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X-RAY CHANGES IN POLYCYTHAEMIA YERA

J. Gyarmati, Gy. Nagy, J. Szegedi

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

(Received May 27, 1972)

Routine chest X-rays have been evaluated in 49 cases of polycythaemia vera
Abnormal radiological features resulting from the modified haemodynamic conditions’
in other words, from the primary disease itself, occurred in 35 cases. The frequency
of the changes showed a direct relationship with the stage of activity of the disease.
W ith the exception of pulmonary fibrosis, the changes proved reversible. The X-ray
signs found during relapses subsided or disappeared during remissions.

Polycythaemia vera represents a particular type of polyglobulism in
which no primary factor or primary process can be demonstrated: the disease
consists in the polyglobulism [9]. The disease is marked by a proliferation
of all the three haemopoietic, i.e. erythro,-leuko-and thrombopoietic, elements
of the bone marrow. This determines its most prominent haematological
features: an increase in erythrocyte count, haematocrit value, blood volume
and generally also in the leukocyte and platelet counts. Blood viscosity is
invariably increased. These haematological abnormalities account for the
classical clinical syndrome including thromboembolic complications and hae-
modynamic changes characterized by a slowing of circulation, congestion and
vasodilatation. The associated cardiorespiratory symptoms and the corre-
sponding findings of blood-gas analysis [8, 10] are due to these haemodynamic
changes.

Though it is common knowledge that haemodynamic disorders of the
lesser circulation cause X-ray changes in the pulmonary parenchyma, the
heart and the large vessels, there are few reports on X-ray observations of
a large material of polycythaemia vera followed up for longer periods [4,
5,6, 11].

There are, basically, two reasons for which X-ray studies in poly-
cythaemia vera might be of importance. First, the typical X-ray changes
may help to differentiate polycythaemia vera from secondary polycythae-
mias. Second, if the syndrome is associated with X-ray signs of corresponding
severity, then the possible changes in these signs may be regarded as an
index of the haematological response, of the efficiency of treatment.

On the grounds of these considerations it seemed interesting to examine
the chest X-ray changes in a large series of polycythaemia vera patients.
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2 J. GYARMATI et al.

The aim of these studies was to clarify the incidence of X-ray changes in poly-
cythaemia vera as well as the nature and association of these signs. The
study was also expected to answer the question how far the X-ray signs are
correlated with the haematological findings and the duration of the disease.

Material and methods

In the past two years 57 patients with polycythaemia vera confirmed on haematological
and clinical grounds were submitted to chest X-ray studies parallel with examinations of
the general state, blood counts, bone marrow smear, haematocrit and haemoglobin values.

In the history of 8 patients there were various pulmonary diseases (tuberculosis,
exudative pleuritis, chronic bronchitis, bronchiectasis, etc.) which had left permanent changes
interfering with proper interpretation. These cases were excluded from the analysis.

The remaining 49 patients were divided into two groups according to whether — on
the ground of clinical and haematological features — they were in relapse or in remission.
At the time of the first study 33 patients were in relapse, their mean counts being RBC
6,461,000; WBC 10,700; 430,000 platelets. Sixteen patients were in remission, the respective
values being 4,393,000; 6,700 and 192,000.

The investigations were repeated 6 to 12 months later in 27 cases. Of these patients,
7 were in relapse on the first, and in remission on the second investigation, for 3 patients
the inverse was true. Thirteen patients were in relapse, four in remission on both occasions.

At the time of the first investigation the polycythaemia had been present for 0 to
5 years in 24, for 6 to 16 years in 21, and longer than 10 years in 4, cases.

Twenty-six patients were females, 23 were males. Their age ranged from 19 to 76 years,
the majority of the patients were between 40 and 60 years of age.

Eighteen patients had arterial hypertension responding to the conventional anti-
hypertensive agents.

The radiological examination comprized chest X-rays in two views, fluoroscopy com-
bined with a barium meal for visualization of the oesophagus. This was completed by kymog
raphy in individual cases. Attention was given in every case to the pars intermedia of the
pulmonary artery situated in the right hilum, its significance has been pointed out by
Assmann as a reliable index of pulmonary arterial pressure [1].

Results

The X-ray features, their association and their relationship with the
prevailing stage of the process are shown together with the clinical diagnosis
in Table 1.

According to the literature [4, 6, 11] confirmed by our own observa-
tions the most typical X-ray features associated with polycythaemia vera

Table |
X-ray signs
Phase Dilatation
of disease Number ) ) ) _ of pars
of cases typical suggestive nontypical total none intermedia
Relapse 33 24 2 2 28 5 16
Remission 16 2 2 3 7 9 5
Total 49 26 4 5 35 14 21
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X-RAY CHANGES IN POLYCYTHAEMIA VERA 3

include enlargement of the heart to the left, distinct concavity of the sinus,
prominence of the aortic knob, moderate symmetrical hilar enlargement and
hypervascularization of the lungs. These signs have been summarized under
the heading typical X-ray features in Column 3. Column 4 represents signs
suggestive of the disease, thus hypervascularization in the presence of a
normal heart and aorta, and Column 5 shows those individual changes of the
heart and aorta which form part of the typical syndrome. Column 6 repre-
sents the cases in which the pars intermedia of the pulmonary artery was
more than 14 mm in diameter.

As Table | shows, investigations revealed X-ray changes related to the
primary disease in 35 patients, more than two thirds of the cases. X-ray
changes were demonstrable in 80% of the cases in relapse and in 50% of those
in remission. Twenty-six X-rays showed all features of the typical syndrome
(Fig. 1).

V. Gy., a 46-year-old female patient, had been under treatment for
7 years. She is now in a relapse.

Anteroposterior X-rays revealed a moderate enlargement of the heart
to the left, with a distinct concavity of the sinus and a slight prominence of
the aortic knob. The central branches of the pulmonary artery are congested,
the hila slightly enlarged. There are numerous perihilar point-like vascular

Fig. 1 (Case 1). Chest X-rays. Typical polycythaemia vera syndrome in relapse

1% Acta Medica Academiae Scientiarum Hungaricae 30, 1973



4 J. GYARMATI et al.

densities. The hilar vessels are sharply outlined, their branches can be fol-
lowed up to the periphery.

In 4 cases hypervascularization of the lung was not associated with any
abnormality of heart and aorta.

In 21 cases the pars intermedia measured more than 14 mm in diameter
(the normal range given by Assmann [1] is from 9 to 14 mm).

Fourteen of the 49 patients failed to reveal any morphological change
related to polycythaemia vera. These cases included 5 patients in relapse and
9 in remission. This also illustrates the fact that polycythaemia vera, even
in the period of recurrence, need not be associated with abnormal chest
X-rays [6, 11].

Table Il sums up the relationships between the presence of the typical
syndrome, including dilatation of the pars intermedia and pulmonary fibrosis,
on the one hand and the duration of the disease on the other.

Table 11
) Number Typical Dilatation Pulmonary
History of cases syndrome _of pars. fibrosis
intermedia

0 to 5 years 24 il 9 3
6 to 10 years 21 il 8 6
Longer than 10 years 4 4 4 4
Total 49 26 21 13
Though, as shown in Table Il, the frequency of the typical syndrome is

related to the haematological status, in other words, to the prevailing stage
of activity, it is none the less a fact that in the four cases where the disease
had been present for more than ten years, the typical signs were marked.

This was true also for the relationship between pulmonary arterial
dilatation and duration of the disease.

The incidence of pulmonary fibrosis involving the basal region of the
lungs in the form of fine reticular densities was also related to the duration
of the disease.

In opposition to Richter [11] we found no Kerley lines in this series.

As mentioned earlier, the studies were repeated 6 to 12 months later
in 27 cases. The results allowed to assess the changes in the X-ray findings
in the light of those of the haematological status.

In 5 patients who were in relapse when examined for the first and in
remission when seen for the second time, a considerable, in three of them
even complete, regression of the X-ray abnormalities was demonstrable.

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



X-RAY CHANGES IN POLYCYTHAEMIA VERA 5

In 2 of the three patients having been in remission with normal X-rays when
seen for the first, and in relapse when seen for the second time, the second
X -ray study revealed a typical syndrome and in the third patient, pulmonary
hypervascularization. Thirteen patients were in relapse on both occasions.
In 12 of these the X-rays remained practically unchanged, whereas in one with
originally normal findings, a distinct hypervascularization of the lungs was
demonstrable on the second occasion. In the 4 patients who had been in
remission on both occasions there was practically no difference in the results
of the two studies.

The individual X-ray abnormalities and their changes may be summed
up as follows.

Cardiac enlargement, increased concavity of the sinus, elongation of the
aorta, prominence of the aortic knob were of minor degree in most cases.
These signs are rarely encountered during remission, and even in relapse they
usually remain absent until signs of hypervascularization become manifest.
A heart of aortic configuration with marked left ventricular enlargement was
only seen in cases associated with arterial hypertension. X-ray abnormalities
of this type would remain unchanged in clinical remission. Enlargement of
the right ventricle was confined to cases of marked pulmonary fibrosis. Hyper-
vascularization of the lungs is a typical and common feature which may,
however, be obscured by the presence of pulmonary fibrosis on films taken
with conventional techniques. The most distinctive sign of hypervasculariza-
tion is the sharp demarcation of the distended vessels which can easily be
followed up to the periphery. There are also multiple point-like orthoroent-
genograde densities. The regularity of ramifications tapering off toward the
periphery are suggestive of vessels rather than of fibrosis. Vascularization
has a wide range of individual varieties depending on constitutional factors
and its X-ray appearance may be different in the successive phases of re-
spiration even in the same individual. The most characteristic change in the
X -ray picture parallel with a favourable haematological response was a clear-
ing up or the disappearance of hypervascularization. An associated lesser
circulatory failure blurs the outlines of the hilar and peripheral vessels and
makes proper interpretation difficult. However, in the present series hilar
enlargement and dilatation of the pars intermedia was of minor degree all
throughout and the diameter of this section of the pulmonary artery was
never in excess of 18 mm. Active pulsation of the sharply outlined distended
central vessels was confirmed by kymography. A distinct reduction in the
caliber of these vessels was demonstrable in several cases during remission
and it was only in the presence of age-related sclerosis that the abnormalities
in question were independent of the activity of the primary disease.

The X-rays presented in Figs 2/a and 2/b permit to follow up the changes
in caliber of the pars intermedia associated with the clinical response.

Acta Medica Academiae Scientiarum llungaricae 30, 1973
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Fig. 2a (Case 2). Chest X-rays. Pars intermedia 17 mm in diameter

Fig. 2b (Case 2). Chest X-rays in remission. The pars media has diminished to 13 mm in
diameter
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Fig. 3 (Case 3). Chest X-rays. Typical polycythaemia vera syndrome with pulmonary fibrosis

G. E. was a 47-year-old male patient in whom polycythaemia vera had
been diagnosed three years earlier. X-rays made in a period of relapse (a/a)
showed all features of the typical syndrome. The pars intermedia of the pul-
monary artery measured 17 mm in diameter according to the criteria set by
Assmann. X-rays made 9 months later in a period of remission (2/b) showed
that hypervascularization had definitely subsided, the pars intermedia
diminished to 13 mm in diameter and hilar enlargement was less marked.
Pulmonary fibrosis was generally associated with processes of long standing
or occurred in patients whose early treatment had been neglected or in
cases of utmost severity accompanied by repeated relapses or heart fai-
lure. Fibrosis was always of permanent nature. If of major extent, it resulted,
similarly to other processes associated with a loss of pulmonary parenchyma,
in precapillary pulmonary hypertension and cor pulmonale which in our
experience may be a source of misinterpretation by obscuring the X-ray
features of polycythaemia vera.

The film in Fig. 3 shows a case of polycythaemia vera associated with
pulmonary fibrosis.

T. D., a 62-year-old male patient, had had polycythaemia vera for 13
years. At the time of study he was in relapse.

Ada Medico Academiae Scientiarum Hungaricae 30, 1973
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X-rays showed the heart moderately enlarged to the left, a markedly
concave sinus, a slightly prominent aortic knob. The basal areas of the lungs
showed fine fibrous bands which, together with the increased vascular mark-
ings decreased the radiolucency of the basal pulmonary areas. The film clearly
shows the radiomorphological differences between the fibrous bundles and the
vascular shadows.

Discussion

Bbednow [2] was the first to describe the typical X-ray abnormalities
in polycythaemia vera having noted in 4 cases hilar enlargement with sharply
outlined pulmonary arterial branches readily traceable to the periphery.
He also furnished kymographic evidence that hilar enlargement was produced
by the dilated central branches of the pulmonary artery. Since this paper,
the textbooks [12, 13, 14], in discussing the differential diagnostic aspects
of pulmonary congestion, have been referring to an increased pulmonary
density in polycythaemia vera. However, we find but sparse data in the
literature on the frequency, types and differential diagnostic value of these
changes.

Hodes and Griffith [5] found a normal heart in their cases of poly-
cythaemia vera. Hodgson et al. [6] reported on pulmonary congestion and
fibrosis in 25 out of 35 cases. A moderate enlargement of the heart to the left
was also noted by these authors in a number of their cases.

Richter [11] found uniform pulmonary hypervascularization in 38,
enlargement of the pars intermedia in 29, and prominence of the aortic knob
in 43, out of 50 cases. The heart was moderately enlarged to the left in every
patient. Delamore et al. [4] observed focal polycythaemia vera patients in
the course of a long-term follow-up.

The present results assessed in the light of data in the literature and
of certain haemodynamic considerations allowed to connect the X-ray features
directly with polycythaemia vera in 35 of the 47 cases. In 26 cases pulmonary
hypervascularization, slight concavity of the sinus, elongation of the aorta
and prominence of the aortic knob were found. These signs may be considered
typical. Enlargement of the pars intermedia was demonstrable in 21 cases.

The X-ray abnormalities under discussion remain reversible for a long
time, corresponding to the activity of the process, subsiding parallel with the
responses of the haematological status, particularly in young individuals where
degenerative factors have not yet exhausted the adaptability of the organs
and tissues. Reversibility of these features is reflected by the substantial
difference in the incidence of these abnormalities in relapse and in remission,
as well as by a regression or complete disappearance of the abnormalities
during periods of remission. Despite these facts we are far from asserting that

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



X-RAY CHANGES IN POLYCYTHAEMIA VERA 9

there is any linear correlation between clinical severity and the presence of,
or the changes in, the X-ray signs. In fact, in a number of patients no X-ray
symptom was present during remission, whereas in two cases a typical syn-
drome was demonstrated during remission. It must be noted that in the former
cases the disease had been present for one or two years, whereas in the other
two for 8 and 10 years.

Pulmonary fibrosis, demonstrated in 13 of the present cases, is a per-
manent change of slow progression primarily associated with long-standing
cases of polycythaemia vera. The haemodynamic factors involved in its patho-
mechanism including an increase in blood-volume, slowing of circulation, pul-
monary plethora and a failure of the lesser circulation, were regarded by Nagy
[7] as a fairly common feature of polycythaemia vera.

As regards the differential diagnostic value of X-rays, changes similar
to the observed ones may result from numerous other primary processes such
as congenital valvular defects associated with a left-to-right shunt (atrial or
ventricular septal defect, patent ductus arterious), diverse forms of circula-
tory hyperkinesia, as may be found in hyperthyroidism and anaemia, and even
in the absence of any demonstrable primary cause, furthermore in association
with pulmonary congestion and with an active hyperaemia of the bronchial
vessels, e.g., in pulmonary atresia or Fallot’s tetralogy.

Among all these, it is a left-to-right shunt of minor degree and an
essential circulatory hyperkinesis which may pose serious differential diag-
nostic problems. In the first case the heart’s configuration (right ventricular
hypertrophy and dilatation, prominent pulmonary arc), and in the second,
absence of signs of any marked severity and the normal configuration of the
heart, will decide the issue. Still there are cases in which the X-rays are of
little diagnostic aid and the diagnosis has to rely on clinical and haematological
evidence.

Despite these facts, a typical association of the characteristic features
will confirm the clinical diagnosis of polycythaemia vera in many cases on
the sole evidence of routine X-rays. Therefore, in the case of a suspected
polycythaemia vera, among the various clinical tests, X-rays should have
their place with the understanding, however, that a negative X-ray finding by
itself does not invalidate the diagnosis of polycythaemia vera.
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(Received March 3, 1972)

In view of the involvement of the thymus in autoimmune processes, the ther-
apeutic effect of thymus irradiation was observed in 51 patients with rheumatoid
arthritis. On the grounds of the favourable results, irradiation of the thymus is re-
garded as a useful adjuvant procedure in the management of rheumatoid arthritis.
In 66% of the cases the effect of treatment was not limited to a short-term benefit
but was still demonstrable, on the evidence of objective findings, on reexamination
6 months and 2 years later. Patients of advanced age were found more responsive
than juveniles where the response was usually poor.

Recent progress in immunology has given a great impetus to thymus
research. The central part played by this organ in the maturation and activity
of the immune system has been established by experimental evidence. The
organ preserves its role even after its involution in adult age. It is usually
enlarged in autoimmune diseases, presumably because of its involvement in
these processes [10, 16, 17, 18]. Mackay and De Gair1 [15] have performed
thymectomy with benefit in rheumatoid arthritis (RA), the intervention
having been prompted by their findings of thymic changes in that disease.
It is, on the other hand, well-known that surgical removal of the thymus
because of hyperplasia or adenoma in myasthenia gravis may be followed
by the production of autoimmune disease. A source of contradictions lies in
the versatile character of the part which the thymus is assumed to play in
autoimmune regulations. Though there is disagreement on the interrelations
of the cells being formed in the thymus or passing through it, the fact that
the cells acquire their immuno-competence in the thymus stands beyond doubt
[4, 5]. This strongly points to a mediatory role of the thymus in autoimmune
diseases, as suggested by the presence of germinal centres not only at an
experimental level in NZB mice with autoimmune diseases but also in human
pathology. Microscopic changes of this kind must always be regarded as
evidence of some autoimmune disease [4, 5, 12, 15].

The fact that the lymphoid cells arc closely involved in autoimmune
processes, for instance in RA, and that their involvement stems in all prob-
ability from the part played by the thymus in these conditions, gives a
sound basis to the therapeutic irradiation of the organ in these diseases. This
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was first advocated for RA by Farkas [7], in the first place in the presence
of enlarged lymph nodes. The response to irradiation of the thymic region in
occasional cases of grave, steroid-resistant RA with lymphoid hyperplasia was
likewise favourable [8, 21]. This has prompted further observations on a
larger scale.

In our opinion, irradiation of the thymic region with lower doses than
those used for tumours, is preferable to thymectomy [19], since complete
removal of the organ may give rise to a counter-regulatory immune mecha-
nism of adverse effect on the further course of the process. This is at least
our inference drawn from two cases of RA where X-ray therapy for breast
cancer amounting in reality to radiothymectomy, was followed by a spectac-
ular deterioration of RA. In opposition to this, the radiation doses of 850
to 1200 R advocated by us, while producing no irreversible damage to the
tissues, have the advantage over surgical therapy to be operative even in the
presence of aberrant mediastinal thymic tissue.

Fifty-one patients with RA had irradiation of the thymus between 1968
and 1970. All had been assigned to the group of “certain” diagnosis by com-
bining more than six characteristic features of the disease. The process was
of major severity all throughout, all patients being steroid-dependent and
in Steinbrocker’s stages Il or Il1l. There were 7 males and 44 females between
9 and 79 years of age, average age being 50 years. Three patients were between
9 and 20, 7 between 21 and 40, 23 between 41 and 60, 18 over 60 years of
age. Duration of disease ranged from six months to 35 years (average: 9.8
years). 39 patients were seropositive (Latex-positive) for rheumatoid factor,
12 were seronegative.

The characteristics of irradiation applied to the mediastinum were,
160 kV, 10 mA, focal-skin distance 40 cm, half value layer of 0.5 mm Cu,
field size 4x10x15 cm. The total dose was 850 R in the majority of the
cases, two patients having been given 750 R and two others 1200 R. Average
duration of treatment was 10 days. The doses were increased from 50 to 100,
finally to 150 R.

The patients remained on their former drug treatment during radio-
therapy. After its completion 24 patients were given azathioprine in doses
of 2.5 mg per kg body weight daily over several months. Success of treatment
was assessed on the basis of the following criteria.

a) Laboratory parameters. Among these, a fail in ESR and the improve-
ment of anemia proved the best indicators of a favourable response. Serum
tests for rheumatoid factor, paper electrophoresis, as well as skin sensitivity
tests for tuberculin and for other bacterial and mycetic antigens were per-
formed in every case. In the majority of cases immune-electrophoresis was also
carried out. The lymphocyte transformation test was confined to individual
cases.
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b) The decisive clinical parameters include the number of affected
joints, improvement in locomotion, in the power of manual pressure, subjec-
tive relief, possibility of reducing the corticosteroid doses. In order to check
the long-term results, the patients were reexamined six months and two
years later.

Results

The results of irradiation of the thymic region assessed on the basis of
the foregoing criteria are presented in Tables | and Il. Sixty six per cent of

Table 1
Results of irradiation of the thymus in rheumatoid arthritis

Early results

Improvement

Num_ber
of patients Marked Fair None Deterioration
51 20 16 i 4

Total number of responsive cases: 36
Total number of unresponsive cases: 15

Long-term results

Improvement

Num_ber
of patients Marked Fair None Deterioration
40 16 9 9 8

Total number of responsive cases: 25

Total number of unresponsive cases: 15

Note: In 24 out of 40 patients presented under the heading “Long-term results” cyto-
static treatment had been applied in addition to radiotherapy. These cases are included in
Table 1I1.

the patients have thus been found to respond to thymic irradiation. In view
of the spontaneous changes, in the activity of RA, as reflected by the clinical
states and by other parameters including ESR, adequate long-term follow-up
was considered essential, therefore the patients were reexamined six months
and two years after irradiation. The benefits of treatment were still demon-
strable on these occasions in 66% of the cases.
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Table 11

Long-term results of irradiation alone and in combination with cytostatic therapy
Improvement

Irradiation Improvement
of the thymus
Number . - .
of patients Marked Fair None Deterioration
16 5 4 3 4

Total number of responsive cases: 9
Total number of unresponsive cases: 8

Improvement
Irradiation +
cytostatic
therapy
Number Marked Fair None Deterioration
of patients

24 li 5 4 4

Total number of responsive cases: 16
Total number of unresponsive cases: 8

Discussion

Irradiation of the thymus was first undertaken by Hairsted [11] for
Graves’ disease in 1915. At present, irradiation of the thymus, either in itself
or in combination with thymectomy, prior to the operation or consequent
upon it, belongs to the current therapy of myasthenia gravis [9, 13]. In the
available literature we find reference to irradiation of the thymus in RA.
Considering, however, that the general effects of radiotherapy are less adverse
than those of the other immunosuppressive procedures, it seemed promising
to study the value of irradiation in RA.

The results raise the question whether the thymus of the patients under
study was functioning at all and whether the benefits of treatment should
not be ascribed to the general effects of radiation. In order to be able to rule
out this possibility, we applied the same radiation doses to the sacro-iliac
region in three and to the spleen in further three cases. Not only did we fail
to note any benefit but there was even a deterioration of arthropathy in the
three cases where the spleen had been irradiated. Though the current labora-
tory investigations had been performed in the majority of the cases, none of
the parameters thus obtained were apt to furnish any reliable indication of
possible changes in the immune status. Nor did we note any change in those
immunological parameters which had been examined in individual cases. For
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instance, the lymphocyte transformation test which had been performed in a
few cases yielded no information which might have been regarded as conclu-
sive. It is true that in response to irradiation there was a more significant fall
in the number of phytohaemagglutinin-sensitive lymphocytes than in the
absolute lymphocyte count, but this was so also in the case of irradiation of
the spleen which was followed by a clinical relapse. On the other hand, no
similar changes were noted after irradiation of the sacro-iliac region.

