged
mechanisms have their part in the development of the process, at least in some
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of its features, such as the slow progression or conversely the acute exacerbation
of chronic nephritis. We ignore, however, whether the said factors operate
together or in succession. The latter conjecture is more likely to be true. It is
for instance in line with the theory which ascribes two phases to the origin
of Masugi’s nephritis and finds conclusive evidence in the rabbit kidney—duck
serum experiments of Kay [29, 30]. The model experiments of Hamori,
Tompa and Kadas [26] also point to two different allergic mechanisms coupled
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Fig. 1. Effect of anaphylactic shock on silent Masugi’s nephritis. Sensitization: ineffective

dose of nephrotoxic duck serum. Reinjection: 1.0 ml nephrotoxic duck serum. Abbreviations:

TP = total protein; A = serum albumin; G = serum globulin; NPN = non-protein nitrogen;
SeNa = serum sodium; + + + = intense precipitation by sulphosalicylic acid

in succession. These authors induced non-lethal anaphylactic shock in rabbits
sensitized with minimal amounts of nephrotoxic duck serum. Under the effect
of the shock the latent process became manifest whether normal or nephro-
toxic duck serum had been used for reinjection (Figs. | and 2). As exposed in
detail in an earlier paper [19], the auto-immunization provides the closing link
of the process and is also responsible for the slow progression of chronic nephri-
tis. Pfeiffer and Bruch [41] expressed a similar view ascribing chronic
nephritis to infective allergy which generally abates but may occasionally start
off an auto-immune mechanism leading to chronic nephritis and resulting in
secondary renal atrophy.

Acute exacerbations of chronic nephritis associated with repeated
streptococcal infections and liable to cause sudden relapses have a different
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origin. The latency period of acute exacerbations is shortened as found by
Earte and Seegal [14] and confirmed by ourselves. In our view the classical
streptococcal hypothesis offers the best explanation for the short latency
period.

Petranyi [40] has called attention to the possibility of acute glomerulo-
nephritis becoming chronic under the effect of hypertension, through a
kind of vitious circle leading to a hypertensive transformation of the kidney.

Rabbit No. 157 June, 1955
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Fig. 2. Effect of anaphylactic shock on silent Masugi’s nephritis. Sensitization: ineffective

dose of nephrotoxic duck serum. Reinjection: 1.0 ml normal duck serum. Abbreviations:

TP = total protein; A = serum albumin; G = serum globulin; NPN = non-protein nitrogen
SeCl = serum chlorides

In 50 per cent of chronic nephritis cases hypertensive changes may be found
without oedema or inflammation. A transformation of this kind obviously
precipitates the advent of renal failure.

The origin of the type of glomerulonephritis chronic from its very outset
is still enigmatic and suggests a relationship with collagen disease [40].

W hatisthe origin of chronic pyelonephritis ? As concerns local immunity,
we are still in the dark, therefore the question why bacterial infections persist
in the kidney, leaves us with general conjectures. Either the infective agent is
too virulent or the defence of the organ too weak, the major predisposing
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factors being 1. calculi, 2. congenital anomalies of the urogenital tract, 3.
pregnancy. Obstructive forms of renal disease require surgery and non-
obstructive forms, eradication of the responsible foci, for their cure.

The experiments of Babics and Rényi-VImos [3, 4, 5] have lent con-
vincing support to the assumption that in obstructive renal disease urine is
absorbed first into the adipose tissue adjacent to the renal pelvis and later
into the renal interstitium. This induces a massive release of histamine and
scarring of the adipose tissue of the renal sinus. Obliteration of the lymphatics
cause a mechanical impairment of renal lymph circulation and this interferes
with intrarenal protein transport which is considered by the authors as the
decisive factor in renal destruction.

Criteria of activity in chronic renal disease

It is a general rule that every chronic process is to be considered active
if any of the presenting features predominate and still more if any of them
becomes prevalent, but the various signs have not the same significance.
Glomerulonephritis is the very example of this. Increase of proteinuria is an
unfavourable sign and massive proteinuria is indicative of the nephrotic
syndrome. On the other hand, as decrease of the proteinuria need not be a sign
ofimprovement, the protein being ofglomerular origin, and therefore the destruc-
tion ofthe glomerular architecture may resultin areduction ofproteinuria. Eva-
luation ofhypertension isrendered difficultby clinical typesinvolvingadualmech-
anism,in other words, renal hypertension originating in the classicalrenin-angio-
tensin mechanism combines with neurogenic factors [24]. In our experience
the Addis count of red cells is the most reliable sign [20, 22, 23, 25]. Fig. 3
shows that a considerable sudden increase ensues in erythrocyte excretion,
as a rebound phenomenon, if steroid treatmentis interrupted inacute glome-
rulonephritis. Broa [8] set down the following criteria of activity: proteinuria,
haematuria, leukocyte excretion, cylindruria, sedimentation rate.

Reduction in serum complement titre is an evidence of immunologic
activity [20, 22, 23, 25, 34, 35]. There is still little information about the
correlation between auto-antibody titres and the clinical course of the disease.
The fact is, however, that significant titres are consistently found in the case
of chronic nephritis [12, 33 41, 50]. Persistent presence of anti-renal auto-an-
tibodies on the basis of serial tests is claimed by K ramer et al. [32] to be an
unfavourable sign in chronic nephritis.

In our experience, significant microhaematuria and complement reduc-
tion need not he associated with each other in cases of acute glomerulo-
nephritis taking a protracted course, or in cases of chronic glomerulo-
nephritis. Quantitative analysis ofthe sediment is generally a more sensitive
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Diagnosis, acute glomerulonephritis of a protracted course
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indicator than the serum complement titre. Occasionally, the latter remains
low despite the clinical cure of acute nephritis, but nothing decisive can be
said as yet about the further course of such cases. Long-term follow-up is
certainly required.

The serum complement titre is a valuable indicator of activity in lipoid
nephrosis. According to Lange et al. [35, 36] and Wedgwood and Jane-
way [51], changes of the titre closely reflect the clinical course of lipod nephro-
sis. Though in our experience this correlation is not quite as close, still we con-
sider a reduction in complement titre a fairly reliable sign of progression. Two
facts restrict, however, the diagnostic significance of the complement titre:
1. The serum complement titre may remain normal even in cases with fatal
outcome as evidenced by serial tests in one of our cases. 2. As pointed out by
Fischel and Gajdusek [15] low complement values rapidly return to normal
levels if acute glomerulonephritis is joined by some inflammatory process or
thyrotoxicosis. We were able to confirm the possibility of such correlations
in a case of nephrotic nephritis and in one of systemic lupus erythematosus,
the responsible inflammatory process having been in both cases an intragluteal
abscess caused by an injection.

Activity in pyelonephritis is indicated by the presence of “true” bacteri-
uria combined with pyuria, whether or not the patient is febrile. In our expe-
rience the behaviour of the bacterial and leukocyte counts gives a true reflec-
tion of the dynamics of the process. An Addis count of leukocytes requires a
catheter specimen in women, but not every day of course.

Increase in non-protein nitrogen levels associated with chronic renal
disease indicates the terminal stage of the process rather than its activity.

How to prolong the progress of chronic renal disease?

Chronic glomerulonephritis or pyelonephritis predict the terminal stage
of the process. The ideal way of aveiting it would be to control the process
during its acute stage. But when we are faced with an established chronic
process, all we can do is to attempt to keep away every possible influence that
may precipitate the fatal outcome. The essential harmful factors are 1. rein-
fection, 2. physical strain, 3. mental stress, 4. incorrect regimen. Our other
endeavour is to gain control over the activity of the process by means of long-
term steroid treatment in chronic glomerulonephritis [8, 9, 20, 22] and the
nephrotic syndrome [1, 17, 20, 22, 43], and sulpha drugs and antibiotic treat-
ment in chronic pyelonephritis [6, 7, 10, 21, 22, 28, 39, 47].

Prolonged steroid treatment has its hazards. We find it unwarranted in
cases of nephrosis due to amyloidosis, as in one case we had the definite im-
pression that it had precipitated the fatal event. Maxwell et al. [38] expressed
a similar view.
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Our procedure is as follows. Patients with X-ray evidence of peptic ulcer
are not given steroids. Those who have been found negative are kept on daily
oral doses of 50 to 60 mg prednisolone until the activity of the process subsides
or side effects have developed. This may take 4 to 8 weeks or more. Long-term
administration of medium doses in this range is limited by irritability, heart-
burn, abdominal colics, insomnia, palpitations or reluctance to take the drug.
This calls for an adjustment of the doses to the individual tolerance. Daily
doses in the range of 10 to 15 mg are generally free of any adverse effect even
when taken over long periods. Medium doses are liable to cause hypopotass-
aemia and therefore 3 g potassium chloride daily should be prescribed and
sodium bicarbonate according to need. The patient should be made aware of
the dangers of dietary errors. He must particularly avoid coarse, heavy food
which may bring on ulcer perforation or steroid pancreatitis.

During intensive steroid treatment, close supervision of the patient is
imperative. Barium-meals should be repeated at three-week intervals in the
interest of early recognition of a peptic ulcer. The appearance of ulcer
forbids any further administration of prednisolone, but 20 mg of cortisone
daily have to be given i. m. in order to ameliorate the rebound phenomenon
and iatrogenic adrenocortical failure, otherwise the long-term prednisolone
therapy will be gradually reduced over a period of two weeks. No ACTH is
required. Small doses of prednisolone may also be taken outside hospital.

According to the prevalent view, the decisive point in the outcome of
pyelonephritis is the control of bacteriuria. This is generally attempted by
specific antibiotic treatment. Brod [6, 7] emphasized that sterility of the urine
found on one occasion does not justify bringing treatment to an end, and even
when several cultures have remained negative, it is still long before the anti-
biotic can be discontinued. For long-term, antibacterial treatment he recom-
mends small doses of sulphonamides soluble in urine. Though subscribing to
Brod’s view as concerns the necessity of long-term treatment, we prefer the
use of large-spectrum antibiotics in small doses, the maintenance dose being
120 to 250 mg of Oxytetracycline daily. Prolonged intermittent antibiotic and
sulphonamide treatment has also been attempted, but in order to be rewarding
this too must be started at an early stage as long as creatinine clearance is still
normal or nearly so [10].

W hat are the possibilities if the causative agent is polyresistant? An
attempt may be made with some sulphonamide of high solubility. According
to clinical observations, resistance in vitro by no means excludes responsiveness
in vivo. It is, however, defensible to renounce chemotherapy or antibiotics.
Personally, we prescribe some dye preparation, obviously for psychic reasons
rather than in the hope of therapeutic effect.

Congenital abnormalities of the urogenital tract should be looked upon
as potential sources of pyelonephritis.
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After surgery for renal malignancy a careful watch must be kept on the
patient for early signs of relapses.

The importance of adequate relationships between the physician and
the patient need not be emphasized. Encouragement and sympathy offered
by the physician is an invaluable factor in efficient long-term care.

Renal disease and pregnancy

Two circumstances have prompted us to reconsider the question, how
far the maintenance of pregnancy is warranted in renal disease. First, with
antibiotics at our command, we can do more in the way of stabilizing the renal
condition during pregnancy than we could in the past. Second, owing to the
progress achieved in the field of premature care it is no longer vital to carry
a pregnancy to term. Induced delivery between the 7th and 8th months takes
a substantial load off the kidneys. The problem, obviously, does not present
itself unless the parents absolutely insist on the maintenance of pregnancy.

It stands beyond doubt that chronic nephritis, especially if it verges to
uraemia, represents an absolute indication for the interruption of pregnancy.
Butwhat if a woman with nephrotic nephritis and in the 5th to 7th month of
pregnancy reports for the first time? It is difficult to decide what to do in that
case, since six more weeks would be enough for a viable foetus to be borne.

Yet, though there is little evidence in this respect, we must face the
necessity of giving up the foetus as we did in the past if close clinical obser-
vation showed further deterioration in the mother’s condition.

Renal disease and military service

The presence of chronic nephritis settles the question, the patient being
in that case obviously unfit for military service. But what should be the
attitude in the case of an apparently cured acute nephritis? For instance, if
the patient had acute nephritis of a few weeks’ duration a year ago and he has
been free of any symptom since that time? In our opinion, military service
must be postponed for two years after the subsidence of acute nephritis, since
we have no absolute proof of its full restitution. As Goéméri [18] puts the time
during which improvement is still possible at 18 months and the present
authors at two years, the patient needs those two years to be on the safe side.

Rehabilitation

Provision for suitable activity adapted to the patient’s condition belongs
to the major practical problems of chronic renal disease. Rehabilitation com-
mittees work with standardized schemes based on the character and the stage
of the disease. Such standards have certainly their use. Foidi [16] does justice
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to these claims in his study about rehabilitation in renal disease. Schemes as
such, have obviously a limited value. B roa [8] greatly relies on the endogenous
creatinine clearance in assessing the working capacity of a renal patient.
As long as the average GFR is over 50 ml/min, he sees no objection to a seden-
tary full-time job. If, however, GFR falls below that limit or if hypertension
appears, he limits the patient’s activity to a half-time job which may be con-
tinued until signs of uraemia appear. Personally, we would not undertake to
set up hard-and-fast-rules of this kind, as two cases ofthe same disease are never
similar. We have only to remember the wide variety in nephritis ranging from
abortive cases to the fulminant type leading to death within 24 hours. In our
view, rehabilitation is not more than an attempt with entirely unforeseen
results. We had for instance a patient with polycystic kidney on the verge
of uraemia. On his request we let him stay on his administrative job. The
attem pt was successful. Another patient with ureteral obstruction associated
with microhaematuria works as a joiner without any adverse consequence.
But there are more than enough examples to the contrary. A young collier
for instance just on the way to recovery from an acute glomerular nephritis
of protracted course with minor signs of activity, took up his work, definitely
against our advice. Eighteen months later he was brought back to us in the
terminal stage of uraemia and died soon after admission. A young man in the
latency stage of chronic nephritis entered the High School of Forestry. The
strain involved by the studies and, possibly, an acute exacerbation resulted
in uraemia and death in a few months.

Return to work must be regarded in every case as a tolerance test, which
makes close supervision of the patient imperative, at least in the first time.
Here lies the role of the factory medical consultant. In cooperation with the
attending physician of the hospital unit, he must carefully assess the safety
range involving the minimum risk and it is up to him to find an activity for
the patient which he may safely continue without endangering his condition.
It must, however, be admitted that the problem of rehabilitation in renal
disease is as difficult as in any other disabling condition.

W hen should the renal patient be allowed to resume his work? The ob-
vious answer would be, as soon as he is cured clinically. There are, however,
cases which will take a chronic course in spite of adequate measures, so we
shall have to come to terms with the disease, allowing the patient back to
work if his condition is stationary or showing very slow progress.

When should the renal patient be forbidden to resume his work?

1. If the process is definitely active.

2. In case of renal disablement, for instance, on the verge of uraemia,
or with excessive renal hypertension.

W hat is the strain which presumably leaves the renal conditions unaf-
fected ? In all likelihood intellectual occupation or not too hard physical work.
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The patient should stand as little as possible. He should not lift heavy objects.
High temperature workrooms should be avoided, particularly where renal
poisons, e.g. mercurial compounds are used.

Residual proteinuria constitutes a special problem. In agreement with
Gomori [18] in these cases we apply the same criteria as in the early stage
of chronic nephritis. Such cases should be excluded from hard physical work.

As concerns school attendance, it should he borne in mind that with
acute nephritis taking a protracted course, it is better to lose a school-year
than to jeopardize the chance of recovery.

Problems of organized care

Care in renal disease has the same objectives as in any other condition.
The network of care has similar tasks as the family doctor had in the old days,
only at a higher level. The patient’s condition must be followed closely so as
to take the necessary measures in case of impairment. Organized care is of
substantial help in rehabilitation as it allows to check the consequences of the
resumed work. The ultimate objective of organized care is efficient prevention,
in other words the protection from any harm and provision for an activity
compatible with the patient’s condition. The main issues of this task are:

Overall check-up at regular intervals;
stabilization of the satisfactory condition;
early recognition of relapses;
rehabilitation.

B de

Who is to be entrusted with the care of renal patients? In our opinion,
out-patient clinics with a suitable laboratory background are best suited for
this task. There is no need for a special network, hut laboratory facilities are
indispensable as they alone provide the necessary basic information. We have
to rely on the general practitioner, too, who is generally familiar with the
patients of his district and is in the best position to note the slightest change
though not always to interpret it in the light of objective evidence. Shortage
in beds makes regular check-up in a clinical ward illusory.

Care of patients along the above lines requires no special expenditure.
The out-patient clinics of hospitals can undoubtedly cope with the task. The
patients would have to report for follow-up at regular dates, and it would be
in their interest to be seen by the same physician. In this manner, invaluable
material could be assembled in respect to the dynamics of renal disease.
A special institute for renal diseases would be desirable from the scientific
aspect, but the existing hospitals or clinics are well suited for the practical
tasks, particularly if specially equipped néphrologie units could be set up
within their framework.
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The most expedient means of organized long-term care would be to have
the patient referred by the general practitioner or the medical consultant of
the factory, to a néphrologie consultation at intervals of two months or so. In
addition, annual check-up at a suitably equipped ward would be necessary. The
tasks include postgraduate training of the medical practitioner in the field of
renal diseases.

How long is the renal patient in need of care? In our opinion, to the end
of his days.

Future prospects

Until recently, the terminal stage of renal disease has not been accessible
for medical care. Two new possibilities, have, however, brought a change in
these gloomy prospects. The first is renal transplantation, and the second,
the artificial kidney. Widespread use of the first is limited by immunologic
incompatibility which, it is to be hoped, will soon be overcome.

Today there are many persons who live without kidneys and report twice
weekly for being dialyzed. This possibility must be developed on a larger scale
in the future.

Acknowledgements. We are indebted to Professor G. Romhényi for performing the
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DAS HISTOLOGISCHE BILD EINIGER OLIGO-
ANURISCHEN ZUSTANDE

Von

F. Rényi-Vamos, Margit Zombori und H. Jellinek

UROLOGISCHE KLINIK (DIREKTOR: PROF. DR. A. BABICS) UND Il. PATHOLOGISCHES INSTITUT
(DIREKTOR: PROF. DR. L. HARANGHY) DER MEDIZINISCHEN UNIVERSITAT BUDAPEST

(Eingegangen am 22. Dezember 1965)

In den dargestellten Krankheitsbildern konnte die Pathogenese der Oligo-
Anurie in vivo nicht mit Sicherheit festgestellt werden, der histologische Befund trug
jedoch zur vollkommenen bzw. partiellen Klarung des Prozesses bei. Diesem Umstand
wird hinsichtlich der Feststellung der entsprechenden Therapie und der Prognose eine
wesentliche Bedeutung beigemessen.

Das Krankenmaterial der Kunstnierenstationen besteht in erster Reihe
aus anurischen bzw. oligurischen Kranken. Im Hintergrund dieser klinischen
Diagnose stehen zumeist Krankheitsbilder verschiedener Pathogenese, die im
allgemeinen leicht diagnostiziert werden kdénnen (Quecksilbervergiftung, in-
kompatible Rluttransfusion, septischer Abort usw.), manchmal jedoch lediglich
anhand des bioptischen- bzw. Sektionsbefundes zu kldren sind. In einigen
Fallen — z. R. wenn der Patient ohne sichere Diagnose und Riopsie heilt,
besteht die Mdglichkeit der genauen Kldrung Uberhaupt nicht.

AuBer den diagnostischen Schwierigkeiten ist manchmal auch die
Klarung zahlreicher, mit der Pathogenese der verschiedenen Anuriearten ver-
bundenen Fragen problematisch.

Die Zielsetzung vorliegender Arbeit ist nicht die statistische Bewertung
unseres Krankenmaterials, sondern die Darstellung einiger Félle, in denen die
Pathogenese in vivo nicht mit Sicherheit festgestellt werden konnte, die histo-
logische Untersuchung der Niere dagegen die Kldrung des Krankheitsbildes —
teilweise oder vollkommen — ermadglichte.

Krankenmaterial

An unserer Kunstnierenabteilung wurden in 5 Jahren 367 Kranken behandelt: 211
blieben am Leben, 156 starben. Das Sektions- bzw. bioptische Material wurde in 4 Gruppen
eingeteilt und zwar erfolgte die Gruppierung dementsprechend, welches Nierengebiet derartig
schwere histologische Verdanderungen aufwies, mit denen die Entstehung der Oligo-Anurie
in erster Reihe erklart werden konnte.

1. Glomerulum-Veranderungen lagen bei 93 Kranken vor; die klinische Diagnose war
in diesen Fallen eine sich infolge einer ,internistischen® Nierenerkrankung entwickelte Oligo-
Anurie. Die histologisch nachweisbaren Ursachen der Oligo-Anurie waren folgende: subakute
Glomerulonephritis (Abb. 1), Endstadium chronischer Glomerulo- bzw. Pyelonephritis, Amy-
loidose, akute Aufflackerung chronischer Glomerulo- bzw. Pyelonephritis (Abb. 2), Schwanger-
schaftstoxamie (Abb. 3), WEGENERsches Syndrom (Abb. 4), GASSERsches hamolytisches
urdmisches Syndrom (Abb. 5).
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Abb. 1. Intra- bzw. extrakapillare Form der subakuten diffusen Glomerulonephritis. Periglo-
ineruldre und interstitielle rundzellige Infiltration. Parenchymatdse Dystrophie und Atrophie
(H&matoxylin-Eosin)

Abb. 2. Akute Exazerbation einer chronischen Pyelonephritis. Leukozytengruppen zwischen
den angeschwollenen und zellreichen Glomerulumschlingen. Leukozytére Infiltration im In-
terstitium (H&matoxylin-Eosin)
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Abb. 3. Schwangerschaftstoxdamie. Verdickung des Mesangiums. In den Kandalchen vakuolare
und hydropische Dystrophie (Azan)

2. Tubulusverédnderungen. Mehr oder minder ausgeprédgte Tubulusverdnderungen sind
bei samtlichen Anuriearten vorzufinden, die histologische Verdnderung erklart jedoch die
Pathogenese nur selten. In 8 bilateralen Nierenrindennekroseféllen (1 fleckige und 7 Total-
nekrosen) sowie in | Fall, in dem es sich wahrscheinlich um eine Athylenglykolvergiftung han-
delte (Abb. 6) lieRBen sich dagegen die Fragen — weshalb die Diurese trotz mehrmals wiederhol-
ter Hamodialyse nicht in Gang gesetzt werden konnte und weshalb die Menge des Tagesharns,
falls die Harnausscheidung begann, nicht in dem MaRe anstieg, daB anstelle der Oligurie eine
Polyurie trat — anhand des histologischen Bildes beantworten.

3. Interstitielle Verdnderungen. Da im Interstitium zumeist Odem und zellige Infiltra-
tion zu beobachten sind, vertraten Henschen [2] und Zollinger [3] die Ansicht, da der
intrarenale Druckanstieg (Nierenglaukom) auch ohne Schock Anurie herbeizufihren vermag.
Bei akuter, hdmatogener Aufflackerung einer chronischen Pyelonephritis standen im M ittel-
punkt des bioptischen- bzw. Sektionsbildes nicht selten schwere interstitielle Verdanderungen
Abb. 7).

( 4? GeféRveranderungen. Der Totalverschlu der A. oder V. renalis kann ebenfalls die
Ursache des todlichen Ausgangs sein.

Es sei betont, dal aufler den hervorgehobenen schweren Veranderungen auch die Ubri-

gen Komponenten der Nierensubstanz in kleinerem-gréRerem MafRe l&diert waren.

Besprechung

Falls der auslésende Faktor der Oligo-Anurie eine schwere Glomerulum-
oder interstitielle Verdnderung bzw. ausgedehnte Kortikalnekrose ist, so kann
die Ursache des Krankheitshildes bei der histologischen Untersuchung geklé&rt
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Abb. 4. WEGENERsche Granulomatose. Partielle Nekrose der Glomerulumschlingen, Granu-
lombildung. In der GefdBwand Fibrinoidnekrose und Entzindung (Phosphorwolframséure-
Mallory)

Abb. 5. Gasser I.-Syndrom. In den Glomerulumschlingen und in den GefdRen Mikrothrom-
ben (H&matoxylin-Eosin)
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Abb. 6. In den Epithelzellen der Tubuli ausgepragte Vakuolisation. Plasma ist lediglich an
den Randteilen zu finden (Hamatoxylin-Eosin)

Abb. 7. Ausgeprédgte interstitielle Entziindung, in den distalen Harnkandlchen Epithelzy
linder (Hamatoxylin-Eosin)
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Abb. S. Histologisches Bild der Niere bei septischem Abort. In den Tubuli zahlreiche Hdmoglo
binzylinder (H&dmatoxylin-Eosin)

werden. Die Anurie entwickelte sich in diesen Féllen infolge des vollkommenen
oder fast vollkommenen Aufhdérens der Filtration. Nebst verhdltnisméRig
intakten Glomerula sind fiir die Oligo-Anurie im Falle ausgedehnter Tubulus-
zerstorung vornehmlich die Tubuli verantwortlich. Bei der akuten Exazerbation
chronischer Nierenprozesse hat die akute Entziindung die Verminderung der
noch verhdltnisméaRig intakten Oberflaiche der Glomerula zur Folge, wéhrend
die interstitielle Entzindung unter Umstdnden die Kapillaren komprimiert.
AuBer den histologisch nachweisbaren Verdnderungen muR selbstverstandlich
auch mit einer, histologisch nicht nachweisbaren Funktionsstérung gerechnet
werden.

Das Syndrom der akuten Niereninsuffizienz (Trauma, inkompatible
Bluttransfusion, septischer Abort, Blutung, Operation usw.) gehdrt in eine
andere Gruppe der Nierenerkrankungen; wahrend der klinische Verlauf dieser
Prozesse in bezug auf die Oligo-Anurie hdufig ebenso schwer ist als die der
Ubrigen Anuriearten, weist das histologische Bild wesentlich mildere patho-
logische Verdnderungen auf. Das Aufhdéren der Harnproduktion ist in diesen
Féallen wahrscheinlich hauptsédchlich den funktionellen Stérungen (durch pra-
glomeruldren GefédBspasmus bedingte Filtrationsverminderung) zuzuschreiben.
Zu den funktionellen Stérungen gesellen sich selbstverstandlich auch histo-
logisch nachweisbare Verdnderungen, sowie Tubuluslidsion, Odem und Infiltra-
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tion des Interstitiums, ferner die in den Tubuli erscheinenden Zylinder, deren
Anzahl in Anurien h&dmolytischen Ursprungs (inkompatible Bluttransfusion,
septischer Abort) bedeutend sein kann (Abb. 8).
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OLIGO-ANURIE BEI CHRONISCHEN NIEREN-
PROZESSEN

Von

F. Rényi-Vamos, S. Csata, X. Csellar und Gy. Hamvasi
UROLOGISCHE KLINIK (DIREKTOR: PROF. DR. A. BARICS) DER MEDIZINISCHEN UNIVERSITAT BUDAPEST

(Eingegangen am 22. Dezember 1965)

Bei 96 von 413 an der Kunstnierenstation der Klinik behandelten Kranken ent-
stand Oligo-Anurie infolge der akuten Aufflackerung eines chronischen Nierenprozesses.
44 der Patienten konnten gerettet werden, 52 starben (54,1%). Die Grundkrankheit war
in 61 Fallen chronische Pyelonephritis, in 20 chronische Glomerulonephritis, in 9 sub-
akute Glomerulonephritis, in 3 Amyloidose, in 2 Nephrosklerose und in 1 Fall Periar-
teriitis. Nach Erdrterung der histologischen Nierenverdnderungen und der Ursachen
der akuten Exazerbation, wird ausdricklich betont, dal bessere Ergebnisse nur dann
zu erwarten sind, wenn die Patienten friher und in besserem Allgemeinzustand an die
Kunstnierenabteilung gebracht werden.

Eine verhdltnismdaRig selten auftretende Komplikation der chronischen
Nierenprozesse ist die akute Oligo-Anurie, deren klinisches Bild in erster Reihe
an den Kunstnierenabteilungen bekannt ist.

Krankenmaterial

An unserer Kunstnierenabteilung wurden in 5 % Jahren 413 oligo-anurische Kranken
behandelt; in 96 dieser Falle war der schwere Zustand auf die akute Aufflackerung eines chroni-
schen Nierenprozesses zurickzufihren (23,2%).

Die wesentlichsten Angaben des Krankenmaterials sind in Tabelle | dargestellt. Wie
ersichtlich, entwickelte sich die Oligo-Anurie als Komplikation verschiedener Grundkrank-
heiten: chronische Pyelonephritis (61 Falle = 63,5%), chronische Glomerulonephritis (20
Féalle = 20,8%), subakute Glomerulonephritis (9 Falle = 9,3%), Amyloidniere (3 Félle),
Nephrosklerose (2 Féalle), Periarteriitis (1 Fall).

Die den verschiedenen Grundkrankheiten entsprechende Altersverteilung war folgende:
chronische Pyelonephritis 46,5 Jahre (17—73 Jahre), chronische Glomerulonephritis 37,4
Jahre (3—69 Jahre), subakute Glomerulonephritis 21,4 Jahre (3—36 Jahre).