The radiation doses employed in the present study were lower than
those applied for thymic tumours [21]. This had its good reasons. We have
referred to our observations relative to the consequences of tumour doses
earlier in this report. This fact in itself would strongly suggest that the thymus
must be involved in autoimmune diseases in different ways [6], which would
account for the inconsistency of published evidence. For instance, Howie and
Helyek [12] noted an intensification or multiplication of autoimmune mani-
festations, in particular a rise in the antinuclear factor titres after thymectomy
in NZB mice with autoimmune disease. Manifestation of thyroiditis and of
SLE as well as positivity of RF and of ANF have been described in man af-
ter thymectomy for myasthenia gravis [1]. In opposition to this, other authors,
including Ossermann and Weiner [20] failed to note improvement of these
serological changes, likewise after thymectomy performed for myasthenia
gravis. These observations thus appear to be entirely opposed to each other.
There is no way of telling which of them is true unless we should be able to
compare age-matched thymectomized subjects of identical immunological
status. So long as we are unable to satisfy these conditions, we have no pos-
sibility of rejecting any of the seemingly contradictory observations. Each
may be true in its own right. It must be borne in mind that the characters
of immune diseases and immune states are extremely variable, depending on
the time of onset, on the intensity as well as on the site of immune mani-
festations, moreover, on diverse influences on the part of the organism. The
same intervention may have different consequences in a different immune
status or under different immune conditions. For instance, it may activate
some of the humoral or cellular factors of the immune process while suppres-
sing some others. The therapeutic response to an identical radiation dose
delivered to the thymus thus seems to vary with the prevailing immunological
constellation. Under these aspects, irradiation of the thymus in RA may not
be equivalent to a suppression brought to bear on the immunocompetent cells
of the organ but would rather seem to represent an intervention which, though
being doubtlessly suppressive, may none the less well he apt to elicit an
immune regulation of clinical benefit, if the thymus happens to be in a phase
suitable for this response.

As regards the present patient material, a long-term benefit has been
obtained in more than 50% of the cases. Our observations seem to suggest
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that responsiveness of children differs widely from that of subjects of advanced
age. While in children the response, if any, was generally poor and transitory,
in older subjects with RA of major severity it was striking and of fairly long
duration, although irradiation had been the only treatment applied. This has
prompted us to apply increased or repeated radiation doses in children, in
accordance with the relatively larger size of their thymus. These attempts
proved likewise unsuccessful.

The results of Kotter [14] are apt to throw light on the possible causes
of failure in children. It has been demonstrated by this author that regenera-
tion of the thymus consequent upon its radiation-induced atrophy comprizes
two phases, the second phase being associated with a repopulation by cells
from the bone-marrow. Unresponsiveness to radiotherapy in childhood may
thus be accounted for by the larger size and the greater capacity for regenera-
tion of their thymus [3]. It is felt, however, that irradiation of the thymus
combined with cytostatic therapy might be more successful in view of its
suppressive effect on regeneration. Further observations will have to clarify
this point. At any rate, increasing the radiation doses is limited by the well-
known hazards [2].

The present observations show that irradiation of the thymus is a useful
procedure of durable benefit, as confirmed by follow-up studies after six
months and two years. Combination of the procedure with cytostatic therapy
might help to attenuate recurrences of RA and to prolong the periods of
remission. In the present material azathioprine has been used for this purpose.

*

Acknowledgement: We are indebted to Professor S. BozSOKY, National Institute of
Rheumatology and Physiotherapy, for the lymphocyte transformation tests.
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A mild form of disseminated intravascular coagulation (DIC) was induced in
rabbits by a single injection of endotoxin in order to examine the informative value
of the laboratory procedures used in the diagnostics of this clinical condition. The
variations of the coagulation factors of the plasma were studied, the ethanol-gelation
test was also evaluated. The fibrinogen degradation product (FDP) was measured
in plasma and serum by immunoelectrophoresis.

Of all parameters studied, the platelet count and Factors Il and X were found
most informative, but the abnormal values showed wide individual variations. FDP
was demonstrable in nearly all of the sera after treatment. The ethanol-gelation test
was positive in 50% of the animals. On the evidence of histological studies, the pres-
ence of fibrin was demonstrable in the hepatic, splenic and renal microcirculatory
system of the animals thus treated. After endotoxin injection, electroimmunodiffusion
revealed a fall in the fibrinogen levels to 50% of the original values.

The results show that any suspicion of DIC calls for the utilization of all prac-
ticable laboratory procedures in the interest of correct diagnosis and adequate ther-
apeutic measures.

The clinical problems of haemorrhagic disorders have been centering on
disseminated intravascular coagulation (DIC) in recent years. This syndrome
of extremely variable manifestations may arise on the basis of diverse primary
conditions and seems to account for the majority of coagulation disorders
[Lasch, 1970]. The haemostatic defect underlying the condition originates
from a diffuse activation of the entire clotting system and gives its clinical
and laboratory features a wide, almost individual, diversity which makes
diagnosis and therapy likewise difficult.

The aim of the present study has been to produce a model of DIC in
its mildest form which, despite of being the most common type of this con-
dition, very often eludes diagnosis because of the scarcity of clinical mani-
festations. The model was intended for the evaluation ofthe current laboratory
procedures employed in the diagnostics of DIC.

Material and methods

Induction of DIC in rabbits. 14 randomly selected nonpregnant female rabbits of 2.5
to 3 kg body weight were used. 8 rabbits were treated with 100 /ig E. coli 055; B5 (Boivin)
endotoxin per body weight in 5to 6 ml physiological saline injected intravenously into the
ear vein. The other animals serving as controls received physiological saline only.
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Immediately before injection the following blood samples were drawn from the
ear vein;
1) 1.6 ml blood -f- 6,4 ml 3.3% sodium citrate;

2) 1 ml blood + 0.05 Trasylol® (Bayer, 20 000 KIU/mI).

The Trasylol® sample of inhibited fibrinolytic activity was left to clot, then, after
incubation at 37°C for 2 hours the clot was separated, centrifuged at 2000 r.p.m. for 20 min
and the supernatant serum was sucked off. The incoagulable, citrated blood sample was
handled in the same manner, however here for all manipulations a silicon-coated system
was used.

Sampling was followed by the injection referred to above. 24 hours later samples were
taken again and the animals were killed by exsanguination through the femoral artery.
Immediately after death, tissue specimens were taken from the liver, spleen, kidney, lung
and myocardium for histologic study.

The following studies were carried out.

Blood coagulation studies. The pre-treatment values were compared with those obtained
at the end of treatment, the value of the test group being referred to those of the controls.

a) Thrombin time; to 0.1 ml citrated plasma 0.05 ml Owren-buffer [Oween, 1947]

was added and left to clot with 0.05 ml of a thrombin solution 20 NIH-U (= Topostasin®
Hoffman la Roche) per ml at 37°C.

b) Thromboplastin time [Quick, 1935], by the use of a calcium-containing thrombo-
plastin preparation (Thrombokinase, Geigy).

c) Partial thromboplastin time [Proctor and Rappaport, 1961] by the use of
Inosithin (Associated Cone., New York) as partial thromboplastin.

d) Measurement of fibrinogen [Clauss, 1957]. Contrary to the original procedure,
only the tenfold plasma dilutions were considered, i.e., estimated for thrombin time. No
calibration graph was prepared for the calculations of the fibrinogen concentrations, since
the presence of the fibrin monomer and fibrin degradation product (FDP) in DIC interferes
with reliable determination of fibrinogen.

e) Ethanol-gelation test for the demonstration of fibrin-monomer [Godal and
Abildgaard, 1966].

f) Measurement of prothrombin [Koller et al, 1951] by the use of calcium-con-
taining thromboplastic material (Thrombokinase, Geigy). The procedure serves for the de-
termination of “true” prothrombin.

.g) Determination of Factor X by the method of Hougie [1962,] with the reagents
Bentonit (Pro-Labo, Paris), Stypven (Borrough and Welcome, London), Inosithin (Associated
Cone., New York).

h) Determination of the number of platelets in Buerker’s chamber by the method of
Feissly and Luadin [1949.]

i) Determination of fibrinogen and of fibrinogen degradation product (FDP) by
immunoelectrophoresis [JAKO et al., 1970]. The necessary antirabbit fibrinogen serum was
raised in goats by means of purified rabbit fibrinogen prepared by the procedure of Kazal
et al. [1963], 2 ml doses of the 1.5% fibrinogen solution having been administered intra-
venously every second day on 18 occasions altogether, and this being followed by intramuscular
immunization with the same fibrinogen doses in complete Freund’s adjuvant every four
days on 5 occasions altogether. Then, after a pause of 7 days, immunization was continued
under antihistamine protection, likewise on five occasions. 15 days after the last injection
the animals were killed by exsanguination.

Specificity of the antiserum was checked by immunoelectrophoresis. After exhaustion
with rabbit serum (9:1) a monospecific antiserum of high titre, giving precipitation ex-
clusively with fibrinogen, was obtained.

Electroimmune diffusion was performed on glass plates measuring 12x8.2 c¢cm in the
following system; Agarose (Koch-Light) in 1% Na-Veronal-Veronal buffer of pH 8.6, 8.75
ml; antirabbit fibrinogen goat serum, 3.2 ml; heparin (Chemical Works Gedeon Richter,
Budapest), 0.1 ml. The subsequent steps are given in detail in the original description of the
procedure [JAKO and Sas, 1970].

Histologic studies. The fresh tissue samples were fixed in 10% formalin and 96%
ethanol, embedded in paraffin and stained with Masson— Goldner’s trichrome dye [Goldner,
1938] which stains the intravasal fibrin precipitates a conspicuous bright orange.

Results were evaluated by Student’s i-test.
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Results

Blood coagulation. The graph in Fig. 1 displays the coagulation data
obtained prior to and 24 hours after the injection of endotoxin, the pre-
injection values being found at the left, and the post-injection values at the
right side of the columns representing the individual tests. The successive
columns from left to right represent the platelet count, thrombin time,
thromboplastin time, partial thromboplastin time, thrombin time of diluted
plasma, the amounts of prothrombin and of factor X, all being expressed in
per cent of the values, of pooled control plasma. M athematical analysis revealed
significant deviation of the platelet count, partial thromboplastin time, pro-
thrombin and factor X (Fig. 1).

The results of the ethanol gelation test have not been included in Fig. 1.
In none of the endotoxin-treated eight animals had been the test positive
prior to injection, whereas 24 hours after the administration of endotoxin,
positivity of the test was noted in 4 cases, thus indicating the presence of
fibrin monomer.

In the controls, i.e., in the animals having been treated with physiological
saline instead of endotoxin, the same values were found after as before the
administration of endotoxin. Fibrin monomer was not demonstrable in any
of the cases.

Fig. 1. Results of coagulation studies prior to endotoxin injection (left side of the columns)
and 24 hrs after injection (right side of the columns)
I. Platelet count. Il. Thrombin time. Ill. Quick time. IV. Partial thromboplastin time.
V. Clauss time. VI. Factor Il. VII. Factor X. The individual dots represent the average of
two measurements
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Fig. 2. Results of electroimmunodiffusion studies. Ip and Is: immunograms of plasma and
serum before treatment. 25—7S FDP appearing in the serum after endotoxin administration

The electroimmune diffusion studies revealed mean fibrinogen con-
centrations of 400 mg per 100 ml rabbit plasma prior to endotoxin injection.
24 hours after injection the fibrinogen concentrations were not higher than
210 mg per 100 ml plasma (p 0.02). Administration of endotoxin thus
resulted in a significant fall in the amount of protein marked by the im-
munological characters of fibrinogen.

FDP was absent from all sera prior to the administration of endotoxin,
but was demonstrable in six out or eight animals after injection. Fig. 2 shows
the electroimmunograms of the pooled plasmas and sera prior to treatment
and of the FDP-containing sera after treatment.

Histology. Apart from quantitative differences, intravascular pre-

Fig. 3. Clots in the arciform artery (Rabbit kidney. Masson—Goldner staining. X 100)
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cipitates were demonstrable in all endotoxin-treated animals, whether fixation
in formalin or in ethanol had been used. Of the organs examined, the kidney,
spleen and liver exhibited marked intravascular clotting. The precipitates
were of variable extent, appearing generally as a homogeneous fibrin mass,
though areas of fibrillar structure were also noted. Fig. 3 shows fibrin pre-
cipitates in the renal vessels.

Discussion

Our team has been studying for years the diagnostic and therapeutic
aspects of DIC [Sas et al., 1968; Jako and Sas, 1970; Sas et al., 1971; 1971b],
The aim of the present study has been to examine the diagnostic value of the
current laboratory tests in the common mild forms of DIC on the grounds
of a model experiment. For the induction of DIC, injections of endotoxin or
of thromboplastin are usually employed [Setye, 1966; Beller, 1971]. The
classical procedures are based on the provocation of the generalized Shwartz-
man phenomenon by two injections of endotoxin separated by a certain
interval and giving rise to DIC in its most severe acute form. However, in
clinical practice milder forms liable to elude diagnosis are far more common.
Therefore, we confined our experiments to the first step of the reaction, to the
effect of the preparatory injection of endotoxin, which alone is apt to bring
about a generalized activation of the blood clotting system [Beltler, 1971;
Breyl et al., 1969]. It must, however, be emphasized that the clotting and
fibrinolytic systems of the laboratory animals greatly differ from those of
humans. Therefore, as far as human pathology is concerned, the results of the
model experiment should be interpreted with due caution.

It has been found that among all parameters studied, the platelet count,
the partial thromboplastin time, factors Il and X were most frequently
affected. On the evidence of clinical observations [Sas and Palos, 1971],
prolongation of the Quick-time and of the partial thromboplastin time as
well as a fall in the platelet count are the earliest indicators of DIC.

In all of the endotoxin-treated animals there was a fall in the platelet
count. On the other hand, thrombocytopenia was not detectable in more than
60 to 70% of our clinical material. This difference may be due to the thrombo-
cytopenic effect of endotoxin which was hardly ever the responsible factor
in our clinical cases. On the other hand, in diffuse coagulation disorders
accompanying chronic liver injury, the effect of the toxin may be decisive
[Jaké and Sas, 1968; Sas and Jako, 1968]. Moreover, on confronting the
results of animal experiments with those of human observations, it is well
to bear in mind that, while in the model experiment DIC has been induced
by a single, acute intervention, the clinical condition is prevalently the con-
sequence of a protracted, chronic process.
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Though in the model experiment the coagulation disorder has been
induced with identical endotoxin doses and under identical experimental
conditions, yet the response was nearly as heterogeneous as in the clinical
cases. Endotoxin sensitivity of the laboratory animals shows wide individual
variations and also depends on sex, age, general condition, etc. Though consider-
ation has been given to all possible factors of this kind, yet the endotoxin-
induced condition was by no means uniform. How more heterogeneous must
be then the clinical condition where, in addition to all these factors, the pri-
mary disease and the responsible factor are also extremely variable.

In certain respects, the immunological procedures are of greater sensitiv-
ity than the conventional coagulation tests. However, they require elaborate
equipments and are time-consuming. The time factor is not a serious draw-
back in the presence of chronic forms of DIC, moreover, immunological dem-
onstration of FDP represents here a highly valuable diagnostic clue. However,
the discrepancy between the plasma and serum findings which has also
been confirmed, raises the possibility of the presence of some artifact
[Mekskey, 1969].

In a number of our clinical cases, even in those of lethal outcome, we
have been unable to establish the correct diagnosis of DIC, despite the use
of coagulation tests and other diagnostic procedures. On the other hand, in
the present model experiment, intravasal fibrin precipitates were demonstrable
even in the cases of mildest degree. Histologic study of this kind of the autopsy
m aterial in lethal cases would be therefore most instructive by revealing the
presence of the diffuse coagulation disorder in retrospect. This might provide
useful clues for the assessment of the diagnostic value of laboratory evidence
and promote the elaboration of further procedures.

REFERENCES

[

.Beller, F. K.: Thrombos. Diathes. haemorrh. Suppl. 36, 125 (1969).
2. Beller, F. K.: In: Thrombosis and bleeding disorders p. 514, (Eds: Bang, N. U. et al))
Thieme, Stuttgart 1971).
3. Bleyl, U., Sebening, H., Kuhn, W.: Thrombos. Diathes. haemorrh. 22, 68 (1969).
4. Crlauss, A.: Acta haemat. (Basel) 17, 237 (1957).
Feissly, R., Ludin, H.: In: Klinische Methoden der Blutgerinnungsanalyse 127,
(Eds: Jurgens, J., Beller, F. K.) Thieme, Stuttgart 1957).
Godal, H. C., Abildgaard, U.: Scand. J. Haemat. 3, 342 (1966).
Goldner, J.: Amer. J. Path. 14, 237 (1938).
Hougie, C.: Proc. Soc. exp. Biol. (N.Y.) 109, 754 (1962).
JAKO, J., Sas, G.: Ann. Immun, hung. 11—12, 79 (1968).
JAKO, J., Sas, G.: Haematologia Suppl. 1, 105 (1970).
. Kazal, L. A, Amsel, S., Miller, O. P,, Tocantins, L. M.: Proc. Soc. exp. Biol. (N.Y.)
113, 989 (1963).
12. Koller, F. A, Loeliger, A., Duckert, F.: Acta haemat. (Basel) 6, 1 (1951).
13. Lasch, H. G.: XIII. International Congress of Haematology, Plenary Sessions, Scientific
contributions, p. 121, (Lehmann Verlag, Minchen 1970).
14. Merskey, C.: Thrombos. Diathes. haemorrh. Suppl. 36, p. 195 (1969).

@

POoOO®N®

e

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



LABORATORY TESTS IN PROCEDURES FOR DIAGNOSTICS OF DIC 25

. OWREN, P. A.: In: Gerinnungslaboratorium in Klinik und Praxis p. 243, (Ed.: E.

Pertlick) Thieme, Leipzig (1966).

. Quick, A. J.: Haemorrhagic diseases and thrombosis. Lea and Febiger, Philadelphia

1966.

. Proctor, R. R., Rappaport, S. L: Amer. J. clin. Path. 36, 212 (1961).

. Sas, G., JAKO, J., Palos, L. A.: Haematologia 2, 51 (1968).

. Sas, G., Jakoé, J.: Ann. Immun. hung. 11—12, 83 (1968).

. Sas, G., Jako, J.. Doman, J., Laszle, C., Padar, J.: Thrombos. Diathes. haemorrh. 25,

555 (1971a).

. Sas, G., PALOS, L. A.: Yth Congress ofthe Hungarian Haematological Society, Budapest 1971.
. Selye, H.: Thrombohaemorrhagic phenomena. Thomas, Springfield, 111. (1966).

Géza Sas

JANOS JAKO

I: Orvostovdbbképz6 |Intézet, 1. Belgyogyadszati
Tanszék. 1135 Budapest, Szabolcs u. 35. Hungary

Elemér Nemesanszky

Orvostovabbképz6 Intézet Il. Sebészeti Tanszék,

Imre Ro6zsa,

Eva Magyar,

1135 Budapest, Szabolcs u. 35. Hungary
Orvostovabbképz6 Intézet, Kdérbonctani Tanszék,
1135 Budapest, Szabolcs u. 35. Hungary

Acta Medica Academiae Scientiarum Hungaricae 30, 1973






Acta Medica Academiae Scientiarum Hungaricae, Tomus 30 (1 2), pp. 27—32 (1973)

URINARY EXCRETION OF HYDROXYPROLINE
IN PREGNANCY
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Urinary hydroxyproline excretion has been studied in 10 non-pregnant and
102 pregnant women. Increased values were confined to the second half of pregnancy.
Hydroxyproline excretion was similar in imminent abortion as in normal pregnancy,
but in cases of premature delivery a significant reduction in the figures was de-
monstrable.

The metabolism of mesenchymal tissues is significantly increased during
pregnancy. This increase is by no means confined to the organs of strictly
reproductive function which are under endocrine control but involves other
organs as well [12, 13]. The quantitative changes in the fibrous elements
and in the ground substance of the uterus have extensively been studied and
the mucopolysaccharide content of the ground substance has been found to
increase parallel with the enlargement of the pregnant uterus. This increased
production of glycosaminoglycan in the tissues seems to account for the high
rate of glycoprotein synthesis and for the elevation of the serum glycoprotein
level during pregnancy.

Although in pregnancy the total collagen mass of the uterus is signif-
icantly increased, the increase in the amount of fibrous components lags behind
that of the ground substance. Collagen is known to be the only protein which
contains hydroxyproline in large amounts [19, 27]. An increase in the rate
of collagen synthesis thus results in an increased production and urinary
excretion of hydroxyproline. Conversely, the amount of hydroxyproline ex-
creted in the urine is an index of the rate of collagen synthesis [30, 31, 38].
The composition of this scleroprotein per 100 g protein is as follows.

Alanine 95 ¢
Cystine 0.0
Glycine 27.0
Hydroxylysine 15
Proline 15.0
Hydroxyproline 14.0
Valine 3.0

Thus, collagen consists for the greatest part of glycine, prolme and hydroxy-
proline, as indeed the three links of the collagen chain are formed by these
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Fig. 1. Production of hydroxyproline

amino acids in the sequence, glycine—hydroxyproline—proline. Hydroxy-
proline is confined to the connective tissue protein of animal origin, and is
absent from other proteins.

Hydroxyproline, 4-hydroxypyrrolidine-2-carboxylic acid, is formed from
proline by the joint action of an oxydase catalyzer of pluripotential activity
and of ascorbic acid (Fig. 1).

Material and methods

The pooled 24-hour urine of 10 non-pregnant and 102 pregnant women in different
stages of pregnancy has been studied. Urine was collected during five days, but only the
mean of the last three days was considered. In the first two days, collection of urine is often
unreliable, therefore it was found preferable to disregard these values. Urinary creatinine
was estimated in every case as an index of reliable urine collection. The cases where there
was reason to suspect some inaccuracy, were also excluded from analysis. Estimation of
hydroxyproline was carried out on the basis of the procedure of Stegemann [32] as modified
by Bergman and Loxley [1], and Koevoet [17].

Reagents
Concentrated HCL,

0,000 M HCL (1 ml concentrated HCI in 1 liter water)
Isopropanol acetate-citrate buffer (PH =6.0) sodium acetate « 3 H20, 57 g; trisodium
citrate ¢« 2 H20, 37.5 g; citric acid « H2, 55 g;
isopropanol, 385 ml; made up with water to 1 litre.

Oxidant solution: Tosylchloramide sodium 7 g in 100 ml water, made up immediately
before use.

Isopropanol.

Ehrliches reagent (made up immediately before use): p-dimethylamino-benzaldehyde
10 g, dissolved in 11 ml 60% perchloric acid. 3 ml of this solution is added to 16 ml
isopropanol before use. Each test tube requires 13 ml of this mixture.

Diluted buffer solution: to 4 parts of the isopropanol-acetate-citrate stock solution
1 part water is added immediately before use.

Diluted oxidant solution: isopropanol-acetate-buffer stock solution and oxidant
solution are mixed 4 : 1 before use.
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Procedure

1 ml of 24 hr urine is hydrolyzed with 1 ml concentrated HCI in a glas-sstoppered
test-tube at 120°C, then rinsed twice with 1 ml 0.001 M HCI into the dish and the contents
are evaporated to dryness in a water bath under an exhaust. The dry residue
is taken up in 5 ml 0.001 M HCI, transferred into a centrifuge tube and spun for 5 min at
3000 r.p.m. From the supernatant, two 1 ml samples are pipetted into two ground glass-
stoppered tubes, 2 ml isopropanol is added to each and shaken. Then 1 ml of the diluted
citrate buffer is pipetted into the first and 1 ml of the oxidant solution into the second tube.
13 ml of Ehrlich’s reagent is then added to each tube. After shaking, the sealed tubes are
kept at 37°C for 17 hours. Both substances are then estimated in a Spektronon 360 photom-
eter at 558 nm against water in 1 ml cuvettes.

Calculation

The difference between the extinction values for the oxidized and the buffered
sample permits to read from the calibration curve the amount of hydroxyproline
in mg per 100 ml which is multiplied by that of the daily urinary excretion.

The results have been evaluated by Student’s t-test.

Results

Mean urinary hydroxyproline excretion in 24 hr urines of healthy
females between 20 and 30 years of age was 18.7 +; 2.4 mg. This figure is
slightly lower than those given in the literature. Zorab [39] found 27.1 ;+
+: 1.8 mg in 17 to 18-year-old girls, Pr1att et al. [28] 21 +; 6.2 only. The cause
of this inconsistency must be sought in differences in the techniques.

Under normal conditions, the urinary excretion of hydroxyproline is
significantly lower in early pregnancy than in non-pregnant women. On the
other hand, from the 24th week of pregnancy onward it rises to significantly
higher levels than in non-pregnant women and reaches its peak after the
37th week, i.e., close to term, as indeed in this study the maximum figure of
80 mg/24 hr was found in this period.

Urinary hydroxyproline excretion has further been examined in cases
of imminent abortion and premature delivery. It was only in the latter group
where a significant deviation of the figures from those of normal pregnancy
was demonstrable (Table I).

Table |

Urinary excretion of hydroxyproline in women with normal pregnancy,
imminent abortion and imminent premature delivery

Week of pregnancy

-12 13 20 21-28 29 36 37-
Normal pregnancy 9.4+1.15% 147+ 117 25.9+3.58  31.9+2.08 4424 231
) ) (10) (11) (11) (10) arn
Imminent abortion and 7 g ) 46 142+ 121  19.4+1.33  21.9+1.75%*
premature delivery (10) (10) (12) (11)

(The figures in brackets represent the number of cases)
*mg/24 hr + SD
**p < 0.05
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Discussion

It has been pointed out by Meilman et al. [20] and K1ein and Yen [15]
that urinary hydroxyproline excretion significantly declines in the puer-
périum, an observation implicating that from the collagen degraded in the
post-partum period practically no hydroxyproline is excreted into the urine,
despite the fact that, as demonstrated by Morrione and Seifter [22], ab-
sorption of collagen in the first days of puerperium as a result of uterine
involution amounts to 53 g.

K1ein and Yen [15] studied urinary hydroxyproline excretion from the
20th week of pregnancy until the 8th week post partum in 6 cases. As in the
present study, excretion was found to increase with advancing pregnancy,
an observation pointing to an increasing rate of collagen synthesis parallel
with the enlargement of the pregnant uterus. On the evidence of animal
experiments, the collagen content of the uterine horns is closely related to
the size of the uterus and to the number of foetuses [7].

An increase in the amount of uterine collagen toward the end of preg-
nancy has been noted by several authors. According to animal experiments
and human studies, the pregnant uterus is the site of enhanced collagen
synthesis. According to Cretius et al. [4], the body and cervix of the pregnant
uterus are richer in saline-soluble collagen than those of the non-pregnant
uterus. This collagen of ready solubility is typical of young connective tissue.
On the evidence of the studies by Kuhn with 14C-labelled glycine [18], the
saline-soluble collagen is directly transformed into its insoluble definite form.
In other words, the young collagen of ready solubility gradually assumes its
insoluble mature form.

Though the total collagen of the uterus reaches 6 to 10fold its original
value by the end of pregnancy, its concentrations referred to dry substance
actually decline to one third [2, 3, 21, 35, 36]. The results of animal experi-
ments are consistent with these findings [3, 7, 9, 24]. The fall in collagen
concentration is clearly due to the excessive increase in the bulk of ground
substance which is out of proportion to that of the fibrous elements.

It is only the increase of the ground substance made up of proteins and
polysaccharides which keeps pace with the growth of the pregnant uterus.
At the end of pregnancy the ratio between ground substance and fibrous
elements corresponds to 3 : 1 in the uterine body, and to 5: 1 in the cervix,
as against 1.5 :1 and 2 : 1, respectively, in the non-pregnant uterus. Thus,
the total mass and concentration of the amorphous interstitial substance is
far in excess of that of the collagen in both uterine body and cervix [4, 33].

Other data also indicate that collagen synthesis is enhanced in the
second half of pregnancy. There are, for instance, the studies by Halme and
Jaaskelainen [6] on the proline hydroxylase activity of protocollagen in
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the pregnant mouse uterus. Protocollagen is a collagen precursor consisting
of polypeptides of high proline and low hydroxyproline contents in which the
proline group is converted to hydroxyproline by the said enzyme. It has
been demonstrated by these authors [6] in mice that, while in the first half
of pregnancy the activity of the enzyme is the same as in non-pregnants, in the
second half it reaches approximately fourfold values. An increased proto-
collagen proline hydroxylase activity has been noted in the pregnant uterus
by Kao et al. [11] too, furthermore it has been demonstrated that oestrogen
and progesterone, particularly the former, are activators of the enzyme in
question.

In the light of the present findings which are in line with published
evidence, the increase in urinary hydroxyproline excretion in the second half
of pregnancy may thus be connected with an increased rate of uterine collagen
synthesis. This, however, is by no means incompatible with an additional role
of the foetus and of the appendages ofthe ovum, the less so as there is evidence
suggestive of this possibility.

As pointed out by Neuman and Logan [26], hydroxyproline is absent
from egg-white as well as from egg-yolk. Its formation in the foetus and its
membranes starts during embryonal life. Neuman in a later study [26] then
showed that hydroxyproline attains demonstrable amounts in the four-day
chick embryo and continues to rise to 1.16% of the dry material by the
19tli day.

Harkness and Harkness [8] found that the rate of growth of col-
lagen in the rat foetus is far in excess of that of body weight, the collagen
concentrations attaining sixfold values between the 13th and 21st day of
intrauterine life. This is also valid for the placenta, umbilical chord, and
membranes.

Data on the hydroxyproline excretion of the human foetus are scarce.
Y ounoszai and Hawort [37] found low excretion figures during the first
three neonatal days in full-term or premature newborns as well as in foetuses
with prenatal dystrophy.

Placental hydroxyproline production seems to continue until the end
of preghancy. Scheuner and Ruckhaberle [29] found a steady increase in
placental hydroxyproline from the sixth week onward until term. The findings
of Knopp [16] also point to a progressive collagenization of the placenta
throughout pregnancy.

These views are, however, not universally shared. According to Zhuk
development of the connective tissue of the villi is complete before the end
of the fourth month and, according to Nagy [25], there is even a regression
of placental tissue between the seventh and ninth months.

The present observation that hydroxyproline excretion is significantly
less in women with imminent premature delivery than in normal pregnancy
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is thus by no means incompatible with an abnormal collagen turnover in the
uterus as well as in the foetoplacental system under these conditions.
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IDIOPATHIC THROMBOCYTOPENIC PURPURA:
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WITH HOMOLOGOUS PLATELET ANTIGEN IN VITRO
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FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, PECS, HUNGARY

(Received May 10, 1972)

Lymphocyte transformation, as a cell-mediated immune reaction to specific
(platelet) and non-specific (phyto-haemagglutinin) stimulants has been studied in the
lymphocyte cultures of 12 patients suffering from idiopathic thrombocytopenic pur-
pura (ITP) and in that of 10 normal subjects. The platelet antigen induced lymphocyte
transformation in a large number of the patients but not in the normal subjects. This is
indicative of the cellular immunity which plays a role in the pathomechanism of ITP.
The method seems to be suitable for diagnostic use.

Introduction

In recent years, the lymphocyte transformation test has increasingly
been used for diagnostic and differential-diagnostic purposes chiefly in aller-
gic and autoaggressive conditions [Hirschhorn, et al.,, 1963; Nowell,
1960; Schellekens and Eijsvoogel, 1968].

The importance of a lymphocyte culture lies in the fact that lympho-
cyte transformation is an in vitro model of cell-mediated immune reactions.
In response to phytohaemagglutinin (PHA), a considerable increase in metab-
olism begins in the culture’s small lymphocytes which synthetize DNA and
which, or at least some of which, transform into large basophilic blastoid
cells containing nucleoli. Similarly to PHA, other non-specific stimulators of
lymphocyte transformation are pokeweed, isolated from Phytolacca americana
[Farnes et al., 1964], S-streptolysin [Hirschhorn et al., 1964],
staphylococcus alpha-toxin [Ling et al., 1965] and mercuric chloride
[Schoepf et al.,, 1967]. To the group of specific mitogens belong several
antigenic or haptenic substances, such as tuberculin [Cowling et al., 1963;
Oppenheim et al.,, 1965; Permain et al.,, 1963; Schrek, 1963], penicillin
[Holland and Maner, 1964; Sarkany, 1967], the endotoxins of Gram nega-
tive bacteria [Oppenheim and Perry, 1965], and tissue antigens [Dausset
and Rapaport, 1966; Oppenheim, 1969]. While in response to a non-specific
mitogen, 30 90% Ilymphocyte transformation can be observed, specific
mitogens will only elicit one of 4 —20%.

It is more than 20 years ago that in ITP the presence of a humoral
antiplatelet factor was demonstrated [Harrington et al., 1951]. Later ex-
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periments identified this antiplatelet factor as immunoglobulin [Shulmann
et al., 1965]. Karpatkin found antiplatelet antibodies in 73% of ITP patients
[Karpatkin and Siskind, 1969]. In recent years several authors have made
attempts at applying immunosuppressive treatment in ITP patients. The
authors agree in that steroids ensure remission in a large number of cases
but the thrombocytopenia returns after treatment has been discontinued
[Cortallaro et al.,, 1970; Marmont and Fusco, 1958]. Sussman et al. ob-
tained good results with azathioprine [1967] and Laros and Penner [1971]
achieved remission with cyclophosphamide in ITP patients who were resistant
to other treatments. Recently, there have been accounts in the literature
of cellular immunity in ITP. Piessens et al. [1970] elicited lymphocyte trans-
formation with autologous thrombocytes in an ITP patient. According to
Clancy [1972], stimulation with platelets was followed by lymphocyte trans-
formation in six of seven ITP patients. ITP may be regarded as an auto-
immune disease in which the presence ofauto-antibodies can be demonstrated
with serological methods. This gave rise to the question how the cell-mediated
type of immunity was implicated in the pathomechanism of ITP, and whether
this special type of immunity could be followed with the help of the cell-
mediated reaction in vitro.

Material and methods

Examinations were made in 12 patients suffering from ITP and in 10 haematologically
and immunologically normal subjects. Lymphocyte transformation was observed in six-day
cultures of peripheral leucocytes grown according to a modified method of Moorhead et al.
[1960].

Isolation of the cells was done by sedimentation: 80—90% of the cellular elements
were lymphocytes. The lymphocytes were cultured in a 10-ml centrifuge tube; 1 part of
autologous serum inactivated at 56°C was added to 3 parts of Parker’s 199 medium and a
plasma rich in lymphocytes obtained from heparinized blood was introduced. The number
of cells was 106ml, i.e., one culture tube contained 4 x106 cells. Since in ITP antiplatelet
antibodies are present, it seemed obvious to use platelets or platelet extracts as specific
antigens.

The thrombocyte antigen was prepared by the method of Dausset and Colombani
[1964] from a washed platelet suspension obtained from fresh heparinized blood. To each
of the cultures 0.05 ml of an aqueous solution of the platelet extract (which contained 0.02
mg dry material), was added. The culture contained 106 cells per ml in each case. In addition,
for each patient one antigen-free (negative), and one PHA-stimulated (positive) control
culture was set up. The cultures of the PHA controls contained 0.08 ml of phytohaemaggluti-
nin P (Difco). These cultures were grown for 72 hrs, while those containing a specific antigen,
for six days. Evaluation of each culture was carried out on 1000 cells under the light micro-
scope. The cell forms known as “transitional” were not included into the group of large
lymphoblastic cells. Evaluation of lymphocyte transformation was done by two examiners
working independently. On the sixth day, another cell count was done and the cells were
fixed in the test tube. Before and after surgery the examinations were carried out twice in
the ITP patients. Mean results of the preoperative and postoperative examinations are given
in Table I. In the control group, too, two examinations were performed. The patients, none
of whom blood transfusion had previously been given, now received a transfusion of 360 ml of
whole blood only during surgery and in the course of determining platelet life span each of them
was given a tagged homologous thrombocyte suspension for diagnostic purposes on one
occasion.
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Table

Lymphocyte transformation (per cent) elicited with PHA and thrombocyte antigen, before and after splenectomy

Name

In brackets:

Age, years

40

50

25

67

34

22

32

33

15

16

34

41

results of two separate examinations.

Dura-
tion
of
disease,
years

PHA stimulation

after

splenectomy

Sex
before
M 64
(63) (67)
F 71
(68) (73)
F 45
(45) (47)
F 48
(49) (45)
F 66
(66) (69)
F 61
(58) (65)
F 31
(25) (39)
F 68
(70) (65)
M 34
(31) (87)
M 82
(89) (75)
M 73
(70) (73)
F 46
(48) (44)

68
(71) (65)

72
(77) (88)
56
(49) (62)
60
(59) (60)
64
(62) (67)
79
(83) (76)
45
(40) (49)
67
(60) (73)
39
(36) (43)
73
(80) (65)
61
(60) (83)

64
(52) (76)

Thr. antigen

before

stimulation

after

splenectomy

18+
(17.2) (15.2)

6.2+
(6.4) (6.0)

13.8+
(13.0) (14.6)

15.0 +
(13.6) (16.4)

1.6-
(1.9) (1.3)

5.8+
(5.4) (6.2)

12—
(1.3) (1.1)

12.6+
(13.0) (12.2)

0.6-
(0.2) (1.0)

14.8+
(15.2) (13.4)

20.4+
(18.4) (22.4)

12.8+
(13.6) (12.0)

141+ +
(15.2) (13.0)

7.2+
(8.4) (6.0)

11.6+
(10.6) (12.6)

16.8+
(18.4) (15.2)

0.8-
(0.5) (1.1)

2.1-
(2.3) (1.9)

0.5-
(0.8) (0.2)

10.2+
(8.6) (11.8)

1.9—
(2.0) (1.8)

18.4+
(20.4) (16.4)

12.1+
(9.6) (14.6)

10.3+
(11.0) (9.6)

Control

(without stimulation)

before

after

splenectomy

0.0
(0.0) (0.0)

0.2
(0.3) (0.1)

0.0
(0.0) (0.1)

0.2
(0.3) (0.0)

0.3
(0.2) (0.4)

0.0
(0.0) (0.0)

0.2
(0.0) (0.4)

0.0
(0.0) (0.4)

11
(0.6) (1.5)

0.2
(0.2) (0.2)

0.4
(0.4) (0.3)

0.1
(0.2) (0.1)

0.2
(0.3) (0.0)

0.1
(0.2) (0.0)

0.0
(0.0) (0.1)

03
(0,4) (0.3)
0.2
(0.3) (0.1)

0.1
(0.3) (0.0)

0.0
(0.0) (0.1)

0.0
(0.0) (0.1)

0.2
(0.3) (0.1)

0.2
(0.4) (0.1)

0.1
(0.1) (0.2)

0.2
(0.3) (0.2)
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Results

PHA stimulation invariably produced adequate, pronounced trans-
formation in ITP lymphocytes (Table I). In response to platelet antigen in
three cases (Nos 5, 7 and 9) the transformation value obtained was so low
that it could not be regarded as positive. Clinically, each of these three cases
corresponded to ITP and this was confirmed by the splenectomy and histo-
logical examination excluding other splenic diseases. The remaining nine
cases showed definite lymphocyte transformation with platelet antigen. The
specific stimulus elicited a low, at most 20.4% transformation. All cases were
reexamined nearly a year after splenectomy without finding a significant
difference between the preoperative and postoperative value. In order to
check whether a platelet extract as a specific antigen elicited lymphocyte
transformation in patients not suffering from ITP, cultures were set up with
peripheral lymphocytes from 10 patients free from any internal disease.
Table Il shows that in response to a platelet antigen the rate of lymphocyte
transformation never exceeded 2%. (The platelet extract had been obtained
from normal subjects and was of the mixed pooled type.)

Table 11

Lymphocyte transformation (per cent) elicited with PHA
and thrombocyte antigen in healthy subjects

Name 5E s gtimlation o it lation)
1N . 2 M 72 0.8 0.2
(80) (64) (0.6) (L.0) (0.3) (0.2)
2 s K. 21 F 61 0.4 0.3
(56) (62) (0.7) (03) (0.4) (0.2)
3P . 19 F 83 11 0.4
(78) (88) 0.4) (L7) (0.6) (0.3)
4 B. M. 53 M 54 0.0 0.2
(66) (42) (0.1) (0.0) (0.2) (0.3)
5 F. K. 5 M 59 0.6 0.0
(46) (72) (0.5) (0.6) (0.0) (0.1)
6 K. M. 49 F 67 0.3 0.0
(76) (58) (0.4) (0.2) (0.0) (0.0)
7 A E. 58 F 47 0.2 0.2
(54) (40) (0.3) (0.1) (0.3) (0.1)
8 B. I 36 F 55 13 0.5
(52) (58) (1.7) (0.1) (0.6) (0.4)
9 Gy. A. 31 F 73 0.1 0.2
(66) (80) (0.2) (0.1) (0.0) (0.4)
0 s. P. 27 M 49 0.2 0.0
(42) (56) (0.0) (0.2) (0.0) (0.1)

In brackets: resu ts of two separate examinations.
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Discussion

The results showed that in clinical ITP patients lymphocyte trans-
formation could be elicited with a homologous platelet antigen, while in
normal subjects this in vitro reaction could not be elicited with the same
antigen. Parallel with the examination of cellular immunity, humoral antibody
studies were also carried out in each patient, viz. the complement fixation
reaction of platelets and the LE serological reaction. The former was negative
in all patients, while the latter was positive in two. These results are in agree-
ment with those reported by Piessens et al. [1970] and Crancy [1972]. There
was no essential difference in the cellular immune reactions done before and
after splenectomy. Surgery, however, resulted in an essential improvement
in the clinical condition of every patient. All these seemed to confirm the
immune character of ITP. The unimportant deviations from the preoperative
values for lymphocyte transformation, as observed in the splenectomized
patient, indicate that the clinical improvement manifests itself not in the
process itself but in the reduction of the subsequent increased sequestration.

In conclusion, examination of cellular immunity by means of lympho-
cyte transformation may furnish useful data in the diagnosis of ITP.
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EFFECT ON STEROID METABOLISM
OF STC-407 AND CYPROTERONE ACETATE
IN FEMALE HIRSUTISM
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(Received May 18, 1972)

1. The amount of testosterone precursor* which are determinative of the plasma
testosterone level, have been found to diminish in response to the administration of
STC-407, as indicated by a significant fall in the urinary excretion of the majority
of ketosteroid fractions.

2. There is a shift in the ratio between the plasma DEA-S and A-S levels.
The fact that the latter belongs to the metabolites of the former, raises the possibility
that STC-407 may have a direct enzymatic point of attack, in addition to its presumed
hypothalamic site of action.

3. Cyproterone acetate fails to affect the excretion of the majority of keto-
steroid fractions. Its clinical efficacy thus seems to result from a competitive mech-
anism involving the receptors.

In the pathogenesis of hirsutism a role is played by the plasma androgen
hormone level as well as the sensitivity of the receptors. As regards the
qualitative and quantitative relationship of these hormones, the plasma
testosterone level in healthy women are derived from three sources: 1) testo-
sterone of a) adrenocortical (70 to 75%) and b) ovarian (25 to 30%) origin;
2) interconversional transformation of androstenedione, likewise of adreno-
cortical origin and of the other “prehormones” of the tissues, in particular of
déhydroépiandrostérone (DEA), etiocholanolone (E), androsterone (A) [2]. The
carrier of intracellular activity is a plasma-testosterone derivative, dihydro-
testosterone (DHT) which, after its production, may find its way back from
the cells to the plasma and from there to other organs where it may also
exert a hormonal activity. The daily metabolic clearance of this substance
(as far as its irreversibly metabolized ratio is concerned) amounts to approxi-
mately 75 pg [10]. Follow-up ofthe fate ofradioactive steroids in the organism
has shown that previously formed testosterone accounts for not more than
15% of DHT [2]. This gives the prehormones a primary significance, as
indicated by the fact that the greatest part of the circulating testosterone
remains inactive by its binding to TeBG, and only its free and albumin-bound
fractions are involved in metabolism [1], as opposed to androstenedione which
is not bound to TeBG and finds therefore free access to the interior of the
cell. In females with hirsutism the metabolic clearance of testosterone is far
in excess of that of healthy women, it being nearly of the same rate as in
males. This is the reason why under certain abnormal conditions, despite
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Table |

Plasma cortisol levels and urinary KS-fractions under

Patient ofT;]tTledy ?&i?@?;' Plalsamta ggn. o.TOE.s o.';OAo.e 0.70-54
/tg/10OmI
V. K. | 8.8 0.2 0.8 0.4
n 10.0 0.2 0.2 —
in 13.4 0.1 0.1 —
v 6.4 0.7 1.0 0.8
\% 17.2 — 0.9 0.4
E. Gy. 1 12.0 0.8 0.7 1.0
1 7.8 0.3 0.3 0.6
1\ 4.6 0.4 0.3 0.5
\% 8.6 1.0 0.3 11
Vi — — 0.8 0.3
N. J. | 9.0 0.2 0.3 0.2
11 13.2 — 0.1 —
v 12.6 — 0.1 0.1
\% 25.8 - 0.4 0.3
Vi 9.2 — 0.5 0.3
P. J. | 12.2 0.2 0.9 0.4
1 12.5 — 0.2 —
v 13.0 — 0.3 0.2
\% 13.2 — 0.7 0.3
\ 21.8 — 0.8 0.2
K. I. 1 345 0.6 0.6 0.6
1 17.2 — 0.1 —
111 12.6 0.2 0.2 0.3
v 10.4 0.3 0.6 0.4
\% 18.8 11 0.8 0.3
\2 17.2 — 0.8 0.2
H. M. | 8.8 0.5 0.4 0.5
1 — 0.3 0.1 0.4
Sz. M. Zs. 1 10.0 0.5 0.4 0.4
1 8.4 — 0.1 —
11 16.4 0.1 0.2 0.1
v 11.2 0.1 0.2 0.1
\% 6.4 — 0.6 0.3
Vi 10.6 — 0.7 0.2
| = STC-407 basic values; Il = STC-407 at 30 days; Ill = STC-407 at 60 days; IV =
after second 10-day course of cyproterone
HOE = 11-OH-etiocholanolone DEA = dehydroepiandrosterone
HOA = 11-OH-androsterone E = etiocholanolone
OE = 1l-keto-etiocholanolone
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the influence of STC-407 and cyproterone acetate mg/100ml

DEA
1.05-2.4

0.6

1.2
1.4
2.3

0.5
0.2

0.2

0.6

0.3

0.5
0.3
0.6
0.4

0.5

10 days after completion of treatment; V =

A
THF
ATHF

E
12 43

0.9
1.2
0.6
2.4
1.9
4.7
0.6
3.0
2.7
11
0.7
0.3
0.6
0.6
0.4
1.7
0.8
1.0
1.0
0.9
1.6
0.6
0.8
21
11
1.0
21
0.7
0.9
0.2
0.8
1.0
1.0
0.8

androsterone

A
15 41

2.1
1.9
0.8
3.2
3.2
2.8
0.3
1.6
2.6
1.3
2.1
0.9
1.4
1.5
1.2
2.3
11
1.5
1.8
1.6
2.2
0.5
0.8
2.6
2.1
2.5
1.3
0.7
1.8
0.2
0.4
1.2
1.6
1.6

tetrahydrocortisol

allo-tetrahydrocortisol

THF ATHF
05 2.0 01 12
0.4 0.1
0.3 0.1
_ 0.4
0.6 0.2
0.2 —
0.8 0.4
0.8 0.3
— 0.1
0.5 0.2
0.3 0.2
_ 0.2
0.2 —
— 0.1
0.5 0.2
— 0.5
_ 0.5

0.2
0.2 —
0.2 —
0.5 0.3
0.2
0.3 0.3
0.3 0.3
0.5 0.6
0.1
0.1 —
0.2 0.1
— 0.1
0.2
after first
THE =
11-D =
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THE
1.1-5.5

1.2
0.6
0.6
2.4
1.9
2.9
0.1
3.2
2.6
2.3
1.4
0.3
13
1.4
1.3
15
0.7
1.8
2.0
2.3
1.2
0.2
0.4
1.8
1.3
1.6
0.9
0.7
1.6
0.2
0.3
11
1.4
1.2

tetrahydrocortisone

11-D
0.0 15

0.4
0.5

0.2

0.3

0.1

0.2

0.3

0.5

0.1
0.4

0.3

0.4
0.1

0.1

10-day course of cyproterone; VI

Il-deoxy-17-OH-corticoids
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entirely normal total plasma-testosterone levels, the hair follicles, even though
their specific sensitivity or enzymatic supplies should be normal, receive
abnormally high amounts of hormone, a constellation which might be com-
pared to the clinical consequences of the accelerated breakdown of thyroxin
of shortened half-life [7]. The role of the peripheral receptors pointed out
above is of obvious importance in local (non-virilizing) hair-growth. There
may be also differences in the disappearance of the hormone. While in women
of normal constitution degradation of testosterone takes place almost in its
totality in the liver, in hirsutism the hormone is utilized to 32% outside the
liver and thus made available to the hair follicles. In view of the fact that
androstenedione accounts for 50% and DEA for 20% of circulating testo-
sterone [2], it was deemed of interest to examine the effect of STC-407 (6-de-
hydro-16-methylene-hydrocortisone) and of cyproterone acetate (6-chloro-17-
hydroxy-1-alpha, 2-alpha-methylenepregna-4,6-dienne-3,20-dione-acetate) on
the plasma level of DEA-S and of androsterone-S and on the urinary excretion
of the 17-ketosteroid and 17 OH-corticoid fractions, the first substance being
known to influence adrenocortical hormone secretion, and the second to
oppose a competitive mechanism to the androgens at the level of the target
organs.