Mortalitdt: Pyelonephritis 23,2% (26 Falle), chronische Glomerulonephritis 70% (14
Falle), subakute Glomerulonephritis 77,7% (7 Falle). In den letzterwdhnten 2 Gruppen ist
die prozentuale Aufschlisselung wegen der geringen Zahl der Falle nur mit Vorbehalt zu be-
werten. 2 der 3 Patienten, bei denen die Grundkrankheit eine Amyloidniere war, starben;
die beiden Nephrosklerotiker konnten ebenfalls nicht gerettet werden, und auch der in 1 Fall
beobachtete periarteriitische ProzeR war tédlichen Ausgangs. Die Gesamtmortalitdt betrégt
somit 54,1% (52 Féalle). Vollstdndigkeitshalber sei hinzugefiugt, dal die Gesamtmortalitat der
Kunstnierenabteilung 42,6% ausmacht (176 Todesfélle von 413 Kranken).

In den sezierten Féllen verursachte die Feststellung der Grundkrankheit, d.h. des
chronischen Nierenprozesses keine Schwierigkeiten (54 Falle); bei jenen lberlebenden Kran-
ken, bei denen eine Biopsie durchgefihrt wurde, konnte die Grundkrankheit ebenfalls mit
Sicherheit festgestellt werden (12 Félle); bei den Gbrigen geheilten Kranken wurde die Diagno-
se der seit langem bestehenden Nierenkrankheit anhand der Anamnese, der nach Abklingen
der oligo-anurischen Periode durchgefiihrten Rdontgenuntersuchung sowie der Kontrollunter-
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suchungen gestellt. AuRer diesen Daten wurde selbstverstdndlich auch die Tatsache geprift,
ob fur die Anurie nicht etwa irgendeine andere Ursache (Operation, Schock, Ureterverschluf,
Nephrotoxine usw.) verantwortlich sei. Die Ergebnisse der mikroskopischen Harnuntersuchung
bieten keine wesentliche Hilfe, da die Patienten vor der Aufnahme auf die Kunstnierenabtei-

Tabelle 1

Krankenmaterial

Grundkrankheit Zanl ?(;J) Falle scrai:t;tgg)l_ter Mo(r;;itﬁt
Chronische Pyelonephritis 61 (63,5) 46,5 26 (23,2)
Chronische Glomerulonephritis 20 (20,8) 37,4 14 (70)
Subakute Glomerulonephritis 9 (9,3) 21,4 7 (77,7)
Amyloidniere 3 2
Nephrosklerose 2 2
Periarteriitis 1 1

lung bekanntlich mehrmals katheterisiert (Blasen- und Ureterenkatheterisierung) werden,
woraus folgt, daB die eventuell bestehenden Pyurie, Hamaturie bzw. Bakteriurie der durch
die Katheterisierung herbeigefiihrten Ureteritis, Zystitis bzw. Prostatitis zugeschrieben werden
kénnen.

Besprechung

Im oligo-anurischen Krankenmaterial der Kunstnierenabteilung war fur
die Entstehung der Oligo-Anurie in fast 25% der Félle die akute Aufflackerung
einer seit langem bestehenden chronischen Nierenerkrankung verantwortlich.
Die Grundkrankheit war in der Mehrzahl der Fdlle chronische Pyelonephritis,
ferner chronische und subakute Glomerulonephritis, in einigen Fé&llen waren
aber auch Nephrosklerose, Amyloidose und Periarteiiitis zu verzeichnen.

Anhand dieser Feststellung erhoben sich 2 Fragen:

1. Welche Art der Nierenverdnderung erklart die plétzlich auftretende
Oligo-Anurie? Diese Frage l&4Rt sich in zahlreichen Féllen mit Hilfe der histo-
logischen Untersuchung beantworten: Die sich zu einem chronischen Nieren-
prozell gesellenden akute Glomerulonephritis oder schwere akute interstitielle
Verdnderungen (Odem, Infiltration) kénnen teilweise fir die Entwicklung die-
ses schweren Zustandes verantwortlich sein. AnschlieBend sei betont, dall wir
das Zustandekommen der Oligo-Anurie nicht allein anhand der histologischen
Verdnderungen feststellten und diese lediglich deshalb hervorheben, weil ihre
Anwesenheit einen offenkundigen Beweis darstellt. Die funktionellen Nieren-
verdnderungen (GefédRspasmus, Kreislaufsstérungen usw.) kénnen in der klini-
schen Praxis wegen des schweren Zustandes der Patienten nicht untersucht
bzw. nicht genau gekléart werden. Diejenigen Fé&lle, in denen die Oligo-Anurie
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sich langsam, stufenweise, als das Endstadium der Grundkrankheit entwik-
kelte, wurden in diese Gruppe selbstverstdndlich nicht eingereiht.

2. Welche vorangehende Krankheit Ioste die Oligo-Anurie aus? Der
Oligo-Anurie ging in s&mtlichen Féllen eine mit Fieber verbundene Krankheit
voraus. In der pyelonephritischen Gruppe waren die auslésenden Faktoren
in 7 Fédllen Cholezystitis, Cholangitis und Cholangiolitis, in 7 Fdllen ein Nieren-
steinanfall (ohne VerschluB), in je 4 Féllen Sepsis bzw. Enterokolitis, in 3 pro-
statahypertrophischer Reflux, in 2 Féallen Pankreatitis (ohne Schock) und in
1 Fall Enzephalitis. In den Ubrigen Féllen kamen in der Anamnese mit Fieber
verlaufende Grippe oder Pharyngitis vor. Bei 17 der 20 an chronischer Glome-
rulonephritis leidenden Kranken war die auslésende Ursache der Oligo-Anurie
mit Fieber einhergehende Grippe, wéahrend in je 1 Fall Hepatitis bzw. Chole-
zystitis Vorlagen. In der Gruppe der subakuten Glomerulonephritiker wurde
das Fieber in 8 von 9 Féllen durch Grippe und in 1 Fall durch Gastroenteritis
verursacht. Aus dem Gesagten geht hervor, dall die Oligo-Anurie sich nach
irgendeiner, mit Fieber verlaufenden Krankheit, auf Wirkung derselben ent-
wickelte.

Unsere statistischen Angaben weisen darauf hin, dall die Mortalitdt der
infolge der akuten Exazerbation einer chronischen Nierenerkrankung ent-
standenen Anurien hdher liegt als die des oligo-anurischen Gesamtmaterials.
Schlechtere Ergebnisse waren lediglich bei nach beiderseitiger Nierenrinden-
nekrose (8 von 8 starben), nach NierengefédBverschlul (6 von 7 Kranken star-
ben) und bei nach Operationsschock aufgetretener Oligo-Anurie (35 von
47 starben) zu verzeichnen. Vollstdndigkeitshalber sei erwédhnt, dal 4 Patien-
ten, die nach der Aufnahme binnen 12—24 Stunden starben, in derartig
schwerem urdmischen und Kreislaufzustand eingeliefert wurden, dafl bei ihnen
die Hamodialyse nicht durchgefihrt werden konnte. In den Ubrigen Féllen,
in denen 1 oder mehr Hamodialysen vorgenommen worden waren bzw. in eini-
gen Féllen, in denen es nicht zur Kunstnierenbehandlung kam, war die Todes-
ursache zumeist Kreislaufinsuffizienz. Mit Ausnahme der an subakuter Glome-
rulonephritis leidenden Kranken konnte die Harnausscheidung in sdmtlichen
Fallen in Gang gesetzt werden, bei einigen Patienten stieg die tadgliche Harn-
menge sogar Uber 2—3000 ml an, was darauf hinweist, dal sich die Nieren-
funktion besserte, der Kreislauf infolge des schweren Allgemeinzustandes
jedoch insuffizient wurde.

Die nach der akuten Exazerbation eines chronischen Nierenprozesses
auftretende Anurie beansprucht keine besondere »antianurische« Behandlung.
Sowohl die Ubliche Regelung des Wasser- und Salzhaushaltes, wie auch die
Indizierung der Kunstnierenbehandlung und die Verordnung der antibiotischen
Therapie usw. werden ebenso durchgefiihrt wie bei den ubrigen anurischen
Kranken; besondere Erfahrungen bzw. Umsicht erfordert lediglich die Behand-
lung der bejahrten pyelonephritischen Kranken.
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W ir wollen es nicht unterlassen, auch an dieser Stelle ausdriicklich darauf
hinzuweisen, dal falls die oligo-anurischen Kranken — und selbstverstédndlich
auch die ubrigen anurischen Patienten — friher und in besserem Allgemein-
zustand eingewiesen wdéren, wir aller Wahrscheinlichkeit nach bessere Resul-
tate erzielenkdnnten. In den meisten Fdllen werden wir nur dann zum Kon-
silium gebeten, wenn der Patient sich wegen der fortgeschrittenen Urédmie
bereits in einem schweren Zustand befindet. In einem Teil dieser Félle war
die zwecks Regelung des Salz- und W asserhaushaltes angewandte Rehandlung
nicht richtig, was Odem und Kreislaufinsuffizienz zur Folge hatte.

Das Ziel vorliegender Arbeit war ein doppeltes: Teils beabsichtigten wir
eine seltenere Komplikation der chronischen Nierenprozesse anhand unseres
Krankenmaterials bekanntzugeben, teils wollten wir es abermals betonen, daR
in Fdllen, in denen eine Oligo-Anurie diagnostiziert wird, unmittelbar eine
Kunstnierenstation konsultiert werden soll, da auf diese Weise der sich in
lebensgefdhrlichem Zustand befindliche Patient eine, besondere Erfahrung
und Praxis beanspruchende, entsprechende Rehandlung erhalten wird.

Dr. Ferenc Rényi-Yamos
Dr. Sandor Csata Budapest VIII., UlIGi Gt 78/b. Urolégiai Klinika,

Dr. Mihaly CsettAr Ungarn
Dr. Gyodrgy Hamvasi
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ANAEMIA AFTER THERMAL INJURY

II. IRON METABOLISM

By
|I. Bernat, G. D6zsan, J. Novak and S. Erek

HUNGARIAN ARMY MEDICAL CORPS

(Received December 28, 1965)

Thermal injury has been found to be associated with a profound disturbance of
iron metabolism, as reflected by reduced iron levels associated with an impaired iron
binding capacity of blood serum.

Oral iron tolerance curves in 20 burned patients have been found to start with
low values and to remain flat over 7 hours.

In 10 patients with burns intravenously administered iron disappeared from the
blood stream in 3 to 5 hours, as a sign of increased iron metabolism.

Histochemical studies involving 40 albino rats have shown that the iron leaving
the blood stream at an increased rate is taken up and stored by the RES.

The described changes become manifest within the first 24 to 72 hours after
thermal injury and persist during the entire course of the process, to return to normal
values during convalescence.

In order to gain insight into the pathomechanism of anaemia associated
with burns, we have studied the behaviour of iron metabolism after thermal
injury. As reported in an earlier paper, thermal injuries are followed by a fast
and significant decline of the iron level and iron binding capacity of blood
serum. This change becomes manifest within the first 72 hours after injury,
often in a few hours. The abnormality persists during the entire process and,
though resistant to oral or parenteral iron administration, subsides spontane-
ously in the course of convalescence.

The present paper reviews the results of our recent investigations into
iron metabolism.

Material and methods

1. Oral iron tolerance tests were performed in 20 burned patients. Eight healthy sub-
jects served as controls.

After determination of the fasting serum iron level, the test subjects were given 850 mg
of FeSO,, corresponding to 170 mg metallic iron. The serum iron level was then determined at
1, 3, and 7 hours, using the Bothwet1— MALLETT-method modified by Lakos and Leiiotai

1960].

[ ]2. In 10 burned patients intravenous iron tolerance tests were performed in order to
determine the rate at which iron is cleared from blood plasma. Five healthy persons served as
controls.

3. In order to ascertain whether there is any histochcmically demonstrable change in
the reticuloendothelial storage ofiron, 40 albino rats of 200 to 250 g body weight were subjected
to thermal injury involving 20 per cent of the body surface. Two days later the surviving ani-
mals were killed by ether and the spleen, liver, lung, kidney and skin (normal and burned)
were tested for iron content by the Prussian blue reaction. Twenty-five rats served as controls.
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Results and discussion

1. As revealed by the oral iron tolerance tests ingestion of 170 mg
metallic iron after thermal injury elicits no or a very slight rise in the serum
iron level. The tolerance curve starts with low values and remains flat over
7 hours, in contrast to healthy persons where significant peak values are
reached after the same dose (Table I, Fig. 1).

gg/1o0ml

Fig. 1. Oral iron tolerance tests; a) patients with burns; h) healthy controls

Impaired absorption of iron is, however, not necessarily the sole cause
of the flat tolerance curve observed after thermal injury. Disturbances of iron
metabolism of infectious or malignant nature are characterized by a flat iron
tolerance curve, though, on the evidence of isotope studies, absorption of iron
from the intestines is generally increased. Actually, the pattern of oral iron
tolerance curve results from two factors, i.e. absorption of iron from the
intestines on the one hand and its clearance from the blood stream, on the
other. Further studies regarding iron absorption after thermal injury are in
progress.
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Table 1

Oral iron tolerance tests

Serum iron lever /ig/100 mi
No.
Fasting 1 hr 3 hrs 7 hrs

Patients with burns

1 65 60 65 80
2 60 65 55
3 50 60 50 50
4 40 35 35 40
5 50 65 95
6 35 40 40 90
7 50 45 45
8 65 60 70
9 35 30 35
10 55 50 70
1 65 70 80
12 65 60 55
13 40 40 35
14 30 30 35
15 45 40 85 70
16 50 60 55
17 70 70 80 60
18 65 75 75
19 50 55 65 45
20 40 55 50
Controls
21 105 140 185 110
22 115 150 225 130
23 90 190 125
24 130 145 210 140
25 120 125 230 115
26 100 150 245 135
27 90 220 195
28 100 110 255 165
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2. Intravenous iron tolerance tests resulted in curves characterized by
low initial values, lower than normal peak values, and a return to the initial
level as early as in 3 to 5 hours (Table Il, Fig. 2), as opposed to the control

subjects whose values ranged between 225 and 280 /xg at 10 hours and showed

Table 11
Intravenous iron tolerance tests
Serum iron evei /tg/100 ml

No.
Fasting 5 min. 1 hr 3 hrs 5 hrs 10 hrs

Patients with burns

| 10 190 60 45 20 10
2 30 300 120 110 90 50
3 45 290 190 140 120 70
4 75 270 195 125 95 70
5 55 230 145 105 80 50
6 35 270 130 65 35 30
7 45 265 140 80 35 25
8 45 270 145 120 70 50
9 40 125 90 90 75 40
10 45 305 155 70 65 40
Controls

1 130 450 300 275 290 280
12 150 390 250 275 250 250
13 155 385 280 265 265 240
14 135 330 255 250 245 255
15 140 375 250 230 225 225

little tendency to decline. This means that thermal injury results in an acceler-
ated rate of elimination of intravenously administered iron.

Enhanced elimination of iron from the blood stream was found two hours
after a burn in one case, and six hours after a burn in another case. When the
test was repeated a week later, the differences were still more pronounced
(Fig. 3).

3. The part played by the individual tissues in the uptake and storage
of iron eliminated from the blood stream has been studied in albino rats.
Increased storage of iron in the RES under the influence of thermal injury has
been demonstrated by histochemical methods. Storage of iron in the spleen
of healthy animals varies within wide limits, nevertheless the amount of iron
stored in the spleen of burned animals was found significantly higher. While
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pg/1QO'mI

Fig. 2. Intravenous iron tolerance tests; a) patients with burns; b) healthy controls
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fjg/100ml

Fig. 3. Intravenous iron tolerance tests in 2 patients with burns. The tests were made in
the first hours after injury (la and lia) and repeated one week later (Ib and lib)
(C = limit values obtained from healthy controls)

in the other organs of healthy animals no iron was demonstrable by the
Prussian blue reaction, in a number of the burned animals there was evidence
of a moderate storage of iron in the liver, lung, kidney, and skin.
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EFFECT OF LATERAL HYPOTHALAMIC LESION ON
PREGNANT RATS AND FOETAL MORTALITY

By
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(Received January 10, 1966)

It has been investigated how the electrolytic lesion to the lateral (dorsal tuberal
and ventral infundibular) hypothalamic regions on the 16th to 18th days of gestation
influenced foetal mortality, as well as the daily food and water intake, body weight
and temperature of the mothers.

It has been found that lesions of this type lead to a much higher rate of still-
birth and of early foetal mortality than do sham operations or destruction of other
hypothalamic regions. There was no significant difference in foetal weight at birth and
in the number of offsprings per mother between the group with hypothalamic lesion and
the sham-operated controls. Foetal weight increased in the control group only. Lesion
to the lateral hypothalamus led to a marked temporary decrease of food and water
intake, the weight of the mothers tended to decrease until delivery, whereas in the
control group body weight increased by 10 to 11 per cent following the sham operation.
No significant change in body temperature in any of the groups could be seen.

Previous investigations in rats have shown that hypothalamic lesions
placed at the 16th to 18th days of pregnancy did not influence the duration
of gestation and the course of delivery, whereas they increased the rate of
stillbirths and early foetal mortality. Analysis of the effects of lesions in various
parts of the hypothalamus suggested that the higher rate of foetal mortality
could be correlated in the first place with damage to the ventrolateral infun-
dibular and dorsolateral tuberal regions [1]. The present investigations deal
with the effects of lesions produced in these areas and we have studied the
changes in foetal mortality rate, as well as those in maternal food and water
intake, body weight and body temperature.

Materials and methods

A total of 36 virgin W istar rats, weighing 150 to 180 g each, were used in the experi-
ments. Mating, verification of pregnancy, observation of the onset and course of delivery, were
described earlier [1].

In 17 animals the regions specified above were lesioned electrolytically on the 16th or
18th day of pregnancy by means of the Kovach—Szentdgothai universal stereotactic appara-
tus. Corresponding to the site of the regions, the electrodes were inserted at aii angle of 34.5
degrees in the caudo-ventral direction. The data of the coordinates determined in 6 preliminary
experiments were: frontal, 4 to 4.5 mm anterior to the bregma; sagittal, 1.4 mm right and left
from the sagittal suture; vertical, 11.5 mm (ventrolateral infundibular region) and 10.5 mm (dor-
solateral tuberal region). In the sham-operated control group the electrode was inserted into
the external layers of the brain. For 3 days after operation 5 mg/100 g body weight of terra-
mycin was administered. In the histological studies formalin-fixed and paraffin-embedded
brain sections stained for cells and fibres were used [4].

Beginning on the 12th to 14th days of pregnancy, the food intake of the mothers (Stand-
ard high-protein mouse and rat diet), their water intake (tap water ad libitum), as well as
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their body weight and rectal temperature were measured daily. Also the number of newborns,
their gain in weight, as well as the foetal (newborn) mortality rate were recorded.
The results were evaluated by the x2and Student’s t tests [3].

Results

The typical hypothalamic lesions are shown in Fig. 1. Histological
examination revealed that 80 per cent of the lesions were in the proper regions,
whereas the rest extended slightly over to the adjacent ones as well.

Fig. 1. Showing the sagittal (A) and frontal (B — tuberal region; C — infundibular region)
sections of the hypothalamus. The checkered parts show the commonest locations of the le-
sions.

AHL: lateral hypothalamic area. ARC: arcuate nucleus. CA: anterior commissure. CHO:
optic chiasma. DM: dorsomedial nucleus. FX: fornix. LP: posterior pituitary lobe. MM:
medial mammillary nucleus. NAH: anterior hypothalamic nucleus. PM: premammillary nu-
cleus. PY: paraventricular nucleus. SCH: suprachiasmatic nucleus. SO: supraoptic nucleus.
TH: thalamus. TRO: optic tract. ¥M: ventromedial nucleus. VMP: posterior ventromedial
nucleus
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As the data in Table | indicate, there was no difference between the
lesioned and the control groups in the duration of pregnancy, the number of
offsprings per mother and in the average weight of the newborns. On the other
hand, the two groups differed significantly in foetal mortality rate (Fig. 2).

per cent

Fig. 2. Foetal death plotted against postpartum days, in percentage of all newborns.
A: mothers with lateral hypothalamic lesion (locations shown in Fig. 1). B: sham-operated
controls. C: mothers with diffuse (mainly anteromedial) hypothalamic lesions, “p” values
expressed as per cents (%2 test):

6 24 48 72 hours
B-C 15 <0.1 <0.1 <0.1
B-A <0.1 <0.1 <0.1 <0.1
C-A 3 <0.1 <0.1 <0.1

Fig. 2 presents the foetal mortality rate in the case of 31 rats observed under
identical conditions in a previous series [1] (group C), too. In that group various
areas of the hypothalamus were destroyed. W hen the dorsolateral tuberal and
the ventrolateral infundibular regions had been lesioned (group A); mortality
rate of the newborns 3 days following birth was significantly higher than
in the sham-operated group (group B) or in the previous group C. The rate
of stillbirth (death within six hours following delivery) in group A was more
than 150 per cent of that of group C, and 300 per cent of that of group B.
The differences in foetal mortality rate between groups (B—C; B—A; C—A)
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Table |
Number ) Total Number of foetuses
of Duration of number Mean body dead within
raés pre%nancy, of weti)ght of
ob- ays newborns,
served newborns g 6 hours 72 hours
I. Lesioned group 17 23.5 121 5.23 35 112
+ 0.17
Il. Sham-operated group 19 23.1 142 5.50 12 42
+0.14

were significant statistically in the 6-, 24-, 48- and 72-hour post-partum period
alike. The higher mortality rate following lesion to the specified regions ofthe
hypothalamus was due partly to the fact that there was a larger number
of dead offsprings per mother and at the same time a higher percentage of the

Fig. 3. Food and water intake of lateral hypothalamic lesioned and sham-operated control
mothers

mothers had dead offsprings than in the other two groups. Thus, 24 hours
following delivery dead offsprings were found at 88.3 per cent of the mothers
of group A, 36.9 per cent in group B, and 64.5 per cent in group C; the number
of dead newborns per mother averaged 5.3, 3.3 and 3.5, respectively. Average
body weight of the newborns increased in the days following birth, except
in group A.

In response to lateral hypothalamic lesions, food and water intake
changed markedly (Fig. 3). As opposed to the sham-operated group, food and
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water intake decreased significantly following the lesion. The decrease was
particularly marked in the pre-delivery period (p <7 0.1 per cent) in hoth cases.
The hypothalamic lesions resulted in a loss of 4 to 5 per cent of the body
weight of the pregnant animals till delivery, whereas in the sham-operated
group body weight increased by 10 to 11 per cent (p < 0.5 per cent).
There was no substantial changein body temperature in any ofthe groups.

Discussion

Electrolytic lesions to the ventrolateral infundibular and dorsolateral
tuberal regions lead to a significantly higher rate of early foetal mortality
(a higher percentage of the mothers has dead offsprings and also the number
of dead offsprings per mother is higher), than did a sham operation affecting
the cerebral cortex, or a lesion to other areas of the hypothalamus. There was
no significant difference between the lateral liypothalamic-lesioned and the
sham-operated control groups in the weight of the newborns at birth and in
the average number of offsprings per mother. The average weight of the new-
borns increased in the control group only. Lesion to the lateral hypothalamus
led to a marked, temporary decrease of food and water intake; correspondingly,
body weight of the mothers tended to decrease till delivery, whereas in the
control group body weight increased by 10 to 11 per cent even after the sham
operation.

A high rate of stillbirth and of early newborn death has been found also
by Kurcz [5] following lesion to the ventromedial hypothalamic nucleus about
3 months before delivery, or on the 9th to 16th days of pregnancy. In the former
case somatic factors connected with hypothalamic obesity, in the latter a dis-
turbance of lactation were blamed for the high rate of stillbirth and for
early foetal death, respectively. Maternal behaviour was considered normal
in hoth cases. Gale and McCann [2] found serious disturbances in the process
of labour in 22 per cent of their rats subjected to median eminence lesion on
the 7th to 9th days of pregnancy, but even the mothers showing normal labour
failed to feed their newborns because of the loss of the milk-ejection reflex.
Protracted labour and significant maternal and foetal mortality rates were
induced also by placing progesterone and testosterone implants in the areas
of the arcuate nucleus and the region of the mammillary nuclei [6]. All these
data indicate that the hypothalamus is involved in many ways in the organi-
zation of the factors determining the viability and raising of newborns. Similar-
ly, various factors may be involved in the high rate of stillbirth and newborn
mortality observed by us following lesion to the lateral hypothalamus. A dis-
turbance of maternal behaviour may play a particularly significant role: most
of the mothers build no nests, the newborns lie scattered in the cage, many
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of them show signs of gnawing. According to Kurcz [5] maternal behaviour
is not impaired following lesion to the medial hypothalamus. Other factors
which may he taken into consideration are disturbances of milk production
and ejection as well as an decreased vitality of the offsprings of the lesioned
mothers. We have been unable to demonstrate histological differences between
the breasts of the control and lesioned mothers.

It is justified to assume that the mothers with lateral hypothalamic lesi-
ons give birth to offsprings of decreased vitality also because during the days
following operation, unlike in the sham-operated group, there is a very signifi-
cant decrease of water and food intake and the increase of body weight seen
in the control group is absent. Our observations agree with data in the litera-
ture which suggest that feeding centre would exist in the lateral hypothalamus
[7]. It is remarkable that the two groups examined by us did not differ much
in post-partum food intake, and the small difference in favour of the controls
may be ascribed to their higher calorie demand, because they feed their new-
borns. The circumstances of breast-feeding, an eventual decreased vitality of
the offsprings and the changes of maternal behaviour will be studied in
subsequent experiments.

On the basis of the present results we are of the opinion that the structures
in the lateral regions of the hypothalamus may play a significant role in the
delivery and raising of viable offsprings, presumably by influencing maternal
behaviour, on the first place.

Acknowledgement. Thanks are due to Miss Judit Kovacs for skillful assistance.
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SHOCK-KIDNEY

IV. REGENERATION OF THE KIDNEY AFTER TEMPORARY ANOXIC INJURY
By
L. TakACSI-NaGY and |. JUHASZ

with the technical assistance of ¥. Vajda and A. F. Veress

SECOND DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received January 22, 1966)

After unilateral ligation of the renal artery and vein for various periods, resti-
tution of renal function has been investigated by means of the dye absorption method
in rats. A correlation was found between the duration of renal anoxia and the length of
time necessary for regeneration. Regeneration was practically complete by the 14th day.
Restitution of renal function greatly depended on the severity of oxygen lack suffered
by the tubular epithelium.

In an earlier paper [1] we dealt with the influence of anoxia on GFR and
tubular function. The aim of these studies was to ascertain whether the func-
tional and structural changes associated with the shock-kidney could be
reproduced by isolated renal anoxia. The problem was approached by tempo-
rary ligation of the renal hilum [2] and subsequent study of the renal changes
according to the method of Selters [2]. As the animals were sacrificed
24 hours after this intervention, the observations were necessarily limited to
acute renal damage. It seemed therefore obvious to investigate the regenera-
tive capacity of the kidney when the acute consequences of the injury had
subsided. Interest in the possibilities of restoration of renal functions is en-
hanced by the clinical experience that patients with acute renal failure may
survive the phase of oliguria or anuria thus having a chance to regain their
full renal activity [3].

We were led by these considerations to study the changes of GFR and
tubular function in model experiments by means of Evans-blue given at vari-
ous intervals after an anoxic period. As pointed out earlier, the method is
based on the fact that Evans-blue administered intravenously is bound to
serum protein. Since the rat is a species with proteinuria, the protein impreg-
nated with Evans-blue is filtered, the protein-dye complex is partly absorbed
by the proximal tubules where it can be visualized in microscopic sections in
the form of blue droplets. In this manner, the dye content of the proximal
tubular cells permits to assess the degree of filtration and absorption.
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Method

Albino rats weighing between 120 and 150 g were used. The left renal hilum was ligated
under ether anaesthesia through the abdominal approach, then half or one and a half hour
later the ligature was removed and the wound closed. An aqueous solution of 25 mg Evans-blue
was injected intravenously 3, 4, 7 and 14 days after the intervention. Four hours after injection
the animals were killed by decapitation. Pieces of the removed kidneys were partly fixed in
formalin for unstained frozen sections, partly embedded in paraffin for haematoxylin-eosin
staining.

Results

Group I. In 5 rats ligation of the left kidney was maintained for 90 min-
utes, and the animals were killed after 3 or 4 days. The haematoxylin-eosin
stained sections clearly showed that the changes were essentially tubular.
The damage varied in intensity and extent. It correlated fairly well with the
condition of the epithelium, which showed swelling, degeneration or necrosis,
the site of prevalence being the cortico-medullary border, occasionally also
the area of the proximal tubules. In some cases dilatation of the tubular
lumina with flattening of the epithelium and occasional signs of regeneration
were predominant. Numerous tubules contained homogeneous casts. The
glomerules remained practically unaffected.

Absorption of the Evans-Mue-protein complex was studied in unstained
frozen sections. In the areas of extensive necrosis a diffuse blue staining was
seen instead of dye droplets. In the cases in which tubular dilatation and epi-
thelial flattening were prevalent the tubules contained either no dye or only
sparse dye droplets.

Quantitative evaluation of the stored dye was the basis for assessing
the changes in renal function. Obviously, this method lacks the reliability
of chemical analysis, but with a certain practice it was possible to give a fairly
correct estimate of the amount of stain retained by the ligated kidney in
comparison with the normal side.

In Group I, the amount of dye droplets was moderately reduced in
2 animals, greatly reduced in 9 (Fig. 1), while in 2 animals diffuse staining
revealed a widespread necrosis; in 2 animals no absorption was evident.

In Group Il, in 8 animals the hilum of the left kidney was ligated for
90 minutes, and the animals were killed after 7 days. Microscopic examination
showed epithelial degeneration with occasional tubular necrosis. Dilatation
of the lumina was conspicuous along the cortico-medullary border. Interstitial
focal round cell infiltrations with occasional casts were present. Absorption
of the dye was evident from the intensity of blue droplets, but its extent was
moderately reduced in half (Fig. 2) and strongly reduced in the other half
of the animals.

Group Ill. In the 10 animals of this group, ligation was likewise main-
tained for 90 minutes and the animals were killed after 14 days. There was no
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Fig. 1. Kat killed four days after renal hilum ligation for 90 minutes. Section of renal cortex.
Dye content of tubules greatly reduced. Unstained frozen section. Enlargement, approx.
100 fold

Fig. 2. Rat killed seven days after ligation of renal hilum. The renal cortex contains dye in
moderately reduced amounts. Unstained frozen section. Enlargement, approx. 100 fold
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Fig. 3. 14 days after renal hilum ligation for 90 minutes. The cortex contains normal amounts
of dye. Unstained frozen section. Enlargement, approx. 100 fold

evidence of tubular necrosis and epithelial degeneration was less distinct.
Some of the distal tubules were dilated, their flat epithelial lining showed
intraluminar protrusions in some parts. Interstitial inflammatory foci were
distinct. The tubular lumina were filled at many sites with a viscous granular
mass. The dye droplets in the epithel cells of the proximal tubules showed
normal intensity in 3 animals (Fig. 3), moderate reduction in 2, slight reduction
in 5.

Group IV. In 12 rats ligation was maintained for 30 minutes, and the
animals were killed 7 days later. Epithelial necrosis was confined to a small

Table |
Dye content of tubules

. Number
Ligation, Tlime between of

Group minutes ligature and Slightly Moderately Greatly Dif- animals
death, days Normal reduced reduced reduced 0 fuse Total
| 90 3—4 - - 2 9 2 2 15
il 90 7 — — 4 4 — — 8
hi 90 14 3 5 2 — _ — 10
v 30 7 3 5 2 1 — — 12
\% 30 14 7 3 — — — — 10

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



DATA TO THE PATHOMECHANISM OF THE SHOCK KIDNEY, IV. %

number of tubules, degeneration was not significant. Dilated tubules were
found at sites with a lining of flattened epithelium. The dye appeared in drop-
lets in the tubular epithelium. In 4 animals the dye content was normal,
in 5 slightly, in 2 moderately, in one strongly, reduced.

Group V. Ligation was maintained for 30 minutes, and the 10 animals
were killed 14 days later. The microscopic changes were very slight through-
out. The dye appeared in normal amounts, with the exception of 3 animals
where it was slightly reduced (Table I).

Discussion

The microscopic changes subsequent to total occlusion of the vessels of
the renal hilum have been closely studied [4, 5, 6, 7]. In Hungary, ZAdor and
Balogh [8], recently Balint et al. [18] have investigated the question. Cain
and Fazekas [9] studied the tubular changes by histochemical methods at
various intervals after clamping the renal hilum for 60 minutes; according
to them the renal ischaemia was responsible for the totality of the changes.
Finckh, Jeremy and Whyte [10] investigated the structural changes in fatal
acute renal failure in man. They found the extent of necrotic tubular damage
to be inversely related to the duration of the process. On the 13th day lesion
of the proximal, on the 18th day of the distal tubules, was no longer demon-
strable. In agreement with other investigators [11, 12] they did not connect
the oliguria or anuria with rediffusion through the necrotic tubules. Though
there is ample evidence to make the transitory renal ischaemia responsible
for the coagulative necrosis of the proximal tubules [13, 14] it is equally true
that regeneration of these changes is fairly rapid [15]. For these reasons, the
authors ascribe the syndrome of acute renal failure to the sustained inhibition
of renal blood supply rather than to the structural changes in question. There
is no agreement in literature concerning the question whether the oliguria or
anuria subsequent to acute renal damage is a consequence of the reduced
GFR or rather of a passive rediffusion through the severely damaged tubular
epithelium. In an earlier study [16] we investigated by Sellers’ method
the changes of the tubular epithelium in experimental corrosive sublimate poi-
soning and found passive rediffusion to he equally severe in temporary re-
nal anoxia or in corrosive sublimate poisoning. The question still awaits
further studies for its full elucidation [17].

The aim of the present investigations was to derive information from
the structural changes subsequent to temporary ligation of the renal hilum
concerning the restoration of renal function. The studies were centred on the
intensity of the appearance of the dye in relation to normal conditions, i.e.
on the informative value of the microscopic changes as concerns the restitution
of renal functions and the length of time necessary for this process. In accord-
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ance with earlier results [11], tubular dye reabsorption seems to be determined
by two factors, namely the structural condition of the tubules and the degree
of filtration. These two factors must therefore be considered when interpreting
our findings. If glomerules and blood flow remain unimpaired, normal filtration
may be preserved, but the damaged or necrotized tubular epithelium is stain-
ing diffusely, being unable to absorb the dye-protein complex from the filtrate
in the form of droplets. Correspondingly, in the case of widespread epithelial
necrosis, dye droplets were only encountered occasionally whereas diffuse stain-
ing was invariably present. This shows that glomerular filtration was preserved
also in these cases, but dye absorption was impaired. Nor are the flattened
epithelial cells which make up the lining of the dilated tubules capable of
retaining the dye in the form of droplets. This would suggest that the absorp-
tive capacity, or, broadly speaking, the whole function ofthe tubular epithelium,
particularly of the flat epithelium, is greatly impaired.

It emerges from the present experiments that the duration of renal
ischaemia is correlated with the length of time required for reparation. Renal
damage caused by temporary anoxia in rats is almost completely restored
by the 14th day. It is likewise obvious that restoration of renal function
closely depends on the duration of anoxia and on the condition of the tubular
epithelium.
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Allergic inflammation is one of the possible factors which have been made
responsible for multiple sclerosis, but this claim has not been substantiated
by any conclusive or at least convincing evidence. The part played by hista-
mine in the pathomechanism of allergic phenomena has long been a contro-
versial issue. Noah and Brand [1] found increased blood histamine levels in
certain allergic conditions. The phenomenon of reduced histaminopexy associ-
ated with allergic diseases [2] has been studied in multiple sclerosis and the
finding of a reduced or missing histamine-binding capacity has been linked
with a possible allergic origin of this disease [3].

Material and methods

The present studies were concerned with the free histamine content of lumbar and cis-
ternal CSF in multiple sclerosis and other neuropsychiatrie conditions. For the extraction of
histamine from 2.5 ml CSF-samples we used the method described for histamine estimation
in blood plasma [4]; the histamine level was estimated by the biological superfusion method
which in earlier tests was found sufficiently sensitive and specific [5, 6].

The cases of multiple sclerosis were grouped according to the stage, i.e. acute (recent
cases, optic neuromyelitis) and chronic (first or repeated exacerbation, slow progression, sta-
tionary condition or remission) (see Table 1). The cases showing acute and chronic exacerbation
(Cases Nos. 1, 3, 5, 6, 7, 8, 11, 13, 14, 15, 19, 20, 25, 26, 27) have been dealt with separately
(N'= 15). In the acute cases the tests were carried out in the first three months after the onset
of the first symptoms. The cases under drug treatment at the date of the study have been
marked separately.

The control group has been made up of unselected CSF samples (obtained from subjects
with some abnormality) but normal protein levels and cell counts. The tests were invariably
matched with the control samples with the exception of one case which has been, however,
excluded from statistical evaluation. The matched (test and control) CSF samples were always
of the same origin (lumbar or cisternal).

Results, discussion

The histamine content in the CSF of the multiple sclerosis group was
higher than that of the controls; the average was 6.6 /xg/1000 ml in the former
and 2.2 in the latter group. There was a large standard deviation in both groups,
6.7 and 2.4 units, respectively. The range values are from 0 to 25 pg/1000 ml
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Table |

Comparison of CSF histamine content in multiple sclerosis and other diseases

No. Multiple sclerosis CSF-histamine Other diseases CSF-histamine
1_96553 Stages 1/1000 //g/m | Diagnosis 1/1000 /Ug/ml
| acute 25 Discopathy |
2 chronic stationary 1 Discopathy |
3 chronic, first exacerbation 2.5 Discopathy, neuropathy |
4 chronic stationary (Th) 1(c) Trigeminal neuralgia 0
5 chronic, third exacerbation 10(c) Epilepsy 1(c)
6 acute 10 Spondylarthrosis 5
12(c)
7 chronic after first exacer-
bation (one week Th) 1 Discopathy 0
8 acute 15 Cerebral concussion 7.5
9 chronic progressive g(c) Epilepsy 0(c)
10 chronic progressive for 6
months 20 (c) Epilepsy 0(c)
11 acute 10 Headache, neuropathy 2.5
12 chronic stationary (Th) 1 Discopathy 1
13 acute 10 Discopathy 7.5
14 acute (4 weeks Th) 5(c) Headache, neuropathy 2.5 (c)
15 chronic, first exacerbation
(Th) 0 Headache 1
16 chronic stationary 0 Discopathy 1
17 chronic progressive 10 Discopathy 1
18 chronic remission 1(c) Headache, hypertension 7.5 (c)
19 chronic, second exacerbation 10 Discopathy 1
20 optic neuromyelitis 15 Discopathy 5
21 chronic stationary 1 Epilepsy 1
22 chronic stationary 0 Discopathy 0
23 chronic progressive 0 Discopathy 1
24 chronic progressive 10(c) Epilepsy 0(c)
25 chronic, second exacerba-
tion (Th) 0 Headache 1
26 acute (Th) 7.5 (c) Parkinsonism 5(c)
27 chronic exacerbation 5(c) Trigeminal neuralgia 5(c)
5
28 acute 10 Headache 5(c)
Average (N = 27) 6.6+ 6.76 2.2+ 2.49
(iv = 15) 8.1+6.70 P < 0.01

Values 1, 3, 7 furthermore 5, 10 and 13, 14 are the results ofrepeated tests made in the
same case, (c) — cisternal
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in the multiple sclerosis group and from o to 7.5 sigrao00 ml in the control
group. There was a significant difference between the average values for the
two groups (P < o0.01). The average in the cases which have been evaluated
separately (N’= 15) was 8.1 N 6.7 /tg/1000 ml, and in the remaining 12 cases,
42 £ 6.2 itg/1000 ml.

Confrontation of the values obtained in this separate group with those
of the controls showed that, if computed from this purified value, i.e. 8.1 #
i 6.7, significance increased further (t = 3.241; t15= 4.031). The elevated
average histamine level was thus mainly accounted for by the cases of acute
and chronic exacerbation.

No correlation was found between the protein and histamine values of
the CSF. The cell counts in multiple sclerosis ranged between 0/3 and 12/3,
a sole exception being 24/3. Since the low cell counts showed practically no
individual variation, according to rutin tests the cellular pattern could not
be correlated with the histamine content. Haemorrhagic CSF samples were not
examined.

On the evidence of biologic tests, Boccarini et al. [7] found the histamine
content of the normal CSF between 10 and 20 /vg/1000 ml. Recent photofluoro-
metric examinations failed to demonstrate any free histamine in the normal
CSF. The aim of the present study was to establish whether in various patho-
logical conditions, first of all in those of supposedly inflammatory origin, the
histamine in the lumbar and cisternal CSF was increased and, if so, to what
extent. In the literature we found no data concerning the histamine content
of the CSF, in multiple sclerosis.

The origin of histamine in the CSF is assumed to be connected with the
following possibilities.

a) It may originate from an inflammatory process in the brain;

b) it may come from the blood plasma passing the blood-CSF-barrier.

1. The blood histamine level is normal, but the barrier permeability is
increased; this results in higher CSF histamine level.

2. The blood histamine may be for some reason increased to a level which
causes an increase in the CSF level.

3. Reduction of histaminopexy in multiple sclerosis [3] may result in
a raised free histamine level in the CSF.

4. The cellular elements passing into the CSF may he a source of his-
tamine [7].

The present investigations have failed to give information about the
possible relationship between the raised CSF histamine level and the disturb-
ance in histamine metabolism supposed by certain authors [9] to be present
in multiple sclerosis.

The recent, relatively simple hut reliable and sensitive methods of his-
tamine determination, first ofall spectrophotofluorometry will make it possible
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to carry out further investigations into the pathogenetic role of histamine in
other allergic oi inflammatory diseases. It might be rewarding to investigate
the cytologic pattern and the CSF histamine content in patients at different
stages of the disease with a view to providing for further data concerning
pathomechanism of multiple sclerosis.
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The circulatory effects of dehydration have been studied in anaesthetized, un-
anaesthetized-restricted and unanaesthetized-unrestricted rats. In the anaesthetized
dehydrated animals the circulatory pattern was similar to that found previously in
various types of stagnant hypoxia. In the alert animal even the preparatory manipula-
tion brought about serious circulatory changes; in response to dehydration the coronary
fraction of cardiac output increased, the skin fraction decreased, while the renal fraction
remained unchanged.

The circulatory changes in various types of stagnant hypoxia have been
investigated extensively in various species (see: Goemori and Takacs, 1960).

It was concluded that stagnant hypoxia was associated with a character-
istic redistribution of cardiac output. Cardiac and cerebral blood flow change
slightly, renal and extremital flows decrease significantly; i.e. the coronary
fraction of cardiac output increases and the renal and extremital ones undergo
a decrease. These changes are initiated presumably by the hypoxia of tissues
(Takacs 1957 a, b; Takacs and Karray 1957 a, b).

Due to methodological difficulties the effect of dehydration on organ
blood flow have been studied in larger mammals (Roger 1965). Gomsri and
Podhradszky (1937) observed a decrease in glomerular filtration rate (GFR)
with the deterioration of circulation. Then it has been shown that the decrease
in renal blood flow exceeds that in cardiac output (Takacs and Karray
1957 a). The circulatory changes are presumably centrally regulated (Gomaori
et al. 1960).

In the present experiments the circulatory effect of dehydration have
been studied in rats. The animals were divided into the following groups:
anaesthetized, unanaesthetized-restricted and unanaesthetized-unrestricted
rats.

Methods

Male inbred rats weighing 160 to 250 g, were used. In the single groups the average

weights ranged from 187 to 215 g.

Dehydration was induced by the method of Shay et al. (1945), as modified by Roger
(1965). By this modification the otherwise lethal gastric dilatation could be avoided (since the
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rat does not vomit, the fluid accumulating in the ligated stomach usually kills the animals
before dehydration would have developed). The animals were fasted 24 hours before operation,
water was allowed ad libitum. Under ether anaesthesia upper median laparotomy was perform-
ed, the pylorus was ligated, then the abdominal wound was closed in two layers. At 10 and
24 hours following the operation, the animals were fixed by hand without anaesthesia and the
accumulated gastric juices were withdrawn by means of a soft tube. In the sham-operated
animals upper median laparotomy was performed, the stomach was gently moved about and
the abdominal wall was closed in two layers. In the dehydrated and sham-operated groups the
circulatory studies were carried out 24 hours after operation. The control animals were fasted
24 hours before the experimental procedure, water was allowed ad libitum.

The degree of dehydration was estimated on the basis of the weight loss and azotaemia
(NPN level determined by the modified Rappaport method). At 24 hours following pyloric
ligation the dehydrated animals lost an ayerage of 17 per cent of the body weight, as compared
with the average losses of 6.5 per cent shown by the controls and the sham-operated animals.
NPN increased to 121 —127 mg per 100 ml in the dehydrated animals, as compared with the
average values of 40 to 52 mg per 100 ml in the control and sham-operated groups.

Mean arterial pressure was measured in the carotid artery by means of a mercury ma-
nometer.

Cardiac output was determined on the basis of the dye dilution method (Hamilton
et al. 1932) with Evans blue, the organ fractions of cardiac output were estimated by Sapir-
stein’s isotope indicator fractionation method (86Rb) (Sapirstein 1956; 1958). The animals
were anaesthetized with 40 mg/kg sodium pentobarbital intraperitoneally, as it was found that
this drug is better suited for circulatory studies in the rat than urethane, chloralose or ether
(Katrtay and Takacs 1961; Vidt et al. 1959). From the values for cardiac output, organ frac-
tions, organ weights and blood pressure, the blood flow and vascular resistance of the organs
were computed for 100 g of tissue weight (Karray and Takacs 1961).

The experiments were carried out on three groups: anaesthetized, unanaesthetized-
restricted and unanaesthetized-unrestricted ones.

In the unanaesthetized-restricted group the procedure was as follows. The animals were
fixed in supine position, then the areas of the carotid artery and femoral veins were infiltrated
with 1 per cent procaine solution. Blood pressure was measured in the carotid artery, then
Evans blue and 8Rb were injected into the femoral veins.

In the unanaesthetized-unrestricted group a thin polyethylene cannula filled with hep-
arin was tied into the jugular vein under pentobarbital anaesthesia; 24 hours later, without
interfering with the movements of the animals, the 8Rb was injected through the cannula.
In this group blood pressure and cardiac output were not measured, only the organ fractions
of the cardiac output were estimated.

The results were evaluated by Student’s “t” test. To compile uniform and synoptical
tables we presented only the within-sample standard deviations (computed from the pooled
sum-of-squares), as they did not materially affect the results. We compared the sham-operated
rats with the corresponding controls, and the dehydrated rats with the sham-operated ones.
The controls of the alert groups were compared also with the anaesthetized controls.

The following units were used:

Cardiac output: mI/min/100 g of body weight

Blood pressure: mm Hg

Resistance (systemic): 103dyne.sec.cm-5/100 g of body weight

Flow: ml/min/100 g of organ weight

Resistance (organ): 103 dyne.sec.cm_s/100 g of organ weight

Fraction (organ): blood flow of the total organ expressed in percentage of total cardiac output.

Significance of the differences was denoted as follows:

No sign not significant p > 0.05
Lx e significant p < 0.05

highly significant p < 0.01
L0000 very highly significant p < 0.001
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Results

The results are presented in Tables I, Il and I11.

a) In the anaesthetized group (Table 1), as compared with the control,
the sham operation caused no significant circulatory change, only flow in the
carcass increased and coronary resistance decreased significantly.

In the dehydrated animals cardiac output and blood pressure decreased
significantly. The heart fraction of cardiac output increased, this was associ-
ated with a smaller decrease of flow and increase of resistance. Renal fraction
of cardiac output and renal flow decreased, renal resistance increased. Hepatic
and intestinal flow decreased and resistance increased. The splanchnic fraction
of cardiac output decreased but, owing to the wide scattering, the difference
was not significant. Skin flow and fraction decreased, resistance increased.
Flow in the carcass decreased as compared with the sham-operated animals which
yielded higher values than the controls; the carcass fraction of cardiac output
increased.

b) The unanaesthetized-restricted animals showed the following differ-
ences from the anaesthetized ones and from the alert controls (Table 11).

Cardiac output and blood pressure increased, systemic resistance de-
creased, the renal fraction dropped by almost 10 percent of the cardiac output,
renal flow decreased, renal resistance increased to almost double the initial
value. Pulmonary flow increased significantly, pulmonary resistance de-
creased. The hepatic, intestinal and splanchnic fractions decreased considerably,
skin flow increased, skin resistance decreased. In the carcass the fraction of
cardiac output increased very considerably, together with an increase of flow
and decrease of resistance.

The sham operation caused no marked change in this group, either; blood
pressure, skin fraction and hepatic blood flow were higher than the corres-
ponding values of the unanaesthetized-restricted controls.

The changes brought about by dehydration were a decrease of blood
pressure and cardiac output and an increase in systemic resistance. Coronary
fraction increased, renal, hepatic and intestinal flows decreased, resistance
in these organs increased. The skin fraction and flow decreased considerably,
resistance increased. In the carcass, flow and resistance changed in a similar
manner. In the lungs the fraction increased, flow decreased, in the splanchnic
area the fraction of cardiac output increased.

c) In the unanaesthetized-unrestricted group (Table I11), when the alert
control was compared with the anaesthetized control, the cardiac, renal,
hepatic, intestinal and splanchnic fractions decreased, but the decrement —
except for that of the cardiac fraction — was considerably less than in the
alert-restricted animals, particularly in the case of the renal fraction. The skin
and carcass fractions increased.
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Table |

Effect of dehydration on circulation of anaesthetized rats

Number of cases Control Sham-operated Dehydrated
") 14 14 14

Total body Mean values

Cardiac output 25.2 27.5 18.6%**

Blood pressure 117.0 114.0 96.0***

Resistance 396.0 377.0 460.0
Heart

Flow 155.0 191.1 163.1

Resistance 68.8 49.9- 57.7

Fraction 2.0 2.2 3.0%*
Kidney

Flow 379.1 420.8 252.4%**

Resistance 26.9 22.8 34.0%*

Fraction 155 16.0 13.7*
Lung

Flow 65.6 68.3 55.0

Resistance 161.2 137.7 176.2

Fraction 3.4 3.3 3.8
Liver

Flow 53.4 59.6 31.0%**

Resistance 187.8 165.1 226.6**

Fraction 9.1 10.0 9.4
Intestine

Flow 75.3 86.2 49.6%**

Resistance 132.1 109.3 171.9**

Fraction 18.3 18.9 16.8

Splanchnic area (liver -} intestine)

Fraction 28.4 28.6 26.2
Skin

Flow 10.2 12.3 6.1%**

Resistance 1056.7 875.4 1149.7**

Fraction 7.5 7.9 6.2%*
Carcass

Flow 12.1 16.9". 13.3*

Resistance 633.3 564.1 687.3

Fraction 42.3 41.4 46.6*

Signs: . — significant, as compared with control.

* = significant, as compared with sham-operated animal.
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Within-sample
standard
deviation

5.4
10.3
131.7

56.1
20.3
0.7

77.2
9.3
2.9

21.4
52.1
0.9

15.8
53.4
1.9

18.5
48.1
3.5

3.6

4.1
488.0
1.5

4.4
251.7
6.4
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As compared with the alert-unrestricted control, the sham operation
caused no significant change.

In dehydration the cardiac, pulmonary and hepatic fractions increased
significantly, the intestinal, splanchnic and renal fractions, too, increased,
though not significantly. Values for skin and carcass decreased.

Tabic 11

Effect of dehydration on circulation of unanaeslhelized-restricled rats

Unanaesthetized groups

NumbeE“()Jf cases penctg%rroblital contral Sham- ! Dehy1d4rated ngt]ell?]_dsa_ample
14 ope{gted deviation

Total body Mean values

Cardiac output 25.2 39.9- « 42.4 19 9 ooc 11.6

Blood pressure 117.0 129.0- 145.0%** 115.0°°° 11.0

Resistance 396.0 300.0- 315.0 489.0°°° 111.7
Heart

Flow 155.0 161.0 184.3 116.0° 72.5

Resistance 68.8 82.4 88.0 89.9 38.6

Fraction 2.0 1.9 1.9 2.6°° 0.6
Kidney

Flow 379.1 215.9- *m 230.4 112.1°° 88.1

Resistance 26.9 51.5- 64.0 96.0°° 28.1

Fraction 15.5 5.8--- 5.9 5.9 2.3
Lung

Flow 65.6 107.5- 108.2 65.1°° 34.8

Resistance 161.2 110.9 e 123.1 152.7 46.1

Fraction 3.4 3.2 3.0 3.8° 1.0
Liver

Flow 53.4 53.7 66.8* 37.9°°° 16.8

Resistance 187.8 213.7 184.4 275.4°° 74.2

Fraction 9.1 710" 8.2 9.5 1.7
Intestine

Flow 75.3 61.8 61.3 35.0°° 231

Resistance 132.1 179.0 231.4 284.6 69.5

Fraction 18.3 10.4- mm 9.1 10.6 3.3

Splanchnic area
(liver |-intestine)

Fraction 28.4 17.4- oo 16.1 20.1° 4.2
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Number of eases (n)

Skin
Flow
Resistance
Fraction

Carcass
Flow
Resistance
Fraction

igns:

°© % e N
«
=1
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Control
pentobarbital
14

10.2
1056.7
7.5

12.1
633.3
42.3

Unanaesthetized groups

Control o;s)graz;?e-d
14 13
16.2- 18.4
721.0- 775.6

7.9 8.8*
40.4-00 40.9
297.5" oo 308.2
64.5"' *e 63.0

Table 111

Dehydrated
14

. jooo

1472.0°°°
6.7°°

18.6°°°
516.3°°°
61.4

significant as compared with the anaesthetized controls.
significant as compared with the unanaesthetized controls.
significant as compared with the sham-operated group.

Effect of dehydration on circulation of unanaesthetized-unrestricted

Number of cases (n)

Fractions
Heart
Kidney
Lung
Liver
Intestine
Splanchnic area
(liver+intestine)
Skin

Carcass

Signs:

*

o

In dehydiation

Control

(pentobarbital)
14

2.0
15.5
3.4
9.1
18.3

28.4
7.5
42.3

circulation seriously deteriorates,

Unanaesthetized groups

Controls
16

Mean values

1.6- 1.7
12.9- 12.3
2.8 2.7
7.3- 7.3
13.6-¢ 12.9
21.5- me 22.3
8.8- 9.5
52.3- e« 53.5

significant as compared with the anaesthetized control.
significant as compared with the alert, unrestricted controls.
significant as compared with the sham-operated group.

Discussion

Sham-operated
16

Dehydrated
15

9 7000
135
4.6°°°
8.8°
14.4

23.1
7.0°°°
48.7°

Within-sample
standard
deviation

5.8
413.0
1.6

14.2
110.6
5.8

rats

Within-sample
standard
deviation

0.5
25
1.0
1.5
2.9

3.5
15
5.6

cardiac output de-

creases in both anaesthetized and unanaesthetizedrats.In anaesthetized animals
vasodilatation occurs in coronaries and vasoconstriction in the kidney, skin
and splanchnic area. Thus, the compensatory mechanism, the redistribution
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of cardiac output, is similar in nature to that found in other types of stagnant
hypoxia (Gemoéri and Takacs 1960).

In alert rats both the cardiac output (szabs et al.;in preparation) and
its distribution (KArray and Takacs 1961; szabs et al.; in preparation)
significantly differ from the similar parameters of anaesthetized animals. This
has justified the reproduction of the experimentsin alert rats. The excitation
caused by restriction, the stressor effects substantially increase cardiac output
and blood pressure. Vasoconstriction develops in the splanchnic area, and the
blood supply to the carcass steeply rises. It is the kidney which reacts the most
sensitively to restriction: the renal fraction of cardiac output and renal blood
flow extremely decrease. Similar changes occur in alert-unrestricted animals
(control related to anaesthetized controls), hut these changes are less severe,
for example the decrease of the renal fraction amounts to 2.6 per cent of the
cardiac output, as compared with the 10 per cent in immobilized animals.
As compared with the anaesthetized controls, in both groups vasodilatation
occurs in the skin.

Dehydration brings about an impairment of systemic circulation. The
decrease of cardiac output and the fall of blood pressure develop in alert
animals, too. The results, howevei, differ from those of the anaesthetized group
in the following features. The pulmonary fraction shows a significant increase,
but the interpretation of this is limited, because the method employed does
not offer the possibility of distinguishing bronchial from pulmonary flow
(Takacs et al. 1964). In the splanchnic area vasodilatation, in the carcass
vasoconstriction, can he observed. The changes in the heart and the skin are
unequivocal: like in the anaesthetized animals, vasodilatation and vasocon-
striction, respectively, develop in these organs.

As compared with the anaesthetized-dehydrated animals, the most
marked differences are found in renal circulation. In the alert-restricted group
the renal fraction which had dropped as a result of the excitation caused by
immobilization did not decrease further in response to dehydration; presum-
ably, it could not have decreased further, because even in the anaesthetized
animals dehydration caused a decrease amounting to about 3 per cents of the
cardiac output. However, a tendency of the fraction to increase was found in
the alert, unrestricted animals following dehydration. BALINT and Sturc:z
(1959), using a direct method studied the changes ofrenal circulation in pylorus-
ligated, anaesthetized dogs and found no decrease of the renal fraction. It
follows that in dehydration or in different conditions of shock more attention
should be devoted to the effects of anaesthesia when appraising the deterio-
ration of renal circulation: Sapirstein likewise found no decrease of the renal
fraction in haemorrhagic shock induced in alert rats (Sapirstein et al. 1965).

Using Sapirstein’s method, Roger (1965) studied the circulation of
anaesthetized dehydrated rats. Our results differ from his in several points.
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In Roger’s investigations cardiac output in the anaesthetized controls was
significantly higher (average: 43 ml/min/100 g) than the values given in the
literature (Sapirstein et al. 1960; Katray and Takacs 1961). Roger found
no significant change in the renal and skin fractions even in 48-hour dehydra-
tion, either. These differences in the experimental results appear to he due to
superficial anaesthesia in Roger’s experiments.
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The character, pathomechanism, incidence, and clinical features of the crises
associated with myasthenia gravis have been summed up on the basis of personal ob-
servations.

Since its earliest description (Erb 1878, Gordfram 1893) myasthenia
gravis has been a subject of permanent interest, and many of its theoretical
and clinical aspects are being increasingly studied in our days. Knowledge
of its clinical features and widening of therapeutic possibilities have made us
aware of the occurrence of crises typical of this entity. It has been learned
about these crises that they may decide the outcome of the original disease,
and their diagnostic and therapeutic significance has been recognized to the
degree of giving food for theoretical research of neurophysiology, but little is
known about their true nature. As a matter of fact, in the literature the question
has not received the attention it deserves. We have found no more than four
papers on the subject in recent literature (Tether 1955 Rowrand et al. 1956,
Herrmann 1961, Braugrund et al. 1964). It seems therefore appropriate to
give an outline of our observations confronting them with published evidence
on the basis of 80 patients in a period of 14 years whose management and follow-
up have provided us with the opportunity of studying the crises in myasthenia
at a closer range.