Material and methods

Seven female inpatients having sought medical advice for hirsutism were studied
On the evidence of endocrine studies, the abnormal hair growth could be identified as “simple’
hirsutism in five, and in particular of the abnormalities of sugar metabolism as well as of the
features of the circadian rhythm as hypertrichosis accompanying Cushingoid obesity in two
cases. The results of the studies made this classification unnecessary. The cases in question
were qualified as “simple” hirsutism also on the evidence of the finding that the basic keto-
steroid fractions remained within the normal scatter all throughout (Table 1).

The patients had first continuous STC-407 treatment in doses of 30 mg daily for 60
days. The parameters under study were determined at the start of treatment, subsequently
at 30 and 60 days of treatment and finally, 8 to 10 days after its completion, by the method
of Fenhér et al. [4, 5]. Then cyproterone acetate was given for the first 10 postmenstrual
days in two doses of 10 mg daily. A similar course of cyproterone was given after the next
menstruation. The patients were advised against possible pregnancies during treatment in
view of the hazard of intrauterine feminization of male foetuses by cyproterone [6]. Con-
sideration was given to possible changes of the plasma cortisol level in the course of treatment.

Results

The clinical response to treatment (decrease of hirsutism) and the
occasional secondary effects (minor variations of body-weight, lenghtening of
the menstrual period) have been dealt with elsewhere [8]. Here we give only
the data relative to the levels and excretion of androgen.

W hile the plasma DEA-S level diminished in response to STC-407
treatment, that of A-S tended to rise (Table II).
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Table 11

Plasma dehydroepiandrosterone-S and androsterone-S levels
under the influence of STC-407

Patient OfT;?&edy Norg gt A
63 £+ 14 (fig per 100ml)

V. K. a) 58.5 9.4
b) 35.0 17.9

K. 1. a) 104.2 145
b) 61.7 23.8

Sz. M. Zs. a) 70.0 38.7
b) 44.7 48.3

a) before treatment
b) after treatment

W ith the exception of OE, all the urinary ketosteroid fractions studied
diminished in the course of the study, the majority (HOA, E, A, THF, THE)
to the level of significance. The fractions were assessed in every case, for
category | in 7, for category Il in 7, for category IIl in 3, for category IV
in 6, for category V in 6, for category VI in 5 cases. Symbol “n” in the Tables
represents the number of cases suitable for mathematical analysis. When, in
consequence of the limits of sensitivity of the procedure, the amount of some
individual fraction was too small to be expressed quantitatively, it was
excluded from statistical analysis, even though it was sufficient for the dem-
onstration of the suppressive effect of the agent used. After treatment had
been discontinued, the majority of the parameters returned to the pre-treat-
ment level by the standards of statistical significance (Tables 111, IH/a).

Changes in the plasma cortisol level and of the urinary fractions were
studied after completion of both courses of cyproterone treatment. In opposi-
tion to a temporary rise in individual fractions, etiocholanolone exhibited a
significant fall (Tables 111, Ill/a).

Discussion

STC-407 has been found to suppress the function of the hypothalamo-
pituitary system in the manner of glycocorticoids [3], thus lowering the ACTH
content of the anterior lobe and inhibiting the release of ACTH from rat
pituitary cells in vivo as well as in vitro, furthermore reducing the rat plasma
and adrenocortical corticosterone levels. On the evidence of our studies it
also affects the plasma and urinary levels of the androgen fractions. The
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Table 111

Mean values of urinary androgenic KS fractions under the influence of STC-407 and of cyproterone acetate mg/100ml

‘le 18 JANOSOIN

" HOE n HOA n OE DEA n E 1 A
1 7 0.43+ 0.12 7 0.6+ 0.12 7 0.5+ 0.2 0.66 + 0.21 7 1.8+ 0.36 7 2.1+0.12
1 3 0.3 7 0.2+0.01 2 0.5 — 7 0.6+ 0.3 7 0.8+ 0.5
11 2 0.1 3 0.2 2 0.2 — 3 0.7 3 0.7
1\ 4 0.4+0.2 6 0.4+0.3 6 0.4+0.3 2 0.85 6 1.7+ 0.9 6 1.9+ 0.8
\% 2 11 6 0.6+0.2 6 0.5+0.3 5 0.5+0.2 6 1.4+0.8 6 2.1+40.7
Vi — — 5 0.7+0.2 6 0.3+0.1 — 5 0.8+0.3 5 1.6+0.5
Significance I —I1 N.S. I —II p<0.1 -1V N.S. N.S. I —II p<0.05 I —II p = 0.001
I—I111 N.S. 1-111 N.S. 1 -V N.S. -1V N.S. -1V N.S.
-1V N.S. 1 -1V N.S. 1-V 1 N.S. 1-Vv p<0.1 -V N.S.
1-V - -V N.S. V-ViI N.S. -1V p<0.02 Il-1V p<0.02
1-V 1 - 1-V 1 N.S. V-V p<0.1 V-VI N.S.
11 pcO.0l
11-V I p<0.05
V-Vi1 N.S.
| = STC-407 basic values; Il = STC-407 at 30 days; IlIl = STC-407 at 60 days; IV = 10 days after completion of treatment; V = after

first 10-day course of cyproterone; VI = after second 10-day course of cyproterone



Table Hl/a

Mean values of plasma cortisol /ig/100ml and of urinary glycocorticoid KS fractions under the influence of STC-407 and of cyproterone

acetate mg/100ml

n E;?f,?; n THF n ATHF n THE n 11-D
| 7 13.9+9.2 7 0.4+ 0.02 7 0.25+ 0.05 7 1.5+ 0.18 —
1 6 11.8+ 3.9 4 0.2+ 0.1 2 0.2 7 0.4+0.3 3 0.4
11 3 14.1 2 0.3 — — — — — -
v 6 9.7+ 3.4 6 0.4+ 0.2 6 0.2+ 0.1 6 1.9+0.8 2 0.15
\% 6 15.0+7.1 — — 6 0.3+0.2 6 1.8+0.5 2 0.25
Vi 4 14.7+5.9 — — 3 0.3 5 1.7+0.6 5 0.3+ 0.1
Significant I—1l N.S. 1—11 p<0.05 I-1V N.S. 1-11 p<0.01
-1V N.S. -1V N.S. -V N.S. -1V N.S.
-V N.S. -1V p<0.1 1-V p<0.05
1-V 1 N.S. 1 VI N.S.
1w pc0O.001
V-ViI N.S.
1= STC-407 basic values; 1l = STC-407 at 30 days; Ill = STC-407 at 60 days; IV = 10 days after completion of treatment; V = after

first 10-day course of cyproterone; VI = after second 10-day course of cyproterone
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modification in the interrelationships of the individual fractions are suggestive
of a direct action upon the adrenocortical enzyme system. This would seem
to account for the favourable clinical effect of the drug on hirsutism [9]. It is,
furthermore, possible that at lower glycocorticoid levels, the well-known
“permissive effect” on the sensitivity of the androgen receptors is less
operative.

In view of the relatively scanty data, all that the modifications of the
plasma DEA-S and A-S levels permit to note is their reciprocal tendency.

The for the greatest part statistically significant fall in the urinary
excretion of the ketosteroid fractions indicates that the part available for
metabolism greatly diminishes in the course of treatment. From this it follows
that the antiandrogenic effect of STC-407 is largely due to a reduced secretion
of androgens by the adrenal cortex as a result of the suppression of adreno-
cortical hormone production referred to above.

The practically uniform rise in the values consequent upon the inter-
ruption of treatment may be regarded as a spontaneous normalization rather
than as an “escape phenomenon” [3], in other words, the enzyme systems
of the hormone-producing tissues have suffered no irreversible damage from
the agents used. According to Berthold [3], the values start to rise on the
31st day in the case of continuous administration, an observation which we
have been unable to confirm under similar conditions.

A transitory, non-significant, initial rise in the plasma cortisol level has
been noted in response to cyproterone acetate, while some of the urinary
ketosteroid fractions, in particular etiocholanolone among the androgens and
THE among the glycocorticid metabolites, exhibited a significant increase.
This is at variance with the findings of Rausch-Stroomann [9], according
to which this agent of gestagenic properties exerts a suppressive effect on
the metabolic clearance of plasma as a result of a competitive mechanism.

After the second 10-day course of cyproterone acetate a further rise was'
noted in the urinary Il-deoxy-17-OH steroids, in contrast to the 11-deoxy-
17-ketosteroids (DEA, E, A) the urinary excretion of which was found to
decline. The fact that the Il-deoxy-17-OH fraction contains the precursors
of cortisol biosynthesis, lends further support to our view that cyproterone
acetate acts directly on the adrenocortical system, in addition to its com-
petitive action on the target organs.

In opposition to some data in the literature, no reduction in the plasma
cortisol level was demonstrable in the present study. Considering the small
number of cases, we have been unable to form any definite view on the results
obtained in the therapy of Cushing’s syndrome. On the other hand, after
discontinuation of STC-407 treatment we noted a fall in the plasma cortisol
level, an observation which is inconsistent with the results of Rausch-
StrooMann et al. [9] who found a complete normalisation of the cortisol
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level in this “rebound” phase. As expected, 28 out of 33 measurements in

this study revealed statistically significant deviations, thus lending support
to the interpretation given above.

Acknowledgements. We are indebted to Messrs. E. Merck AG, Darmstadt, for supply
of STC-407, and to Messrs. Schering AG, Berlin, for those of cyproterone acetate.
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AN ANOMALOUS LACTATE DEHYDROGENASE
ISOENZYME BAND IN ACUTE VIRAL HEPATITIS
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CENTRAL CLINICAL CHEMICAL LABORATORY, UNIVERSITY MEDICAL SCHOOL, PECS
AND DEPARTMENT OF INFECTIOUS DISEASES, COUNTY COUNCIL HOSPITAL, PECS

(Received May 25, 1972)

An anomalous fraction, termed “HP-band”, was found between the isoenzyme
fractions LDH2 and LDH3 in a 25-year-old female between the 3rd and 16th day of
acute viral hepatitis.

Normalization of the isoenzyme pattern, including disappearance of the extra
band, ensued parallel with clinical recovery.

In the light of recent evidence relating to the typical distribution of
lactate dehydrogenase (LDH) and of its five isoenzyme fractions in diseases
of the heart, liver, malignant tumours and anaemia, estimation of these fac-
tors has come to be regarded as an essential diagnostic procedure in clinical
medicine [3, 8, 11, 14, 15, 16, 19, 20]. However, the LDH-isoenzyme-distribu-
tion may not always be characteristic even in well-defined clinical conditions.
Kreutzer et al. [9] reported on irregularities in electrophoretic mobility of
the LDH isoenzymes in liver disease. Hoenigova and Hoenig [1967], Lubrano
et al. [1971] described an extra LDH band connected with isoenzyme poly-
morphism in cirrhosis of the liver, Lundh [1967] and Voigt [1967] in acute
myeloid leukaemia, Voigt [1967], Biewenga and Thus [1970] in acute myo-
cardial infarction, Buckell and Barnes [1968] in glioma, Fujimoto et al.
[1968] in secondary carcinoma of the liver, and Forbes et al. after repeated
blood transfusions [1971]. We have observed an extra LDH-band in a case
of acute viral hepatitis. The band appeared between fractions LDH?2 and
LDH3and proved reversible.

In 1971, the sera of all patients with acute viral hepatitis were sub-
mitted to repeated estimation of total LDH [1] and to agar-gel electrophoresis
[18] for the study of LDH isoenzymes. In 53 cases, five isoenzyme bands
and, as a sign of hepatocellular lesion, a rise in fraction LDHS were noted.
In the case to be reported an anomalous "sixth band was identified between
fractions LDH2 and LDH3.

Cs. L., a25-year-old female patient, was admitted on March 31,1971, with
typical signs of acute infectious hepatitis. The diagnosis was confirmed by
laboratory tests (Table I).
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Tal J
Serum
_ Bilirubin Bilirubin Thymol test GOT GPT LDH Alkaline
nloalme drectm  Mackgan wy o wu o (9l prosphatase
Admission
March 31 6.4 5.2 6.9 1240 1350 427 —
April 2 — - — — o — — —
April 5 — — — — — —
April 6 8.6 7.2 9.4 320 600 74 —
April 7 _ - _ _ _ 67
April 9 — — — — — 62
April 13 2.4 1.6 8.5 74 72 — —
April 15 — - — — — 86
April 19 1.4 1.3 6.4 22 32 - 6.6
Discharge
April 22 — — — B — 42
Follow-up
May 5 0.9 - 2.0 36 16 — —
Follow-up
July 7 0.8 — 1.1 11 2 58 —

The condition improved rapidly and so did the laboratory tests. The
patient was discharged on April 21, 1971, and then reported for follow-up at
our hepatitis clinic.

The smooth clinical course and the favourable outcome of the process
were reflected by the laboratory findings (Table I). However, the LDH-iso-
enzyme spectrum revealed a definite irregularity (Fig. 1). On the third day
after admission, the enzymogram showed five bands and, within this spectrum
a marked rise in fraction LDHJ5, as a sign of hepatocellular damage. Three
days later, a sixth fraction of 6% was found between bands Il and IIl; it
was termed band HP. In order to ascertain its presence beyond doubt, we
repeated the study two days later and found the band more distinct (11%).
In the next two days its activity declined (3%) and on the 16th day after
admission the abnormal fraction was no longer demonstrable. The enzyme
pattern became normalized by the 23rd day after admission, to remain nor-
mal subsequently.
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Urine
LDHt LDH, LDHHP LDH3 LDH, 1dh5 S .
per cent per cent per cent per cent per cent per cent Bilirubin, Urobilinogen
positive increased
31 26 0 6 7 30
43 24 6 15 3 9
_ positive increased
25 36 11 14 9 5
53 22 3 10 6 6
_ _ - — — — 0 increased
35 25 0 17 16 7
_ — _ 0 normal
38 37 0 21 3 1
35 45 [0) 14 4 2 0 normal

The possibility that the extra band was due to a dissociation and re-
combination as a result of successive refrigeration and heating [11] could be
ruled out since fresh sera were always used. Sera incubated with NAD-NAD?2
do not give an extra band of the location observed with our fraction [9].
We may thus regard the HP-band in question as a genuine one.

An extra LDH-band of similar location has been described by Fujimoto
et al. [1968] and Wilkinson [1970] in tumour patients, by Biewenga and
Thus [1970] in acute myocardial infarction and by Lubrano et al. [1971] in
cirrhosis of the liver.

The mechanism of production of the irregular LDH-band is unclear.
As indicated by the findings of Fujimoto et al. [1968] it may well result
from a binding between LDH and some pathological serum protein appearing
in the course of the disease (hepatocellular necrosis, high thymol values due
to labile proteins), and it might represent a hybrid of a normal and of an
abnormal LDH “M” subunit.
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DH 1 2 f3 4 5
HP

o |11

Fig. 1. LDH isoenzymes separated by agar-gel electrophoresis, with anomalous LDH-iso-

enzyme (HP) band in a case of acute viral hepatitis. Top: increase to 30% of LDH5 on

3rd day of disease. Centre: anomalous sixth (HP) band between LDH2and LDH3 in serum
on 8th day of disease. Bottom: 4 months later, normal LDH-isoenzyme spectrum
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RED EYES IN RENAL DISEASE

L. Gofman, T. Sulé, Irén Agoston

SECOND DEPARTMENT OP MEDICINE AND DEPARTMENT OF OPHTHALMOLOGY,
UNIVERSITY MEDICAL SCHOOL, PECS

(Received June 9, 1972)

The phenomenon of red eyes due to conjunctival calcium deposition has been
observed in four cases of chronic renal disease. Hypercalcaemia with normophosphat-
aemia was present in one, hypocalcaemia with normophosphataemia in two, and normo-
calcaemia with hyperphosphataemia in one, of these cases. In the last-named case
the red eye appeared during intermittent haemodialysis. Histological evidence con-
firmed the presence of calcium deposits in the basal cells of the conjunctival epithelium.
In two cases the mastocyte granules of the conjunctiva also revealed calcium deposits:
this points to a possible involvement of mastocalciphylaxis.

On the grounds of published evidence and of the present observations, it is
suggested that the red eyes may arise on the basis of various pathomechanisms.

Conjunctival calcium deposition associated with hypercalcaemia was
first described by Meesman [9], in 1938. This observation was followed by
reports on similar cases (Haldimann [7]; Walsh [12]). Hypercalcaemic con-
junctival deposition was first connected by Cogan et al. [4] with renal disease;
this question has, however, received little attention.

The intricacy of the problem is emphasized by recent reports on con-
junctival calcium deposition in the presence of hypocalcaemia. Berlyne and
Shaw [2] noted calcium deposits causing local irritation; the condition was
termed red eyes. In their 15 cases of chronic renal failure, hyperphosphataemia
with a normal or diminished calcium level was found. As it has been pointed
out by Berlyne [3], conjunctival calcium deposition is not invariably as-
sociated with hyperaemia; he termed these cases white eyes. There have been
sporadic observations of corneal and conjunctival calcification in connection
with chronic haemodialysis also [1, 10].

We have noted red eyes due to calcium deposition in four cases; in one
with high calcium and normal phosphate, in two with low calcium and normal
phosphate, and in one with normal calcium and high phosphate serum levels.

Case reports

Case 1. In L. I., a 18-year-old female patient, arterial hypertension was
noted as an incidental finding in November, 1968. She was first adm itted in
March, 1969. On admission the relevant findings were: blood pressure, 250/190
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mmHg; ESR, 42 mm/hour; ASO, 100 U. In serum: complement, 1.2 U; NPN,
56 mg per 100 ml; serum Na, 143 mEq/1; serum K 4.4 mEq/1; serum creatinine,
1.5 mg per 100 ml. Inulin clearance, 20 ml/min; PAH clearance, 107 ml/min;
FF, 0.19; urinary protein excretion, 4 g/24 hr. Addis count: 104 million erythro-
cytes; 12 million leukocytes, 200,000 casts. Dilution-concentration test, 1002
to 1012; urinary bacterial culture, sterile. Infusion pyelography revealed a
considerable delay in the excretion of both kidneys which were markedly
reduced in size. On the evidence of isotope renography the secretory phase
was greatly, and the excretory phase distinctly protracted. The clinical diagno-
sis was chronic glomerulonephritis.

Azathioprine, 1.5 mg/kg daily was prescribed; it resulted in a fall in
protein excretion without affecting haematuria to any significant degree.
In September 1969, this treatment was repeated with doses of 3 mg/kg body
weight daily. In spite of some diminution of the clinical activity, renal function
remained unaffected.

The patient was again admitted in a state of uraemia on July 7, 1970.
The red eye developed during this hospitalization.

The essential findings were: blood pressure, 170/110 mmHg; NPN, 98
mg per 100 ml. In serum: creatinine, 16 mg per 100 ml; serum albumin, 4.1 g
per 100 ml; serum Ca 14.5 mg per 100 ml; serum P4.1 mg per 100 ml; serum
alkaline phosphatase, 4 BU. Urinary protein excretion, 2.8 g/24 hr; Addis
count: 28 million erythrocytes, 2 million leukocytes, no casts.

The conjunctiva of the left eye was injected. Hyperaemia extended
from the limbus outward. Slit-lamp examination revealed a thickening and
white plaques of the limbic zone as a sign of calcium deposition. The corneal
edge appeared as a greyish zone of fine granular structure from which biopsy
material was taken.

The further clinical course was marked by progressive deterioration
with oliguria and serum creatinine attaining 20 mg per 100 ml. She was trans-
ferred to the Dialysis Unit of the Urological Department on September 17,
1970, and died on September 28, 1970. Post-mortem diagnosis was chronic
glomerulonephritis.

Case 2. D. H., a 19-year-old female patient. In January, 1964, she noted
swelling of eyelids and ankles subsequent to an infection of the upper air-
ways. She was hospitalized and acute glomerulonephritis was diagnosed. She
was first admitted to our Department on August 1, 1964. Relevant findings
were: blood pressure, 120/80 mmHg; ESR, 24 mm/hr, ASO, 84 U. In serum,
complement: 0.2 U; NPN, 21 mg per 100 ml; serum Na, 137 mEq/1; serum K,
5.2 mEq/l; serum creatinine, 0.72 mg per 100 ml. Endogenous creatinine
clearance, 48 ml/min. Proteinuria 2 g/24 hr. Addis count: 6 million erythro-
cytes, 2 million leukocytes, no casts. Renal biopsy confirmed the presence
of proliferative glomerulonephritis.
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Prednisolone was prescribed in daily doses of 50 mg, subsequently for
maintenance treatment, 10 mg daily. After discharge, she reported at the
clinic at regular intervals.

When readm itted for the seventh time, in June, 1967, she was practically
symptom-free. Essential findings: blood pressure, 150/100 mmHg; NPN,
25 mg per 100 ml; serum creatinine, 1.3 mg per 100 ml; serum complement,
0.3 U; serum albumin, 3 g per 100 ml; serum Ca, 7.4 mg per 100 ml; serum P,
3.2 mg per 100 ml; serum alkaline phosphatase, 4.2 BU. Proteinuria, 1.5 g/
/24 hr; Addis count: 54 million erythrocytes, no leukocytes, no casts.

Fig. 1. D. H. Red eye involving the limbus of the left eye

On the tenth day after admission a hyperaemic sector spreading from
the limbus of the left eye was noted (Fig. 1); it disappeared spontaneously
in a few days.

Case 3. N. I., a 27-year-old female patient, in January, 1970, had ex-
perienced swelling of the eyelids in connection with acute tonsillitis. This had
been followed by elevation of blood pressure and proteinuria. She had been
referred to a hospital where acute glomerulonephritis had been diagnosed.
She was first under our treatment as an inpatient between May 22 and Sep-
tember 5, 1970. On admission the essential findings were: blood pressure,
160/110 mmHg; ESR, 48 mm/hr; ASO, 240 U. In serum: complement, 1.2 U;
NPN, 107 mg per 100 ml; serum Na, 139 mEq/1; serum K, 4.6 mEq/l; serum
creatinine, 5 mg per 100 ml. In urine: protein, 2.5 g/24 hr; Addis count: 38
million erythrocytes, 17 million leukocytes, 200,000 casts.

In an attempt to halt the rapidly progressing course of the process,
azathioprine was given in doses of 3 mg/kg body weight daily. As a result,
haematuria and azotaemia diminished, but the treatment had to be discon-
tinued because of leukopenia. On her next admission, azathioprine was
attempted for the second time. Its effect was favourable hut induced leuko-
penia.
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The patient was adm itted for the third time in April, 1971. The essential
findings were: blood pressure, 200/120 mmHg. In serum: NPN, 81 mg per
100 ml; serum creatinine, 5.7 mg per 100 ml; serum albumin, 4.1 g per 100 ml;
serum Ca, 7.6 mg per 100 ml; serum P, 4.4 mg per 100 ml; serum alkaline
phosphatase, 1 BU. Urinary protein excretion, 1.3 g/24 hr. Addis count: 90
million erythrocytes, 8 million leukocytes, no casts.

On the third day after admission hyperaemia of the nasal part of the
conjunctiva was noted. Slit-lamp examination revealed white granular deposits
in this area. Conjunctival biopsy was performed.

The patient was adm itted for the last time in October, 1971. Her con-
dition was deteriorating, therefore she was transferred to the Dialysis Unit
of the Department of Urology where she died on February 5, 1972. The post-
mortem finding was chronic glomerulonephritis.

Case 4. N. I., a 47-year-old male patient had been treated for high blood
pressure since 1955. Early in 1971 he had noted gross haematuria subsequent
to an acute tonsillitis. From this time onward he went steadily downhill.
Arterial hypertension became fixed and he was uraemic when admitted on
September 17, 1971.

On physical examination the heart was enlarged to the left by 1.5 cm.
There was tachycardia and an accentuated 2nd aortic sound. The relevant
findings were: blood pressure, 270/190 mmHg; ESR, 25 mm/h; ASO, 336 U.
In serum: complement, 1 U; NPN, 66 mg per 100 ml; serum Na, 133 mEq/1;
serum K, 3.0 mEq/l; serum creatinine, 6.2 mg per 100 ml. Urinary protein
excretion, 2.9 g/24 hr. Addis count: 2 million erythrocytes, 2 million leuko-
cytes, no casts.