I. Definition and character

As to the definition of crisis, clinicians and neurophysiologists do not
entirely agree, owing to their different angles of approach and the different
interpretation of the phenomena involved. Greater importance has the clinical
crisis. From the clinical aspect we must regard as a crisis every ventilatory
disturbance or failure connected with myasthenia gravis. The crisis may be due
to primary orsecondary causes. The primary cause is a weakness of the respir-
atory muscles as the symptom of myasthenia, whereas every other cause or
event indirectly related to it must be considered secondary. The most common
secondary factors are hypoventilation pneumonia, atelectasis, aspiration,
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mechanical obstruction in consequence of dysphagia, certain adverse effects
of cholinergic drugs such as hypersecretion, hypersalivation, retention of
secretion or of plugs in the bronchial tree owing to inefficient coughing. More-
over, certain additional factors may be triggered off and form the closing ring
in the vitious circle which in the crisis frequently becomes manifest. Such
factors may be cerebral hypoxia, confusion, weakness of the psychic energy,
decreasing dynamism of the personality; strength of the patient eventually
gives way and he suddenly finds himself at the end of his power to struggle
for air; respiratory acidosis and cerebral hypoxia. The prevalence of the indi-
vidual factors is variable, they often combine and intensify each other, so that
it may be impossible to identify them though in some cases this may he easy
to do.

After the knowledge of the beneficial effects of cholinergic drugs in
myasthenia gravis (Warker 1934) we got acquainted with the cholinergic
crises or states (Grob et al. 1949). Most cholinergic drugs exertamuscarine-
and nicotine-like activity which may give rise to cholinergic toxic states. Such
crises involve considerable diagnostic difficulties as they bear close resemblance
to actual myasthenic crises in respect to their main features. The cholinergic
symptoms of the muscarine type include excessive salivation, lacrimation,
sweating, nausea, belching, vomiting, dimness of vision, myosis, diarrhoea,
intestinal colics, vesical tenesmus followed by urinary incontinence. Those
of the nicotine type involve general progressive exhaustion, weakness, fascicu-
lation with a tendency to generalization, persistent cramps, “thick tongue”,
dysarthria, dysmasesia, dysphagia, dyspnoe. The cholinergic effects on the
CNS result in irritability, emotional lability, anxiety, vertigo, cephalea, con-
fusion, drowsiness, coma and convulsions. According to wiitson et al. (1952)
the highest incidence of such crises — termed by these authors as “cholinergic”
—= has been noted in case of alkyl phosphate treatment. Osserman, Kaptan
and Besson (1953) emphasize that the crises may result from coexisting
myasthenic and cholinergic factors, later Tetnher (1955) pointed out that in
many instances the crises regarded as being myasthenic at a time when the
existence of cholinergic crises was still unknown, were actually cholinergic
in type. The best means of differentiating the two types is the intravenous
administration of edrophonium chloride as suggested by Osserman and
Kaplan (1953)

Il. Pathomechanism of the crises

The clinician familiar with myasthenia is faced, outside the typical, on
the whole, responsive type, and the stationary types also with cases which are
piactically unmanageable from the very outset, showing very little, if any,
response to drugs and being liable to take at any time an unexpected turn to
the worse with very little hope for remission. This resistant type is prevalent
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in the age groups over 40 when it is generally associated with thymoma, but
this malignant type fairly often affects younger age groups as well in the
absence of any tumor of the thymus. None of the existing therapeutic measures
either the thymectomy will brake the progress of the disease in such cases;
latent or manifest ventilatory failure, ready to lead to more or less persistent
crises, is an early sign. Moreover, even in cases which have shown satisfactory
response or a seemingly permanent remission, there may be a sudden impair-
ment, resistance to drugs may develop calling for higher doses which carry
the risk of cholinergic crises. Extensive research work in this field documented
by ample literature has failed to give asatisfactory explanation ofthese phenom-
ena or to throw light on the causes of sudden death in myasthenia gravis if
it is not caused by respiratory failure.

Let us throw a cursory glance on the theories put forward for the expla-
nation of drug resistance, and ofliability to myasthenic and cholinergic crises
in myasthenia gravis.

The site of the basic myasthenic disorder is in the myoneural junction.
We know, however, of no structural abnormality either of the terminal arbor-
ization or the synaptolemma or the subneural apparatus that was invariably
demonstrable in every case of myasthenia gravis but in no other disease. Dys-
plasia, elongation of the motoric end-plate, want of terminal arborization have
been described in other conditions as well (Coers and Desmedt 1959,
Bickerstaff, Evans and W oolf 1960, McDermot 1960) and are, there-
fore not pathognostic. Moreover, the microscopic findings in question have
been derived from a mixed material in which not all the patients had died
in crisis and in which resistant and responsive cases were represented. There-
fore this casuistic could not be considered characteristic for the problem of
crisis. In the same way, the autopsy and pathologic studies carried out by
Genkins et al. (1961) in 31 cases of myasthenia failed to disclose any change
accounting for either the liability to crises or the drug-resistance. The occur-
rence oflymphorrhages has not pathognostic significance, being an ubiquitary
change which represents in our consideration a reactive phenomenon due to
the unknown noxa of myasthenia.

The possible role of a toxic damage to the terminal apparatus has found
no support either. Cholinesterase-inhibitors given in excessive doses are known
to cause muscular weakness or paralysis even in healthy subjects, as a con-
sequence of depolarization-block due to accumulation of acetylcholine. As
pointed out by Herrmann (1961) the drugs applied in the treatment of myasthe-
nia do not occur in the organism under normal conditions, the mechanism of
their action is, therefore, of no substitutive character. Accumulation of inter-
mediary products or of by-products originating from the breakdown of these
“exogenous” substances may, however, result in toxic damage to the end-
apparatus which in this manner becomes unresponsive to drugs.
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The observations of Churchitt-Davidson and Richardson (1957)
suggest the possibility of the reversible toxic lesion of the motoric end plate.
Drug-resistant patients subjected by these authors to positive pressure respira-
tor still under curarization for several days, were found more responsive at
the end of this “resting process”, assumedly in “consequence of an increased
sensitivity to endogenous acetylcholine”.

There are, however, plenty of arguments against the toxic theory. For
instance, it has remained obscure to the present day why some cases become
resistant, while some others remain responsive. Quite a number of patients
under our observation have remained well-stabilized for years or even for
decades without the slightest sign of toxicity or any suggestion of a cholinergic
crisis. | followed up a female patient for years who had been myasthenic for
27 years and had responded fairly well to drugs; change-over from prostigmine
to pyridostigmine was followed by a striking response. It is a further point
of interest that increasing drug-resistance or a refractory condition may be
limited to certain individual muscles or synergic muscle groups without involv-
ing the -whole myasthenic musculature (Herrmann 1961, Szobor 1964).
Finally, there are patients who have been unmanageable or practically so from
the very beginning, which contradicts the role of an accumulation of drugs
or of their toxic breakdown products. Another argument pleading against
a toxic origin is the observation that when drug-resistance has developed,
drugs of the most diverse chemical structure fail to elicit any response, which
would not be the case were a resistance to some special drug involved.

One of the possible theories of drug-resistance and of the crises links up
these eventualities with the synaptic structure. The so-called vegetative synapses
are easily re-modelled, owing to their “diffuse and collective nature” (Szent-
AGOTHAI 1957), whereas the neuromuscular synapses tend to preserve their
structures in consequence of their “individual” character. The hermetic
structure of the perisynaptic glia isolates it from external, particularly phar-
macochemical, influences. It is well within the possibilities that this peri-
synaptic glial structure becomes the site of some abnormal process cutting
off the pathways of response (which would account for the development of
drug-resistance) or else that its close texture is ab ovo an unfavourable medium
for pharmacological influences (which would provide the structural basis for
originally drug-resistant cases). It is furthermore known that the functional
structure ofthe neuromuscular junctions is not the same in the various muscles
(Csitnik 1965), and that the subneural apparatus of the synaptolemma has
two functional patterns, i.e. the alpha- and the gamma-type. The neuro-
muscular junctions of the gamma-type are characterized by shallow junctional
folds in contrast to the deep folds of large surface distinctive of the alpha-
junctions. This restricts the space for ion-exchange in the gamma-junctions,
thus reducing the post-junctional potentials and interfering with their trans-
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mission. Depolarization is thus concentrated to a narrow area and transmitter-
decay is accelerated. Our knowledge of the ratio between alpha- and gamma-
junctions in the individual muscles is little more than guesswork. Nevertheless,
we consider it possible that the dense structure of the motor synapses as well
as their functional properties including a prevalence of subneural junctions
of the gamma-type in certain individual muscles may well provide a sound
functional-structural basis for the explanation of crises and of drug-resistance
in myasthenia. To realize the difficulties of the problems involved by the
mechanism of myasthenic or cholinergic crises we have only to remember that
even normal synaptic transmission has many an uncleared or controversial
point (Paton 1958).

Histo- and biochemical studies have also been inconclusive, yet they have
shed some light on the problem. This particularly applies to the acetylcholine-
insensitiv block described by Katz and Thesters (1957). A block of this type
involves two factors. The depolarizing drug, e.g. acetylcholine, effects depolar-
ization as the first step of its action, and as the second, it makes the end-plates
insensitive. Acetylcholine- or cholinesterase-inhibitors fail to elicit any response
in this second stage. Grob and Jonns (1961) ascribe a theory about the dual
nature ofthe block-substance in myasthenia. In their view, the block, reversible
to acetylcholine at first, becomes irreversible to this substance at a later stage,
or insensitive. Accumulation of acetylcholine (or, possibly, choline) in the
receptor area contributes to the irreversibility of the condition by its further
desensihilizing effect. Confronting the problems involved by drug-resistance
and by the occurrence of crises in apparently stabilized cases with the available
bio- and histochemical evidence, we find the supposition of a dual nature of
the neuromuscular block and possibly also of the myasthenic substance to be
still the most acceptable hypothesis. In our view, this mechanism may not
only account for the sudden shift of a crisis from the myasthenic to the cholin-
ergic type but also for the combined occurrence of the two types, as we see it
often enough in our clinical cases. We also believe, though there is little clinical
evidence to this effect, that the two types may alternate and become inextri-
cable, though from the therapeutic point of view it would be vital to identify
the type. Such crises characterized by continual swings between myasthenic
and cholinergic symptoms are best termed “fluctuating” or *“oscillating”
crises.

Shifts in the electrolyte environment also may determine the alternating
character of the block-mechanism. It is known from the investigations of Fatt
and K atz (1952) that even in the absence of any nervous impulse the membrane
of the motoric end-plate is not completely inactive but exhibits “spontaneous
miniature end-plate potential fluctuations”, due perhaps to that the release
of the acetylcholine molecules would proceed by quanta instead of following
a rhythmic course. With normal nervous impulses such micropotentials do not
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become perceptible, if, however, transmission of the nervous impulse is in-
hibited by changes in the electrolyte environment, these micropotentials did
not disappear, and so there is never a quietness in the area of the motoric end-
plate. Release of acetylcholine molecules must, in all probability, run into
thousands to cause such a fluctuation of micropotentials. It is unclear what
part exactly these micropotentials play in nervous transmission under normal
conditions though it is within the possibilities that they might be involved in
the elementary mechanisms of the maintenance of muscle tone (Szobor
1964). In respect to the block-mechanism in question we may well ask whether
by reducing and eventually using up the amounts of acetylcholine and by
providing in this manner a continual exhaustive impulse, this fluctuation
of micropotentials might not be one of the very factors of vulnerability re-
sponsible for the transmission disturbances in myasthenia gravis.

Among the other possible factors which have been made responsible
for the mechanism of the crises, “primary asthenia of the vegetative centres”
alleged by Passouant (1956) or “impairment of drug utilization” suggested
by Conen and zacks (1958) appear to be of a certain, though minor, signifi-
cance.

I1l. Incidence of the crises

As mentioned before, the literature on the subject is not in proportion
with the theoretical and practical significance of the problems involved.
An inquiry addressed by Herrmann (1961) to the prominent experts on
myasthenia (Osserman, Gammon, Johns, Tether, Schwab, Rowland)
shows that the problem has not received the attention it deserves. It emerged
from the answers that no reliable data are available as regards incidence,
frequency, cause and features of the crises. Osserman (1958) had knowledge
of 57 crises in 325 patients but found this number excessive. The crises were
lethal in 47 per cent. He found a slight preponderance of myasthenic crises
over the cholinergic ones, but it was not always possible to identify the type.
Tether (1955) recorded 20 crises in 186 patients with a 80 per cent mortality.
Grob (1958) had 202 patients under his observation including 44 thymectom-
ized subjects. There were 10 non-surgical, i.e. typically myasthenic, deaths.
The most extensive patient material has been observed in Mount Sinai Hospital
over 14 years and reviewed in the light of modern theraphy by Braugrund et
al. (1964). Crises occurred in 99, i.e. 15.8 per cent of 625 patients during the
14 years of study. This high incidence is in agreement with the records of
Head (1964), Erbstoh and L’A11emand (1965), Henson, Stern and Thomp-
son (1965) as well as with our own observations, crises having occurred, also
repeatedly, in 24 out of our 80 cases.

W hen evaluating the antecedents from the point of view of crises, it must
be kept in mind that some of the patients are admitted with an established
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diagnosis of myasthenia and with the history of previous drug treatment, while
in some others the disease is still unrecognized or, possibly, misinterpreted at
the time of admission. Close questioning may offer valuable indications as to
earlier occurrence of crises in which case further crises may be expected.
Another point not to be neglected is the personal attitude of the observer.
Much depends on what he considers to be a crisis as there are no established
standards for the correct evaluation of respiratory performance in such cases.

Myasthenia gravis in infancy, childhood and also in senescence occupies
a relatively small place in pertaining literature. Though crises doubtlessly do
occur in these age groups, we have little information about them. One of our
papers deals with myasthenia in childhood and infancy (Szobor [in press]).
Crises occurring at any early age have been reported by Zweymurrer (1952),
Biemond and Trotsenburg (1955), Bélanger and Pramondon (1957),
Mittichap and Dodge (1960). Teng and Osserman (1956) described a case
of transitory myasthenia in the newborn infant of a myasthenic mother, and
called attention to the weakness of respiration, sucking, crying, swallowing, as
premonitory signs of a crisis. In other cases, weakness of sucking may be the
only danger signal. We have observed a crisis of utmost severity in one of our
myasthenic children.

The term “senile myasthenia” is reserved for the cases in which the first
signs of the disease appear beyond the age of 55. One of our earlier papers
(Szobor and Kernyey 1965) deals with observations in elderly myasthenic
patients, 3 out of 11 cases having been found liable to crises.

Crises thus affect early or advanced age groups in the same manner.
In young age the crisis is practically always myasthenic in character as the
disease is generally in the incipient stage or an unrecognized or untreated
myasthenia leads to crisis. In the elderly, however, the possibility of a myas-
thenic or a cholinergic origin must always be considered.

IV. Questions of semiology

The crises in myasthenia gravis are viewed as an outcome of a process
leading to respiratory failure. It is not possible to give here a full account of
the whole syndrome, and only those of its features will be outlined which may
he suggestive or diagnostic of a myasthenic respiratory crisis.

One of these special characteristics is the sudden onset, which may occur
even in stabilized patients. Crises without any premonitory sign have been
witnessed on few occasions in our own material. If the patient shows, however,
the slightest hypoventilation, any attempt at a treatment at his home is
unwarranted. He belongs to a specially equipped hospital unit. The problem
why apparently stabilized patients are liable to unheralded respiratory crises
has remained largely unanswered. Uneven involvement of the affected muscles
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may, however, be an essential factor. As pointed out by Herrmann (1961)
weakness confined to a single muscle of major respiratory importance is
sufficient to cause crisis. In one of his apparently well-stabilized patients,
lethal outcome of a crisis of sudden onset could not be averted by any of the
existing therapeutic measures. The factor responsible for the crisis had been
a weakness of the laryngeal muscles.

Erbstoh and L’Arrtemand (1965) have called attention to the latent
hypoventilation preceding respiratory failure. This premonitory hypoventila-
tion, recognizable by tachypnoea and tachycardia, may induce at any time,
through respiratory acidosis, an actual respiratory crisis.

Myasthenic patients are particularly susceptible to affections of the
respiratory tract. A slight bronchial infection, influenza or rhinitis may cause
a sudden turn to the worse. Conversely, the majority of respiratory crises
follow close upon some respiratory tract infection. Presumably, in myasthenia
the respiratory equilibrium is delicate, ready to be upset by the slightest over-
charge and give way to a crisis. The commonest causes of overcharge are aspi-
ration, partial atelectasis, bronchial plugs, hypersalivation, superinfection,
respiratory acidosis, or disturbances of central origin.

Another feature of myasthenic or cholinergic crises stressed by us in an
earlier paper (1958) and discussed also by Herrmann (1961) is the extreme
prostration of the patient. The face is pathetic, it wears the expression of
extreme distress, suspense and of appeal for help. This is characteristic with
the usual appearance of the myasthenic patient which is that of dejection,
weariness and anxiety. The very appearance of the patient may betray the
presence of a crisis to the experienced eye even in unrecognized cases. This is
the more important as cyanosis ,generally remain absent until the terminal
stage. The pale and clammy face need not be connected with a cholinergic
origin. If, however, the crisis is cholinergic in type, salivation, profuse sweating,
lachrymation, bronchial discharge, fasciculation as well as other features of the
muscarine or nicotine syndrome join the picture of general exhaustion. We
must, however, admit that despite of innumerable observations and various
valuable tests, we are often unable to identify the type of the crisis. This has its
obvious grounds. First of all, the two types have several features in common,
while several others are similar. Since the main characteristics of the cholin-
ergic crisis as described by Grob and al. (1949) have been outlined above, only
the outstanding features common to both types will now be stressed, above all
the dyspnoea which accompanies the typical myasthenic crisis from beginning
to end, while in cholinergic crises it may appear as an early sign of the musca-
rine-syndrome and is part of the nicotine-syndrome. Extreme exhaustion is
also common to both types and so do dysarthria, dysphagia, and dysmasesia;
latter signs in cholinergic crisis belong to the nicotine-syndrome. Signs, such
as restlessness, anxiety, emotional lability, confusion are generally assigned
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to the 3rd phase of the cholinergic syndrome. Personally, we do not believe
in the possibility of such a sharp distinction. The foregoing psychical and
psychomotor signs certainly do occur in cholinergic crises but they are no less
liable to appear in typical myasthenic crises as well. Anxiety leads to motor
restlessness which on its part requires surplus energy. When, however, extreme
physical exhaustion makes practically every motor activity impossible,
anxiety becomes existential. No contact worth speaking of can be established
with the patient in this stage. In the desperate struggle for air the patient is
continually thrown about between going down and coming up to the surface
again. In the physical and mental distress, even if the patient has all that the
modern techniques of surgery or laryngology can afford the presence of the
attending neurologist is indispensable. Comfort and encouragement by the
physician may help to tide the patient over by calling forth all that has remain-
ed of his psychic strength. Psychic care and attention of the myasthenic patient
is still a neglected field. The papers of Tether (1961) and Herrmann (1961)
are voices in the desert. As a psychiatrist, the present author has been specially
aware of the importance of this aspect of myasthenia gravis despite of its
organic character.

The difficulties in discerning myasthenic from cholinergic crises have
been stressed by numerous authors. Osserman and Kapran (1953), further-
more Herrmann (1961) have referred to this point, the former authors in their
study describing the edrophonium- (Tensilon-) test (1953). Grob (1958)
emphasized that the two types overlap in many cases. Both may be associated
with weakness of the respiratory muscles and both types may be present
simultaneously.

Among the various tests and provocative procedures designed for the
identification of the myasthenia, none hut the edrophonium test is warranted
during a crisis. By its triple effect (myasthenic type, adequate type, cholin-
ergic type), this test not only has been of substantial help in differentiating
the types and thus in prescribing the correct treatment, but also has contrib-
uted to the understanding of the pathomechanism of the crises.

Application of the test may, however, be frustrated by the sudden onset
of the crisis, and in some cases its result may be inconclusive.
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CAUSES, CLINICAL FEATURES, MANAGEMENT
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Crises associated with myasthenia gravis, have been studied under the following
aspects:

Definition, theoretical and practical significance of the crises in myasthenia.
Description of their types, possible mechanisms accounting for their production. Inci-
dence. Sémiologie questions. Distinctive features of the types. Personal observations of
24 cases among 86 myasthenic patients in a period of 14 years. Closer study of the most
common causative factors. Crises after thymectomy. Types and features. Possible
causes. Current theoretical and practical aspects of the management of crises. Preventive
measures.

In a previous paper we have discussed the theoretical aspects of the
crises associated with myasthenia gravis, particularly as regards their defini-
tion, character, incidence, possible pathomechanism and certain questions
related to their semiology. The present paper gives a closer study of the crises
observed by us in myasthenic patients.

I. Case material

Our observations have been made in 86 cases of myasthenia gravis
during 14 years. Those 24 cases, i.e. nearly one third of the whole material,
will be discussed in the present paper in which crises as defined in the previous
paper have been encountered. The material to be reviewed has been collected
regardless of thymic tumour or whether surgery had been performed. All of
the data presented here are based on personal observations. Among the patients
there were 12 males and 12 females. The general prevalence of females was
equalized by the fact that 8 out of the 24 patients had malignant thymoma
and 5 of them were males. Malignancy of the thymus gland is, however, known
to be prevalent in males of higher age groups. Age distribution was as follows.

10 to20yearsS ... 2 cases
20 to30yearsS...o.. 10 cases
30 to40yearsS.... 3 cases
40 toS0yearsS. .. 4 cases
50 to60years...o... 3 cases
60 to70years...... 2 cases
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The earliest age at which the first crisis appeared was 14, the latest,
67 years. The duration of the disease until the occurrence of the first crisis
ranged from 1to 6 years, there were, however, cases in which the disease had
been present for twenty years when the first crisis occurred. On the other hand,
in three of our cases the crisis had been the very first manifestation of the
disease. The original disease was generally mixed in type, in other words, the
same case combined ocular, bulbar and skeletal localizations, while oculo-
bulbar or skeleto-bulbar types were rarer. The crises were of the following
types,

Myasthenic ... 16 cases
Cholinergic .coveicvienn 2 cases
Combined ..o 6 cases

The crisis is combined in type when both myasthenic and cholinergic
features are present at the same time or when they alternate during the crisis,
in which latter case we may speak of an “oscillating” crisis as we have termed
it in the previous paper.

Several patients had repeated crises, 11 had two or more, a young female
patient was seven times in a state of crisis. The crises were variable in duration.
In a case for instance, it was lethal in the very first minutes, precluding any
possibility of tracheotomy, on the other hand, a young female patient main-
tained on artificial respiration had been in a state of crisis for six months when
first seen, without any noteworthy change in her condition. In the majority
of cases the crisis lasted 3 to 12 days.

The cases displaying crises presented the following prognostic aspects.

Cured e 2 patients
Remission “A” ... 8 patients
Remission “B” ... 5 patients
Remission “C” ... 3 patients
Died . 6 patients

(By our standards, a patient may be regarded as cured if, with the
exception ofelectromyographic changes, he has remained free of any myasthen-
ic sign and symptom for five years without taking drugs and is active in his
former sphere of work. Remission “A” means that the patient is able to con-
tinue his former activity free of any objective sign, without drugs or taking
minimal maintenance doses. In remission “B” the patient depends on drugs
to remain active and even if he is inactive he cannot do without minor main-
tenance doses. Remission “C” is equivalent with practically minor improve-
ment. To simplify matters, we have included into this group 2 patients being
in a permanent or stationary condition.)
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Survival after severe crises is reflected by the following figures.

Survival over 10 yearsS........ 1 case
Survival from 5 to 10 years ... 11 cases
Survival from 1 to 5 years .... 3 cases
Survival less than one year 3 cases

Confrontation of the data related to survival or prognosis and type of
remission failed to reveal any close correlation between the severity or duration
of the crises and the tendency to remission. Even in the case of repeated
crises, the condition may be satisfactory either in the intervals or
when the crises have ceased altogether. There is evidence (Herrmann
1961) that even the severest crisis, survived, may be followed by an
excellent remission.

The crises associated with thymectomy deserve special comment. In our
earlier studies (Szobor 1958, 1961) we found these crises to be “early” or
“late” in onset. Though classification of these crises on the ground of timing
has not been recorded thus far, we find it nevertheless necessary. This point
will be discussed later.

29 out of a total of 86 patients had been subjected to thymectomy. Ten
of them experienced crises. Their data are given below.

Table 1
Myasthenic crisis Cholinergic crisis
Name Age (years) Outcome
early late (combined)

i K. M. 2 8 Died
2 H. M. $ 20 1—3- Cured
3 F.T. $ 17 + + H—1-h Remission 4B”
4 S. M. ? 29 SENE -i- Remission 4A”
5 K. G. ? 22 + 4+ + Remission 4B”
6 H. M. 2 44 =1 Remission 4C”
7 C. I ? 49 + o+ Remission 4A”
8 M. A. d 53 + o+ o+ Cured
9 A. A. d 54 + + + Died
10 H. P. d 67 + o+ 4+ Died

“Early” onset between the 1st and 3d days after thymectomy

“Late” = onset between the 8th and 11th day after thymectomy
++, 4—Hf = grades of severity of the crises.
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Il. Causes, responsible factors

In the light of our observations and of evidence recorded in literature
it will be now attempted to outline the possible factors which, to our present
knowledge, may be responsible for the production of crises. As emphasized in
the previous paper, the pathomechanism of crises in myasthenia, apait from
some essential aspects, is laigely obscure, consequently our knowledge of the
factors responsible for their production is also incomplete. We discuss the
most common and, therefore, practically the most significant events that
precede a crisis.

Our observations are in line with published evidence in placing respiratory
tract infections in importance above all other conditions that may be responsible
for the production of a crisis. Infections may either bring on a crisis or further
impair the condition in an established crisis. Genkins et al. (1961) reviewed
the autopsy findings of 31 cases where death had been the direct consequence
of a crisis. Some abnormality of the respiratory tract was invariably present
in all of the cases, generally some pulmonary infection either focal or with
a tendency to confluence or to generalization, often atelectasis, mucous plugs
or distal infection resulting from inefficient coughing. Alveo-tracheal haemor-
rhage if present was associated with interventions of some kind (tracheotomy,
bronchoscopy). Similarly to other observers, we also find respiratory failure
to be the most common cause of death irrespective of the pattern of the crisis,
i.e. whether myasthenic or cholinergic or postoperative in character.

Nasal, pharyngeal, tracheal or bronchial secretion associated with
respiratory infections leads to rapid exhaustion of the patient, cough being
often unproductive in consequence of muscular asthenia. The vain efforts to
bring up discharge call for anticholinesterase treatment, often by the intra-
venous route, but the transitory benefit derived from these drugs is out-
weighed by their ill-effects on the respiratory process owing to salivation and
bronchial hypersecretion to which they usually give rise. Renewed futile
attempts at bringing up discharge by coughing leads to ventilatory failure and
eventually respiratory acidosis. Aspiration of saliva, partial atelectasis, pro-
gressive insensitiveness of the respiratory centre in consequence of respiratory
acidosis, confused mental state due to anoxia, failing morale of the patient
are further factors resulting in a vitious circle, which is very often fatal because
irreversible. Artificial respiration would offer the best solution were it not
frustrated in many cases by massive atelectasis or confluent pneumonia
causing a severe restriction of the respiratory surface.

In a full-blown crisis of such mechanism there is often no way of telling
whether it is myasthenic or cholinergic in character, symptoms of the muscarine
type being absent and the result of the Tensilon-test equivocal. In the presence
of respiratory acidosis and hypoxia, it is almost certain that the patient’s
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morale spent in a vain struggle for air, will eventually give way. This surrender
of the patient paves the way for further respiratory impairment. Persistent
anoxia may be associated with epileptic convulsions of generalized or Jackson-
ian type, often with fatal outcome. Other incidental factors, particularly
hypopotassaemia, add to the risks of the crisis by increasing muscular weakness.

Our own observations fully bear out the significance of respiratory
infections, atelectasis, pneumonia or aspiration in the production or mainte-
nance of crises. In 10 of our patients the crises followed upon a respiratory
infection, this occurred repeatedly in 4, and almost currently in 2 of them.
One of our female patients had had her first crisis at the age of 14, subsequent
to a trivial accident sustained at school. Owing to bulbar signs and respiratory
failure, tracheotomy, positive-pressure-respiration and, finally, thymectomy
had been performed. At the age of 17, another mediastinotomy had been under-
taken as the last resort owing to incessant crises and deterioration of myasthe-
nia. On this occasion, aberrant thymus islets had been removed from firmly
adherent fibro-adipose adjacent tissue. Repeated courses of radiotherapy had
been given. In the course of the years she lapsed into a state of crisis on seven
occasions. The pattern of the crises was generally myasthenic, but on two
occasions cholinergic features were also present though drug treatment had
not been modified. Before the second operation it had come to a severe re-
spiratory failure in consequence of tracheo-hronchitis associated with aspiration
pneumonia. Ever since her second operation followed by radiotherapy she has
been in remission “B”, in other words, she has been able to continue hei studies
but former experience has tought us to confine her to strict bed-rest on the
slightest sign of respiratory infection which otherwise would inevitably bring
on a state of crisis. — Another female patient, 35 years of age, with hysteroid
features, given to anxiety, had experienced repeated crises in consequence
of catarrhal respiratory tract infections. Owing to an increase of the doses
on her own account without our knowledge it occurred on two occasions that
the crises, originally myasthenic, assumed a cholinergic type and required
hospitalization in order to be brought under control. In both cases we were
able to witness the pathomechanism of the crises at close range and the vitious
circle dealt with in the foregoing became manifest under our very eyes. In the
second case we must ascribe a large part of it to the hysteroid personality of
the patient, her lack of discipline and psychic exhaustion.

Other factors responsible for the crises may be related to menstruation,
pregnancy, delivery, puerperium or lactation. This aspect of the question will
form the subject of a separate study. Premenstrual impairment of myasthenia
is fairly common, whereas bulbar signs response to hed-rest and drug treatment
was favourable. A 22-year old patient experienced a severe crisis as the first
manifestation of myasthenia, during lactation, after an uneventful pregnancy
and smooth delivery. Intravenous neostigmine not only confirmed the presence
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of myasthenia but controlled the crisis. Processes related to pregnancy are
pointed outby Herrmann (1961), too, among the possible factors of crises.

Crises may be produced by exhaustion. In .respect to physical over-
exertion, this needs no further comment. It is, however, less recognized though
a highly important issue of the question under study that psychic exhaustion,
emotional strain or stress are common precipitating factors of a myasthenic
crisis, conversion of which to cholinergic intoxication may be promoted by the
patient’s confusion and anguish. The psychic aspects of myasthenia have
received little attention in literature; Tether (1961) devoted a study compris-
ing 40 patients to this problem. It is, however, obvious that successive real-
ization of a disease with all of its life-threatening aspects, is bound to affect
the patient’s personality in some way or another, and his fate largely depends
on the question whether he will be able to make the best of the adaptability
of his mind and whether he has the gift of mobilizing his resources of energy.
We are dealing with the psychic condition and the personality changes of the
myasthenic patient in a separate study (Szobor 1966), here we allude to
those points only which are of interest from the aspect of the crises, stressing
the significance of psychosomatic factors in their production. In 3 of our
patients the crisis had been elicited by physical exhaustion, in 4 by emotional
stress or anxiety. Grinker and Bucy (1951) have pointed to the crisis-inducing
influence of laughing and crying through acute respiratory paralysis and draw
attention to the danger of regarding the syndrome as hysterical and in apply-
ing “persuasive” treatment which may finally result in complete respiratory
arrest through “emotional dyspnoea”. This eventuality is rare but nevertheless
a possibility to be kept in mind. In our experience one of the most common
diagnostic errors in respect to myasthenia — actually the second or third
in the order of frequency, — is its being misinterpreted as psychic in origin.

Postoperative crises may supervene both during the disease or occur as
its first manifestation. Apart from those associated with thymectomy, post-
surgical crises occurred in 2 of our cases. In the first, a 18-year old woman,
the crisis was the first manifestation of myasthenia. The onset, closely follow-
ing upon tonsillectomy, was marked by acute bulbar signs, aphonia, anarthria,
dysmasesia and severe dyspnoea. In the other female patient with established
myasthenia a crisis, short in duration hut difficult to bring under control, was
associated with appendectomy.

Injuries may lead to the manifestation of latent myasthenia in the same
manner as surgical interventions. Our observations lend support to this experi-
ence. In one of our cases, a young female patient, the first symptoms associated
with a slight cerebral concussion consecutive to a road accident, had been
ascribed to a post-concussion syndrome of hysterical origin until on closer
observation at our department they were identified as being due to a latent
myasthenic crisis. The other patient whose first signs could be traced back to
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an accident suffered in her school-days, is the same who has been mentioned
earlier for another reason. In the production of crises by surgical or other
injuries the part played by psychic factors should never he left out of con-
sideration.

Among other factors or circumstances favouring the occurrence of crises,
misinterpretation of the myasthenic symptoms occupies the fiist place, since
it delays efficient management. Crises recognized for the first time in undiag-
nosed cases are, obviously, always myasthenic in type, cholinergic crises being
invariably due to drug treatment. Herrmann (1961) also ascribes a part to
diagnostic errors in the production of crises. Our two cases where the crises
had been identified for the first time have been quoted earlier in this paper.
Crises may be furthermore brought on by various diagnostic tests, such as
curare, decamethonium-iodide, guanidine, quinine, quinidine, over-exertion.
It is interesting to note the changing attitude to curare. The curare-sensitivity-
test was described and used for the first time by Bennett and Cash (1942).
Since responsiveness of myasthenia gravis to physostigmine and neostigmine
was an established fact at that time (Waitker 1934) and the new treatment
was rapidly gaining ground, the opposition to the curare-test in literature was
fully justified. Pelikan, Tether and Unna (1953) found the treshold-value
in myasthenia to be one fifth ofthe normal figure. In recent years Churchill-
Davidson and Richardson (1957) have studied the diagnostic possibilities
of d-tubocurarine. Later Rowland, Aranow and Hoefer (1961) made a plea
for the revival of this unnecessary and unsafe procedure, using it in 92 patients
on the ground that the diagnosis in 60 of them was dubious. This ratio is
excessively high, though the diagnostic difficulties may be considerable and
suspect cases high in number. The dangers of the curare-test were pointed out
by Eaton in 1947, five years after its description. In some cases the diagnosis
of myasthenia requires the additional evidence of specific tests, in others the
diagnosis is based on this evidence alone and, occasionally, it is the result of
the specific test which draws attention to the possibility of myasthenia. Such
cases are, however, relatively rare and even if they do occur, we may rely
today on highly specific and at the same time entirely safe tests. As pointed out
earlier (1958, 1964), careful history-taking, close observation of the signs and
symptoms in their fluctuation, evidence of exhaustion-tolerance test, neo-
stigmine and edrophonium tests, Jolly’s electric test, oculoelectromyography,
electrolyte studies have led us to the correct diagnosis in all of our cases,
therefore we see no point in reconsidering our attitude to curarization or to any
other unsafe diagnostic procedure.

Crises appearing in the course of drug treatment eventually may have
three causes. They will be dealt with in the following.

1. Inadequate dosage may produce the same situation as failure of
diagnosis. Ventilatory deficit resulting in a crisis may occur in both eventual-
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ities. The constellation is essentially the same if the type of myasthenia suddenly
changes, for instance, if bulbar symptoms join the ocular pattern. In such
cases the doses on which the patient did well before may become inadequate.

2. The factors and mechanisms inherent to the drug itself are far more
complicated as concerns susceptibility to crises. The usual drugs make liable
to crises to a variable extent. The most important of them, neostigmine,
occupies the middle in this respect. Of recent drugs, pyridostigmine is alleged
to be the safest, its margin of safety being the most favourable.

Osserman stresses the advantages of pyridostigmine in the bulbar type
of myasthenia where the danger of crisis is the highest, though, as he points
out, if neostigmine fails to bring muscular weakness under control, then it is
most unlikely that pyridostigmine will do so. We have been using pyrido-
stigmine extensively in our material. Occasional cholinergic effects associated
with its use were slight, and crises did not occur at all. Observations with
ambenonium which has been found to be efficient in the skeletal type, are far
less favourable. On the basis of observations including 60 patients, Schwab
(1955) found it liable to induce cholinergic block. Desmedt (1957) cautions
against the use of the drug in view of its narrow margin of safety. Wester-
berg and Magee (1955) do not use it at all without atropine. Grob (1958)
also points to the danger of crises associated with the use of this drug, as it
frequently gives rise to cholinergic muscular weakness through a depolarization
block-mechanism of the nicotin-type. In our cases unpleasant, persistent
muscarine-type effects, such as nausea, diarrhoea, abdominal spasms, anorexia,
also occurred. In a 60-year old male patient, on the third day of ambenoamine
treatment, we witnessed the occurrence of a short but none the less severe
respiratory crisis associated with stormy abdominal symptoms, psychomotor
restlessness and anxiety.

The drugs which have been found up to now to carry the greatest danger
of crises are those of the alkylphosphate group. Osserman and Kaptan (1953)
stress the danger of crises involved by the use of organic phosphates owing
to their considerable anticholinesterase activity. Combined use of these drugs
with neostigmine particulary increases this risk (Rider 1951). — We have
long abandoned the use of organic phosphates, as we soon found out that their
benefits did not outweigh their hazards. In consequence, we had no opportunity
to study cholinergic crises of this kind. It has not been possible as yet to
eliminate the toxicity of these drugs, accordingly the more recent complex
phosphorus compounds (parathion, malathion, dematon, etc.) are still far
from being harmless (Rider and Moelter 1961), this applies to alkyltliio-
phosphocholine as well (Osserman, Cohen and Genkins 1961). Nevertheless,
they are well worth studying as they might provide the “long-acting” drug
long sought for. The BC substances evolved by Kraupp et al. (1955) actually
are long-acting, but in the course of clinical trials they have been found to
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carry the risk of crises owing to their cholinergic property (Pateisky 1959).
The merits of ACTH suggested for the management of myasthenia by
Torda and Woltff (1949) have been questioned from the very start. Millikan
and Eaton (1951) have observed crises in association with such treatment,
W esterberg and Magee (1955), Osserman (1958), E rbstoii and L’Alle-
mand (1965) condemn it as being definitely dangerous whereas Lamartine
De Assis (1956, 1960) advocates the use of intravenous ACTH drip in severe
cases resistant to other measures. We have made occasional attempts with
ACTH in the absence of crises, without being able to obtain any proof of its
efficiency.

None of the adjuvants used in myasthenia — i.e. vitamins, ephedrine,
potassium — has been found to increase the risk of crises, but hypopotassaemia
definitely does, therefore its control is essential (Herrmann 1961, Szobor
1964). Sedatives used for the relief of psychic symptoms also may provoke
crises, as observed in the case of a young male patient who was given inadvert-
ently 0.50 g barbiturate after thymectomy at the surgical unit where the
operation had been performed. The consequence was a transitory but none
the less severe respiratory crisis. In our opinion (Szobor 1964) myasthenia
precludes the use of barbiturate containing hypnotics while judicious appli-
cation of minor tranquillizers may be beneficial.

3. Crises resulting from overdosage are cholinergic in character.

mentioned before, conversion of myasthenic into cholinergic crises or co-exist-
ence of both characters (combined or complicated ciises) may similarly occur.
In 2 of our patients the crises were cholinergic, in 6, they were combined. Over-
dosage was due in most cases to an increase of the doses by the patients with-
out medical advice. Satisfactory response to adequate measures put into
operation on admission, i.e. drug-withdrawal, injection of edrophonium, strict
bed-rest and adjuvants, conclusively proved that the crisis had been cholin-
ergic in character.

Crises due to overdosage are generally associated with symptoms of the
muscarine- or nicotine-types, which are, however, rarely distinct enough to be
of diagnostic value. According to Tether (1955) and Schwab (1961) the
importance of muscarine-symptoms lies in heralding a cholinergic condition.
Skinoj and Petersen (1957) have, however, shown by systematic spirographic
study of a patient under artificial respiration that muscarine symptoms have
no such ill-boding significance. They found a substantial lag between the
appearance of muscarine-symptoms and the maximal antimyasthenic effect
of cholinergic drugs. Increased tolerance to anticholinesterase drugs in my-
asthenia is a well-documented fact (Osserman and Kaplan 1953, Simpson
1960). Viets (1961) believes excessive tolerance to massive doses of prostig-
mine to be diagnostic of myasthenia, since it occurs in no other condition. The
tolerance to drugs, and consequently also their side effects, are, however,
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variable depending apart from the actual state of the myasthenic process, on
the patient’s individual sensitivity, responsiveness and vegetative state.
W hile in a number of patients the appearance of muscarine-like symptoms was
largely a matter of vegetative and tissular responsiveness without any serious
significance, we witnessed in others the onset of a cholinergic toxic condition
unheralded by any sign of muscarinic or nicotinic character. By stressing the
point of individual tolerance it was intended to illustrate the contradictory
issues of the problem rather than to attack the predictive significance of mus-
carine-symptoms.

Our review of the various factors responsible for the production of crises
in myasthenia closes with the discussion of the role of thymectomy. Thymec-
tomy as a cure of myasthenia has found relatively much opposition, though
evaluation of a substantial surgical material no longer permits to question its
merits (Keynes 1955, Simpson 1958, Schwab 1961, Ross 1961, Oos-
TERHUis 1963, Henson, Stern and Thompson 1965, etc.). Reluctance to
the operation may have various causes, first of all its relatively high mortality.
The postoperative period being three weeks in this type, surgical deaths
associated with thymectomy must be put at 8 per cent (Simpson 1958).
Erbsioh and L’Artemand (1965) have pointed out that thoracic surgery of
other kind carries a 2 per cent mortality and they ascribe the 6 per cent differ-
ence to factors connected with the myasthenia itself, particularly the crises
and the hazards of drug treatment. On the basis of our observations we fully
subscribe to this view (Szobor [1958]). Our most powerful argument in favour
of the operation spring from the knowledge that the danger lies in myasthe-
nia, not in thymectomy.

On the other hand it must be recognized that thymectomy involves a
considerable bodily and mental stress to the patient, and that it may bring on
a myasthenic crisis or lead indirectly to a cholinergic one. Cabo (1958) record-
ed instances of fatal postoperative crisis in his thymectomy material of 33
cases. Pennington and Edwards (1960) registered postoperative crises in 4
instances with one death after 10 thymectomies. Occurrence of crises after
thymectomy has been furthermore reported by weit et al. (1952), Reid
(1949), Fisher and Chitd (1955) and others. Henson, Stern and Thompson
(1965) encountered myasthenic as well as cholinergic crises in their material
including 36 thymectomies, conversion of the former into the latter type
having occurred under their very eyes without an intermediary stage with
normal muscle power. The crises made their appearance 24 to 72 hours after
surgery, 2 patients died, 3 could be saved by artificial respiration.

29 out of our 86 patients were subjected to thymectomy. This ratio
largely corresponds to other statistics. Details of the after thymectomy crises
have been presented in the foregoing Table. Classification into early and late
crises does not occur in literature, we find it, however, justified, on the ground
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of the typical double peak in their timing which we also found in earlier studies
(Szobor 1958, 1962). Early crises occurred between the first and third post-
operative days while late crises between the eighth and eleventh days. No crises
were observed outside these periods, i.e. between the fourth and seventh days
and beyond the eleventh day. Early and late crises were never seen in the same
case. In 6 patients the crises were early, in 4, late, in onset. In 3 cases the
myasthenic pattern was associated with features of cholinergic weakness, in
one case there was a swing from the myasthenic to the cholinergic type with-
out any transitory phase of normal muscle power or respiratory relief. In 5
cases of thymectomy associated with postoperative crises tumour ofthe thymus
was found (patients No. 6 to 10 in Table I), in the other 5 there were no malig-
nant changes. In one of the malignant cases the crisis, though appearing after
reoperation for haemothorax instead of thymectomy, has been nevertheless
included into this group. The late crisis occurring in the other case was associ-
ated with the removal ofa mediastinal tumour believed to be a fibroma. Opera-
tion revealed a thymoma and led at the same time to the diagnosis of my-
asthenia. This case represents a rarity in literature (Hedri, Drobni and Szo-
bor 1961, Szobor and Koérnyey 1965). Another remarkable case is that of
a 49 year old woman who had myasthenia of combined localization. Operation,
made necessary by the rapid progression of the process, revealed an encapsu-
lated fist-sized tumour with histologic evidence of malignancy (Szegedy and
Szobor 1961). The operation was followed by a late crisis which could be
brought under control. At present, eleven years after the first symptoms and
seven years after thymectomy, the patient works in her former occupation
without needing any drug.

Postoperative crisis was the cause of death in 3 of our cases. In the first,
a 54-year old male, mediastinotomy revealed carcinoma of the thymus occu-
pying the anterior mediastinum and adhering to the left upper pulmonary lobe
as well as to the large vessels. Haemothorax ensuing 24 hours after partial
resection of the tumour made reoperation necessary. A few hours after this
second operation a crisis of the oscillating type appeared, with alternating
prevalence of myasthenic and cholinergic elements, and caused death within
18 minutes leaving no possibility or tracheotomy or artificial respiration. —
In the second case, a 67-year old patient, a fulminant respiratory crisis appear-
ing 24 hours after operation was associated with cardio-vascular involvement.
In the third case, a 18-year old girl, there had been no malignancy of the thy-
mus, operation had been smooth, the postoperative course entirely uneventful,
until she died suddenly a few minutes after the onset of a respiratory failure,
36 hours after operation.

Apart from the factors have been discussed in our paper I., there are
circumstances, such as surgical and psychic stress, anaesthesia, modification
of drugs, etc. which may play a part in the production of postoperative crises.

Acta Medica Academiae Scienliarum Hungaricae 22 (1966)



304 A. SZOBOR

There may be a particular factor which we have found to be of importance on
closer analysis of the postoperative crises in our cases on the one hand, and on
the grounds of the favourable results of postoperative radiotherapy on the
other, namely the existence of aberrant thymus tissue or thymus-islets, tran-
sitory hyperfunction of which may be responsible for the postoperative crises.
W hen the principal thymus gland has been removed, the remaining aberrant
elements could take over its endocrine functions passing through a stage of
transitory hypertrophy. It is well-known that normally functioning or even
hyperactive thymus tissue may occur at anomalous sites. There exist numerous
descriptions of aberrant thymus tissue, duplicate or multifocal thymus glands,
functioning thymus tissue embedded in the thyroid, parathyroid, the sheath
of the vagus nerve, wall of the small intestine, ovarial cyst, etc. The presence
of aberrant thymus tissue may account in many a case for the failure ofthym -
ectomy to produce the expected result, and transitory hyperfunction of such
tissue may be one of the possible factors of postoperative crises.

The present review is obviously incomplete owing to imperfect under-
standing of the mechanism involved. Further observations and collection of
data will probably help to identify other possible primary or accessory factors
which may have a part in the phenomena outlined.

IIl. Management of the crises
Principles and practice

The last fifteen years have biought a substantial change in the manage-
ment and prognosis of crises in myasthenia. The change is due first of all to
the fact that we have become acquainted with the nature of the cholinergic
crises which allows to consider their possibility in every case of myasthenia
liable to crises.

As pointed out before, the most common factor responsible for, or con-
tributing to, crises is respiratory infection or obstruction. Ensuring a clear
respiratory tract is therefore essential to their efficient management. Swabbing,
or suction of saliva or mucus, pulling forward the atonic tongue, though being
the simplest possible procedures, may nevertheless put an end to a crisis.
Drainage with the patient in Trendelenburg’s position makes clearing of the
airways easier. In laryngeal asthenia Herrmann (1961) found intubation
maintained for a few hours to be beneficial. This must be followed, if necessary,
by tracheotomy. In case of emergency however, he finds the introduction of
a wide-bore, short-tipped cannula into the upper trachea preferable to the
“pen-knife-tracheotomy”. We can only subscribe to this advice having con-
vinced ourselves of the adverse consequences of tracheotomy carried out in an
inadequate manner.
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Hypersecretion associated with the use of the current drugs in myas-
thenia raises the question of preventive dosage of atropine for the control of
salivation. Literature agrees upon the necessity of this drug where there is a
tendency to hypersecretion. Osserman (1958) prescribes atropine routinely to
myasthenic patients, directing them to use it in case of secondary effects.
Symptoms of the muscarine-type or imminent cholinergic signs call for the
use of atropine. It is known from the studies of Skinh0j and Petersen (1957)
that atropine controls most of the muscarine-symptoms without interfering
with the antimyasthenic effect of the drug in use. Herrmann (1961) while
making use of the benefits of atropine points to its facilitating influence on the
nicotine-syndrome and on depolarization-weakness. Viscosity of mucus due to
atropine has its dangers which have been duly pointed out by DiNNtCK (1958),
Osserman (1961) and Herrmann (1961). Hartand and Stephen (1958)
even protect from atropine in post-thymectomy sate. Personally we make use
of the drug whenever there is a tendency to hypersecretion, prescribing atro-
pine sulphate in doses of 0.2 to 0.4 mg to be taken with every second dose of
neostigmine. In cholinergic conditions we find the use of atropine peremptory
without any regard to the possible danger of nicotine-block pointed out by
Herrmann, the more so as this hazard is felt by us to be more a theoretical
than a real possibility.

For the control of cholinergic crises Herrmann (1961) as well as Storm-
Mathisen (1961) advocate the use of edrophonium given at close intervals.

The policy of preventive tracheotomy finde increasing favour in recent
literature. Herrmann (1961) advocates its use in threatening crises instead of
waiting until the crises become manifest when the circumstances are less fa-
vourable. Osserman (1961), Head (1964), Schwab et al. (1964), Blaugrund
et al. (1964) stress the necessity of early tracheotomy which, in the experi-
ence of these authors, contributes to low surgical mortality. All of these claims
are supported by figures which make the merits of the intervention unquestion-
able and may possibly lead us to reconsider our attitude, since, in agreement
with many other clinicians dealing with a larger myasthenic patient material,
we have not made current use of preventive tracheotomy up to now. And we
may well ask whether there is any justification of preventive tracheotomy in a
patient who has never had any respiratory or bulbar symptoms or whether,
when the crisis is not yet manifest, it will not become so under the somatic
and psychic stress involved by the intervention. We therefore believe that the
question should be decided on individual grounds. Bulbar symptoms, or
actual respiratory failure, make preventive tracheotomy justified, while in
the absence of bulbar symptoms its necessity is questionable. This view is
shared by the surgeon engaged in operations for myasthenia, in view of the
danger of mediastinitis (Drobni 1965).

The most efficient weapon in the management of crises is artificial re-
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spiration. Nursing and supervision of the patient needs a specially trained staff
There is still a great deal to be done in this respect. Osserman (1958, 1961)
finds positive-pressure respiration preferable in the interest of nursing care.
This was applied in 5 of our cases; in 4 of them the crisis was brought under
permanent control, one patient has been, however, in a state of crisis for six
months at the time of the present study. While the patient under artificial
breathing, we abstain, if possible, from the use of any anticholinesterase drug
so as to provide for the “resting process” pointed out by Churchili-Davidson
and Richardson (1957). On the basis of what has been said earlier, we never
use curarizing agents in controlled respiration. Release of the patient must be
successive. By the end of this period he is usually as responsive to drugs as he
originally was when first receiving them in the initial stage of the disease. After
successful control of a crisis the patient still requires careful supervision, man-
agement and care in a specialized unit with due regard to his psychic condition
owing to the profound mental stress which, obviously, never fails to affect
his psychic state.

More recently, the use of oxim-compounds has been advocated for the
management of cholinergic crises (Grob and Johns 1958, Osserman 1961)
but they have proved, on the whole, disappointing (Herrmann 1961).

Management of combined crises is a complicated and often futile task.
All we can do is to adjust the drug to the prevalent symptoms with all the
perils of therapeutic inconsequence to the patient. In view of the fact that the
antimuscarine effect of atropine does not interfere with the antimyasthenic
properties of the necessary drugs, it may be safely given in combined crises.
Clear airways, regulation of electrolyte- and fluid balance, administration of
adjuvant drugs are additional factors which may help to overcome the crisis,
while long-acting drugs, BC-compounds, ACTH should not be prescribed.

Prevention of crises is no simple task. Supervision and guidance of the
patient embracing every possible aspect of his disease, special care in increased
exposure to crises such as respiratory infections and pregnancy, further ade-
quate education and a suitable regimen may be of help. These are very arduous
tasks, yet the physician entrusted with the management of myasthenic pa-
tients, has to face them.
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EEG recordings made in the waking state and during hexobarbital anaesthesia
have been studied in 38 children and adolescents with recurrent paroxysms of abdomi-
nal pain.

A total of 56.7 per cent of the waking records revealed spontaneous abnormal
slow rhythms and 13.5 per cent, epileptiform abnormalities. Typical spikes were de-
monstrable in 83.3 per cent of the tracings recorded during induced sleep. In 64 per cent,
the spike discharges appeared in the rolandic area or at the vertex over one or both
hemispheres; in the remaining cases, the site of origin of the discharges was the frontal
area; in one case an antero-basotemporal spike focus was localized, in another, a gener-
alized 3 c/sec spike-and-wave activity could be evoked. Plurifocal epileptiform activity

was likewise not infrequent.

In 31 per cent of the cases the findings suggested the possibility of an epilepto-
genic brain lesion, for which reason these patients are considered epileptics while re-
maining 42 per cent “borderline cases of epilepsy” the findings being ascribed to some
benign developmental abnormality (immaturity) of the brain.

Evidences revealed by the research of higher neural gastrointestinal regulation,
further, clinical observations on epileptic patients, are suggestive of the assumption
that the rolandic and vertex spikes may represent the convulsoid hyperexcitability of
the non-specific visceromotor structures functioning in the sensorimotor cortical areas,
and therefore the prescription of anticonvulsants is recommended in the syndrome of
recurrent abdominal pain.

Some ten years ago, one of the present authors [14] has pointed out on
the grounds of statistical evidence that certain signs of visceral excitation,
particularly in the areas of abdominal, cardial, respiratory, vaso- and sudo-
motor innervation, not only belonged to the conspicuous manifestations of
temporal lobe epilepsy but that the abdominal syndrome was in occasional
cases the most prominent feature of the seizure.

Abdominal pain is a common complaint in childhood. Harnack [13]
found it to occur in 7 per cent of school age children. Since complaints of this
kind are generally of little significance, parents learn to disregard them. There
are, however, brief spells of violent abdominal pain with a tendency to unex-
pected periodic recurrence, surprising the child not infrequently when engaged
in some activity he enjoys. The pain which usually starts periumbilically and
spreads to the epigastric region may be associated with headache as well as
with other autonomic dysfunctions, often with clouding or even loss of con-

*On the basis of a paper presented at the International Symposium on the Electroen-
cephalography of Cerebral Paroxysmal States, Bucurecgti, October 1965.
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sciousness. The autonomous character of the objective signs bears evidence to the
essentially biologic source of the subjective symptoms. The seizure usually
appears at daytime when the child is fully conscious but in case of nocturnal
onset, it may awake the child [17].

The abdominal pain, headache and episodic autonomic symptoms were
grouped together into an entity by Wylie and Schlesinger [25] and called
by them *“the periodic syndrome” ; they believed that the attacks were a mani-
festation of central nervous system disturbance.

Livingston [19] resumed the EEG findings of 20 children observed and
treated by him for recurrent spells of abdominal pain, as follows: “Electroen-
cephalographic studies revealed definite abnormalities in 16 cases ... ab-
normally slow activity in seven cases, abnormally fast activity in five, bursts
of spikes in two, and spike and wave forms of the petit mal variant type in
two patients.”

In his monograph entitled “Masked epilepsy”, Wallis [26] described
eight children with recurrent abdominal crises. With exception of one the
waking EEG showed gross abnormalities judged by the author to be consist-
ent with, or suggestive of, the bioelectrical pattern of epilepsy, the chief sites
of abnormality being the parieto-temporal, the temporal or the temporo-
occipital regions.

Apley [1] devoted a short monograph to the diagnosis and therapy of
abdominal pain in childhood. His studies comprise a child population under
hospital care, as compared with a population of school-children. Fifty per cent
of the children complained of slight, 25 per cent of severe abdominal pain.
The waking EEG displayed an epileptiform activity with spike bursts in 19
per cent of the hospital population (93 children) as against 10 per cent of the
97 school-children. The difference of the percentages correlated with the electro-
encephalographic findings obtained in the group without abdominal pain was,
however, not significant.

Kellaway, Crawley and Kagawa [17] resumed their findings as
follows: “Approximately 86 per cent of the 459 cases which have been seen
with episodic abdominal pain and/or headache ... showed the 14 and 6/sec
positive spike abnormality in sleep. The other 14 per cent had various other
types of electroencephalographic abnormalities (temporal spike foci, spike and
wave; activity, paroxysmal slow bursts, etc.) or showed normal electroenceph-
alograms ... the 14 and 6/sec positive spike pattern is not seen during an
attack, instead paroxysmal generalized slow bursts are seen at such times. .. .”

Schade and Gofman [23] had 46 children with “abdominal epilepsy”
under their observation. According to their statement, “The electroencephalo-
grams displayed a temporal focus in association with the bouts of abdominal
pain in 22 cases; generalized dysrhythmia, no focus in 16, higher potentials
over left hemisphere in 1 and normal record in 7 cases were found.”
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Sheehy, Little and Stone [24] studied the EEG in sleep in 19 children
with abdominal epilepsy with the following result: “A summary of the EEG
changes shows that (1) the majority of these patients had either borderline or
definitely abnormal electroencephalograms and (2) the most frequent changes
(42 per cent) consisted of rhythmical rectified spikes (14 and 6 per second dys-
rhythmia).”

Dagenais-Pérusse et al. [3] reviewed 6 cases of “abdominal epilepsy”.
The EEG pattern in the resting waking state or upon photic stimuli, was in-
variably abnormal. In five cases, a paroxysmal or epileptiform activity was de-
monstrable in the temporal or occipital area, and in one case centroencephalic
myoclonic convulsions were present.

Patients with pains due to abdominal changes have been excluded from
the case material of the above authors.

Material and method

EEG recordings were made during the interictal intervals in 38 children and adolescents
whose symptoms were consistent with the syndrome of paroxysmal periodic abdominal pain.
During the pain paroxysm we could obtain no more than two records. The age of onset varied
between 4 and 14 years, largely corresponding thus to the age distribution recorded by the
foregoing authors. With a few exceptions, the children were subjected to complete clinical and
serological studies, comprizing blood sugar tolerance tests, careful examination of the ab-
dominal organs and search for intestinal parasites [16].

The EEG recordings were made with a 1955/56-type 8-channel Kaiser apparatus, and
recently with a 16-channel Galileo apparatus. Anterior frontal, central, parietal, antero-,
medio- and postero-temporal electrodes were placed symmetrically in identical sites as well as
in the midline to the vertex forming sagittal and coronal chains. When a temporo-basal focus
was suspected, nasopharyngeal electrodes were also used.