The process remained unaffected by symptomatic treatment, and the
patient was started on intermittent haemodialysis. After the fifth haemo-
dialysis conjunctival hyperaemia appeared on the lateral area of both eyes.
Biopsy material was taken from the conjunctiva of the left eye.

Fig. 2. L. I. Calcium deposits in the basal cells of the conjunctiva. Kossd’s method. X400
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Fig. 3. N. I. Calcium deposits among the collagen fibres of the cornea. Kossa’s method. x400

The essential findings at this time were: blood pressure, 200/140 mmHg;
NPN, 121 mg per 100 ml. Serum creatinine, 7.1 mg per 100 ml; serum albumin,
3.2 g per 100 ml; serum Ca, 11 mg per 100 ml; serum P, 10.2 mg per 100 ml;
serum alkaline phosphatase, 2.1 BU.

The patient died on October 24, 1971. The clinical diagnosis of malignant
hypertension was confirmed at necropsy.

Histology of conjunctiva and cornea. Biopsy was performed in Cases 1,
3 and 4. In the histological sections, calcium was revealed by the method of
Kossa. The site of deposition was the basal cells of the epithelial layer of
the conjunctiva (Fig. 2). This is consistent with the reported observations
confirmed histologically. In the fourth case, examination ofthe cornea reveal-
ed calcium deposits among the collagen fibres (Fig. 3). The mast cell granules
also contained calcium deposits (Fig. 4).

Fig. 4. N. |. Calcium deposits in the granules of conjunctival mastocytes. Kossa’s method.
X'1000
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Discussion

It is common knowledge that renal failure may be associated with hypo-
calcaemia and hyperphosphataemia, resulting in secondary or renal hyper-
parathyreoidism. On the other hand, the compensatory parathyroid hyper-
function causes hypercalcaemia, in which case calcium depositions involving
the conjunctiva represent in fact metastatic calcifications. The present Case 1
belonged to this type. The process may be interpreted by Setye’s calciphy-
laxis. This phenomenon has been described in humans by Rees and Coles [11]
who noted calcium deposits in uraemic patients at the injection sites of
iron-dextran.

However, deposition of calcium in the presence of a low ornormal serum
calcium level still lacks adequate explanation. The pertaining literature gives
no satisfactory answer to the question. Some authors including Heath [8],
Abrams [1], Easterbrook and Mortimer [6] also fail to account for the
pathomechanism of conjunctival calcification. On the other hand, Berlyne
and Shaw [2] regard the high CaxP product as an essential factor. All their
patients with conjunctival calcium deposits, even those with hypocalcaemia,
had a high CaXP product, and they regard the high plasma inorganic phos-
phate level as responsible for this elevation. Case 4 in the present series cor-
responded to this type. On the other hand, in Cases 2 and 3, a normal serum
phosphate level was found and the hypocalcaemia.

Dhermy [5] reported a case of palpebral calcification of the Winer-
type with a normal blood calcium level. He emphasized that the degeneration
of collagen is accompanied by a release of calcium from the tissues; its
precipitation may be promoted by local pH changes.

Considering all the above, it clearly emerges that the red eyes, as con-
cerns their pathomechanism, fall into differenttypes. W hat they have in com-
mon is some unidentified factor which induces the deposition of calcium in
the conjunctiva. This factor may be sought in a physical irritation of some
kind, for instance excessive cooling, evaporation, dust, smoke, etc., acting as
a microtrauma to the exposed conjunctival area.

The observation that the conjunctival mastocytes also revealed calcium
deposits invites further investigations into the part played by these cells and
the possible involvement of mastocalciphylaxia in the phenomenon of red eyes.
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THE HAEMODYNAMIC BASIS
OF ANGINAL RELIEF PRODUCED BY STIMULATION
OF THE CAROTID SINUS NERVE

(EFFECT OF CAROTID SINUS STIMULATION ON CIRCULATION ,
AND ON THE DISTRIBUTION OF CARDIAC OUTPUT)

F. Solti, Z. Szabs, L. Fedina, F. Rényi-Vamos, jr., K. Sarai
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The effects of stimulation of the carotid sinus nerve on the blood flow of the
essential organs (heart, brain, kidney, muscles, skin) and on haemodynamic regula-
tions have been examined in 16 dogs, with 40 other dogs serving as controls.

The carotid sinus was stimulated by a Medtronic radiofrequency carotid sinus
stimulator. The parameters were the following: 3 to 6 mV voltage, 30 to 50 Hz fre-
quency, 350 /usee, impulse duration. Cardiac output and blood flow were determined
by the dye-dilution method with Evans-blue, organ blood flow by 8Rb and 13ll-anti-
pyrine. A significant fall in cardiac output, peripheral vascular resistance and velocity
of blood flow was demonstrable during stimulation, with the mean reduction in pres-
sure work calculated for the left ventricle amounting to 40%. Despite the reduction
in blood pressure and cardiac output there was an increase in coronary flow during
stimulation, in contrast to cerebral, renal, cutaneous and muscular flow which ex-
hibited a slight fall. The cardiac fraction of cardiac output showed a marked increase
in response to carotid sinus stimulation.

The observation that stimulation of the carotid sinus nerve is apt to
relieve anginal pain is not a new one [1]. In recent years electric stimulation
of the carotid sinus has been successfully employed in drug-resistant cases
of angina pectoris [2, 3, 4, 5, 6]. The present authors undertook implantation
of a carotid sinus electric stimulator (Medtronic radiofrequency carotid sinus
stimulator) with complete success in a drug-resistant case of angina pectoris.
Despite extensive research work on the subject, the haemodynamic factors
accounting for the antianginal response to stimulation of the carotid sinus
nerve are not fully understood. The aim of the present study was to gain
information on the changes of the essential areas of blood supply and of the
distribution of cardiac output to the individual organs consequent upon
stimulation of the carotid sinus nerve.

Material and methods

Fifty-six mongrel dogs of either sex were studied. In 16 animals the haemodynamic
studies were performed during carotid sinus-nerve stimulation, 40 served as controls. Cardiac
output, circulation time and the volume of circulating blood were determined by the dye-
dilution method, with Evans-blue (2 mg per kg body weight intravenously). Blood flow of
heart, brain, kidney, muscles and skin were measured by Sapirstein’s indicator of frac-
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tional distribution method [8], by the joint use of 8Rb and 13ll-antipyrine [9]. The organ
fractions of cardiac output were calculated from the values of cardiac output and of regional
blood flow per 100 g organ weight. For stimulation, the carotid sinus nerve was exposed
in the carotid bifurcation and the electrode was placed round it. The manipulations were
performed under superficial pentobarbitural anaesthesia (20 mg per kg body weight intra-
venously). The stimuli were applied with a carotid sinus stimulator, voltage being 3 to 5V,
the frequency of stimuli 30 to 50 per second, duration of impulses 350 microseconds. Stimula-
tion was followed by a fall in blood pressure and slowing of the pulse rate (checked by ECG)
averaging 20 to 30 and 15 to 20%, respectively.

For the analysis of the results, Student’s two-sample t-test was used.

For reference purposes, the data of human haemodynamic studies performed prior
to and during stimulation of the carotid sinus nerve are also given. Cardiac output, circulat-
ing blood volume and circulation time were measured with the Evans-blue technique (50 mg
S intravenously).

Results

Results of the animal experiments are shown in Figs 1 and 2.

Fig. 1 shows the changes produced in systemic circulation. As a result
of stimulation of the carotid sinus nerve (cross-hatched columns) blood pres-
sure, cardiac output and peripheral arterial resistance significantly diminished,
as opposed to a prolongation of circulation time. AIll these changes were
significant statistically.

Left ventricular pressure work was calculated from mean arterial pres-
sure and cardiac output (in view of the normal haemodynamic state of the
animals, the left ventricular end-diastolic pressure was considered zero). As it
can be seen, stimulation of the carotid sinus nerve relieved the pressure work
imposed on the heart by nearly 40% (Fig. 1).

Fig. 2 shows the individual organ flows and the organ fractions of cardiac
output in response to stimulation of the carotid sinus, expressed in per cent
of the corresponding parameters of the control group, the mean values of
this group being taken as 100% (Fig. 2). From the graph it emerges that
coronary blood flow increased by 15% in response to carotid sinus stimula-
tion despite a fall in blood pressure and in cardiac output, whereas brain,
kidney, muscle and skin flow slightly diminished. The increase in cardiac
blood flow was significant statistically. The cardiac fraction of cardiac output
also showed a 40%, statistically significant, increase. A slight increase was
demonstrable in the cerebral, renal, muscular and cutaneous fractions of
cardiac output, with the exception of the renal fraction, the value for which
failed to attain the level of significance.

Fig. 3 represents the response of the haemodynamic parameters of a
patient with grave angina pectoris to successful electric stimulation of the
carotid sinus nerve (Fig. 3). It can be seen (full columns) that, similarly as
in the laboratory animals, stimulation of the carotid sinus nerve produced a
substantial fall in blood pressure, peripheral vascular resistance and velocity
of blood flow.
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Abbreviations for figures 1 3.
BF = organ blood flow

COBF = organ fraction of cardiac output
Pm = mean arterial blood pressure
CO = cardiac output

TVR = total vascular resistance

MT = mean transit time

LVW = calculated work of left ventricle
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Discussion

On the evidence of the present study, carotid sinus-nerve stimulation
results in changes in the haemodynamics of systemic circulation to the profit
of blood flow of the essential organs of circulation and also produces slight
modifications in the haemodynamic regulations. A fall in arterial mean pres-
sure and in cardiac output has been noted, in accordance with the present
results, by other workers as well. Bevegard et al. [10], Griffith and
Schwartz [11], Reich et al. [12], Epstein et al. [13], Rothfeld et al. [14],
Lown and Levine [15] as well as Gersmeyer [16] found a decrease in pul-
monary pressure in response to stimulation of the carotid sinus nerve.

The findings in respect of the effect of carotid sinus-nerve stimulation
on coronary flow are less consistent. While, according to Falicov et al. [17],
coronary blood flow diminishes, according to Vatner et al. [18, 19] it remains
generally unaffected, despite a decrease in blood pressure, though increasing
in a number of cases. De Geest et al. [20] noted a fall in coronary resistance
response to stimulation of the carotid sinus nerve [20].

The haemodynamic responses of the other organs are less amply docu-
mented in the literature. According to Ernsting and Parry [21], Zingher
and Grodins [22], Gault et al. [23] and to Bevegard and Shepherd [10],
peripheral (extremital) vascular resistance significantly diminishes during
stimulation of the carotid sinus nerve. A fall in renal blood flow parallel
with stimulation of the carotid sinus has been observed by Tuckman et
al. [24] and Neistadt and Schwartz [25]. Resnicoff et al. [26] noted a
regional increase in peripheral vascular resistance within the area of blood
supply of the vertebral artery, in opposition to the area of carotid blood
supply where the peripheral vascular resistance was unaffected.

The present findings seem to indicate that stimulation of the carotid
sinus nerve not only produces changes in blood circulation but also modifies
the distribution of cardiac output in the individual organs, particularly as
concerns the increase in the cardiac fraction during stimulation of the carotid
sinus. Coronary flow, i.e., the nutritive blood supply to the heart, greatly
increases despite a substantial simultaneous fall in blood pressure and cardiac
output.

The haemodynamic changes demonstrated by the present study thus
account for the relief of anginal pain produced by stimulation of the carotid
sinus nerve. The work imposed on the left ventricle greatly diminishes as a
result of the fall in cardiac output, in arterial pressure and in peripheral
vascular resistance. Moreover, despite the fall in blood pressure and in cardiac
output, coronary blood flow increases in consequence of a substantial dilata-
tion of the coronary vascular bed. A modification of these two factors by
the carotid sinus stimulation thus benefits the oxygenation of the heart
muscle. *
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The ECG features of accidental hypothermia are presented in the light of five
observations, consideration being given to possible relationships between hypothermic
ECG abnormalities and ventricular fibrillation. The ECG and VCG abnormalities
associated with hypothermia have been reproduced in dog experiments and the exact
location in time and space of the J deflection has been attempted by epicardial leads
and its derivatives. It has been found that the J deflection belongs partly to depolariza-
tion, partly to repolarization and that it is due to an extreme delay in the activation
of the posterobasal region.

Hypothermia, whether accidental or artificial, is associated with various
electrophysiological changes. Ventricular fibrillation is the gravest hazard of
surgical hypothermia [4, 8, 19, 28, 33]; it constitutes the direct cause of death
in accidental hypothermia as well as in hypothermia resulting from grave
hypothyroidism [10, 11, 13, 24, 32].

Tomaszewszky [39] was the first to describe an ECG change in a case
of accidental hypothermia (1939), in particular a characteristic slow deflec-
tion between the QRS complex and the ST segment. This could then be
reproduced by other workers in various animal species under experimental
conditions [8, 11, 12, 30, 23, 29, 40]. The abnormal ECG features of hypo-
thermia, including a widening of QRS, abnormal Q, prolonged PQ-, QT- and
RR-intervals, particularly an elevation of the J junction giving origin to the
deflection wave ST (deflection J) have been among the most widely debated
issues of experimental hypothermia in the last fifteen years. Osborn [29]
regards the relationship between the appearance of the J deflection and of
ventricular fibrillation as established and ascribes these abnormalities to
hypoventilation associated with hypothermia and to consecutive acidosis.
While Wynne, Fuller and Székely [47] as well as Schwab and his as-
sociates [35] also relate the J deflection to ventricular fibrillation, other
workers [10, 33, 40] have questioned this relationship. Emslie-Smith, examin-
ing the vector-cardiogram in one case of hypothermia, demonstrated an extra
loop, the J loop, corresponding to the J deflection, between the QRS and T
loops [12].

We had five patients with accidental hypothermia at our Intensive
Care Unit in the period 1970/71. Rectal temperature on admission was between
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Figs 1, 2. G. R., female, 80 years. ECG tracings in hypothermia (24°C) and after successful
rewarming (35.7°C). J-deflection characteristic of hypothermia is most obvious in V4 5.
ECG obtained after rewarming no longer shows these abnormalities
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Fig. 3. G. F., male, 66 years. Hypothermie ECG with a distinct J deflection in Il, 11l and

aVF. The saw-toothed appearance of the baseline is due to muscle tremor

24° and 31°C. Repeated 12-lead ECG-tracings were recorded under monitor-
ing the rectal temperature and the ECG. This was completed in one case by
the orthogonal Frank leads and by VCG. The ECG findings were evaluated
in the context of the clinical picture and of laboratory evidence.

The ECG findings included bradycardia and a lengthening of QT related
to the degree of hypothermia, in two cases auricular fibrillation, in three cases
prolonged QT, in two cases appearance of an abnormal Q, and in all of the
cases an elevation of the J junction and the appearance of a J deflection
(ST deflection). This J deflection was most obvious in the central prae-
cordial leads.

Figs 1 and 2 show the ECG tracings of G. R., a 80-year-old female
patient with barbiturate poisoning. The first tracing was made at admission
in hypothermia (rectal temperature 24°C) and the other in normothermia.
The first ECG made at a paper speed of 25 mm/sec revealed auricular fibrilla-
tion with extreme bradycardia (18 per min). QRS measured 0.12 sec; QT,
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Fig. 4. Same patient as in Fig. 3. Orthogonal leads X, Y and Z in hypothermia. Elevation
of junction J and the J deflection are most obvious in lead Y

0.92 sec. In leads I, Il, IlIl, aVF and Y3_e there was ledging of the base of
QRS, forming the point of origin of an extra J deflection. After rewarming
to 35.7°C the ECG showed sinus rhythm, a heart rate of 88. PQ measured
0.14 sec; QRS, 0.06 sec; QT, 0.38 sec.

The ECG in Fig. 3 belongs to the 66-year-old male patient W. F., who
had a rectal temperature of 28.5°C on admission. ECG revealed auricular
fibrillation with bradycardia of 60 per min and a vertical position of R. In
leads II, Il and aVF the descending limb of QRS was ledged and formed
the point of origin of a J deflection. The fine oscillations on the baseline were
caused by muscle tremor [24, 32] (Fig. 4). The Frank orthogonal leads shown
in Fig. 4 lead X and Y clearly show an elevation of the J junction (Fig. 5).
The VCG seen in Fig. 5 revealed a hemicircular concavity of the terminal
section of QRS (J loop) in all three planes, particularly in the horizontal and
the sagittal plane. The J loop appeared before the completion of ventricular
depolarization, as a sign of which the descending limb of R failed to return
to its origin in the orthogonal Y lead.
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Fig. 5. Vector-cardiogram in the frontal sagittal and horizontal planes of the same patient
in hypothermia (28.5 C). The terminal portion of QRS displays a hemicircular concavity
(J loop) in all three, particularly in the sagittal and horizontal, planes
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Experimental studies

It was sougbt to study the ECG abnormalities found in hypothermia more closely
under experimental conditions, in particular, to define the exact time and space relation-
ships of the J deflection which earlier workers have failed to clarify [10, 14, 29, 32, 46].

Six appearently healthy mongrel dogs of either sex weighing between 10 and 14 kg
were studied. A cocktail made up of 100 mg pethidin, 50 mg promethazine and 25 chlor-
promazine was administered, the femoral arteries and veins were prepared and with the rectal
temperature still ranging between 37.5 and 38.0°C, a corrected orthogonal ECG according
to McFee and Parungao [25] and the YCG, were recorded, then after succinyl-relaxation
controlled respiration was applied with a 2: 1 mixture of N2 and 0 2 Left thoracotomy was
performed while the animals were still normothermic, the heart was exposed, and epicardial
unipolar and bipolar electrodes were fixed to determined points of the left ventricle. The
recordings were made with a 3-channel direct-writing Heilige apparatus, at a paper speed
of 100 mm/sec. For the bipolar electrodes we used a plantinum wire 0.5 mm in diameter
with rounded tips mounted in a plastic frame. These were placed 1 mm apart and connected
to standard lead Il. For the unipolar leads we used a stainless steel electrode 1 mm in diam-
eter, which was connected to the chest electrode. Passive derivatives by means of an RC
circuit with a time-constant of 1 msec were recorded synchronously with the epicardial
tracings. After closure of the thoracotomy wound, local cooling was performed by immersion
in ice cold water. Respiratory rate was reduced in proportion to the fall of rectal temperature.
At 29°C the animals were removed from the cooling bath and this was followed by a spon-
taneous further fall to 28°C. This temperature was maintained if necessary with the aid of
warmed perfusions. The control recordings were derived from identical points, partly with
open, partly with closed chest. The tracings were analysed on the basis of their configura-
tion and quantitative character. The studies were completed by acid- base-, blood-gas and
electrolyte measurements.

The ECG-abnormalities revealed by these experiments were consistent with those
found in human accidental hypothermia.

Fig. 6 shows leads X, Y and Z in normothermia and hypothermia. On comparison
of the two tracings we find a conspicuous increase in amplitude of P, particularly in lead Y,
and the appearance of a deep Q in lead X. QRS increased from 0.09 sec to 0.12 sec and QT
from 0.22 sec to 0.34 sec. In all three leads there is an elevation of junction J, and the appear-

ing. 6. Comparison of leads X, Y and Z in normothermia and hypothermia (28.0°C). Widened
QRS, prolonged Qt. Deflection J oriented to the left, posteriorly and downward can be seen
in all three leads: a) normothermia (37JC), b) hypothermia (28°C)
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Fig. 7. VCG in the frontal plane in experimental hypothermia. The loop of clockwise inscrip-
tion gives origin at its terminal portion to an extra loop (J loop), and loop T starts only
afterwards

Fig. 8. Bipolar epicardial leads and their first derivatives in normothermia and hypothermia.
After cooling, the steepness of the ascending limb diminishes while the action potential
increases in duration: a) normothermia (37°C): b) hypothermia (28°C)

frontal plane seen in Fig. 7 distinctly shows an extra, U-shaped loop (J loop) arising from
the terminal part of the loop of clockwise inscription, while the T loop starts only afterwards.

The epicardial leads derived from the surface of the left ventricle and their first de-
rivatives in time give closer details of the spread of impulse (Fig. 8). In Fig. 8 the bipolar
leads have been compared in normothermia and in hypothermia. It is seen that after cooling
the ascending limb becomes less steep, the duration of the action potential being prolonged.
In the unipolar leads cooling is followed by the disappearance of the physiologic T deflection
and by the appearance of a wide, upright deflection J (Fig. 9). The tracing provides valuable
clues to the analysis of the complex. The second upright peak points to the elevated J junction,
thus marking out the turning point between depolarization and repolarization. There is a
delay in depolarization between the free wall of the left ventricle and its posterobasal region.
This gives the best projection in the unipolar epicardial leads where the intrinsicoid deflec-
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Fig. 9. Unipolar epicardial leads and their first derivatives in normothermia and hypo-
thermia. The second upward peak of the derived lead points to the elevated J junction, thus
clearly marking the turning point between depolarization and repolarization. Depolarization
is delayed between the free wall and the posterobasal region of the left ventricle, accordingly

the intrinsicoid deflection is also delayed:

Case Electrodes

| Left ventricle, anterior
Posterobasal

Left ventricle, anterior
Left ventricle, anterior
Left ventricle, anterior
Left ventricle, anterior

o o b~ wWwN

Left ventricle, anterior

region

Table |

Unipolar

R/mV

19
19

21
15
10
16
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Basic values

QT
(sec)

0.27
0.27
0.25
0.20
0.30
0.32
0.28

dv/dt
mV/sec

1200
1000
1400
1400

900
1000

800

a) free wall of left ventricle,

R/mV

b) posterobasal
28°C

QT dv/dt
(sec) mV/sec
0.40 700
0.40 600
0.35 800
0.30 1100
0.38 800
0.40 900
0.35 700
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Table I
Bipolar
Basic raluce 28 C
Cate Electrodes Dura- Dura-
R/mV tion rgx//gelc R/mV tion n?\\fff;c
H
1 Left ventricle, anterior 19 0.21 700 15 0.38 250
Posterobasal 29 0.21 600 — —
2 Left ventricle, anterior 25 0.24 1300 20 0.39 800
3 Left ventricle, anterior 28 0.27 700 25 0.40 500
4 Left ventricle, anterior 22 0.25 1200 25 0.38 700
5 Left ventricle, anterior 16 0.27 900 19 0.35 600
6 Left ventricle, anterior 22 0.27 1150 19 0.36 800

Quantitative analysis of the unipolar and bipolar epicardial leads shows that the dura-
tion of QT, more correctly of the action potential, increases in all of the cases. Correspondingly,
the fraction dV/dt expressed in mY/sec diminishes.

tion shows a delay in the posterobasal region. In accordance with this, the derivative give
a smaller dVv/dt value.

Quantitative evaluation of the epicardial leads has been -set out in close detail in
Table | and Il. QT, the duration of action potential is significantly prolonged under hypo-
thermia all throughout and owing to a delay in depolarisation the dV/dt value expressed in
mV/sec diminishes.

Discussion

Hungarian literature dealing with the cardiovascular aspects of hypo-
thermia [5, 15, 17, 21, 26, 37, 38, 43, 44] offers no adequate information on
the ECG abnormalities associated with the condition. On the evidence of the
observations by BUKY [6], intravenous administration of magnesium reduces
the hazard of ventricular fibrillation, hypomagnesaemia being theoretically apt
to produce intracellular potassium loss [2, 30, 45]. While Berne [3] attributes
the low fibrillation threshold to an impaired ATP activity of the heart, Torres,
Angelakos, Székely and Wynne [40 1, 36,] assume, on the contrary, the
presence of intracellular hypopotassaemia. As it has been pointed out by
Emstie-Smith [10], deflection J is invariably present below 31.5°C, moreover,
its amplitude is related to the degree ofhypothermia, it may exceed the QRS
complex in magnitude and it may be associated with an inverted T. The
ECG changes are reversible, yielding gradually to successful rewarming. They
lack any characteristic light-microscopic substrate [20, 31]. Various explana-
tions, such as conduction disturbances [32, 39], subepicardial ischaemia [29,
47], disorders of acid base [42] or electrolyte [2,30,36] balance or of enzym-
atic activity [7, 9, 34, 48] have been put forward to account for the changes
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but all are contestable on theoretical grounds. Ree [32] concluded from the
analysis of a single hypothermic ECG tracing that deflection J originated in
an extreme delay in depolarization of the posterobasal region. The results of
our present studies are consistent with this interpretation. The unipolar
tracing and its derivatives clearly bring out the coincidence in time of the
appearance of deflection J with depolarization of the posterobasal region
which shows a substantial delay.