Routine recording in the resting waking state included two 3-minute continuous trac-
ings interrupted by a 3-minute period of hyperventilation and terminated by photic stimula-
tion by means of white light with flashes at various frequencies. In 33 cases the waking EEG
tracings were completed with continuous records under hexobarbital anaesthesia, reflecting
every phase of the barbiturate effect. This was associated with sensory activation, namely
auditive stimuli (electric buzzer, calling by name) and nociceptive stimuli (pricking, pinching).
Hexobarbital was injected intravenously at a rate of 25 mg/10 sec, occasionally 25 mg/15 sec,
up to a total dose of 250 to 500 mg adapted to age and individual tolerance, until continuous
delta-activity had been developed.

Results

1. The number of girls greatly exceeded that of boys, their ratio
71 per cent (27 cases) against 29 per cent (11 cases). Together with the material
of Schade and Gofman (26 hoys, 20 girls), Wallis (4 boys, 4 girls), Dage-
nais-Pérusse et al. (6 girls), this makes a total of 66 per cent (72) girls against
36 per cent (41) boys. In Apley’s material the ratio of girls was 22.7 per cent
higher than that of boys. No reference to sex distribution is found in the papers
of Livingston, Kellaway et al., or of Sheehy et al.

The above figures point to a prevalence of the syndrome in females.

In all cases but one the recurrent abdominal crises were associated with
violent pain. The incidence of the various elements of these crises are presented
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Table |

Incidence of seizure-elements in 38 cases of periodic abdominal syndrome

Number Per cent
Abdominal pain 38 100.0
Nausea, vomiting 18 47.4
Signs of intestinal excitement 6 15.9
Headache (vascular) 21 55.2
Precordial pain 3 7.8
Pallor 12 31.5
Flushing 3 7.8
Sweating 6 15.6
Salivation, lachrymation 2 5.2
Fever 2 5.2
Loss of urine 1 2.6
Fainting, dizziness 12 31.8
Initial focal sensory crisis (face, leg) 2 5.2
Transient clouding 2 5.2
Terminal sleep, collapse 23 60.5

in Table I, pyretic origin has been reported by the parents of 6 children (15.6
per cent).

The prevalent changes revealed by the sleep records of patients were
spike potentials appearing in the central region. In Table Il the various elements
of seizures occurring in 43 epileptic subjects as a consequence of discharge of
epileptogenic foci in the central region are presented for comparative purposes.

2. No physical or serological abnormality accounting for the abdominal
crises was demonstrable in any of the cases.

3. Normality or abnormality of the background activity of the resting
waking EEG was judged by the standards of Gibbs and Gibbs’ Atlas [12] and
Fois-Low’s The Electroencephalogram ofthe Normal Child. [11]. Overfive yeais
of age, high-voltage spontaneous delta-groups are no longer considered nor-
mal, the less so the older the child and the greater the prevalence of this activ-
ity over other spontaneous rhythms. The appearance of 5 to 7 c/sec rhythm
is considered physiological up to the age of 7 years, between 7 and 10 years
as a moderate slowing, a sign of immaturity, beyond that age as a medium-
degree slowing.

(a) By these standards, we found abnormal rhythms and epileptiform
patterns or convulsive potentials in more than 50 per cent of the cases.

In 43.3 per cent of the cases, i.e. 16 patients, the resting waking records
showed no abnormality whatsoever, whereas in 56.7 per cent, i.e. 21 patients,
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Table 11

Incidence of seizure-elements in sensorimotor attacks
(46 epileptic patients)

Number Per cent
Abdominal pain 0 0.0
Nausea, vomiting 4 7.6
Signs of intestinal excitement 1 21
Headache 0 0.0
Precordial pain 2 4.2
Pallor, dizziness 2 4.2
Flushing, sensation of heat 2 4.2
Sweating 1 2.1
Salivation 2 4.2
Pyrexia 0 0.0
Loss of urine, urge of micturition 6 13.0
Focal sensori-motor seizure (cranial) 23 50.0
Speech arrest, motor aphasia 6 13.0
Focal sensori-motor seizure (upper extremity) 25 54.3
Focal sensori-motor seizure (lower extremity) 7 15.3
Generalized seizures 2 4.2

abnormally slow rhythms in relation to age were demonstrable, mostly over the
rostral or posterior regions on both sides. Slowing was associated with a var-
iable increase in voltage. Definite slowing of spontaneous ground activity was
seen in 13.5 per cent (5 cases), moderate slowing in 43.2 per cent (16 cases),
while in one case the EEG was inconclusive.

Spontaneous appearance of interictal seizure potentials, spikes or sharp
waves in the waking state, were registered in 13.5 per cent (Fig. 1), spontane-
ous bursts of high slow waves over the centrofrontal region of one side, in 2.7
per cent. An epileptiform discharge was evoked by hyperventilation in one
case, photosensitivity became manifest on rhythmic flashes in two cases; in
one case a 3 c/sec spike and wave pattern was induced by the photopentetrazole
method. Kellaway et al. failed to elicit an abnormal pattern by flickering
light in a large material. Prechtl [22] induced paroxysmal waves over the
temporal region by intermittent acoustic stimuli applied to two waking pa-
tients whose chiefcomplaints were recurrent bouts of abdominal pain. Auditory
stimulation was consistently applied by us during induced sleep but seizure
potentials ascribable to the stimuli occurred in three cases, i.e. 8.1 per cent,
only.

The EEG records taken during the spontaneous abdominal crises were
characterized by a high-voltage 6 —3 c/sec activity and the absence of seizure
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Fig. 1. No 252/64. Waking spontaneous EEG, calibration 50 ftV and 1 sec. Explications in

reference to this and the other figures see under 3 of the section “Results”. — 6-year-old girl

who had suffered a cerebral lesion at birth. No oligophreny. The abdominal crisis is ushered

in by clonic twitchings of the right facial musculature, followed by abdominal pain, headache,
salivation

10 . 12

Fig. 2. No. 1719/60. Waking spontaneous EEG; the arrow marks the onset of abdominal
attack during which a high-voltage slow-activity appeared over both hemispheres with postero-
temporal prevalence. 10-year-old girl, in the history no data referring to cerebral lesion
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potentials (Fig. 2). Synchronization was most marked over the posterior areas
of the temporal lobes, occasionally over the frontal region. A slow frequency,
high-voltage ictal EEG-pattern was all that has been found by Ketltaway et
al., too (Fig. 3).

(b) Hexobarbital anaesthesia was performed with the purpose of acti-
vation in 33 cases. Four patients had EEG records taken during sleep on two
or three occasions. In one case recording was made during natural sleep. Fail-

1-3 min 5 14

Fig. 3. EEG of the same girl recorded three years later during induced sleep. Segments | —IV
mark the four sections of the recording; the numerals 1—4 mark the minute of recording from
the beginning of hexobarbital injection. I—I1 have been recorded in the phase of deepening
anaesthesia. 111 during the first phase of its relief, IV in the phase before awakening. The short
horizontal lines mark the spike bursts, this applies to the other Figures as well

lure of induced sleep to precipitate epileptiform activity was noted in 3 cases
only, in one of these the effect of the barbiturate resulted in the disappearance
of spontaneous discharges demonstrable in the waking state. Hexobarbital
was found to activate seizure potentials in patients with abdominal syndrome
in the same manner as it did in established epilepsy [15]. The morphology
of the abnormal bioelectric transients registered under barbiturate effect
shows the following distribution in the 30 cases (Table I11).

The spike discharges were counted in the EEG records obtained from 23
patients during artificial sleep. In all of these, epileptiform potentials showing
central or anterior frontal voltage peaks occurred independently from each
other. The spikes reached the 1/min or greater frequency in 13 cases. The nu-
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Table 111
Number | Per cent
Spikes in central and/or frontal region 24 80.0
Spikes in the basotemporal region 1 3.3
Frontal negative sharp waves 2 ! 6.7
Convulsive “mittens” in the frontal region 3 10'0
Total 30 100.0

merical preponderance of central spikes was found in 11, predominance of
frontal spiking in 6 records. The number of asynchronous central and anterior
frontal discharges was nearly identical in 6 other records. A total of 445 spike
discharges was identified, 287 out of them (64.4 per cent) with central voltage
peaks (Fig. 4).

Fig. 4. sums up the number of spikes per minute of 23 records made during hexobarbital

anaesthesia. The continuous line represents the number of vertex and rolandic spikes, the bro-

ken line that of frontal spikes; the numerals on the abscissa mark the minutes from the start of

hexobarbital administration, those on the ordinate, the per minute discharges; the horizontal

arrow shows the average duration of hexobarbital injection calculated from the data of 23
records

The most common discharge pattern during induced sleep was thus made
up of solitary, occasionally serial, spikes in the central area, duration of which
beyond 80 m/sec was exceptional. The discharges emerged at irregular inter-
vals, mostly over one hemisphere, often shifting between the two sides, occa-
sionally over homologous areas of the two hemispheres (Fig. 5). In contrast
to the waking seizure potentials, hexobarbital did not significantly change
the shape of the epileptiform potentials, it only reduced slightly their duration.
The number of negative spike potentials prominent in the central region in-
creased in the early stage, i.e. in the second or third minute of barbiturate
effect, however it fell suddenly as anaesthesia became deeper, in the fourth
and fifth minute. The rapid subsidence of the barbiturate effect allowed an-
other peak of activation of flattened and more protracted character to mani-
fest itself during the interval sixth to tenth minute; after this period, the fre-
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quency of central spikes decreased successively and disappeared in a few min-
utes (Fig. 4).

The negative spikes in the antero-frontal region were scarcely elicited
by the initial barbiturate effect, therefore their activation was somewhat
delayed. However, from the fifth minute on, the number of frontal spikes
showed a distinct rise, the curve of frequency running parallel with that of
central spikes, though with a definitely lower rate per minute.

charge culminating over the vertex with broad extension to both central areas. On segments

Il —I11 a bilateral rolandic discharge, independent from the former is seen. The warning sign

of the crisis was a numbness of lips, face and leg at the left side, this was followed by violent
abdominal pain, palpitation, precordial pain, finally by clouding

4. General anaesthesia allowed a careful study of epileptiform discharges,
as regards site and extent of the potentials, and the shifts of their epicentres.
These latters were detected firstly on the basis of phase alternations recorded
by the bipolar technique. It may be seen in the Figures that, in the sagittal
rows, electrodes were connected in the rostro-caudal direction, while those in
the coronal rows, from the left to the right side. In the chains of identical
direction bridging over homologous areas, the electrodes were spaced at equal
constant distances.

Morphologic analysis of the spikes seen in the bipolar leads resulted in
the inference that cerebral electrogenesis of the same person may produce epi-
leptiform discharges with simultaneous or independent appearance in differ-
entareas of the most variable extent above the one or both hemispheres.
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Fig. 5 (segments | and 1Y) shows the seizure potentials picked up by
both the fronto-central and centro-parietal electrode pairs simultaneously from
both hemispheres. Phase reversal at the central electrodes clearly indicates
that the epicentre of epileptiform discharge is localized bilaterally below the
central electrode or in its close vicinity. At the same time, the coronal electrode
chain fails to record any spike at the central electrode pairs connected with
the mid-line electrode, but a negative spike discharge emerges at the right
centro-temporal electrode pairs. These phase- and voltage relationships show
that the midline electrode together with both lateral central electrodes is
situated within an equipotential area, namely in the field of an extensive
epileptiform discharge occupying symmetrical areas on both sides of the ver-
tex. Fig. 5., segment 111 shows serial spike discharges of relative slight extent
whose epicentrum appears at the right central electrode as shown by the phase
reversal. In segment Il of Fig. 5, there is a minor discharge on each side, inde-
pendent of each other.

In segments | and Il of Fig. 6, phase reversal between the fronto-central
and centro-parietal electrode pairs points to the epicentre of discharge being
situated at the left central electrode. The discharge does not extend to the
temporal lobe. It shows a central voltage maximum in the coronal chain as
well. The phase and potential characters of the spikes recorded by the coronal
chain also permit to locate the central discharge to the area situated between
the left midtemporal and the mid-line electrodes with a slight marginal overlap
to the right bank of the longitudinal fissure. On the other hand, the discharge
seen in section 11l of Fig. 6, the potential of which culminates in the antero-
frontal region, extends to the antero-temporal region on the left side, though
with a lower voltage. The electrical field does not spread to the right hemisphere
and its voltage declines in the caudal direction.

Fig. 7 also shows a plurifocal epileptiform activity. Section I: synchro-
nous burst of a left fronto-central and right antero-frontal negative discharge.
Section 11: rolandic discharge on the right side with phase reversal at the
central electrode. Section Il1l: the coronal electrode chain records a spike of
minor extent emitted by the region of the vertex, its epicentre being close to
the longitudinal fissure.

5. Some cerebral damage suffered years before the onset of the abdomi-
nal symptoms was mentioned in the history of 13 patients. There had been
birth injury in 3 cases, meningoencephalitis in one case, hyperpyretic eclamp-
sia, i.e. convulsions elicited by fever, in the early childhood, had been witnessed
by the parents of 6 children. In 5 cases there was a history oftypical epileptic
fits associated as often as not with the abdominal crises. Sheeny et al. identi-
fied some convulsive episode, mainly of hyperpyretic origin, in the history of
31 per cent of their cases, while Schade and Gofman noted the occurrence
during febrile episodes of epileptic seizures in 54 per cent of their material.
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.Fig. 6. No. 564/64. Patient of 10 years who had suffered cerebral injury at birth, and had

recurrent crises of violent abdominal pain and headache from the age of 3 years. Recording

made during the last, protracted phase of hexobarbital anaesthesia. Sections I—I1 show left

rolandic spikes, section Ill an epileptiform discharge with a frontal epicentre and spread over
the entire left hemisphere
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Fig. 7. No. 287/63. Record made under hexobarbital anaesthesia. Sections | and IV show si-

multaneous left frontocentral and right anterofrontal epileptiform discharges. Section Il: right

rolandic spike which seems to be precipitated by auditory stimuli (electrical buzzer); Section
11l shows vertex spike of minor electrical field
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Discussion

The abdominal paroxysms of our patients had an epileptiform onset but
their course was more protracted than that of either the focal sensory and
motor seizures or of the generalized convulsions. During the seizure the atti-
tude of the patients expressed intense discomfort due to violent pain and to
other autonomous factors of the paroxysm. The crises were on the whole of
greater severity in our material than in the cases reviewed by Apley.

There were, furthermore, typical epileptic seizures in the history of a
considerable number of our patients. 83.3 per cent of the EEG tracings recorded
under barbiturate anaesthesia showed a focal or plurifocal spike activity. The
epicentre of the discharges was found prevalently over the middle third of the
rolandic fissure, less frequently over the vertex. The number of antero-frontal
spikes was considerably less than that of rolandic spike potentials. The electro-
morphology of the epileptiform discharges was found to correspond to that
of the spike pattern of the central or frontal epileptogenic lesions recorded
under the effect of hexobarbital [15].

On the basis of this evidence, we feel justified in regarding the patients
reviewed in the foregoing as “borderline cases of epilepsy”, or even as “genuine
epilepsy” if regular seizures also have occurred. In opposition to this, Apley
[1] found no higher proportion of epileptiform or other abnormal EEG -patterns
in a group of children with abdominal pains as contrasted to a control group.
His EEG findings contain, however, no satisfactory details as to localization
or electromorphologic features. Appley came to the conclusion that there was
hardly ever any connection to be found between epilepsy and recurrent ab-
dominal pain. He regarded the majority of his patients as psychiatric cases
and achieved success with psychotherapy. This would seem to suggest that
Appley included in his material all patients with recurrent abdominal syn-
drome without any attempt at closer identification of the origin.

As to the pathophysiologic significance of the rolandic, vertex and an-
tero-frontal spikes registered by us, having analysed over 4000 recordings made
under hexobarbital anaesthesia we may safely claim that rolandic or vertex
spikes are hardly ever encountered in adults who never had focal sensory,
motor or sensorimotor seizures. On the other hand, the epileptogenic foci of
the central areas rarely cause partial seizures associated with abdominal
sensations (Table Il). Again, in the syndrome of abdominal pain, sensory or
motor paroxysmal elements are usually lacking (Table I). Discharge of minor
epileptogenic lesions of the frontal pole may occasionally generate initial signs
of abdominal excitation, and in seizures oiiginating from discrete epileptogenic
foci within the cortical zone making up the walls of the longitudinal fissure
signs of abdominal, genital or other visceral excitation are common but they
are usually associated with tonic and postural motor phenomena [18].
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Apart from a few cases, the seizures occurring in our material were of a
visceral autonomic type. It is, therefore, mostunlikely that the interictal neg-
ative spikes appearing over the central areas and the vertex should have the
specific somatosensory or somatomotor cortical nerve cells as their site of
origin. On the other hand, the sensorimotor cortical areas may well contain
non-specific structures emitting stimulatory impulses transmitted through
the hypothalamic route to the gastrointestinal musculature; occasional ob-
servation of borborygmi through the abdominal wall during a crise of abdom -
inal pain is suggestive of such a mechanism. The rolandic and vertex spikes
may’signify an abnormal excitability to the degree of focal activity of these
non-specific structures.

In animals, the somatosensory cortex has been shown to contain splanch-
nic projection areas [2, 4, 5]. There is evidence suggesting that the sensorimotor
cortex may influence gastrointestinal motility through the reticular forma-
tion [9]. The sensorimotor cortex belongs to those cortical areas which have
been shown by French et al. [10]. to send projections to the reticular systems
of the brain stem. The stimulatory effect is no conclusive evidence of any
involvement of these specific cortical areas in gastrointestinal regulation. This
seems to be in line with the fact that Penfiera [21] failed to elicit abdominal
visceral reactions in epileptic subjects by electrostimulation of the central
cortical surface. “Seizures in which the manifestations are limited to the ali-

mentary system are quite rare ... The tissue abnormality and the actual
electrographic abnormality, as well as the stimulation focus, seem to be most
often in the cortex of the insula ... fusiform gyrus, hippocampal gyrus, amyg-
daloid nucleus, and uncus ... as well as in the circuminsular cortex.”

E tiasson [9] does not, however, reject the possibility of their being
afferent as well as efferent pathways to the alimentary tract through hypotha-
lamic transmission. Dell and Olson [6] demonstrated vagal projections to
the amygdaloid region in animals; this might account for the occurrence of
an wunilateral basotemporal focus associated with epileptiform abdominal
crises.

In the last decade the “rolandic spikes” have been studied by numerous
authors. viziori [27] gives a brief summary of the subjects, stressing that this
finding is interpreted as the expiession of “a reactive feature of the cen-
tral regions peculiar to childhood or to a certain maturation stage”. In the
child, the pre-rolandic regions are preferential structures which may display
an unusually high irritability. The rolandic spikes “should be considered as
the interictal equivalent of the morpheic attacks of the child usually benign
ones ... EEG alterations, in fact, will often last many years after clinical
recovery has occurred.”

It emerges from the present studies as well as from other investigations
outlined in the foregoing that the central and vertex spike activity during
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spontaneous or induced sleep studied by us as well as the 14—6 c/sec positive
spike pattern described by Kellaway, Crawley and Kagawa [17] belong
to the characteristic biophysical featurés of the abdominal pain syndrome.
The rolandic and vertex spikes reflect in all likelihood the convulsoid hyperex-
citability of the non-specific visceromotor cerebro-cortical structures while
runs of positive spikes at 14—6 c/sec are a sign of excessive hypothalamic
irritability. This hvperexcitability may be responsible for the recurrent ab-
dominal syndrome which also greatly depends on age. Little and BeVila-
ACQUA [20] were able to show that a 14—6 c/sec positive spike dysrhythmia was
associated with the compression caused by a tumour in the region of the hy-
pothalamus and ventral midbrain.

It must be stressed that among the above quoted authors it was only
Kennedy [18] who demonstrated conclusively the connection between vertex
spikes and epileptogenic foci responsible for the excitatory symptoms arising
in the alimentary tract, while Vizioli merely pointed to the possibility of such
a connection.

The history was suggestive of cerebral injury during delivery or due to
other causes, or of encephalitis in 54 per cent of the cases of Schade and Gof-
man [23], in 37 per cent of those of Ketraway et al. [17], in 26 per cent of
those of Sheehy et al. [24] and in 34 per cent in our own material.

Though a characteristic interictal spike activity was demonstrable in
the overwhelming majority of our cases, and response to anticonvulsants
(phenytoin, mephenytoin, barbiturates) was on the whole satisfactory, we
nevertheless prefer to speak of a “syndrome of periodic abdominal pain”
owing to its benign character, instead of using the term “abdominal epilepsy”.
We reserve this latter term to cases where focal sensorimotor seizure elements
precede or join the predominant abdominal pain, or, apart from visceral crises
generalized seizures have occurred at an early age, or when the attacks con-
tinue after sexual maturity has been reached.
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UBER DIE AKUTE WIRKUNG DES NIKOTINS AUF
DEN EXTREMITATENKREISLAUF

Von

F. Soi1ti, I. Krasznai, J. Rév und J. Nagy

I. MEDIZINISCHE KLINIK (DIREKTOR: PROF. DR. I. MAGYAR) DER MEDIZINISCHEN UNIVERSITAT
BUDAPEST

(Eingegangen am 9. Mé&rz 1966)

Die auf i. v. Verabfolgung von 1,0 mg Nikotintartarat zustandekommenden
Kreislaufverdnderungen wurden an 21 Kranken, bei denen kompensierte Herztatigkeit
und keine periphere Gefdverédnderungen Vorlagen, untersucht. Die Extrem itdtendurch-
blutung wurde in 12 Fallen mit der Stickoxydul-Methode und in 9 Féallen mit der sich
zur Messung der gesamten Extremitdtendurchblutung eignenden vendsen Isotopen-
Dilutionsmethode bestimmt. Ergédnzungshalber wurden Haut- und Muskeltemperatur
registriert und die radioaktive ,,Muskel-Clearance“ bestimmt. Wahrend die akute Ni-
kotinwirkung eine maRige Erhéhung des Minutenvolumens und eine bedeutende Ab-
nahme der Hauttemperatur zur Folge hatte, blieben die Muskeltemperatur- und Muskel-
Clearance-Werte (die Zeitdauer, in der das 131 aus dem Muskel verschwindet) unver-
dndert. Extremitdtendurchblutung, GefaBwiderstand und Minutenvolumenfraktion
der Extremitaten wiesen keine signifikante Veranderungen auf.

Nach Nikotinverabfolgung verminderte sich die Sauerstoffaufnahme der Extre-
mitdten bedeutend und der Venendruck in der unteren Extremitdt stieg an. In diesem
Zusammenhang wird der Pathomechanismus der durch Nikotinverabfolgung bedingten
Extremitdtendurchb lutungsverdnderungen erdrtert.

W ahrend die pathogenetische Wirkung des Rauchens auf die mit peri-
pheren GeféBverdnderungen einhergehenden Erkrankungen allgemein be-
kannt ist, sind die Ansichten bezuglich der Wirkung des Nikotins auf den
Extremitétenkreislauf und auf den Stoffwechsel nicht einheitlich. Ein Teil
der Verfasser vertritt die Meinung, dall das Nikotin die GefdRdurchblutung akut
vermindert, andere behaupten dagegen, daB es den peripheren Widerstand
nicht beeinfluf3t.

In vorliegender Arbeit wurde der auf den Extremitdtenkreislauf und auf
den Stoffwechsel ausgeubte akute Effekt des Nikotins untersucht.

Methodik

Vorversuch. Die akute Nikotinwirkung wurde an 8 Hunden (12—15 kg wiegende Bastarde
beiderlei Geschlechts) untersucht. Den Tieren wurde 0,50 mg Nikotintartarat intravends ver-
abfolgt. Die Durchblutungsveranderungen der A. carotis communis, des Ramus descendens
der linken Koronararterie und der A. iliaca externa wurden mit Hilfe eines Schwimmrotameters
registriert. Der Blutdruck in der A. femoralis wurde mit einem Quecksilbermanometer fort-
laufend gemessen.

Die weiteren Untersuchungen wurden an 21 Patienten vorgenommen und zwar handelte
es sich dabei um Kranken mit kompensierten Herzzustand, hei denen keine periphere Gefal3-
verengung vorlag: die Patienten waren zum Teil Raucher.

Im ersten Teil dieser Experimente (12 Kranken) wurde zwecks Registrierung des Extre-
mitadtenkreislaufs das Stickoxydul-Prinzip angewandt. Um die Haut- und Muskeldurchblu-
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tungsVerdanderungen feststellen zu kénnen, wurden einerseits die Temperaturverdnderungen
der Haut und der Muskeln (im Gebiet des M. quadriceps femoris) registriert anderseits die
KETYsche ,Muskel-Clearance* (Bestimmung der Zeitperiode, in der das Nal3J vom Gebiet des
M. quadriceps femoris verschwindet) bestimmt. Die Methode wurde vorangehend ausfihrlich
bekanntgegeben [11].

Im zweiten Teil der Experimente (9 Kranken) wurden die Veranderungen der Minuten-
volumenfraktion und der Gesamtdurchblutung der Extremitdten untersucht. In dieser Ver-
suchsserie kam zwecks Bestimmung der Gesamtdurchblutung der Extremitdten das von uns
bearbeitete venotse Isotopen-Dilutionsverfahren zur Anwendung [2]. Das Minutenvolumen
wurde nach Evans-Blau-Verabfolgung anhand des Hamu.Tox-Stkw nHTschen Prinzips bestimmt.
Zur fortlaufenden Messung des Venendrucks der unteren Extremitdten diente ein Moritz-
TABORAscher-Apparat. Der Sauerstoffgehalt im Blut der A. und V. femoralis wurde mit dem
Kippschen Oxymeter bestimmt. Die statistischen Analysen wurden mit dem STUDENTschen
t-Verfahren ermittelt.

Tabelle 1

Wirkung von Nikotin auf das GefaRgebiel der A. carotis, A. coronaria und A. iliaca
(Hundeexperimente)

Blutstromung (ml/min)

(mang) in der A. carotis im R. descendens in der A. iliaca ext
comm. A. coronariaé (mI'/min) '
(ml/min) (ml/min)
Nr. 8 8 8 8
A no 106 70 51
80— 130 70— 150 50—95 30—95
B 120 115 68 59
90— 150 70—170 50—90 35—100
C 120 110 75 55
85— 150 75—150 60—100 40—95

Vorperiode
5 Min nach i. v. Verabreichung von 0.5 mg Nikotintartarat
20 Min nach i. v. Verabreichung von 0.5 mg Nikotintartarat

O w>
nonon

Ergebnisse

Die Ergebnisse der an 12 Kranken mit der Stickoxydul-Methode durch-
gefihrten Untersuchungen bezuglich der Extremitdtendurchblutung sowie die
Haut- und Muskeltemperatur und die Muskel-Clearance veranschaulicht Ta-
belle 1l. Wie ersichtlich, waren 10 Minuten nach der intravendsen Verabfol-
gung von 1,0 mg Nikotintartarat signifikante Verdnderungen festzustellen:
W dhrend sich die Sauerstoffaufnahme der Extremitdten und die Hauttempe-
ratur in beudeutendem Male verminderte, stieg der Druck der V. femoralis
an. Durchblutung und W iderstand der Extremitdten wiesen keine statistisch
signifikante Verédnderungen auf. Unter den Parametern der Muskeldurchblu-
tung blieben auf Nikotinwirkung sowohl Muskelclearance wie Muskeltempera-
tur unverdndert. Blutdruck und Minutenvolumen stiegen — wie das voraus-
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Zusehen war — nach der Nikotinverabfolgung im allgemeinen an. In Tabelle
Il haben wir die Resultate der mit unserer Isotopen-Dilutionsmethode durch-
gefiihrten Untersuchungen angefiuhrt. Wie ersichtlich, gestalteten sich die
Ergebnisse &hnlich wie bei der ersten Yersuchsserie (Stickoxydulmethodc).
Die akute Nikotinwirkung hatte keine wesentliche Anderung der Gesamtdurch-
blutung der unteren Extremitédten zur Folge: Parallel mit dem Anstieg des
Blutdrucks und des Minutenvolumens waren in allgemeinen etwas erhdhte
Durchblutungswerte zu verzeichnen. Sowohl der vaskuldre Widerstand der
unteren Extremitdt als auch das zwischen dem Minutenvolumen und der
Extremitdtendurchblutung bestehende Verhdltnis — die Minutenvolumen-
fraktion der Extremitdtendurchblutung — blieben im wesentlichen unverédndert
Die Verminderung der Sauerstoffaufnahme und den Anstieg des vendsen Drucks
der Extremitdten konnten wir auch in dieser Versuchsserie beobachten (die
beiden letzterw&hnten Verdnderungen waren signifikant: Venendruckanstieg:
p < 0,1%, Verminderung der Sauerstoffaufnahme: p < 1%).

Besprechung

Die Resultate der sich mit der Einwirkung des Nikotins auf den peri-
pheren Kreislauf befassenden Untersuchungen sind stark abweichend. Nach
Maddock und Coltier [3], Lampson [4], Rottenstein und Mitarb. [5]
sowie Burch und DePasquale [6] vermindert sich die Extremitdtendurch-
blutung auf akute Nikotinwirkung. Die Experimente von Rappaport und
Mitarb. [7] sowie Strombald [8] ergaben, daB das Nikotin — vornehmlich
durch Vermittlung des sympathischen Nervensystems — periphere GeféR-
verengung verursacht. Hines [9] und Burn [10] vertraten die Ansicht, daR
das auf Nikotinwirkung aus der GefdlRwand freiwerdende Noradrenalin und
Adrenalin in den Haut- und MuskelgefédRen eine Vasokonstriktion herbeifiihre.
Barker [11] sowie Roth und Sheard [12] fanden, daB nach Nikotinverab-
folgung die Hauttemperatur abnimmt. Freund und Ward [13] sowie Ab-
ramson und Mitarb. [14] nahmen an, dall auf Wirkung von Nikotin in der
Haut Vasokonstriktion entsteht, wahrend die Gesamtdurchblutung der Ex-
tremitdten unverdndert bleibt. Nach den Untersuchungen von Rueff und
Mitarb. [15J, Coffman und Javett [16] sowie B remer [17] bewirkt das Niko-
tin in den HautgefdBen der Extremitdten zwar eine Vasokonstriktion, da es
jedoch gleichzeitig die Muskelgefdlle erweitert, bleibt die Extremitdtendurch-
blutung unverdndert.