It has been confirmed by the present results that deflection J coincides
partly with depolarization, partly with repolarization. These two phases are
separated by the J junction which, though not apparent in the scalar leads,
is clearly displayed on the YCG in the form of a slight angular distortion
of the J loop, and can be located with the aid of the ECG, more precisely,
of the first derivatives of the epicardial leads.

Clarification of the relationship between ECG changes and ventricular
fibrillation associated with hypothermia requires further studies.
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Total oestrogen, oestrone, oestradiol and oestriol fractions were estimated in
normal Egyptians and patients with hepatosplenomegaly. The patients were divided

into 3 groups; adult males, adult females and postmenopausal women. There was a

tendency to high oestrogen levels in males and postmenopausal women. The increase

was significant in the oestradiol fraction. In adult females, total oestrogen and the
oestriol fraction were significantly lower.

No correlation could be established between the feminine clinical features and
the oestrogen level, the result of liver biopsy and that of liver function tests.

The role of the liver in oestrogen metabolism is well-known. Bilharziasis,
a disease endemic in Egypt, affects the liver and this may result in a failure
of proper oestrogen inactivation and the occurrence of manifestations of
hyperoestrogenism such as gynaecomastia, testicular atrophy, hypotrichosis,
spider angiomas and palmar erythema [4, 7].

Several workers have reported elevated levels of oestrogenic metabolites
in the urine of cirrhotic patients [1, 9, 11]. In contrast, others found a normal
blood and urinary oestrogen level [2]. Hence, the question whether the altered
oestrogen metabolism accounted for some clinical symptoms of liver disease
is a controversial one [4, 7].

W ith the introduction of new and delicate methods of oestrogen assay,
the question has been studied anew, and it arose that the answer may not
depend on the total value but on the relative values of the different oestrogenic
constituents of variable activity and different rates of degradation and dis-
posal.

The aim of the present work was to study the urinary oestrogens, i.e.,
oestriol, oestradiol and oestrone, in normal subjects and patients with liver
disease and to try to correlate the findings with the clinical, biochemical and

pathological symptoms.
Material and methods
Two groups of human subjects were examined. A total of 57 normal healthy subjects,

consuming normal diets, without any endocrine disease were classified into three groups.
The first group consisted of 15 normal male volunteers aged 21—33 years, in army service.
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The second group was made up of 22 females 19—36 years of age with a history of
normal regular menses since menarche. From this group 24-hour-urine samples were col-
lected on the 14th day of the cycle.

The third group comprised 20 menopausal and post-menopausal female subjects
35—62 years of age. From these, 24-hr-urine samples were collected without adding a pre-
servative and kept in the deep freeze until processed.

Cases were selected from inpatients suffering from chronic liver disease with hepato-
splenomegaly. They were not affected by any other metabolic or endocrine disease. These
subjects were classified into 3 groups.

The first group consisted of 10 male patients aged 20 to 35 years with bilharzial
hepatosplenomegaly. Many of them were in an advanced stage of the disease. They were
coming from endemic areas and had a history of bilharzial infection and treatment. Liver
biopsy was done (4) to show the nature of the lesion. History and clinical data were recorded,
with emphasis on the symptoms and signs related to oestrogens.

The second group was made up of 10 female patients with bilharzial hepatospleno-
megaly, aged 19 to 36 years. At this age, women are usually less exposed to infection than
males. In these patients, no gynaecological or endocrine manifestations were observed. 24 hr
urine was collected on the 14th day of the menstrual cycle in view of the oestrogen peak
at ovulation.

The third group consisted of 9 menopausal and post-menopausal patients, aged 54—62
years, with liver cirrhosis. Most of them were advanced cases of non-bilharzial cirrhosis as
evidenced by history and liver biopsy. 24-hr urine was collected without adding a preservative
and kept in the deep freeze until processed.

The following liver-function tests were carried out in every patient: serum bilirubin,
total plasma protein, albumin—globulin ratio, thymol and zinc-sulphate turbidity tests,
alkaline phosphatase, serum glutamic oxaloacetic transaminase, serum glutamic pyruvic
transaminase and prothrombin time.

The history and clinical data were recorded and analysed.

The three classical oestrogens were determined in the 24-hr-urine samples by a modi-
fied procedure based on the method of Miti1er et al. [6].

The method consisted of acid hydrolysis of 100 ml urine after the addition of 0.2 ml
formalin, extraction with dichloromethane, and preliminary purification by solvent parti-
tion. Then the residue was subjected to paper partition chromatography. After elution, the
oestrogens were further freed from contaminations by silica-gel-column chromatography
instead of the thin-layer chromatography employed by Mirt1er [6]. Recovery of the classical
oestrogens was more favourable by column than thin-layer chromatography. The column
was made by mixing of one g silica gel (100 200 mesh) to benzene, and transferred to a
disposable pipette.

Different eluting solvents were tried using dichloromethane and methanol in vary-
ing proportions. The optimum total volume of eluent was also studied. The following eluents
ensured the maximum recovery of added oestrogen.

To confirm the nature of the oestrogen recovered from the column, the eluted sample
was evaporated to a residue that was run against authentic oestrogen standards on thin-
layer plates in two different solvent systems. Each sample had the same Rf value as the cor-
responding authentic oestrogen standard.

Recovery

Oestrogen Eluent per cent
Oestrone 30 ml of 1% methanol-dichloromethane 71
Oestradiol 30 ml of 4% i, . 76
Oestriol 30 ml of 10% 84
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Results and comment

Results are recorded in Table I—VI with their statistical analysis,
while Figures 1, 2 and 3 compare the urinary oestrone, oestradiol, oestriol
and total oestrogens in the normal subjects and the patients with liver disease.
There was a slight increase in total oestrogens in the male patients with
hepatosplenomegaly (16, 54) as compared with the level in the normal sub-
jects (13, 9); the increase was not significant statistically (P > 0.1), yet the
figures for oestradiol showed a statistically significant increase (P 0.01).

Table 1

Urinary oestrogens in a group of normal Egyptian males

Oestrone Oestradiol Qestriol
Case Total
No. Age oestrogens
Ei Fgl24 hr Ei ig/24 hr E* Ay24 hr lig/24 hr
| 26 7.38 2.02 7.25 16.65
2 29 5.91 1.98 7.90 15.79
3 22 2.03 3.10 2.30 7.34
4 24 7.82 2.30 3.70 13.82
5 32 3.20 3.80 1.70 8.70
6 27 3.20 4.00 10.60 16.80
7 22 8.10 1.90 8.20 18.20
8 26 0.96 3.20 4.31 8.47
9 33 5.71 4.52 4.61 14.84
10 21 4.40 5.05 7.67 17.12
11 25 5.96 3.39 9.35 18.70
12 23 9.10 2.40 3.42 14.92
13 24 1.78 2.84 4.34 8.96
14 32 6.04 5.78 3.44 15.26
15 28 3.64 4.23 4.97 12.84
Mean 4.95 3.37 5.58 13.90
S.D. 2.57 1.18 2.64 3.72
SE. % 0.66 0.31 0.68 0.96
% of total 35.7 24.2 40.1

In the same group, oestrone and oestriol fractions were not significantly
affected (P >0.5, >0.10 respectively).

Among the patients studied (Table 1V), 4 cases (2, 4, 9, 10) showed the
highest urinary oestrogen levels. Three of these cases (4, 9, 10) showed endo-
crine manifestations: in Case 4 there was a loss of axillary and pubic hair
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Table 11

Urinary oestrogens in a group of normal young Egyptian females
(urine collected on 14th day after the beginning of menstruation)

Oestrone Qestradiol Qestriol
Total
| 28 14.62 12.62 42.03 69.27
2 26 8.34 15.73 35.94 60.01
3 32 10.41 21.46 57.41 89.23
4 19 13.06 8.71 32.42 54.19
5 25 12.14 13.34 37.67 63.15
6 28 7.65 16.61 28.34 52.60
7 35 6.70 26.00 79.2 111.90
8 26 7.40 21.00 38.20 66.60
9 29 8.70 15.80 20.30 44.80
10 27 10.10 13.10 15.50 38.70
11 27 5.60 10.60 41.50 57.70
12 28 9.67 3.92 70.43 84.20
13 23 12.55 8.41 53.68 74.64
14 33 18.50 13.40 34.10 66.90
15 24 12.90 12.70 18.70 44.30
16 30 7.90 18.60 43.30 69.80
17 27 9.32 10.23 32.91 52.46
18 36 15.16 6.76 345.32 67.24
19 21 6.34 9.24 33.96 49.54
20 26 11.78 15.06 18.63 45.47
21 25 6.42 17.39 50.36 74.17
22 26 8.07 14.97 41.04 94.08
Mean 10.11 14.38 42.32 66.81
SD. * 3.33 8.59 17.29 18.17
SE. % 0.71 1.83 3.68 3.87
% of total 151 215 63.4

with impotence; in Case 9, gynaecomastia, Case 2 displayed no change,
although the total oestrogens were high.

In those cases which displayed endocrine symptoms, the oestradiol level
was high and liver function tests were moderately positive. Cases 1, 5, 6 and 7
showed clinically advanced liver disease with ascites; the last three had
jaundice too, and Case 7 was in hepatic coma. Only Case 6 showed palmar
erythema and spider naevi. Liver-function tests were pathological in these
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Table 111

Urinary oestrogens in a group of post-menopausal women

Oastrone Qestradiol Oeetriol

Case Age oestrogens

Ei /Jg/i24 hr E, /ig/i24 hr E, /rg/24 hr Itg/24 hr

| 58 3.25 1.65 5.62 10.52

2 60 1.64 2.42 6.38 10.44

3 57 4.37 1.76 3.18 9.31

4 53 3.30 2.70 3.80 9.80

5 58 2.50 3.80 3.40 9.70

6 57 4.96 2.10 5.70 12.76

7 54 5.10 4.90 6.72 16.78

8 59 2.41 141 7.07 10.89

9 60 4.03 0.83 2.37 8.13

10 56 7.19 4.43 111 12.73

11 58 1.03 2.26 4.73 8.02

12 62 2.10 1.25 7.35 10.70

13 58 3.36 2.75 5.76 11.87

14 55 5.06 341 161 10.08

15 54 4.35 3.27 2.46 10.08

16 58 5.26 3.44 4.41 13.11

17 57 0.69 4.21 5.67 10.57

18 60 6.07 1.39 6.34 13.80

19 59 2.96 3.86 7.62 14.44

20 58 1.72 2.94 3.28 7.96
Mean 3.56 2.81 4.77 11.14
SD. % 1.73 1.16 1.80 2.97
SE. % 0.38 0.26 0.40 0.66

% of total 31.9 25.2 42.9

patients and the amount of total oestrogens was within normal limits but
the relative value of oestradiol was high and highest in the case with hepatic
coma.

In Case 3 the patient had repeated attacks of haematemesis and the
liver-function tests were pathological. There was a slight increase of total
oestrogen, hut the oestradiol level was normal.

There was only one case (8) which showed a decreased amount of total
oestrogens and this decrease included all the three fractions, although the liver-
function tests were pathological.
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Table 1V
Urinary oestrogens (fig/24 hrs) and liver function test8

Case Oestrone Oestradiol Oestriol Total Serum Total

No. Age Ei e?2 E3 oestrogens bilirubin plasma

protein

| 20 4.26 8.25 2.03 14.54 0.3 6.6

2 22 7.14 4.34 9.47 20.59 0.7 7.6

3 22 5.27 3.55 7.25 16.07 0.6 6.8

4 35 4.39 8.01 6.29 18.69 0.9 8.2

5 26 5.07 5.69 0.42 11.18 1.2 6.2

6 32 5.27 7.39 1.45 14.11 1.6 5.9

7 22 1.61 10.92 0.89 13.42 3.2 6.2

8 25 2.79 2.01 3.17 8.15 0.8 55

9 30 6.51 9.60 5.38 21.49 0.8 6.7

10 27 8.18 15.86 2.73 26.75 0.6 6.8
Mean 5.07 7.56 3.91 16.54
S.D. £ 2.18 3.78 3.03 5.57
SE. 0.69 1.19 0.96 1.73

% of total 30.7 45.6 23.7
Table V
Urinary oestrogens (pg/24 hrs) and liver function tests in a group

Case Oestrone Oestradiol Oestriol Total Serum Total

No. Age E E E oestrogens bilirubin plasma

! ! ! protein

| 28 9.86 10.28 11.61 38.75 0.6 7.2

2 22 8.67 10.02 22.82 41.01 0.5 6.7

3 27 7.89 17.37 28.50 53.76 1.1 6.3

4 25 3.11 15.74 16.32 35.17 0.4 7.3

5 35 9.14 9.26 33.32 51.72 1.6 6.8

6 33 27.21 591 51.37 84.49 0.6 7.1

7 36 12.11 16.71 33.73 62.55 2.2 5.6

8 19 12.61 6.77 32.20 51.58 0.8 0.1

9 26 7.88 16.54 27.62 52.04 0.7 7.2

10 24 14.17 14.31 13.08 41.56 0.5 6.3
Mean — 11.26 12.29 27.06 50.61
S.D. 6.29 4.33 11.83 15.26
SEE. % 1.99 1.37 3.51 4.83

% of total 22.2 243 53.5
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in a group of male patients with bilharzial hepatic fibrosis

Alb./glob.

1.27
0.13
0.92
0.82
0.72
0.54

0.49
0.69
0.85

0.88

of young female patients with

Alb./glob.

1.17
1.08
1.08
1.22
0.49
0.78
0.58
1.63
1.38
1.77

Liver tests Enzymes
Pro- Clinical notes
Thymol ZnS04 Aik. phos. S.G.0.T. S.G.P.T. thrombin
per cent
4 6 12 15 10 78 Ascites
3 8 8 12 12 76 —'
6 11 11 27 28 65 Haeinatemesis
5 8 18 13 8 57 Hypotrichosis-J-impotence
6 10 17 23 18 63 Ascites + jaundice
2 10 23 34 21 48 Ascites + jaundice +
gynaecomastia + palmar
erythema + spider naevi
8 28 52 52 28 43 Ascites + jaundice + coma
6 n 16 11 9 52
7 12 7 32 22 53 Gynaecomastia -J- testic-
ular softening
3 6 10 16 5 72 Gynaecomastia

Liver

Thymol

o o w O

12

AN D 0 0~

tests

ZnSo4

10

13
14
12
10

bilharzial hepatic fibrosis

Enzymes
Pro- Clinical notes
phos. S.G.O.T. S.G.P.T. thrombin
per cent

18 30 19 56 —

8 12 7 67 —

10 23 13 52 Ascites

3 10 8 76 —

16 34 12 44 Jaundice
28 82 32 45 —
14 34 21 43 Ascites -|- Jaundice
21 16 6 58 —

10 23 12 55 —

11 14 7 63
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Table VI

Urinary oestrogens (fig/24 hrs) and liver function tests

%‘aos.e Age Oeslt;one Oestééd|ol OesEt’rloI oes-tr?(ge . bﬁ?mg?n g[%ﬁ‘lﬁ
| 54 2.83 6.88 5.88 15.57 0.9 6.2
2 56 2.52 3.90 8.52 14.94 0.8 5.8
3 55 4.02 3.44 6.62 14.08 15 6.8
4 58 0.96 6.13 2.09 9.18 2.6 6.2
5 57 3.42 1.37 4.98 9.77 0.9 5.6
6 56 2.35 5.64 5.37 13.36 0.8 6.7
7 57 4.57 1.98 1.49 8.94 0.2 7.2
8 62 1.65 741 2.97 12.03 0.4 6.3
9 61 2.49 8.26 6.01 16.76 0.3 6.1

Mean 2.85 4.99 4.88 12.72

S.D. % 1.33 2.43 2.28 291

S.E. * 0.44 0.81 0.76 0.97

°/0 of total 22.4 39.2 38.4

All the cases of the first group proved to be bilharzial hepatic fibrosis
by liver biopsy.

Fig. 2 and Table ¥ show the results in the group of young females with
hepatosplenomegaly. Mean total oestrogens (50.61 ,ug/24 hrs) was slightly
below the normal, but all cases were within normal limits. The oestriol frac-
tion was significantly reduced (P <0.01).

In Case 3 the patient had ascites; in Case 5, jaundice; and in Case 7,
both. Liver function tests in these cases were pathological. The oestrogen
level in these three cases did not differ from that in the cases without compli-
cations showing slightly to moderately affected liver function (Table Y).

All these cases proved to be bilharzial hepatic fibrosis except Case 5
which was post-hepatic in nature.

No gynaecological complaint or endocrine manifestations were noted in
these cases. Patients 2, 7, 8, 9 were single, the other six were married and
had normal pregnancies and children.

Table VI and Figure 4 represent the results in the group of post-meno-
pausal females with liver cirrhosis. A remarkable change in these was the
significant increase in the oestradiol fraction (P < 0.05).

Five cases (1, 3, 4, 8 and 9) and especially 3, 4, 9 had advanced liver
disease with poor liver-function tests (Table I11). Of the five, three patients

Acta Medico Academiae Scientiarum Hungaricae 30, 1973



OESTROGENS IN BILHARZIASIS 87

in a group of post-menopausal women tvith liver cirrhosis

Liver tests Enzymes
Alb./glob. Pro- CUnical notes
Thymol ZnS04 Aik. phos. S.GOT. S.G.P.T. thrombin
per cent
0.94 3 10 " 22 8 55 Ascites ¥ palmar ery-
thema -|- spider naevi
1.08 7 9 8 10 7 78
0.88 7 12 31 44 24 55 Ascites + jaundice
0.85 8 9 21 30 15 51 Ascites -f- jaundice
0.61 2 6 26 53 41 45 —
1.38 4 6 12 16 10 67 —
1.32 6 5 6 7 7 58 —
1.13 7 12 7 15 12 62 Ascites -f-palmar erythema
0.92 10 1 20 26 21 57 Ascites

(1, 8, 9) had ascites and two (5, 4) jaundice and ascites. Two patients (1, 9)
displayed palmar erythema. Spider naevi were noticed in Case 1. In all these
cases liver biopsy revealed Laennec cirrhosis except Cases 1 and 5 which
proved to be post-hepatitic.

Discussion

The results showed clearly that the oestradiol level as well as its per
cent of the total urinary oestrogens were increased in liver disease. This may be
due to the impaired capacity of the liver to transfer oestradiol into the less
active oestrogens, as it was shown by Schedl [8] that the liver inactivates
oestrogen. E1-Mahdy [3] found an increase in total urinary oestrogen accom-
panied by an increase in oestradiol and oestriol in male patients with un-
complicated bilharziasis, but a decrease of all the fractions in patients with
hepatosplenic bilharziasis and ascites.

Leutscher [5] found diminished libido and impotence in men with
active hepatic cirrhosis and Szarvas et al. [9] suggested that hypogonadism
in cirrhotic patients was most likely the result of a primary testicular change.

The increase observed by us in oestradiol excretion in the patients
with liver disease confirmed the findings of Brown [1]. The decrease in
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Fig. 1. Oestrogens /tg/'24 hrs in a group of normal Egyptian males and in a group of male
patients with bilharzial hepatic fibrosis (Mean y SD)

oestriol may be explained by the fact that oestrone is converted to hydroxy-
oestrone, a precursor of oestriol, a step definitely impaired in patients with
severe liver disease [3].

Thus, a direct correlation was found between the severity of the liver
condition and the oestrogen picture. Fairly common was the increase in
oestradiol, especially in males and post-menopausal women. Gynaecomastia
or loss of axillary and pubic hair were not associated with the highest oestrogen
values, so other factors also seem to be at play in the development of these
symptoms.

Also, it might be due to the variable sensitivity of the cirrhotic patients’
skin and mammary tissue to the hormones at issue that some cirrhotics have
hypotrichosis and spider angiomata, while others do not show these mani-
festations. This also depends on the age being prepubertal or postpubertal
when the hyperoestrogenemia occurs. If the maximum insult occurs before
puberty the patient may suffer from severe hypogonadism and even infan-
tilism. Hyperoestrogenemia may inhibit the anterior pituitary trophic hor-
mones such as gonadotrophins and growth hormone. The condition may
become worse when undernutrition and hypoproteinaemia are present.
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Fig.

2.

Urinary oestrogens yUg/l24 hrs

in a group of normal

Egyptian young females and in a group of young female patients
with bilharzial hepatic fibrosis (Mean + SD)

pg/z™n.

Urinary tstrogens

Fig. 3. Oestrogens /ig/24 hr

in a group of Egyptian postmeno-

pausal women and a group of postmenopausal patients with
liver cirrhosis (Mean = SD)
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METABOLISM OF [4-ACIDEHYDROEPIANDROSTERONE
BY HUMAN SKIN IN VITRO

I. IN VITRO FORMATION OF WATER-SOLUBLE DEHYDROEPIANDROSTERONE
SULPHATE AND ANDROST-S-ENE-3/1,17j9-DIOL-3-SULPHATE
IN HUMAN ABDOMINAL SKIN

I. Faredin, |I. Toth, f M. Julesz
FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

(Received August 11, 1972)

Normal female and male abdominal skin slices were incubated with [4-uC]
dehydroepiandrosterone. Of the numerous radioactive metabolites formed, déhydro-
épiandrostérone sulphate, androst-5-ene-3/1,17/3-diol and androst-5-ene-3/?,17/9-diol-3-
sulphate were isolated and identified by the reversed isotope-dilution method. It was
confirmed that both female and male abdominal skin contain A53/3-hydroxysteroid
sulphokinase activity, which catalyzes the sulpho-conjugation of not only the de-
hydroepiandrosterone substrate, but also the androst-5-ene-3/?,17/1-diol formed during
five-hour incubation. The significance of the water-soluble steroid sulphates formed
in the skin is discussed.

The formation ofwater-solubledehydroepiandrosterone sulphate (DHA-S)
and androst-5-ene-3/?,17/?-diol-3-sulphate (A5diol-3-S) was first described by
Gallegos and Berliner [1] who incubated male abdominal skin slices with
[4-14C]ldehydroepiandrosterone (DHA). A few months later, the formation of
DHA-S was confirmed in incubation experiments with female abdominal skin
slices and [4-4C]DHA [2]. These results permitted the conclusion that healthy
male and female abdominal skin contains ZIE3/9-hydroxysteroid sulphokinase
(3/1-HSS) activity, which catalyzes the formation from free DHA of water-
soluble DHA-S and zl5diol-3-S.

The importance of water-soluble steroid sulphate esters in human skin
is not known. For this reason we have carried out incubation studies to de-
termine whether female and male abdominal skin slices are equally capable
of forming DHA-S and 4 5diol-3-S from [4-14C]DHA. The present paper gives
an account of the isolation and identification of these two sulphate esters.

Material and methods

Solvents. The organic solvents were of analytical purity, and were further purified by
distillation.

Steroids. [4-14C]DHA (specific activity; 57.1 mCi/mM) (The Radiochemical Centre,
Amershain, England) was subjected to preliminary purification on an A120 3-G thin layer
in solvent system “D” (3). ATP, NAD+ and NADP+ were commercial products (Sigma
Chemical Co., St. Louis, USA). The authentic steroids (DHA, DHA-S, /I5diol, zI5-diol-3-S)
were purified on thin layers in solvent systems corresponding to their polarities [4].

Skin samples. Normal female and male abdominal skin was obtained during opera-
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tions for appendicitis. The “complete” skin samples, containing both dermis and epidermis,
were purified from germicide and accompanying fatty tissue, and were then cut with scissors
into 1— 2-mm slices.

Incubation. 0.5 g of the female abdominal skin slices or 0.4 g samples of the male
abdominal skin slices were incubated at 37°C for five hours in air with 1,084,296 dpm (0.4884
/tCi, 8,553.793 pM) [4-14C]DHA (spec, act.: 57.1 mCi/mM) in 5 ml Krebs—Ringer phosphate
200 mg per 100 ml glucose (KRPG) medium, at pH 7.3. The concentration of ATP, NAD +
and NADP+ in the incubation mixture was 10—3 M. Before incubation, the [4-14C]DHA
was dissolved in 0.2 ml propylene glycol. To avoid bacterial contamination, crystalline
penicillin (1000 I. U./ml) and streptomycin sulphate (100 /ig/ml) were added to the incubation
medium. At the end of the incubation the reaction was stopped by the addition of 1 ml
methanol, and the incubate was stored at —15°C.

As controls, samples of the same skin slices were inactivated by boiling in KRPG
solution for ten minutes, and incubated with the substrate in KRPG medium in the presence
of the cofactors.

In another control experiment only the [4-14C]DHA substrate was incubated in the
given medium.

Extraction. After the five-hour incubation, known amounts of “cold” DHA, DHA-S,
_15diol and ZI5diol-3-S were added as carriers to each incubate, then the medium was poured
off the skin slices.

The skin slices were washed first with 5 ml KRPG solution, and then with 5 ml 2 N
ammonia solution, and the washings were added to the medium. The skin slices were next
extracted with 4X5 ml methanol, and the extracts were evaporated to dryness in vacuum
below 45°C.

The medium was poured onto the dry residue, the volume was made up to 20 ml with
KRPG solution and then half-saturated with (NH4)2504 (8 g/20 ml). The solution thus
obtained was extracted with 4x 20 ml ethyl acetate. The combined extracts, containing
both free and water-soluble metabolites, were evaporated to dryness in vacuum below 45°C.
87—99% of the radioactivity of the medium was recovered during the extraction.

Chromatography

Column chromatography. The free and sulpho-conjugated metabolites were separated
ona 1.5 g “Nymco” florisil column (60/100 mesh) (Floridin Co., Tallahassee, Florida, USA) [5].
24 ml benzene was poured onto a 1.5 florisil column suspended in benzene, and the radioactive
and “cold” steroids were then dissolved in 1 ml methanol and transferred to the column
by Pasteur pipette. The methanolic solution was well mixed with the benzene, the solvent
was allowed to drip through the column, and the whole operation was repeated. The 50-ml
eluate thus obtained was combined: this was eluate 0. The column was next eluted with
3x20 ml 4% methanolic benzene (eluates 1—3), and then with 3x20 ml 20% methanolic
benzene (eluates 4—6), 20 ml at a time. Eluates 0—2 from the column were combined into
fraction I, and eluates 3—6 into fraction Il. The radioactivity of fractions | and Il was
measured by a Packard Tri-Carb Liquid Scintillation Spectrometer (Model 3375). The effi-
ciency of the apparatus for fraction I, containing the free steroids, was 86.5% for 14C, while
in the case of the sulpho-conjugated steroids (fraction I1) it was 77.5%.

The free steroids (fraction 1) were chromatographed on a 3 g A120 3 column (E. Merck
A. G., Darmstadt, Germany) (Brockmann activity I11/TV), and the unchanged [4-14C]DHA
and the zI5diol formed from the substrate were determined by the reversed isotope-dilution
method described previously [6, 7].

The sulpho-conjugated steroids were isolated from fraction Il and identified.

Thin-layer chromatography. 250 p layers of either silica-gel-G (E. Merck A. G. nach
Stahl) or A1203G (E. Merck A. G. nach Stahl) are suitable for the separation of the free
and the sulpho-conjugated steroids. The sulpho-conjugated steroids were separated as done
by Sarfaty and Lipsett [8] using solvent system | (abs. ethanol — ethyl acetate — cone.
NH40H (5:5:1, v/vlv) on A120 3-G and silica gel-G [5].

The following thin-layer chromatographic (TLG) systems were applied for the separa-
tion of the free steroids;

A 120 3-G thin-layer

TLC “A”: n-hexane — ethyl acetate — glacial acetic acid — abs. ethanol (210 : 30 :
2:0.5, viviviv)

TEC “D”: n-hexane — ethyl acetate — glacial acetic acid — abs. ethanol (140 : 100 :
0.5 : 2, viviviv)

Silica gel-G thin layer

TLC “1a”:cyclohexane — ethyl acetate (60 : 40, v/v)

TLC “1b”:dichloromethane — ethyl acetate (4 : 1, v/v)
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TLC “1d”: benzene — abs. ethanol (86 : 14, v/v)

TLC “2”:benzene — ethyl acetate (3 : 2, v/v)

TLC “Lisbhoa-E”: n-hexane — ethyl acetate — glacial acetic acid - abs. ethanol
(135 :72:10: 4.5, viviviv)

The positions of the radioactive spots on the thin-layer plates were determined with
a Packard Radiochromatogram Scanner (Model 7201). The positions of the spots of the “cold”
steroids were examined with a “Desaga” U.V. lamp (Model 131000) and iodine vapour.
The steroids were extracted from the layer with methanol [5].

Determination of the amounts of steroids. The amounts of the “cold” DHA and DHA-S
were determined spectrophotometrically via the Zimmermann reaction: the wavelengths
used were 450, 510 and 570 nm, and the Allen equation was applied [9]. The amounts of
ZI5-diol and zP-diol-3-S were determined after boiling for five minutes with concentrated sul-
phuric acid and measurement at 380, 410 and 440 nm [4, 6], with the help of the Allen cor-
rection equation.

Identification of DHA-S and J6diol-3-S. The two water-soluble sulpho-conjugated
steroids were isolated from fraction 1l and identified. Fraction Il was chromatographed in
solvent system I, first on a silica gel-G layer, then on a Al12 3-G layer. In this way the sulpho-
conjugated steroids were purified from any free steroids which may have been present, and
were then solvolyzed. After solvolysis the <B&diol and the DHA were separated on a siliea-
gel-G thin-layer, and then identified in the manner given in Table Il. Specific activity was
determined after every individual chromatographic step, and the DHA or A5diol was regarded
as identified when its specific activity remained within a limiting error of 10% after two
successive chromatographic steps. The amount of DHA-S or .T-diol-3-S formed was calcu-
lated for 1 g wet skin tissue, and the conversion referred to the substrate was expressed in
picomoles (pM), and then computed in percentage.

Preparation of steroid derivatives. Acetylation and hydrolysis were carried out accord-
ing to Bush [10]. Solvolysis was performed in accordance with Treiber [11] as follows;
30 ml 1% perchloric acid solution in ether was added to the sulpho-conjugated steroids in
a stoppered tube, and the mixture was left to stand at 37°C for 24 hours. The solvolyzed
mixture was extracted with 1 X5 ml 5 N NaOH, and then with 2 X5 m distilled water. The
ether was finally evaporated off to dryness below 45°C. Recovery could be carried out with
a yield of 88—95%.

Results

The results given in Table I indicate that both normal female and male
abdominal skin slices utilize [4-uC]DHA under the experimental conditions

Table 1

Control studies connected with steroid-sulphate esters formed in the course of incubation
of human skin slices with [4-1IC]dehydroepiandrosterone

Déhydro-
Sulphate esters Per épiandrostérone Per
Cases studies Incubation Total dpm/g cent sulphate cent
skin/5 hr Total dpm/g
skin/5 hr
%
1. normal a) normal abdominal skin
female slices 62,957 5.81 49,732 459
(24 years) b) abdominal skin slices boiled
for ten minutes 0 0.00 0
c) only [4-14C]DHA substrate 0 0.00
2. normal male a) normal abdominal skin
(21 years) slices 39,096 3.61 34,672 3.19
b) abdominal skin slices boiled
for ten minutes 0 0.00 0
c) only [4-uC]DHA substrate 0 0.00
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Table 11
Isolation and identification of unchanged substrate [d-'*“ehydroepiandrosterone and androst-
dehydroepi-
“Cold” i
Identified steroid steroid ?::Qig:ﬁl Derivative TLC systems
9
Dehyroepiandrosterone + 317* - DHA Syst. “D”
210** - DHA Syst. “2”
Acetylation DHA-Ac. Syst. “1la”
Hydrolysis DHA Syst. “2”
Androst-5-ene-3/3,17/3-diol 213* Acetylation /ls-diol-di Ac. Syst. “A”
213** Acetylation  ZI5diol-diAc. Syst. “1b”
Hydrolysis /15-diol Syst. “Lisboa-E”

+ [4-uC]dehydroepiandrosterone substrate (1,084,296 dpm = 0.4884 fid, 8,553.793 pM)
* Amount of “cold” (carrier) steroid used for female skin slices
** Amount of “cold” (carrier) steroid used for male skin slices

described. If boiled skin slices were incubated with labelled DHA, neither
sulphate ester nor DHA-S formation was observed. Similarly, metabolism
could not be detected if only the substrate was incubated, without skin slices,
under the given experimental conditions. These control experiments con-
firmed that the formation of sulphate esters is a result of the activity of the
enzyme system in the skin.

Table 111

Isolation and identification of dehydroepiandrosterone sulphate and A5-diol-3-sulphate from nor-

“Cold” i
Identified eteroid steroid ?g:éntig:gl Derivative TLC systems
Y9
Sulphate esters 288* - Sulphate esters Silica gel-G “1”
216** - Sulphate esters A1,03G “I”
Dehydroepiandrosterone Solvolysis Free DHA Syst. “1d”
sulphate Acetylation DHA-acetate Syst. “1a”
ZI5-diol-3-sulphate 163 Solvolysis Free zl5-diol Syst. “1d”
Acetylation  zI5diol-diAc. Syst. “1a”
- zI5-diol-diAc. Syst. “1b”
Hydrolysis /15-diol Syst. “2”

* Amount of“cold” (carrier) steroid used for female skin slices
** Amount of“cold” (carrier) steroid used for male skin slices
+ Amount of“cold” (carrier) steroid used for female and male skin slices
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5-ene-3B8,17R-diol from normal female and male abdominal skin slices incubated with [4-'IC]-

androsterone

Female skin (24 yr)

Specific activit
i

1,153.8
1,243.7
1,371.2
1,354.6

123.30
102.73
95.42

Incorpn/g/5 hr
dpm

432,030

42,204

per cent

Male skin (21 yr)

Specific activity Incorpn/g/5 hr
dpm

dpmi/<g per cent

3,590.3

39.85 2,584.8 533,022 49.16

2,491.6

54.26

3.89 53.37 28,507 2.63

53.70 *

The metabolites formed during the incubation of the normal female and
normal male abdominal skin slices were separated into fractions | and 11,
i.e., into groups of free steroids and sulphate ester steroids. Table Il presents
the identification of the unchanged substrate and the resulting zI5diol isolated
from fraction |. A significant proportion of the [4-14C]DHA was metabolized
during the five-hour incubation of both the female and the male abdominal

mal female and male abdominal skin slices incubated with [d-'"ehydroepiandrosterone

Kf Spécifie
activity
dpm//<g

0.41 108.28
0.31 110.32
0.49 87.19
0.65 85.49
0.35

0.63 14.96
0.70 16.42
0.29 15,51

Female skin (24 yr)

total
dpm

62,957

49,732

5,095

Incorpn/g/5 hr

pM

496.65

392.32

40.19

Male skin (21 yr)
Incorpn/g/5 hr

Specific
activity total
per cent dpm//ig dpm pM per cent

5.81 73.03 39,096 3.61
71.78 308.42

4.59 64.27 34,672 3.19
64.16 273.52
18.21

0.47 15.12 5,932 46.79 0.55
14.00
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skin slices. With the reversed isotope dilution method, 39.85% of the un-
changed substrate was recovered from the incubate of female abdominal skin
slices, and 49.16% in the case of the male abdominal skin.

The formation of /15diol could be shown from the in vitro incubates of
both the female and the male abdominal skin slices. During the five-hour
incubation the incorporation of radioactivity was 3.89% in the case of the
female abdominal skin, and 2.63% for the male abdominal skin.

The proof of the formation of DHA-S and A5diol-3-S is given in Table
I1l. It can be seen that during the five-hour incubation of the female and
male abdominal skin slices, water-soluble sulphate esters were formed with
significant radioactivity. In the case ofthe female abdominal skin slices the in-
corporation of radioactivity was 5.81% (496.65 pM), while for the male skin
slices it was 3.61% (308.42 pM).

After solvolysis of the sulphate esters, chromatography in solvent system
““1d” on silica-gel-G thin-layer led to the separation of the radioactivity into
two peaks. The radioactive peak exhibiting the greater movement (Rf = 0.49)
ran together with DHA, and that with the lower movement (Rf = 0.35) ran
together with J 5diol. The constant specific activities of the steroids separated
in various chromatographic systems and in the form of various derivatives
confirmed that the steroids isolated from the sulphate ester fraction were
identical with DHA-S and Zl6-diol-3-S.

Table 11l shows that the majority of the radioactivity incorporated
into the sulphate ester fraction had originated from the DHA-S. The DHA-S
incorporation in the female abdominal skin was 4.59% (392.32 pM) and in
the male abdominal skin 3.19% (273.52 pM). The formation of ZI5diol-3-S was
much less. Radioactivity incorporation in the case of the female abdominal
skin slices was 0.47% (40.19 pM), and for the male slices, 0.55% (46.79 pM).

Discussion

In addition to free DHA, DHA-S is an important secretory product of
the adrenal cortex [12, 13,14] and the ovary [15]. DHA-S circulates in periph-
eral blood in high concentration (10—550 fig/100 ml) [18, 19].

It is not known exactly what role the DHA-S plays in the transport,
metabolism, or possible storage of DHA. Many authors regard it as an inactive
metabolite of the weakly androgenic DHA [13, 14]. DHA-S can transform
“directly” into zI5diol-3-S, without the splitting-off of the sulphate group [20].
Kim and Herrmann [21] incubated DHA-S with homogenizates of the vaginal
mucosa of mature females, and the preputial and abdominal skin of infants.
5.7—14.2% of the substrate was converted to free DHA, and androst-4-ene-
3,17-dione and testosterone too appeared in the incubate. DHA-S plays a role
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in the regulation of the production of androgenic steroids by means of its
“indirect” metabolism [3, 7, 21].

Besides the adrenal cortex [22], the gonads [23] too, presumably play
a part in the formation of the J 5diol. The latter can be found in peripheral
blood in the form of mono- and disulphate esters [24]. The concentration of
ZI5diol-3-S in the blood of males is much higher (28.7 /xg/100 ml) than in the
blood of females [25], and is about half the concentration of A&’-diol-3,17-
disulphate [24].

OH

17p-HsD =173- hydroxysteroid dehydrogenase
A5-3p-HSs= [53p-hydroxysteroid sulphokinase

Fig. 1. Possible routes of [4-14C]dehydroepiandrosterone-sulphate formation in normal human
abdominal skin

Our studies support the results of previous authors [1, 26] in that in
the course of incubation of female and male abdominal skin slices with
[4-14CIDHA, not only DHA-S but also Z5diol-3-S is formed. Our results
show that both the male and the female abdominal skin contains zds-3/3-HSS
activity, which also catalyzes the sulpho-conjugation of the ZI5diol formed
during the incubation with the DHA substrate. The possible routes for the
formation of the A5diol-3-S in the skin are given in Fig. 1. The fact that
free A5diol is formed in the incubate proves the presence of 17/?-hydroxy-
steroid dehydrogenase activity in the skin, while the /F-diol formed is con-
verted to water-soluble ZI5diol-3-S with the participation of ZI53/?-HSS. As
described by Hay and Hodgins [27] for the case of female axillary skin
slices, this water-soluble steroid sulphate can also be formed by another path-
way, the DHA-S pathway.

The steroid sulphokinase activities of the various human tissues have
been studied by very many authors, and it has been shown that zZI53/?-HSS
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enzyme is contained in the adrenal cortex, the liver, the ovary, the testes and
the small intestinal mucosa [28, 29, 30, 31, 32]. The physiological significance
of the ZI6-3/S-HSS activity detected in human skin has not been clarified.
In our earlier studies it was shown that human axillary sweat contains a
considerable amount of 17-Ks-S [33], the amount of which increases signif-
icantly on synthetic al-28-ACTH treatment [33].

Mention must be made of the studies by Oertel and Treiber [34],
who isolated a whole series of radioactive androgenic steroids from sweat
collected from the surface of the human trunk after intravenous injection of
[7Ta-3H]dehydroepiandrosterone-[3&S]sulphate-Na. Their results indicated that
the overwhelming majority of the DHA, androsterone, etiocholanolone and
/Is-diol detected in sweat could be isolated in free form, and lesser amounts
in the sulphate-ester form. These studies confirmed the connection between
the DHA-S level in peripheral blood and the amount of DHA-S secreted in
sweat. We assume that the d53/?-HSS activity of the skin plays a role in
the sulpho-conjugation of the androgenically active steroids entering the skin
from the blood stream.

We are indebted to Dr. L. Csernay for making the Packard Liquid Scintillation
Spectrometer available for radioactivity measurements.
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DIAGNOSTIC VALUE OF THE RHEUMATOID ROSETTE

B. Fekete, Gy. Szegedi, P. Gergely, G. Szabo, Gy. Petranyi

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received September 27, 1972)

The proportion of rheumatoid rosette-positive cases was examined in
57 patients with rheumatoid arthritis, 39 with some other autoimmune disease
and 53 controls with other diseases. It was found that 1) 50% of the patients
with rheumatoid arthritis were rosette-positive, as against 20% of those with
other autoimmune diseases and barelv 4% of the controls; 2) there was no
direct correlation between the number of rosettes and the RF-serum level;
3) there was some correspondence between rosette positivity and the activity
of the process.

Considering the fact that the RF as well as the rheumatoid rosette are
connected with the anti-lg-activity of the lymphoid cells, partly because RF
may be present on the surface of the rosette-forming cells, partly because
of the involvement of a direct cell-mediated 1g sensitivity, it is felt that the
two diagnostic reactions are complementary, though their direct clinical
significance remains questionable.

In 23 to 40% of the patients with rheumatoid arthritis (RA) no rheu-
matoid factor (RF) is demonstrable [1, 2]. This seronegativity might have the
following explanation. 1) Formation of RF may be absent; 2) its amount may
be too small to be detectable; 3) it may be present in a bound state which
prevents its detection. All this has prompted a cellular approach to the study
ofthe RF. The rheumatoid rosette test was described by Bach and Delbarre
in 1968 [3]. O Rh-positive human erythrocytes coated with rabbit immuno-
globulin were incubated with blood lymphocytes of patients with RA. The
reaction was positive if a certain number of lymphocytes per thousand formed
a binding with the coated erythrocytes in the form of rosettes. Extending the
test to other diseases, the authors cited found that a) the rheumatoid rosette
was positive in 70% of RA patients as against 5% of the controls; b) there
was no direct correlation between the rheumatoid rosette and RF positivity,
in other words, the rosette test may be positive in the absence of RF, and
conversely.

The present study has been concerned with the proportion of rheumatoid
rosette positive cases in our RA-patient material and with the correlations
of the reaction with the other pertinent clinical and laboratory data.
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Material and methods

Preparation of the lymphocyte suspension. 20 ml heparinized blood of the subject to be
studied was allowed to sediment with 3% gelatin at 37°C for 45 minutes and the supernatant
was filtered through a nylon wad column. The lymphocyte suspension was washed thrice
with Parker’s 199 medium containing 10% calf serum. The cell number was adjusted to
1.5 X 105 per ml.

Coating ofthe erythrocytes with immunoglobulin. Rabbits were immunized with 2 X 1090
Rh-positive human erythrocytes, administered intravenously on three occasions at 7 day
intervals. This gave an anti-human rabbit haemagglutinin of a titre of approximately 1 : 1200.
The lowest non-agglutinating dilution was determined. Since our haemagglutinin serum was
known to produce no agglutination at twofold dilution, this dilution was adopted for the
purposes of the present study. For coating, O Rh-positive human erythrocytes were washed
three times with phosphate buffer and made up to a 2.5% suspension which was incubated
at 37°C for 30 minutes with the antihuman rabbit haemagglutinin of the lowest non-agglutinat-
ing dilution. Then the suspension was washed three times and adjusted to 3 million cells
per ml.

Rosette formation. 0.5 ml of the lymphocyte suspension and 0.5 ml of the lIg-coated
erythrocyte suspension were centrifuged together at 600 r.p.m. for 10 min.

Reading. After careful resuspension in the nutrient medium, the number of rosette-
forming cells/1000 lymphocytes was counted on a slide under a coverglass (Fig. 1).

Reproducibility. The procedure was repeated with the lymphocytes of 15 rosette-
positive patients 3 to 7 times within 10 days. Apart from minor variations, the results were
practically the same.

The results of the Rose— Waaler-test were regarded as positive when the titres were
in excess of 1/32.

Patients. 149 patients were studied for the rheumatoid rosette. 57 had rheumatoid
arthritis, 39 had other autoimmune diseases and 53 serving as controls had various other
diseases. The second category comprised cases of SLE, polymyositis, dermatomyositis and
scleroderma. In the control group there were cases of peptic ulcer, hypertensive disease,
neurosis, and of other diseases unrelated to the first two groups.

In every case the clinical stage, the general condition, the ESR and the results of
the Rose-test were put on record.

Results

Of the 53 controls 4 were seropositive (the Rose—W aaler-test giving a
titre of 1/64 in 3 cases and of 1/128 in one), and 49 were RF-negative. In the
negative group the rheumatoid rosette test was positive in two cases (in one
of chronic nephritis and one of chronic pancreatitis).

The RF-positive patients of the control group were rosette-negative all
throughout.

Table 1

Results of the rheumatoid rosette test

Number

Groups of cases A6/1000 6 10/1000 > 10/1000
RF-positive RA 46 24 12 10
RF-negative RA 11 5 1
Other autoimmune diseases 39 31 3 5
Controls 53 51 | 1
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Fig. 1. The rheumatoid rosette test

The number of rheumatoid rosettes was in excess of 6/1000 in 28 out
of 57 patients with RA, as against 8 out of 39 with other autoimmune diseases.
46 patients with RA were RF-positive, 11 were RF-negative. 22 out of 39
patients with other autoimmune diseases were RF-positive, 17 were RF-
negative (Fig. 2, Table I, I1).

Correlation between the number of rheumatoid rosettes and RF titres. 22
out of 46 RF-positive and 6 out of 11 RF negative RA patients were rosette-
positive, the proportion of rheumatoid rosette positivity thus being 50% in
both groups. In the group of other autoimmune diseases 5 out of 22 RF-
positive cases (i.e., approximately 1/4 of the patients) and 3 out of 17 RF-

Rosette 11000 iy

diseases diseases
Fig. 2. Proportion of rheumatoid rosette positivity in the individual groups
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Table 11

Proportion of the results of the rosette test in the individual groups

Number of rosettes Rr;?tuhnr]iat%gid auté)irtrrl]emrun > Control
diseases
< 4/1000 = neg. 26 24 51
4—6/1000 = uncertain 2 4 0
7—10/1000 = pos. 11 5 0
> 10/1000 = strongly pos. 15 3 2

negative cases (approximately 1/6 of the patients) were found rheumatoid
rosette-positive.

On closer examination of the relationship between RF titre and rheuma-
toid rosette positivity it was found that the number of rheumatoid rosettes,
so far from corresponding to the RF titres, shows an opposite tendency
(Fig. 3). Bach et al. also note a significant negative correlation between the
two parameters [4].

Correlation with clinical data.

1. Duration of disease. While positivity of the rosette test was less
intensive in long-standing processes than in those of relatively recent onset,
RF-positivity showed an inverse tendency (Fig. 4).

2. Activity of the process (arthralgia). A close correspondence has been
found between arthralgia and rheumatoid rosette positivity, in opposition to
RF which revealed no correlation of this kind (Fig. 5).

Rosette /1000 ly

41/32 06« 17128 '/256 r '/512

¢ =Rheumatoid arthritis
X =Other autoimmune diseases

Fige 3. Correlation between RF titre and the number of rheumatoid r> W-
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<2 2-10 >10 <2 2-10 > 10 years

Fig. 4. Correlation of the duration of disease with rosette positivity and with RF titre

pain pain

Fig. 5. Correlation of pain with rosette positivity and RF titre

3. Correlation with the sedimentation rate. With an ESR of more than
35 mm/hr the proportion of rosette-positive cases was significantly larger than
below this ESR level (Table 111).

Table 111

Correlation between sedimentation rate
and rheumatoid rosette positivity

Rheumatoid rosette

Number
of cases . -
negative positive
35 mm/hour 28 15 13
< 35 mm/hour 29 8 21
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Discussion

On the evidence of this study, the rheumatoid rosette test proved
positive in roughly 50% of the RF-positive and of the RF-negative group
alike. Our figures are thus lower than those reported by Rach et al. who
found the test positive in 70% of their cases. This may have the following
causes: a) our cases were smaller in number; b) the majority of our patients
were on immunosuppressive treatment (steroids, in some cases cytostatic
drugs) which interferes with the formation of rheumatoid rosettes; c) there
might have been minor differences in the technique, such as pH, incubation
time, diameter of the tubes used for incubation, etc.