Unsere Experimente unterstitzen die Annahme, dall das Nikotin le-
diglich die Vasokonstriktion der HautgefédRe herbeifihrt und den peripheren
Kreislauf nicht beeinfluRt. Laut unserer, orientierungshalber durchgefiihrten
Vorversuche verursacht das Nikotin auf dem GefdRgebiet der A. femoialis kei-
ne Durchblutungsverdnderungen. Die an 12 Kranken mit der Stickoxydul-
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Nr.

10.

11.*

12.*

Perioden: A =

Name, Alter (Jahre),
Geschlecht, Diagnose

A.T. 40 £ Dystrophia
musc, progr.

S. P. 39 $ Dystrophia

musc, progr.

Sz. B. 61 < Atherosklerose

M. F. 44 C Neurose

T.T. 28 (J Duodenalgeschwir

J. M. 36 Magengeschwir

K.L. 29 (J Colitis

R. E. 34 $ Neurose

Y. 1. 54 $ Hypertonie

E.J. 49 9 Klimax

D. I. 40 <$ Hypertonie

Cs.K. 41 ? Colitis

F. SOLTI u. Mitarb.

Periode

vor dem Experiment

Blutdruck
mmHg

150/80
150/95

180/110
150/90

160/100
160/90

130/85
140/95

120/80
125/80

125/80
135/80

100/80
120/85

115/85
120/90

170/110
180/110

140/80
140/80

180/100
190/110

130/85
140/85

Tabelle 11

Wirkung von Nikotin auf den
(Ergebnisse der Extremitdtenkreislaufmessungen

CO 1/min

31
3.4

4,4
48

5,6
59

5,0

5,0
7,4

5,0
59

54

6,0

5,0
6,0

B = nach Nikotininjektion (1.0 mg Nikotintartarat)

CO = Minutenvolumen 1/min
MBF = Extremitatendurchblutung ml/min/100 g Gewebe
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MBF ml(min)
100 g Gewebe

6,5
9,0

54
4.9

8,9
8,0

10,0
9,6

'11,0
10,6

8,0
7,6

8,8
8,0

7,0
7,5

9,0
8,2

8,1
7,9

7,6
8,0

8,4
7,9
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Extremitatenkreislauf
mit der Stickoxydul-Methode)

Sauerstoff- i
Verbrauch m J-Halbierungs-  Hauttemperatur Muskeltem- Druck in der
MVR der Extremitét zeit (sec) ce peratur V. femoralis
(ml/min) c mm 1120
15,8 16 22,0 32,0 90
12,6 — 15 18,5 33,0 95
23,4 0,21 15 22,4 30,4 180
22,5 0,19 15 17,8 29,9 200 .
13,4 0,50 11 25,4 33,4 25
14,2 0,52 12 17,5 32,8 70
10,0 0,30 12 25,5 33,0 45
11,4 0,24 12 19,0 32,0 65
8,4 0,38 13 24,4 31,0 50
8,9 0,30 n 17,3 315 66
11,8 0,32 — - - 60
13,0 0,33 — — — 80
10,1 0,40 14 25,0 30,8 55
10,2 0,31 14 17,0 30,0 75
13,6 0,44 - 23,4 29,8 -
13,1 0,38 — 16,4 30,4 —
14,4 0,35 13 25,0 31,0 60
16,2 0,32 14 17,5 30,0 82
12,3 0,32 — 245 33,0 80
12,6 0,36 — 18,0 31,0 92
16,6 0,28 15 24,8 31,0 90
17,1 0,25 16 17,8 30,0 98
11,8 0,30 13 25,0 31,8 80
13,1 0,26 13 18,0 30,4 98

MVR = GefédBwiderstand in den Extremitdten (arterieller Mitteldruck/Extremitaten-
durchblutung)

Sauerstoffverbrauch in den Extremitdten: Sauerstoff ml/min/100 g Gewebe

* = Raucher.
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I *

3.*

5.*

Tabelle 111

Akute Nikotinwirkung auf Blutkreislauf und Minutenvolumenfraktion der Extremitaten
(Venose Isotopen-Dilutionsmethode)

Name, Alter (Jahre),
Geschlecht, Diagnose

G. H. 48 <s Extremitdten-

Varikositat

E.M. 26 $ Neurose

1.T. 36 Hypertonie

M. N. 34 $ Hypertonie

K. 1. 41 G Extremitaten-
Varikositat

T.T. 50 C Klimax

Periode

Blutdruck
mmHg

e
150/90

130/85
140/95

160/100
160/100

170/110
180/120

135/80
150/100

140/80
160/100

co
1/min

53
6,0

6,0
6,0

5,0
5,8

4,9
5,8

4.6
5,0

4,5
5,2

TPR
dyn.sec.cm—5

1,13x1332
1,10x1332

1,00x1332
1,10x1332

1,42x1332
1,24x1332

1,59x1332
1,45 X 1332

1,28x1332
1,40x1332

1,33x1332
1,38 x 1332

LBF
ml/min

360
400

450
480

350
330

380
410

300
340

330
360

LVR
dyn.sec.cm —6

16,6x1332
16,5x1332

13,3x1332
13,7 x 1332

22,5x1332
21,7x1332

20,5 x1332
20,5 x1332

19,6x1332
20,5x1332

18,2x1332
20,0x1332

loXx
ml/min

15,0
12,0

18,0
16,0

14,0
11,8

16,0
13,5

12,0
10,5

15,0
15,0

vV,
mmlloO

80
90

75
80

88
98

72
80

75
65

84
90

LCOF
%

6,7
6,6

7,5
8,0

7,0
5,7

7.8
7,0

6,6
6,7

7,6
6,9

oee
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P.Z. 48 (J Extremitaten- A 140/80

varikositat B 140/80

S.J. 55 Hypertonie A 160/100

B 190/130

Zs. H. 50 C Extremitdten- A 130/85

Varikositat B 150/90
TPR TotalgefdBwiderstand im groBen Kreislauf

LVR
LCOF
LRF
Vv,
Lo.C

Perioden :

TotalgefdBwiderstand in der Extremitéat

55
5,9

4,9
5,9

4,0
45

Minutenvolumenfraktion in einer Extremitat

Totaldurchblutung in der Extremitat

Druck in der V, femoralis (auf die rechte. Vorhofhéhe gerechnet)
Totale Sauerstoffaufnahme in der Extremitéat

A :vor dem Experiment

R :nach Nikotininjektion (1.0 mg Nikotintartarat).

1,09x1332
1,01 X1332

1,47x1332
1,52x1332

1,50x1332
1,47 x1332

360
360

380
450

310
335

16,4x1332
16,4x1332

18,9 X1332
17,0x1332

19,3x1332
19,6x1332

20,0
17,5

19,0
17,0

12,0
10,0

78
85

74
88

100
110

6,5
6,1

7,7
7.6

7,7
7,6
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méthode durchgefiihrten Untersuchungen ergaben ebenfalls, daR nach Niko-
tinverabfolgung sowohl die Durchblutung als auch die vaskuldre Resistenz der
Extremitdten im wesentlichen unverdndert blieben. Die gleichzeitig beobacht-
bare, auf Nikotinwirkung zustandekommende Abnahme der Hauttemperatur
weist auf die Vasokonstriktion der Hautgef&dBe hin. Im Gegensatz zur Haut-
durchblutung blieb die Muskeldurchblutung unter akuter Nikotinwirkung un-
verédndert (nach der Nikotinverabfolgung dnderte sich weder die Muskeltem-
peratur noch die Muskel-Clearance). Unsere mit der Isotopen-Dilutions-
methode an 9 Kranken durchgefiihrten Experimente fuhrten zu &hnlichen
Resultaten. Das Nikotin bewirkte weder die Verminderung der Extremitéten-
durchblutung noch den Anstieg des GefalRwiderstandes der unteren Extre-
mitdten, noch die Verdnderung der Minutenvolumenfraktion der Extremité-
tendurchblutung. In beiden Versuchsserien (Stickstoffoxydul-Gruppe bzw.
Isotopen-Dilutions-Gruppe) waren nach Nikotinverabreichung zwei konstante
Verdnderungen zu beobachten: Verminderung des Sauerstoffverbrauchs der
Extremitdten und Anstieg des Drucks in der V. femoralis.

Die Ursache der Verminderung des Sauerstoffverbrauchs der Extremi-
tdten kennen wir nicht. Es kann angenommen werden, dafl sich infolge der
Vasokonstriktion der HautgefdRe die Sauerstoffaufnahme der Haut vermindert.
Die Steigerung des vendsen Drucks der unteren Extremitdt kann mit der den
vendsen Tonus steigernden Wirkung des Nikotins erkl&rt werden; nach unseren
an isolierten Venenabschnitten durchgefihrten Untersuchungen [18] ent-
steht nach Nikotinverabfolgung Venokonstriktion.

Bekanntlich erhéhen sich nach Nikotinzufuhr das Minutenvolumen und
der Blutdruck. Fir den Umstand, daR sich die Extremitdtendurchblutung,
trotz der in den HautgefdRen entstandener Vasokonstriktion nicht vermindert,
kénnen eventuell die erwdhnten Erscheinungen verantwortlich sein.

Aus den Ergebnissen der akuten Versuche kénnen und durfen bezuglich
der Entwicklung der durch Rauchen verursachten peripheren Kreislaufsto-
rungen keine entscheidenden Folgerungen gezogen werden. Die akuten Niko-
tinversuche sprechen jedenfalls dafiir, daB — mit Ausnahme der Vasokon-
striktion der HautgefdlRe — die Extremitdtendurchblutung keinen Schaden
erleidet und der periphere vaskuldre Widerstand nicht ansteigt. Unsere
Untersuchungen bei einer groBen Anzahl von Kranken — hei denen keine
periphere GefédBverengung vorlag — ergaben, dal zwischen den Extremitéten-
durchblutungswerten von Rauchern und Nichtrauchern Kkein signifikanter
Unterschied besteht. Obwohl diese Angaben allein keinen entscheidenden
Beweis darstellen, unterstiitzen sie unzweifelhaft die neustens immer ausdriick-
licher betonte Auffassung, nach der die durch das Rauchen bedingten periphe-
ren vaskuldren Schéadigungen bei empfindlichen Personen vornehmlich durch
allergische Mechanismen und nicht durch sich wiederholende periphere Kreis-
laufverschlechterung Zustandekommen.
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Fur die mathematisch-statistischen Analysen sind wir Herrn Dr. |I.

Juvancz und Herrn J. Fischer (Abteilung fliir Biometrie, Forschungsinstitut
fur Mathematik der Ungarischen Akademie der Wissenschaften, Budapest)
zu aufrichtigem Dank verpflichtet.
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THE ROLE OF THE CENTRAL NERVOUS SYSTEM
IN THE PATHOMECHANISM OF EPINEPHRINE-
INDUCED PULMONARY OEDEMA

By
M. KELLNER, E. MaKLARI, A. G. B. KOVACH and | G. GOTTSEGEN

DEPARTMENT OF PATHOPHYSIOLOGY OFTHE NATIONAL INSTITUTE OF CARDIOLOGY and EXPERIMENTAL
RESEARCH LABORATORY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received March 11, 1966)

The part played by neurogenic factors in epinephrine-induced pulmonary oede-
ma has been investigated. In 41 crossed circulation experiments, epinephrine was ad-
ministered partly into the circulation of the head, partly into that of the trunk. Intra-
cranial administration of epinephrine caused pulmonary oedema of a more severe de-
gree and ina higherpercentage of animals than by the other route. The mechanism in-
volved is believed to be neurohaemodynamic, owing to the increase in the values of
pulmonary pressure and the slight reduction in colloid osmotic pressure in the course of
the experiments. Capillary permeability showed a slight increase.

Epinephrine is the most widely used chemical agent for the experimental
production of pulmonary oedema. Though nearly half a century has elapsed
since the fundamental experiments of Auer and Gates [1], the manner in
which the drug induces oedema has remained a controversial issue. According
to one of the current views, the mechanism is peripheral and left heart failure
would be due to the hypertension caused by the increase of peripheral resistance
[2, 3]. Recently, however, the claim that this mechanism takes effect through
the agency of the central nervous system, has been receiving increasing sup-
port [4, 5, 6 7].

The present studies had the aim to clarify the questions

1. whether, as concerns the induction of pulmonary oedema, the site of
action of epinephrine is central or peripheral; and,

2. if it is central, to ascertain the changes

(@) in the haemodynamic conditions;

(b) in capillary permeability.

Method

The method of crossed circulation seemed to be best suited for our studies [8]. In the
acceptor dog, the circulation of the head was completely isolated from that of the trunk, in a
manner that the vertebral arteries were ligated at the neck, this was followed, after previous
laminectomy, by ligation of the venous plexus running in front of the spinal cord. Cranial blood
supply was provided from the donor dog by carotid-to-carotid, and jugular-to-jugular anasto-
moses. The acceptor’s head was thus completely isolated from his trunk in respect to blood
circulation, the nervous connections were, however, spared. Complete isolation was checked
by repeated dye tests.
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The experiments were carried out in dogs of both sexes under chloralose anaesthesia.
Blood clotting was inhibited by 500 IU/kg of heparin. 57.0 jug/kg/min epinephrine + 2 ml/kg/
min physiological saline were infused during 35 minutes into the cephalic circulation in 28,
and into that of the trunk in 13 instances. The use of such large doses was due to the failure of
lower ones to elicit pulmonary oedema in preliminary experiments. Similar doses have been
used by other investigators [5, 7, 9, 10]. Infusion into the acceptor’s head was done either
directly through the carotid, or through the donor’s trunk circulation. Control experiments
with physiological saline were carried out in four instances. Blood pressure was recorded in
both dogs by means of a mercury manometer. Left intraatrial pressure was measured with
water manometer, the atrial lumen having beenreached by transbronchial puncture. Pulmonary
capillary pressure was measured by means of a wedged catheter introduced by the transjugular
route under X-ray control.

The lungs of the animals were removed immediately after death and the ratio of lung
weight per total body weight was determined. This is, according to recorded evidence, around
1.0, the upper limit of the normal range being 1.25 [11]. Specimens of the lung were submitted
to histological study.

Colloid osmotic pressure of the plasma was calculated onthe basis of Meyer’s formula
[12], protein in blood serum and in oedema fluid was determined by the biuret method, the
serum protein pattern by electrophoresis. For estimation of serum sodium, potassium, and
calcium levels a Zeiss-type flame photometer was used.

Results

In 28 out of 41 experiments involving crossed circulation, epinephrine
was introduced into the circulation of the head, in 13 into that of the trunk.

In case of intracranial perfusion, the lung weight per total body weight
index of the acceptor dogs averaged 1.62, which is highly significant (p = 0.5
per cent) as opposed to normal dogs; that of the donors was 1.32 (p = 15 per
cent) (Fig. 1).

The lung weight per total body weight index was outside the normal
range in 61 per cent of the acceptois, i.e. 17 dogs as against 32 per cent of the
donors, i.e. 9 dogs.

In ease of epinephrine-perfusion into the trunk circulation, the lung
weight per total body weight index averaged 1.35 (p = 20 per cent) as agam st
1.16 (normal values) in the donors. The lung weight per total body weight
index was elevated in 54 per cent of the acceptors, i.e. 7 dogs, as against 23
per cent of the donors, i.e. 3 dogs.

In 10 instances (36 per cent) of intracranial infusion of epinephrine, pul-
monary oedema was of such severity that oedema fluid was flowing from the
tracheal cannula. This never occurred when epinephrine had been adminis-
tered into the trunk circulation.

We also studied the haemodynamic conditions prevailing in the trunk
under the influence of intracranial epinephrine infusion (Fig. 2).

Mean arterial pressure remained essentially unchanged during the ex-
periment, the initial value of 129 mm Hg rising successively to 134 mm Hg.
Left intraatrial pressure (10 tests) averaged 3.8 mm Hg prior to epinephrine
perfusion, and 20.7 mm Hg during perfusion. Pulmonary capillary pressure
rose from the initial value of 4.7 mm Hg to 19.8 mm Hg during perfusion
(4 tests).
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given
into the head into the trunk
n-28 n~13

Fig. 1. Influence of epinephrine perfusion into the circulation of the head and of the trunk,
respectively, on lung weight per total body weight index

O before epinephrine
Q after —»—o

mmHg

50

meanart.pressure
pressure

Fig. 2. Influence of intracranial perfusion of epinephrine on haemodynamics and colloid
osmotic pressure in the acceptor’s trunk

Colloid osmotic pressure was investigated in five instances. By the end
of the experiment, the average osmotic pressure in the acceptors showed a
slight reduction (from 26.8 mm Hg to 20.2 mm Hg). Mean arterial pressure in
the donor dogs averaged 120 mm Hg at the start of the experiment, and
222 mm Hg upon the effect of epinephrine. Reduction of the osmotic pressure
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from 29.3 mm Hg to 7.7 mm Hg in the donors was consistent with the volume
of infused fluid.

The serum sodium, potassium, and calcium levels in the acceptors re-
mained practically unchanged during the entire experiment. In the donors the
sodium level showed a slight increase (from 146.0 mEq per litre to 155.0 mEq
per litre) while the calcium level fell from 4.5 mEq per litre to 2.4 mEq per litre
and the potassium level remained unchanged (5.0 against 4.8 mEq per litre).
Serum total protein showed a slight reduction in the acceptor (from 5.5 g per
100 ml to 4.8 g per 100 ml), while in the donor it fell by 50 per cent as did cal-
cium (from 5.3 g per 100 ml to 2.5 g per 100 ml). Protein concentration in the
oedema fluid was relatively high, i.e. 4.5 per cent, and the fractions were of
the same pattern as in the blood serum.

Control experiments with 2 ml/kg/min physiological saline infused intra-
cranially failed to induce pulmonary oedema in none of the four instances.
The lung weight per total body wreight index averaged 1.1 in the donors and
1.0 in the acceptors, both values were within the normal range. In one instance
the animals were alive by the end of 105 minutes and were sacrificed by bleed-
ing.

Discussion

The existence of a neurogenic pulmonary oedema is a well-documented
fact [6, 7, 13, 14], and there are data pointing to the neurogenic nature of the
epinephrine-induced oedema, too. Cassen et al. [5] failed to induce pulmonary
oedema after spinal transsection in rats with the same doses of epinephrine
which had invariably led to pulmonary oedema in the controls. Massive doses
of epinephrine, even in the lethal range, do not cause pulmonary oedema in
the cat, except when injected into the hypothalamic region. Glass et al. [7]
could influence the behaviour of epinephrine-induced pulmonary oedema by
exstirpation or puncture of certain cerebral regions, furthermore by trans-
section of the sympathetic below the first cervical ganglion. Other investiga-
tors [15] were able to avert epinephrine-induced pulmonary oedema by de-
cerebration or decortication. Luisada [16] established crossed circulation
between rabbit and dog, being thus able to produce under such conditions
pulmonary oedema by the intracerebral administiation of epinephrine. This
evidence was, however, subsequently disproved by the author himself [17], be-
cause isolation of the circulation of the head from that of the trunk had not
been complete, and second, because it was possible to induce pulmonary oedema
by rapid intracarotid injection of physiologic saline as well. Both these sources
of error have been eliminated from the present experiments, complete isolation
having been ascertained by dye tests, and having failed to produce pulmonary
oedema by identical amounts of physiological saline given under the same
experimental conditions.
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Two facts emerging from the present investigations may be considered
evidence in favour of a neurogenic mechanism of epinephrine-induced pulmo-
nary oedema. The first is the significant rise of the average value of the pul-
monary index in the acceptor dogs as opposed to the controls after intracra-
nial perfusion of epinephrine in 28 instances, and the second, the onset of ful-
minating pulmonary oedema in about one third of the cases.

Sarnoff and Berglund [6] have produced hypertension in both the
systemic and the pulmonary circulation by intracysternal administration of
fibrin [6]. Pulmonary oedema induced in this manner has been termed “neu-
rohaemodynamic” by these authors. Further studies into the possible haemo-
dynamic changes in the circulation of the trunk were carried out in order to
decide whethei epinephrine-induced pulmonary oedema is “haemodynamic”
in this respect. A nearly 100 per cent increase in the blood pressure of the donor
dogs was registered during the procedure, in contrast to that of the acceptors
which remained unchanged. Left atrial pressure showed a very substantial
rise in the acceptors, parallel with the pulmonary capillary pressure which was
found to multiply its original value.

Colloid osmotic pressure diminished significantly in the donors, while
only slightly in the acceptors. The changes in pulmonary capillary and colloid
osmotic pressures thus provided conditions favouring the production of pul-
monary oedema. Actually, the absolute values for the two pressures are very
close to one another.

A significant reduction of serum proteins was found in the donors in
consequence of the saline perfusions, while reduction in the acceptors was
slight. Electrolyte concentrations remained practically unchanged in the
acceptors. The lowering of the calcium level in the donors was related to dilu-
tion by the perfusion fluid, while the rise in the sodium level was due to the
administration of saline.

The excess serum potassium in the donors takes its origin, in all likeli-
hood, from the extravasal compartment.

The protein content of the oedema fluid was as high as 4.5 g per cent,
suggesting an increased capillary permeability. In agreement with the find-
ings of Freeman and Joekes [18] the totality of protein fractions was demon-
strable in the oedema fluid.

The foregoing results suggest that epinephrine-induced pulmonary oe-
dema is neurohaemodynamic in origin, while the increased capillary permea-
bility is thought to be of minor significance. Luisada’s claim [16] that epi-
nephrine causes pulmonary oedema by affecting the regulatory centres of
pulmonary circulation and of capillary permeability in the brain, is supported
by the present findings.
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ACTA MEDICA
TOM XXII — BbIM. 3—4
PE3IOME

CUHAPOM MEMOPPAIMMUYECKOWN TPOMBOLIN'TEMUW (KOATYJ/TIOMATWA
WAV NEPBUYHOE PACCTPOMCTBO MEMOCTAS3A, BbI3BAHHOE
TPOMBOLIMTAMM)

K. PAK, n. NAKATOW un P. CABO

Y OByX 60/bHbIX CMHAPOMOM remopparvyeckori TpomoouuTeMUM aBTOpbl MNOAPOGHO
MCCNefoBaIN YC/OBUA CBEPTLIBAEMOCTM KPOBU M Y 4eTbIpeX 60/bHLIX TakXe TpoMOouUTbI.
Yuncno TpombouMTOB 6blI0 Y BCEX 4eTbipex 60/bHbIX Bbie | 000 000, Bpems KpOBOTEYeHUsI
6b110 YANMHEHHbIM WM LOCTUII0 BEPXHEero npefena HopMbl. B ogHOM cny4vae pesynbTat
reHepalMoHHOro TecTa Tpom6onnactHoMm (FTT) ykasan Ha pacCTPOWCTBO Ma3MaTUyecKoi
npodasbl, BepHee, Ha M3MeHeHWe, yKasaBllee Ha yMeHblueHne PTA. KOMNOHEHT TpPomM60UMTOB
60MbHbIX O0Kas3an B Cny4vae BbICOKOM KOHLEHTpauuu TPoMOOLMTOB TOPMO3sillee [AeliCTBME Ha
['TT. CornacHo vccrefoBaHnO «aAresvy TPpoM6oUMTOB in vivo» Mo BOpXrpeBHUKY B CTPOEHUN
TpomboumTHOro Tpomba (platelet plug) y4acTBOBasio KO/AMYECTBO TPOMOOLMTOB, MPeBbILLANO-
Llee WX KO/MIMYECTBO B HOPME.

Cpean MuenonponugepaTUBHbIX CUHAPOMOB MOXHO K/IVMHWYECKN BblAENUTb CUHAPOM
reMopparvyeckoii TpomM6oLMTEMUA, OfHAKO, ero MaTtoreHeTUYecKoe pasfesieHne Heob0CHOBaHO.
MofbITOXMBAIOTCA AUArHOCTUYECKME KPUTEPUN CUHAPOMA.

Mo obLepacnpocTpaHEHHOMY MHEHWIO NaTOMOMMYeCKN MOBbILLIEHHOE KO/IMYECTBO, W,
noXKanyn, TakXxe MaTofiorMYecKn M3MEHEHHOE KauyecTBO TPOMOOLMTOB BbI3bIBAOT CK/IOHHOCTb
K KPOBOTEYEHMSAM MyTeM paccTPOMCTBa CBEPTbIBAEMOCTU KPOBW. Ha 0CHOBaHWWM NUTepaTypHbIX
[JaHHbIX W pe3ynbTaTOB MWCCMef0BaHWUA HabMAaBLUMXCA WMW C/y4YaeB aBTOpPbl NPUAEPXU-
BalOTCA TOIO0 MHEHWS, YTO NPU remMopparvyeckoin TPoMOBOUMTEMUM NATONOrMYECKUM SABASETCH
MepBUYHBIA remMocTas, a UMeHHO ero BTopas (pas3a, HeobpaTumas arrperaums TpoMm6oLMTOB
(BA3KNA MeTamMopho3 M KOHTpaKLUUs TPOMOOLMTOB), U B CW/Y 3TOr0 He 06pa3yeTcsl HenpoHu-
Luaemoro ans Kposu «platelet plug». MogpoOHbIA MexaHW3M [JeACTBMA elle HEBbISICHEH, HO
nonaraeTcs, YTO MO KakOW-TO MPUUYUHE He MPOSABASAETCHA [elicTBUS TPOMOWMHA, Heobxoaumoro
AN npouecca. Ha 3ToM OCHOBaHMM MOXHO O0ObACHWUTH YA/IMHEHHOE BPEMSI KPOBOTEYEHWS, a
TakKXXe BO3HWKHOBEHME K/IMHUYECKW HabMlaaeMol CKIOHHOCTM K KpOBOTedeHWto. [JedekT
CBEPTbIBAEMOCTM M/1a3Mbl, VMMEIOLLEel peLuatoLlee 3HauYeHWe BO BTOPUYHOM OCTaHOBKe KpPOBO-
TEYeHWs, MOXeT BbI3BaTb YCWU/IEHME PacCcTPoiCTBa remoctasa 60/bHbIX TPOMOOLUTEMUEN.

N3MEHEHWA BUO3MEKTPUYECKOW AKTMBHOCTU FO/IOBHOMO MO3rrA
MPU 3KCMEPUMEHTA/IbHOMN TMMNEPOKCUM

n. CAM, . HUKOINY un Ob. TOTT3ETEH

Ha 33" nogonbITHbIX KPbIC, PernMcTPUpOBaHHON Mpy NMOMOLLY BXMBEHHbIX KOPKOBbIX
3/1IeKTPOAOB MOoC/e MPUMEHEHWS KWUCNOPOAHOro faBneHus B 3,7 aTM. NOABNAAUCH rpybble, He-
cneumduyeckme M3MeHeHUs aMNANTY4bl U YacToThbl, @ TakKxXe cnaiiku. M3meHeHns 330 noss-
NATCA paHblUe, YeM HapyLUeHWs AbIXaHWs 1 paboTbl cepaua, W faxKe paHblue Camoil paHHein
(hasbl pasBUTUS TUNEPOKCMYECKOro OTeKa Nerkux. KucnopogHas HacbIWeHHOCTb apTepuasib-
HOM KPOBW MNPV MOSIBNEHNN M3MeHeHUs 33T TakXKe ewe HopMasibHa. MyTem cBsidbiBaHMS CO2,
BbIAENISIEMOr0 XMBOTHbIMW, U NpefoXpaHeHneM 06paTHOro BabixaHMs C02 MOXHO 3amefnTb
pasBuTUe N3MeHeHUn I3 1 0THACTN NPeofoneTb pasBUTME CnalikoB. HapyLlueHne 61031eKTpu-
YeCKOM aKTUBHOCTM FO/IOBHOrO MO3ra MnpeAcTas/isieT Co60l caMblii paHHUIA CUMNTOM KMCN0POS-
HOro OTpaBfieHNs.



MOBEAEHMNE KPOBAHOIO AABJIEHWA W 3KCTEPOUEMNTUMBHOIO
PE®J/IEKCA KPOBAHOIO AABJIEHVA MPU JIMMBOIEHHOW 3HLEDGAOMATUN

M. ®ENbAN, K. TYPAHCKW n T. 3. 30/ITAH

1. Mocne 6nokafpl LWEWHOro y4yacTka SIMMGOTOKa HabMoAalTCs CTaTUCTUYECKU A0CTO-
BepHble KO/ie6aHUsi KPOBSIHOTO [AaBJ/lIEHUS.

2. Tpn nuMOreHHON 3HLedanonaTMm nocne BKanbiBaHWA B rfasa BeLLIECTB, Bbi3blBato-
Wwmx 6oneit (KancamuyuHa) HabngaeTcss — Mo CPaBHEHUIO C HOPMOW — 6osiee 3HaUNTENbHOE
MOBbILLEHVE KPOBSHOIO AaBfIEHWSI U YMeHbLUEHWe BpeMeHU 6Gnechapocnasma.

3. ABTOpbl 0OBACHAT 3TU SIBMIEHUS1 HapyLUeHVEM PaBHOBECWS BEreTaTUBHbIX LiEHTPOB
N MOPONOrMYECKMUN U3MEHEHUSMU CTPYKTYP LeHTpasibHON HEPBHOWM CUCTEMbI.

OENCTBUE TUMEKTOMUW, TUMOPUIEKTOMUW, ALPEHANEKTOMUU W
OAYN KOPTMKOMAOB HA COAEPXAHWE TEMAPUHA B CbIBOPOTKE KPOBW
Y KPbIC

K. BAIEHT, M. ®AXET u 3. WUTAPK

[ava dopmarmHa M TNKOKOPTUKOMAOB Bbi3Basfa 3HauYMTeNlbHOE YMeHbLUEeHWe KONu-
YecTBa CbIBOPOTOYHOIO renapuHa. AApeHasIeKTOMUA MOBbICUNA YPOBEHb CbIBOPOTOYHOrO rera-
pUHa, a TUMEKTOMUSI MpefoTBpaTUiIa 3TO MNOBbILEHWE. Y AasieHWe runodusa B 3HAUNTENIbHOW
Mepe MOBbICUN0 KOHLUEHTPauuio rernapuHa B CbIBOPOTKE KPOBW.

JOauva JOKA rnoBbicuna cofepXxaHuwe renapvHa B CbIBOPOTKe. llocsie TUMEKTOMUU CO-
flepXXaHwue renapviHa B CbIBOPOTKe YMEHbLUWIOCH B pe3ysibTaTe fayu rMapoKopTU3oHa B MeHb-
Lueli cTeneHw, a B pesynbTaTe fadum JOKA 0HO NOBbICUIOCH B MeHbLLUE CTEMEHN, YeM Y XXUBOT-
HbIX C WHTaKTHON 300HOW >Kene3oi.

Mpepnonaraetcs, 4TO (YHKLUMA KOpbl HaAMOYEUYHWKOB WUrpaeT 3HAUUTE/IbHYI0 POfb B
perynsaumy ypoBHS CbIBOPOTOYHOrO renapuHa.

WCCNEAOBAHVE CbIBOPOTOYHbIX AIMMOVAOB MNPV 3KCMNEPUMEHTAJ/IbHOWN
XXENTYXE

T. KPEMMEP, 3. NOW un 3. PEPEHUN

ABTOpPbI BbISBUNN B OMbITax Ha >XMBOTHbLIX, YTO NOC/e NUTMPOBaHUA O6LLI'8FO XKen4yHoro
NPOTOKa B CbIBOPOTKE NPOAB/IAKTCA HEHOPMa/lbHble 66Ta-l'IVII'IOI'Ip0TeI/I,CI|bI. MN3mMeHeHMa obmeHa
nmnonaos M noABneHNe HEHOpPMasibHO NabunbHbIX nunonpoTtenaos 06BACHAKTCA HA OCHOBaHUN
OaHHbIX XMMWYECKOro aHanmsa W30/IMpPoBaHHbIX NMNONpPoTeNaoB.

ANCMNAHCEPN3ALMNA MOYEYUYHbLIX BOJIbHbIX
(400 cnyuvaeB)

A. XAMOPW, 1O. UNPHEP, 3. BUBOP n 1. TO®MAH

B aucnaHcepmsaumm Hy>XgarTcs a) 60/MbHble C XPOHMYECKMMWU 60Me3HAMU Mno4ek, 6)
60NbHble C 3aTSHKHOM (HOPMOI 0CTPOro HedpuTa, Y KOTOPbIX M3NeYeHE MOXHO OXMAATb NULLb
no wucTedeHUM [BYX NeT. K KpuUTepusiM BbI30OPOB/IEHNS OTHOCMTCA TaKXke HopMaiusauums
(hunbTpaymMoHHON pakLmu.

Meg/nieHHoe NporpeccrpoBaHNe XPOHUYECKOrO F1I0MepynoHedpuTa, NPearnonoXnTeNbHO,
obycnaBnuBaeTcs aBTOMMMYyHM3aUMein. Hauiyylimm 06bSICHEHMEM KPaTKOro CKPbITOro ne-
pvoga BHe3anHOro 060CTpeHMs1 6OME3HU SIBASIETCA Kaccuyeckasi Teopusi 0 CeHcuGunmsauum
CTPeNTOKOKKaMy («ocef/ible» MpoTuBOTena). [peapacnonaralowumy hakTopaMm SBASKOTCA:
1. noyeuHblli KaMeHb, 2. aHOManWM Pa3BATUS B MOYENO/0BOM arnnapare W 3. 6epeMeHHOCTb.

Mpu3HaKoM aKTMBHOCTU XPOHUYECKOro HepuTa SBNSIETCS MUKpOremartypusi, onpe-
fensieMasi Mo MeTogy daauca, W/MNyM HU3KOe cofepXaHue KOMMAeMeHTa. [AMHaMM3M XPOHU-



YeCcKOro MnuesnioHepuTa MOXKHO OLIEHWTb HAa OCHOBaHUWM 4YMcia MUKPOGOB + 4mcna NeikouuTos
(3aamnc).

MporpeccvpoBaHre XPOHUYECKUX COCTOSIHUA MOXHO 3aMefnMTb 1. npesoTBpaLleHueM
arpeccUBHbIX (PAKTOPOB, 2. MPU FNIOMePYNOHed)pUTE NPEoSoNIeHMeM aKTUBHOCTU 60/1e3HM Npo-
[O/MKNTENbHOW fayeil CTepoMaoB, a Npu NuenoHedpuTe NPOLO/IKUTENBHOM aHTUOMOTUYECKOM
XMMuoTepanueid. locne M3neveHUs 04aroB HerpeMeHHO C/efyeT MPOM3BECTU XUPYPrUYecKoe
NeYeHNe YpONOrMYecKMX W3MeHeHWiA. [Mpy aMUIOMAHOM MNEPEPOXAEHMU MOYeK CTepouiHas
Tepanusi NPOTMBOMOKa3aHa.

B cKpbITOW (hase XpPOHNYECKMX 60/e3HEN NMoYeK MonbITKa peabmnutaumm TpebyeT UCKIO-
UNTENbHO TLLATENIbHOrO0 KOHTPOSIS.

[ucnaHcepmsaumio noveyHbIX 60/bHbIX MPUXOAUTCS MPOAO/KATL Ha MPOTSXKEHWUMU BCeit
KM3HM MNauMeHTOB. B LEHTP AucnaHcepmsauuun cnefyeT MOCTaBUTH He(POSOrMYecKy amoby-
nartopwmio.

MCTONOIMMYECKAA OCHOBA HEKOTOPbLIX ONMNTYPO-AHYPUYECKNX
MATONNOIMMYECKMX MPOLIECCOB

®. PEHbN-BAMOLU, M. 3OMBOPW/ n X. ENNNHEK

[aeTca onucaHue HEKOTOPbIX GofesHeld, MPU KOTOPbIX NaToreHes ONMro-aHypuu in
vivo Heflb3a 6blN0 oKa3aTh C I0CTOBEPHOCTLIO. OfHAKO BOMPOCHI, OYeHb BaXKHble A1 COOTBET-
CTBYIOLLIE/ Tepanun v ANs NPOrHO3a, YacTUYHO WM MOMHOCTLIO 6bUIM BbISICHEHbI TMCTOMON-
YECKVIM UCC/eI0BAHMEM.

OCTPAA ONNITO-AHYPUA, HABNIOOAEMAA MNP XPOHUNYECKKNX
BOJIE3HAX TMOYEK

®. PEHbN-BAMOLL, LW. YATA, M. YHENTNAP n Ob. XAMBALUW

B oTgeneHMM no MpUMEHEHUIO AManu3upyloLLero annapara ByganewiTckoit yponoru-
YECKOM KNNHUKN Y 96 13 413 60/1bHbIX OCHOBHOW 60/1€3HbI0 Obl/la XPOHUYeCcKast 60/1e3Hb MOYeK.
BHe3anHoe 060CcTpeHMe 60/1€3HM MPUBENO K ONMro-aHypun. 44 60MbHbIX BbIKWUMO, 52 uen.
ymepno (54,1%). B 61 cnyyae OCHOBHOWM 60/1€3HbIO OblT XPOHUYECKUA NnenoHedpuT, B 20 cny-
YasiXx — XPOHWUYECKWIA rnomMepynoHedpuT, B 9 cnyyasax — MogocTpblii rioMepynoHedpuT, B
3 cnyyasax amuniongos, B 2 ciyyasix — Heg)poCcK/Iepo3 M B OAHOM Cllyvae — MNepuapTepumnT.
[aeTcss onucaHne rvcTonorMyeckmMx M3MeHeHW NoYeK, a TakKe MPUYMH, BbI3BaBLUMX 060CTpe-
Hye. MofYepKMBaETCsl, YTO Pe3y/bTaTbl SledeHUs1 6bin Gbl TyYLIMMK, ECAN ONIUTO-aHYpPUYECKNE
60/bHbIE MOCTYNann 6bl B OTAeNEHME paHblle U B MEHEe TSDKESIOM COCTOSIHWM.

AHEMWA MOCNIE OXOrA
11 O6MmeH Xenesa

M. BEPHAT, . JOXAH, N. HOBAK u L. ENEK

CTaTbsl YKa3bIBaeT Ha TO, YTO MOC/E 0XKOra PasBUBAETCA TsHKe/0e PacCTPOCTBO 06MeHa
Xenesa, AN KOTOPOro XapaKTepHo, MeXay Mpo4uM, O4HOBPEMEHHOE 3HAUMTENIbHOEe CHUKEHNE
cofiepXXaHus Xere3a B CbIBOPOTKE MYMeHbLLIEHVE XKeNe30CBA3bIBatOLLEN CMOCOBHOCTN ChIBOPOTKM.

Y 20 60/bHbIX C OXOramu MNpPOBOAMNCL WCCEAOBaHWSI MPU MNepopasibHO Harpyske
)Kene3oM. PesynbTaTbl MOKaszaiuv, UTO MPU HarpyskKe >Kene3oM KpuBasi HauyMHAeTCA C HW3KOM
BE/IMUMHBbI U B TeueHMe 7 YacoB OCTAETCS OYeHb MNJIOCKOIA.

Y 10 60/bHbIX C OXOramu MPOBOAWSINCL WUCCEA0BaHUA MPU BHYTPUBEHHON Harpyske
Kenesom. PesynbTaTbl MoKasasv, UTO BBeEHHOE B KPOBOOGpALLEHMEe Xene3o 6bICTPO — B
TeueHne 3—6 YacOB — MCUE3aeT W3 COCYAMCTON CUCTEMbI. M3 3TOro (hakTa MOXHO 3aKounTb
06 WCK/IHOUYUTENBHO WHTEHCMBHOM O6MeHe Xenesa.

Y 40 KpbIC-a/ib6UHOCOB MPOBOAW/NCL TMCTOXUMUYECKME MCCeaoBaHUA. Ha ocHOBaHUM
pesynbTaToB 6bINO YCTAHOB/IEHO, YTO Kenes3o, 6bICTPO Mcuyesalollge U3 KpPOBOOGpaLLeHUs



NOrnoWwaeTca WAM MNPUCOEAUHSETCA MNpeXAe BCero KaeTKamu pPeTUKYN0-rMcTUounTapHoOi
CUCTEMbI.

YNOMAHYTbIe U3MEHEHMSI Pa3BUBAKOTCA O4YeHb BGbICTPO (B TeYeHUe 24—72 4acoB) U OHU
COXPaHAKTCA B TeyeHMe Bceil 60ne3HW. B nepuop peKoHBaneCLeHLMM 3TO PacCTPOMCTBO 006-
MeHa BeLLEeCTB CamMOMNPOM3BO/IbHO HOPMann3yeTcs.

OEVNCTBUE TMOBPEXAEHWA JIATEPA/IbHbIX OB/IACTEN TUMNOTANAMYCA
HA BEPEMEHHBLIE KPbICbl 1 HA CMEPTHOCTb /10408B

3. ABAP n 3. MOHOLI

ABTOpbI UCCNEfOBaNIN Y KPbIC AeNCTBUE 3M1EKTPUYECKOr0 MNOBPEXAEHUS NaTepasibHbIX
obnacteit runoTanamyca (regio tuberalis dorsalis, regio infundibularis ventralis), NpoBoAuB-
weroca Ha 16—18-bli feHb 6epeMeHHOCTW, Ha CMEPTHOCTb MJI0A0B, Ha CYTOYHbIA MNprem
nMWy 1 BOAbl 6epeMEHHbIMU KpbiCamy U Ha M3MEHEHWS MX Beca W TemmnepaTypbl.

YCTaHOBNEHO, YTO MOBPEXJeHUA YKas3aHHbIX 06/1acTeil BbI3bIBAOT 3HAUUTENIbHO 60/1b-
Lee MOBbILLIEHWE 0O/ MEPTBOPOXAEHWI U paHHell CMEPTHOCTW [eTeHbILleld, YeM NOXHas one-
pauma unu noBpexpaeHue Apyrux obnactei runotanamyca. Bec feTeHbiled Npu poXaeHUU U
MUX YKCMO B MepecyeTe Ha 0AHY KpPbICY-CamMKy B rpyrrne XUBOTHbIX C MOBPEXAEHNEM flaTepasib-
HbIX YacTeli rmnoTanamyca U B KOHTPO/IbHON rpynne He MoKas3anu CyLeCTBEHHbIX OTKIOHEHWA.
Bec pgeTeHbiweli NoBbICUACA NWWb B KOHTPOMbHOM rpynne. MoBpexaeHne natepasbHbIX 06-
nacTen runotanamyca MnpvBeno K 3HaYUTENIbHOMY BPEMEHHOMY YMeHbLUEHWIO MOTpebneHns
nUWY 1 BOAbl W, B COOTBETCTBUM C 3TUM, BeC Tefla CamMOK [0 HACcTYMN/eHMA POAOB MoKasan ybbl-
BaloLLyl0 TeHAEHUMI0. B TO e BpemMs B KOHTPO/IbHOW rpynne nocfe JIOXHOM onepauuy oT-
Meyanocb 10—11%-Hoe noBbileHVe Beca Tena. OTHOCUTENIbHO TemnepaTypbl Tena HWU B MOAO-
NbITHOW, HW B KOHTPO/IbHOM rpynne He HabAOAaNUCb 3HAYUTENbHbIX WM3MEHEHWA.

OAHHBIE K MATOMEXAHM3MY LLOKOBOW MOYKN IV
PereHepauua no4kn nocne MoBpeXAeHWUA BCNeACTBME BPEMEHHON aHOKCUu

N. TAKAYN-HALb n N. FOXAC

ABTOpPbI MCCNEAOBA/IN Y KPbIC pereHepaumio (yHKUMM MOYeK Mo uctedeHun 4, 7 n 14
[Heli nocne AMrMpoBaHUS Ha MPOTSHXKEHWW Pas3/IMUYHOIO BPEMEHM MOYEYHbIX apTepun U BeHbl
OfHOI CTOPOHbI. WccnefoBaHns MPOBOAUAMCL MPW MOMOLUM VIBEHCEBOW CUMHbKW. Bbino ycta-
HOBJIEHO, UTO MEXAY MPOAO/HKUTENBbHOCTBI0 aHOKCUN U HeO6XOAMMbIM BPEMEHEM pereHepaLu
CYLLECTBYET CBAA3b W, UTO BO3HMKAKOLLME MOBPeXAEHWSA MOoYeK B npefenax 14 gHeit no 60nb-
e yacTn BoOcCcTaHaBNMBalOTCA. CTereHb aHOKCWYECKOro NOBPEXAEHUS aNUTENNA KaHasbLeB
0Ka3blBaeT B/IMSIHME Ha BOCCTAHOB/IEHME (DYHKUMM MOYeK.

OEVNCTBUE 3KCUKO3A HA MUWHYTHbIA OBBEM M HA KPOBOOBPALLEHVE
OPIFAHOB ¥ HAPKOTU3SNPOBAHHbLIX W BOAPCTBYHOLWWX KPbIC

M. BEHYAT un /1. TAKAY

ABTOpbI WCCMIEA0BAN [IEICTBIE 3KCMKO3a Ha HApKOTU3MPOBAHHbLIX, Ha G0APCTBYHOLLUX
N (MKCMPOBaHHbIX @ TakXe, Ha 60APCTBYIOWMX N He (DUKCMPOBAHHbIX KpbiCax. YCTaHOB/EHO,
UTO Y HapKOTU3MPOBAHHBLIX >KUBOTHbLIX M3MEHEHWs MoA06GHbLI MNepepacrnpefeneHnio KpoBoob-
paleHunsi, HabaaeMoMy NpY PasIMUHbIX COCTOSIHUAX 3aCTOMHOM rMNOKCUW. B 60APCTBYHOLLEM
COCTOSIHUM Yy>XKe BO036Y)XKAeHWe, BbI3BAHHOE BMELLIATE/IbCTBOM, WMEET CMeACTBUEM TsHKesble
M3MeHeHMs1 KpoBoo6palleHns. oA BAWAHMEM 3KCMKO3a MOBLILIAETCS KOpPOHapHas (paKkuus
MUHYTHOTO 06bEMa, YMEHbLLAETCS KOXHas (pakuus, B TO BPeMs Kak nouyedHass (pakums
0CTaeTCsi HEN3MEHHOM.



KPU3NCbI MPU TAXENON MUWACTEHUW, |
BcTpeuaemocTb M naTtomexaHu3m

A. COBOP

dopMMpoBaHMe MOHSATUS 0 MMUACTEHMYECKOM KPu3uce, 06CYXKAeHWe ero TeopeTUYecKoro
M NPaKTUYECKOro 3HaueHWsi Ha OCHOBaHWU NUTepPaTypPHbIX AaHHbIX. — OmnucaHve xXapaktepa
KPW3NCOB, O06CYXX/EHMWE BO3MOXHOF0O MaTO/I0r0aHaTOMMYECKOTO M NaToguU3n0N0rMYecKoro
MexaHuama. — O6CyXKaeHne TeopeTUUeCKUX BOMPOCOB MexaHu3Ma KpuancoB. — YacToTa
BCTPEYAEMOCTU KPU3NCOB. — XapaKTePUCTUKM CEMUOTUKM KPU3MCOB, HabG/0aeMbIX Mpu
MUacTeHUN. — BO3MOXHOCTb AudepeHUMaUMn oTaeNbHbLIX TUMOB KPU3UCOB.

KPU3NCbI MPUN TSXENOW MUACTEHUW, 11
MpUUKHBI, XapakTep, JevyeHne

A. COBOP

dopMMpoBaHmMe, TEOPETUUECKOE U MPAKTUYECKOe 3HaUYeHMe MOHSATUS O MMACTEHUYECKOM
Kpusunce. — OnucaHve xapakTepa KpU3MCOB, 06CYXXAEHMe BO3MOXHOr0 MaTosioroaHaToMuue-
CKOro U NaToM3MONOrMUYECKOro MexaHu3amoB. OB6CYX/eHMe TeopeTUYeCKUX BOMPOCOB Mexa-
HM3Ma KpU3MCoB. — YacToTa BCTPEYAeMOCTU KPU3MCOB. — XapaKTepucTMKa CEMUOTUKM Kpu-
3MCOB, BCTpeYaeMbIX NPY MUACTEHUU. — BO3MOXHOCTb AudipepeHUMaLMM OTAE/bHBLIX TUMOB
Kpur3ncoB. — KasyncTmka co6CTBEHHbIX ClyuaeB aBTopa: M3 80 60MbHbLIX MUacTeHWel, Habnio-
[aBLUMXCA aBTOPOM B TeueHune 14 eT, AaeTcs onucaHve UCTopum 601e3HN 14 60/bHbIX, UMEBLLINX
Kpusncbl. — [logpo6Hoe M3noXKeHMe 6onee 4acTo BCTPedaeMblX U 6osee BaXKHbIX MPUYMH
KpW3NCOB, Lienecoo6pasHas KaTeropusauys M aHaiv3 MoCTTUMEKTOMUYECKUX KPU3WUCOB. —
CoBpeMeHHble MPUHLIMMBI U NPaKTUKa JIeUeHNUs KPU3MCOB; NPodnIaKTMKa KpU3nCoB.

SMNMMNENTUN®OPMHBLIE AHOMANNK 33I' B CZTYHYAE CUHOPOMA
MNEPVOANYECKUNX BOJIEN B XXMBOTE

®. KAWTOP n T. KACALL

ABTOpbI aHanusmpoBann I3 38 pgeTeld M MOAPOCTKOB, CTPafatoMX WMHTEHCMBHbLIMMN
npuctynamun 6onein B xuBoTe. 33l 6blM 3anncaHbl B 6OAPCTBYIOLLEM COCTOSHUM W MOL 3BU-
NaHoBbIM HapKO30M.

B 56,7% 33I, caenaHHbIX B 604pCTBYIOLLEM COCTOSHUM, Ya/0Cb BbISIBUTb CMOHTaHHbIN
He13N0NOrnYecKNin MeaneHHbIi puTm, a B 13,5% — anunenTugopMHble n3MeHeHMs. B 83,3%
33r, caenaHHbIX MO4 HAPKO30M, Habnganncb TUNNYHbIE cnaikv. B 64% anuueHTPbI CNankos
nokanusoBanncb B PonaHfoBoi 60po3fe M Ha BepxyLUKe Haf OAHUM MonyLlapueM WM Hag
obommmn nonywapusMn. OcTa/lbHble CNalku NosBASAANCH B I06HOM 061acTu. B ogHOM criydae
yfAanocb NoKanun3oBatb nepeaHuii 6asoTeMnopasnbHbIi cnaik, a B Apyrom ciy4dae 6bina nposo-
LMpoBaHa reHepainM3MpoBaHHas aKTUBHOCTb CMallKoBbIX BOMH B 3 u/ceK. MHoroovarosas anu-
nenTuopMHas aKTMBHOCTb He Oblna pesKvM SBMIEHUEM.

B03MOXHOCTb 3MWIENTOreHHOro MOBPeXAeHUA Mosra 6blna BbisBneHa y 31% 60/b-
HbIX; 3TW 6ONbHblE paccMaTPMBAIOTCA aBToOpamy Kak anuaentuku. OcTasbHble 69% aBTopbl
NPUUUCNSAIOT K «NOrpaHU4YHOM 06/1acTU anunencumn», npegnonaras [06pOKavyecTBEHHYH aHo-
ManMl0 MO3ra, CBfI3aHHYH C BO3pacToM (He3penocTb).

Ccbinasicb Ha pesyfbTaTbl (IM3MO0I0TMYECKUX UCCNEA0BAHUIA MO BbISICHEHWNIO Xenyfo4HO-
KWLLEYHOW Perynaumm n Ha HabnogeHWs, chenaHHble Yy 3nWIenTUKOB, aBTOpbl NPUAEPXKU-
BalOTCA TOI0 MHEHWS, 4YTO cnaiku B PonaHgoBoi 60p0o3fe U B BepXYLUKe YKasblBalOT Ha KOH-
BY/IbCOMAHYIO MOBbILLEHHYIO Pa3fpaXXMMOCTb HecneunpruyecKuxX BUCLEPOMOTOPHbLIX 3/1eMEHTOB
CEHCO-MOTOPHbIX LIEHTPOB KOpbl FON0BHOrO Mo3sra. CrefoBaTeNlbHO, B Clyyae CUMHAPOMA BO3-
BpaTHbIX 60Meil B >XMBOTe MOKasaHO MpoBefeHVe MNPOTUBOCYLOPOXHOIO JieYeHUs.



OCTPOE AEWCTBUE HUKOTMHA HA KPOBOOBPALWEHWE B KOHEYHOCTSAX
®. WOoNAbTN, N. KPACHAW, 0. PEB un 1O. HAAb

OcCTpoe [ieiiCTBME HUKOTMHA Ha KPOBOOGpaLLEHMe M3yyanocb y 21 KapaumanbHO KOMMeH-
CMPOBAHHOI0 U He CTPAJAOLLEro Cy)XeHrem nepudepuyeckmnx cocyioB 60/bHOT0, Nocsie BHYT-
pviBeHHOTo BBeAeHMst 1,0 Mr TapTapaTa HUKOTUHA. [epudepnueckoe KpoBoobpalleHvie U3Meps-
nock B 12 ciyyasx npy NOMOLLM 3aKMCK a30Ta, a B 9 c/lydasx MeTofoM BEHO3HON M30TOMHOM
Avnouumn, paspaGoTaHHbIM aBTOPaMn 1 NPUroAHBLIM ANt U3MEPEHUs! NOIHOr0 NeputepuUeckoro
KpoBooGpallieHnsi. MoMUMO 3TOr0 NPOBOAW/NCL TAKXKe U3MEPEHUs KOXHOW U MbILLIEYHON TeM-
nepaTypbl U MCCMef0BaHNe PaaMoaKTUBHOMO «MbILLEYHOTO KAMpeHca». oA ocTpbIM BAMSIHUEM
HUKOTMHA MUHYTHbIA 06bEM HECKO/IbKO MOBBICW/ICA, TeMMepaTypa KOXW 3HAUMTENbHO YMeHb-
LIMNack, B To BPeMs Kak TemMnepaTtypa Mblllilbl 1 Bpemsl 1cHe3HoBeHs J 131 U3 Mblilllbl He 13me-
HUKUCL. [Mepudepryeckoe KpoBoobGpallleHMe U CONpOTMBIIEHME Mepudepuyecknx Cocyaos, B
CYLLIHOCTW, He M3MeHWNMChb. Mpu AeiCTBUM HUKOTMHA (paKLus MUHYTHOro o6bema nepudepu-
YeCKOro KpoBOO6palleHUst TaKXe He Mokasana OLEHNBaeMbIX W3MEHEHUI.

Mocne Aayun HUKOTUHA NOPasUTENbHBLIMUA W MPOYHLIMA N3MEHEHUSIMUA GblM BblpaXKeHHOe
CHWKeHMe noTpe6ieHnst 0 2 TKaHSMM KOHEUHOCTel 1 MOBbILLEHNe BEHO3HOIO [ABMIEHNUSI B HUXK-
HUX KOHEUHOCTSIX.

O6CyX/aeTcss NaToMexaHu3M feACTBUS HUKOTUHA Ha KpoBOOGpaLLeHne B KOHEUHOCTSIX.

PO/Ib LEHTPA/IbHOW HEPBHOW CUCTEMbl B TMATOMEXAHW3ME OTEKA
NErKnX, BbISBBAHHOIo AAPEHATMHOM

M. KENTNMHEP, ®. MAKJIAPW, A. T. b. KOBAY un A. TOTT3ErEH

ViccnepoBanach posb HelporeHHbIX (DaKTOPOB B MaToMexaHW3Me OTeKa Nerkux, Bbl3BaH-
HOro agpeHannHoM. B 41 sKCrepyrMeHTe Mo MNepeKpecTHOMY KPOBOOGPALLEHIO aBTOPbI BBOAW/IMN
afipeHa/IH B KPoBOOGpaLlleHVe To/oBbl, a TaKXe B KpoBoo6palleHve TyrnoBulia. BseaeHuve
ajipeHanIiHa B KPOBOOGpaLLigHNe T0/10Bbl Bbi3bIBa/I0 60M1ee TSHKEble 0TEKN NErKMX 1 B 6o/blLeM
NpoLEHTe C/lyyaes, YeM BBefeHWE ero B KpoBoo6palleHne TynoBulla. Mo MHEHWUI0 aBTOPOB 3TO
[eliicTBMe aapeHanvHa OCYLLECTB/SETCA HelporeMoAnHaMUUECKMM MNyTeM, TaK Kak B Xofe
3KCMEPUMEHTOB B Ma/loM Kpyre KpOBOOGPALLEHNsI BeNUUMHbI KPOBSHOTO [AaBfIEHWUs1 CUMbHO
MOBbICU/IUCL, & KOMMOMAOCMOTUYECKOE [aBNeHMe He3HauuTeslbHO MOHM3UIOCL. B npoHuuae-
MOCTW KanunnsapoB 6bI10 BbISB/IEHO HE3HAUMTENbHOE MOBbILLIEHME.
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du Commerce Extérieur de Livres et Journaux «Kultira» (Budapest |., F6 utca 32. — Compte-
courant No. 43-790-057-181) ou a I’étranger chez tous les représentants ou dépositaires.

«Acta Medica» Ny6AMKYIOT TpakTaTbl M3 06/1aCTU MEAULIMHCKMX HAyK Ha PYCCKOM,
HEMELIKOM, aHT/IMACKOM W (hpaHLly3CKOM Si3blKax.

«Acta Medica» BbIXOASAT OTAE/IbHbIMY BbIMycKaMy Pa3HOro o6bema. HecKonbKo BbiMy-
CKOB COCTaB/ISIIOT OAWH TOM.

MpegHasHadeHHble ANS Ny6AUKAUMKM PYKOMMCU CledyeT HanpaBnsaTb MO ajpecy:

Acta Medica
Budapest VIII., Szigony u. 43. 9 P.O.B 67

Mo aTomy e agpecy cneayeT HanpaBNATb BCAKYH KOPPECNOHAEHLMIO ANS pefakuuun u
aAMUHUCTpaLnN.

MognucHaa ueHa «Acta Medica» — MO opyHTOB 3a TOM. 3aKasbl MNPUHUMAET Npej-
NpusiTUe MO BHELLHE TOproBse KHWM M raseT «Kultara» (Budapest L, F6 utca 32. Teky-
Wi cueT Ned43-790-057-181) mnm ero 3arpaHvMuyHble NPeAacTaBUTENbCTBA M YMNONHOMOYEHHbIE.
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