The rosette-forming lymphocytes are assumed to be either RF-produc-
ing, or rabbit-lg(antigen)-sensitive cells. Experimental evidence suggests,
however, that the cells responsible for the formation of the rheumatoid rosette
are not of the same type [5, 6], part of them belonging to the antibody-
forming lymphocytes of type “B” and the other to the antigen-sensitive
lymphocytes of type “T.” The observation that nontoxic concentrations of
azathioprine, known to affect primarily the cells of type “T,” are but incom-
pletely suppressive to rosette formation [6], also seems to be consistent with
a possible involvement of two different lymphocyte populations [6].

Previous treatment of the lymphocytes with anti-human immunoglobu-
lin has been found to inhibit rheumatoid rosette formation [4, 7]. On the
evidence of morphological studies the majority of the rosette-forming cells are
small lymphocytes [8].

Monocytes are also capable of forming non-specific rosettes, there is,
however, no difficulty in identifying these cells light-microscopically and thus
in eliminating them in the course of counting.

R F positivity and rosette positivity. No direct correlation has been found
between RF positivity and the number of rheumatoid rosettes. This admits
of the following interpretations.

a) While rosette formation is the result of the proliferation of anti-
gamma G-specific lymphocytes and of their release to the periphery, the
RF level is closely related to the secretory activity of specific plasmoid
lymphocytes. An increase in the number of rosettes representing the cellular
immune phenomena ensuing earlier in time, precedes the demonstrability of
the RF. It is moreover possible that the antigenic stimulus elicits merely a
cell-mediated response with no elevation of the antibody level (in the case
of RA, of the RF level). Under experimental conditions, the rheumatoid
rosette phenomenon is demonstrable a few days earlier than the RF [4], on
the other hand, the RF is still present in blood when the rosettes are no longer
demonstrable, b) It is possible that RF-producing cells of type “B” account
only for a certain part of the rosette-forming population, the other part con-
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sisting of antigen-sensitive “T” cells, ¢) Finally, as presumed by Brown and
Epstein [8] excessive amounts of RF antibody may well be suppressive to
the rosette-forming lymphocytes.

R F positivity and rosette negativity. 24 out of 46 RF-positive cases of
RA were rosette-negative. The majority of these patients were in remission
or under treatment.

R F negativity and rosette positivity. 6 out of 11 RF-negative cases of
RA were rosette-positive. The lack of a direct correlation between RF and
the rheumatoid rosette has been discussed earlier in this paper.

R F negativity and rosette negativity. RF negativity and rosette negativity
were coupled in 7 cases of RA, all of minor severity, having been in complete
remission for a fairly long time.
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By using the immunoreactive double antibody assay of Hales and Randle
in heparin plasma and heparinized serum, a lower insulin concentration was observed
than in serum without heparin. In the radioimmunoreactive single antibody method
of Ziegler et al., heparin failed to influence the amount of insulin. It has been con-
cluded that the effect of heparin is connected with the presence of the second — anti-
gammaglobulin — antibody.

A higb serum insulin concentration may occur as a consequence of the second
antibody inhibiting the effect of complement as well as of the cross-reaction between
the second antibody and human gammaglobulin. Because of the favourable effect
of heparin on the anticomplement and the optimum precipitation zone it is advisable
to determine the insulin value in heparin plasma by the radioimmune double antibody
assay. A blood heparin concentration of 1.0 IU/ml proved to be sufficient for ensuring
a favourable effect.

The relative simplicity of radioimmune insulin determination offers a
great help in diagnostics and research. Data on the concentration of normal
insulin in human serum and plasma are far from uniform [14]. The explana-
tion of the differences lies in the fact that some authors determined the insulin
in serum, others in plasma prepared in different ways, and there are even data
on “insulin juU/ml” (serum? plasma?). Further differences are arising from
the variety of the methods applied, the effect of chemicals used for prepara-
tion of the plasma, and, finally, from individual variations (Fig. 1).

The present study was aimed at clarifying two points, viz.

1) Is there any difference between the serum and plasma insulin levels
in the same subject?

2) Does heparin added to the serum in vitro influence the insulin level?

Material and methods

1. Insulin concentration in serum and heparin plasma. Fasting blood samples were
taken. The plasma heparin concentration was 15 jug/ml (Heparin Richter, 1 mg = 134.6 I1U).
75 /lg of heparin was given to 5 ml of blood in a test tube containing 0.1 ml of physiological
NaCl solution.

2. Effect of heparin in vitro on the serum-insulin concentration.

Heparin dissolved in physiological NaCl solution at a concentration of 1, 5, 500 /zg/ml
was added to serum at a ratio of 0.1 : 0.9. In the determination of the serum-insulin con-
centration, instead of heparin solution 0.1 ml of physiological NaCl solution was applied
in order to ensure standard conditions.
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Plasma Serum

Fig. 1. Fasting insulin level of healthy subject» determined by different immune assay on
the basis of 22 reports. The numbers show the literary references (after Henderson)

3. Insulin concentration in serum, heparin plasma, EDTA plasma and the effect of
heparin in vitro on the insulin level.

On preparing EDTA plasma, the concentration of EDTA was 0.75 mg/ml in the
blood, and the concentration of heparin was 15/ig/ml in the heparin plasma. 1, 5 or 500 /ig/ml
of heparin was added in vitro to the serum, heparin plasma and EDTA plasma.

The examinations were performed on healthy subjects and patients with hyper-
insulinism, prediabetes, and diabetes. The high standard error was due to the simultaneous
occurrence of normal and pathological high values. Insulin was determined by the method
of Haees and Randle [11] as well as that of Hading [10] as modified by Ziegler et al. [30].
In groups 2 and 3 both methods were used in parallel.

Significance was estimated by the t-test.

Results

1. The concentration of insulin was lower in heparin plasma than in
serum. The difference was not significant (Table 1).

2. A) Heparin given to the serum in vitro decreased significantly the
value for insulin concentration, whereas a further dose of heparin added to
heparin plasma failed to cause any change (Table Il, Fig. 2).

B) The insulin level was determined in serum and plasma of the same
person in 10 cases by two different immunoreactive methods. Two antibodies
(antiinsulin- and antigammaglobulin-antibody) were used by Hales and
Randle [11] (method A), and only one (antiinsulin-antibody) by Ziegler
et al. [30] (method B).
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Table 1

Insulin concentration in serum
and plasma estimated by the Hales—Randle method

Serum Heparin plasma
M 34.8 2E7
SEM + 43 + 2.7
p n.s.
n 30 30
M = mean value ftE/ml
SEM = standard error of mean
p = significance level
n = number of experiments
n.s. = not significant

When heparin was added to the serum, lower insulin values were ob-
tained by method A) (Table I1lI/A, Fig. 3/A). The change was not significant
because of the great standard error and the relatively few examinations.
Heparin added to heparin plasma in vitro failed to cause any change. Heparin
did not affect the insulin value if the determination was carried out by method
B (Table 11/B, Fig. 3/B).

3. In group 3, insulin was determined in serum, heparin plasma and
EDTA plasma of the same blood after adding heparin at a concentration of
1, 5 or 500 /ig/ml.

Table 11

Insulin concentration in serum and plasma after the addition 1, 5, 500 pg/ml
heparin in vitro, estimated by the Hales—Randle method

Serum

Heparin

in E?tro 0 1 5 500
~g/ml

M 48.4 29.1 30.8 34.1
SEM + 3.4 + 34 + 32 * 33
P n }% < 1% < 1%
n 24 24 24 24

Heparin plasma

M 36.5 31.6 32.8 30.4
SEM + 30 + 3.1 * 3.0 + 32
B n.s. n.s. n.s.
m] 24 24 24 24
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—P<1°) -1

Fig. 2. Insulin level in serum and plasma after the addition of heparin at a concentration
of 1, 5 or 500 /tg/ml in vitro, estimated by the Hales—Randle method

In method A, addition of heparin to the serum resulted in lower insulin
values, while in heparin plasma it failed to cause any change. In the case
of EDTA plasma the change was not unequivocal. The insulin values measured
in EDTA plasma were higher than in serum or in heparin plasma (Table IV/a,
Fig. 4/A).

In method B, when a heparin concentration of 500 pg/ml was used, an
increase in the insulin level was observed, without any other changes. The
insulin level in serum, heparin plasma and EDTA plasma was practically
identical when assayed by method B (Table IV/B, Fig. 4/B).

Fig. 3. Insulin level in serum and plasma after the addition of heparin at a concentration
of 1,5 or 500 jug/ml in vitro, as estimated by the methods of Hales—Randle (A) and Ziegler
et al. (B)
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Table W /A

Insulin concentration in serum and plasma after the addition 1, 5, 500 fig!'ml
heparin in vitro, estimated by the Hales—Randle method

Serum

Heparin

in vitro 0 1 5 , 500
"R o

M 48.2 26.9 26.9 29.6
SEM + 7.4 + 7.9 + 85 + 9.0
p n.s. n.s. n.s.
n 10 10 10 10

Heparin plasma

M 33.9 35.4 33.9 30.0
SEM + 55 + 4.7 +4.4 + 3.6
p n.s. n.s. n.s.
n 10 10 10 10

Table 111/B

Insulin concentration in serum and plasma after the addition 1, 5, 500 fig/ml
heparin in vitro, estimated by the method of Ziegler et al.

Serum

Heparin

in vitro 0 1 5 500
lig/ml

M 45.7 43.7 45.1 48.4
SEM + 52 + 5.2 + 5.0 + 4.8
p n.s. n.s. n.s.
n 10 10 10 10

Heparin plasma

M 42.9 41.7 45.4 38.6
SEM + 4.7 + 3.7 + 35 + 3.7
P n.s. n.s. n.s.
n 10 10 10 10
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Table IV/A

Insulin concentration in serum and plasma after the addition 1, 5, 500 pg/ml
heparin in vitro, estimated by the method of Ziegler et al.

Serum
Heparin
in vitro 0 1 5 500
ftg/m |
M 34.8 19.4 29.0 27.0
SEM + 14.2 + 9.0 + 9.6 + 11.8
p n.s. n.s. n.s.
n 5 5 5 5
Heparin plasma
M 24.4 26.0 23.0 25.8
SEM + 115 + 131 + 123 + 10.8
p n.s. n.s. n.s.
n 5 5 5 5
EDTA plasma
M 47.4 58.4 46.0 56.0
SEM + 17.6 + 233 + 15.9 + 17.6
p n.s. n.s. n.s.
n 5 5 5 5

Fig. 4. Insulin level in serum and plasma after the addition of heparin at a concentration
of 1,5 or 500 pg/mlin vitro, as estimated by the method of Hales—Randle (A) and Ziegler
et al. (B)
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Table 1V/B

Insulin concentration in serum and plasma after the addition 1, 5, 500 p/ml heparin
in vitro, estimated by the method of Ziegler et al.

Serum
Heparin
in vitro 0 1 5 500
M 33.2 29.8 28.4 40.6
SEM + 7.7 + 79 + 6.8 + 14.4
P n.s. n.s. n.s.
n 5 5 5 5
Heparin plasma
M 28.8 30.0 29.2 29.6
SEM + 6.0 + 8.3 + 7.0 + 44
P n.s. Mn.s. n.s.
n 5 5 5 5
EDTA plasma
M 28.2 25.6 25.8 32.2
SEM + 2.3 + 4.8 + 2.3 +5.4
p n.s. n.s. n.s.
n 5 5 5 5

Discussion

Data in the literature are not uniform concerning the changes of insulin
concentration in plasma and serum as well as in their direction (-f- or —)
under the effect of heparin added to the serum or full blood in vitro in the
course of the determination.

According to Henderson [14] the addition of heparin to blood resulted
in a higher insulin value, and he suggested to determine the insulin not in
heparin plasma but in serum. We ourselves obtained a lower insulin value
in heparin plasma and in serum heparinized in vitro than in serum, in agreement
with the data of a number of reports [4, 18, 24, 25, 28].

No negative parallelism was found between the change of the serum
insulin concentration and the increase of the dose of heparin while a negative
parallelism was observed by Soeldner and Slone [24] between the amount
of heparin and the value for insulin. They observed that the plasma obtained
by mixing blood with a known amount of heparin has the same insulin con-
centration as the serum containing the same amount of heparin.
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Heparin can affect the insulin level by several mechanisms. In part of
our studies — when heparin was added to the serum — the role of coagulation
could certainly be excluded.

The insulin value was not influenced by the addition of heparin to the
serum or blood if the method of Ziegler et al. [30] was used for the estima-
tion of insulin. Since in this method only one antibody — an antiinsulin
antibody — is applied, the effect of heparin must be connected with the
presence of the second, the so-called precipitating, antibody.

According to Hales and Randle [12], the cross-reaction between human
gammaglobulin and the percipitating antiserum may cause artificially high
insulin values. This can be reduced by ensuring the optimum concentration
of precipitating antiserum. The studies by Morgan et al. [17] indicate that
the artificially high serum-insulin values are not due to the cross-reaction
but to the complement.

The application of heparin is favourable and necessary in the course
of insulin determination by the double antibody assay as, in view of its anti-
complementary effect, it accelerates the reaction of the second antibody,
widens the zone of optimum precipitation, and in this way eliminates the
artificially high insulin of the serum samples [4, 28]. This is why it is reason-
able to determine insulin in heparin plasma.

To determine and standardize the optimum dose of heparin is of the
greatestimportance. As heparin slightly inhibits the reaction of the first anti-
body, according to Welborn and Fraser [28], it is desirable to apply the opti-
mum dose ofheparin. Welborn and Fraser [28] used heparin at a concentra-
tion of 25 IU/tube, Brunfeldt and Jorgensen [4] 125 IU/mIl. According to
our investigations, even 0.15—0.7 IU/mIl of heparin (Richter) in plasma can
ensure the favourable effect of heparin in the course of the determination.
In the determination of the heparin dose, it must, however, be remembered
that the anticomplementary effects of several heparin preparations are dif-
ferent and they do not show a parallelism with the anticoagulant activity.

Conclusions

1. For insulin determination it is more suitable to apply the radio-
immune double antibody assay in heparin plasma than in serum or plasma
obtained in different ways.

2. It is desirable to standardize the heparin dose and to use the same
product for the preparation of heparin plasma. A blood concentration of 1.0
IU/m1 of heparin is sufficient to ensure the optimum heparin effect.
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CYTOTOXICITY OF HUMAN LYMPHOCYTES
IN TISSUE CULTURE

G. Szabo, G. Gasztonyi, GYy. Szegedi, B. Fekete, Gy. Petranyi
FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received October 5, 1972)

A new 51Cr radioisotope procedure for the study of the cytotoxicity of human
lymphocytes has been developed. Monolayers formed by labelled amnionic cell cultures
are inhibited in their adhesion to glass surfaces by cytoaggressive lymphocytes. The
resulting difference in activity is measurable. The procedure is rapid, it permits 24-hr
readings and the results are reproducible.

The cytotoxic effect of lymphocytes of subjects with autoimmune disease and
of controls have been studied by this procedure. The lymphocytes of subjects being
in active periods of autoimmune disease and receiving no immunosuppressive treat-
ment caused a significant destruction of cultured human amnionic cells. The cytotoxic
effect is far less extensive in periods of remission even in untreated cases.

Immunosuppressive treatment results in a significant attenuation of target-cell
destruction.

The procedure is believed to lend itself to the assessment of the degree of cell-
mediated immunoagression and of the efficacy of immunosuppressive treatment in
autoimmune and in heteroimmune reactions (e.g. homograft-rejection). In acute
experiments, administration of 6-mercaptopurine in a single 100 mg dose was followed
by a total suppression of the cytotoxic activity of lymphocytes obtained from a
patient with rheumatoid arthritis and three hours later their citotoxicity was far less
intensive than before the administration of the immunosuppressive agent.

The cytotoxic (cytolytic) effect of lymphoid cells has been given much
attention in recent years, this effect being closely involved in homograft-
rejection and in tumour immunity alike. The mechanism of the effect is far
more difficult to study in vivo than in model experiments.

The present study was concerned with the elaboration of a suitable pro-
cedure for the assessment of the target-cell aggressivity of lymphocytes and
sought answers to the following questions.

Are the lymphocytes of subjects with autoimmune disease more toxic
to homologous (allogeneic) cell cultures than are lymphoid cells of other
patients or of healthy subjects?

Is the activity of autoimmune disease or, conversely, its remission pro-
duced by treatment, apt to modify the cytotoxic aggressivity of lymphocytes?

How far is the aggressivity of lymphocytes on the target cells affected
by immunosuppressive agents in acute experiments ?
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Material and methods

The procedure is based on the principle that intact cells cling to glass surfaces whereas
affected cells fail to do so.

1) Lymphocytes. Ten ml heparinized venous blood was poured onto a cotton column
(400 mg cotton in a 10 ml syringe) and left to stand, thus allowing the granulocytes to adhere
to the cotton threads. The column was then washed with 30 ml Parker’s 199 medium, the
washing fluid was allowed to sediment with 1/3 part of 3% gelatin at room temperature for
1 hour. The supernatant was centrifuged at 500 r.p.m. for 10 min, then washed three times
with Parker’s 199. After the second washing the residual erythrocytes were removed with
distilled water (4 ml for 20 sec), then the cell supension was made up with the medium to
30 ml. The lymphocyte suspension had to meet the standard of 90% purity which was checked
by cell counting at the end of separation.

2) The target cells were human amnionic cells (from the strain maintained at the
University Microbiological Institute. Debrecen, for 2 years). From the cell strain submitted
to weekly passages a suspension of 2 million/ml was prepared on the occasion of a passage
and 25 «ci 51Cr chromate was added to it. The mixture was incubated at 37°C for 1 hour,
then the unbound chromate was removed by washing with Parker’s 199. The labelling proved
to be of 30 to 40% efficiency. We ignore to which particular cell structure the isotope is linked
and we have not found any indication in the literature on this point.

3) Mixed lymphocyte target-cell culture. Portions of 50,000 amniotic cells were placed
in Wassermann-tubes and the lymphocyte suspension was added in 10, 50 and [0Ofold
amounts. The mixed cell suspensions were made up with Parker’s 199 to 1.5 ml. Parallels
of 2 to 4 tubes were handled in the same manner. The tubes were placed in a frame in an
inclined position forming an angle of 8° with the horizontal line and incubated at 37°C for
20 hours.

4) Evaluation. After incubation the radioactivity of each tube was measured, the
parallel values were averaged. In this manner was obtained the total activity. The medium
was poured off, the tubes were washed twice with physiological saline, then the activity of
the cells still adhering to the wall of the glass tubes were measured again. The values thus
obtained were expressed in per cent of the total activity. It was noted in preliminary experi-
ments that a failure of the cells to adhere to the surface was a highly sensitive indicator of

cellular lesion. In fact, the cells are unable to cling to the wall even before their complete
destruction.

Patients

The blood lymphocytes of 30 patients with autoimmune disease were
studied. There were 6 males, 24 females, 12 of the patients being in an active,
18 in an inactive period. The lymphocytes of 10 other patients (3 males,
7 females) and of 7 healthy subjects (2, males, 5 females) were also studied.

Results

I. Fig. 1 represents the adhesion tendency against time of the amnionic
cells. In the presence of aggressive lymphocytes the 5ICr labelled amnionic
cells attached poorly to the wall (Fig. 1).

The cytotoxicity of lymphocytes separated in active periods of auto-
immune disease was greatly enhanced by increasing the amnionic cell/lympho-
cyte ratio of 1: 10 to 1 : 50 or to 1 : 100. Fig. 2 shows the decrease of activity
exhibited by the amnionic cells adhering to the wall, in other words, the
intensification of cytotoxicity, parallel with the increase in the number of
cytoaggressive lymphocytes (Fig. 2).
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Total radioactivity

Fig. 1. Inhibition of adhesion of SICr-labelled human amnionic cells by human blood lym-
phocytes
Amnionic cells only
Amnionic cells: Lymphocytes 1:10
— Amnionic cells: Lymphocytes 1:50
Lymphocytes of T. J., 46 year, ?. with rheumatoid arthritis. The inhibitory effect on the
adhesion of target cells increases with the proportion of lymphocytes

I1. It has been found in agreement with published evidence [2, 10, 11,

13] that lymphocytes of subjects with autoimmune disease (systemic lupus
erythematosus, rheumatoid arthritis, dermatomyositis) are more toxic to cells
of homologous cell cultures than are those of controls. The intensity of this
cytotoxicity is related to the activity of the disease. However, consideration
must be given to the fact that immunosuppressants, whether steroids or cyto-
toxic drugs, are apt to modify the cytoaggressivity of lymphocytes in various
ways.

Total radioactivity

Fig. 2. Sz. Z., female patient with rheumatoid arthritis. Radioactivity of the adhering cells

measured at 37°C after 24 hours incubation is expressed in per cent of total radioactivity:

1. Amnionic cells alone as controls. 2. Amnionic cells: lymphocytes 1: 10. 3. Amnionic cells:
lymphocytes 1: 50
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Total radioactivity

Fig. 3. Cz. G., female patient with SLE. Lymphocytotoxicity before treatment with 6-MP

in daily doses of 100 mg and on the 7th day of treatment. Activity of the adhering amnionic

cells is expressed in per cent of total activity: 1. Amnionic cells alone as controls. 2. Amnionic
cells : lymphocytes 1: 10

1. The influence of immunosuppressive therapy in autoimmune disease
on the cytotoxicity of lymphocytes has been studied by comparison with the
intensity of cytotoxic effect found before treatment. In Fig. 3, the data of
a patient with systemic lupus erythematosus, in Fig. 4, of one with rheuma-
toid arthritis are seen before treatment with mercaptopurine (6-MP) and after
7-and 1l4-day treatment. Immunosuppressive treatment has thus been found
to result in total suppression of the cytotoxicity of the lymphocytes, as re-
flected by a normal adhesion of amnionic cells similarly to those of the control
tubes. These findings are consistent with the favourable clinical response, in
particular as concerns arthralgia, temperature and ESR (Figs 3 and 4).

1Y. Heparinized blood was taken from patients with active rheumatoid
arthritis having had no immunosuppressive treatment, then 100 mg 6-MP

Total radioactivity

w1

LD
H,

Fig. 4. Lymphocytotoxicity under the influence of 6-MP-treatment. K. J., female patient

with rheumatoid arthritis. Lymphocytotoxicity before treatment with 6-MP in daily doses

of 100 mg and at 7 and 14 days of treatment. Radioactivity of the adhering cells is expressed

in per cent of total radioactivity: 1. Amnionic cells alone as controls. 2. Amnionic cells:
lymphocytes 1: 10. 3. Amnionic cells: lymphocytes 1: 50
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Total radioactivity

Fig. 5. Cytotoxicity of lymphocytes separated 1 and 3 hours after oral ingestion of 100 mg

6-MP. Activity of the adhering amnionic cells measured after 20 hours incubation is ex-

pressed in per cent of total radioactivity: 1. Amnionic cells alone as controls. 2. Amnionic
cells: lymphocytes 1: 50

was administered by mouth and blood was taken again at 1 and 3 hours.
The lymphocytes were separated and their cytotoxicity was examined by the
procedure described above (Fig. 5). It can be seen in Fig. 5 that, while before
administration of the immunosuppressive agent the patient’s lymphocytes
were definitely toxic to the amnionic cells, only a minority of them having
been capable of clinging to the wall, by the end of the first hour after ingestion
of the drug the lymphocytes have practically lost their cytotoxicity, and at
the end of the third hour they have not yet regained their full cytostatic
activity.

Discussion

Studies concerning the destructive effect of lymphocytes on cells and
tissues in vitro date scarcely ten years back. Braunsteiner et al. [1963],
examining the effect of lymphocytes on amnionic cell cultures found a contact
aggregation of the majority of lymphocytes to the cells within the first three
hours and an intensive amnionic cell destruction at the end of 24 hours.
Lymphocytes derived from lymph nodes of healthy subjects exhibited no
destructive effect of this kind. Hoim et al. [1964] studied the cytotoxic effect
of phytohaemagglutinin-stimulated lymphoid cells of a normal, nonsensitized
individual in allogeneic and xenogeneic systems. The target cells were labelled
with 14C-thymidine and the extent of cell destruction was expressed by the
amount of thymidine being released as a result of cell destruction. Cr-isotope
labelling with measurement of Cr release, has, however, been more generally
adopted [4, 5]. Wilson [1965] assessed the intensity of homologous target-
cell destruction by modifying the incubation time and the amount of lympho-
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cytes. He found that in addition to the duration of incubation the number
of lymphocytes added to the culture was also essential. Target-cell destruction
attained its peak at a target-cell/ lymphocyte ratio of 1:100. On adding
azathioprine to the culture in order to avert the cytotoxic effect, he found
that the complete suppression of the cytotoxic effect required the presence
of the immunosuppressive agent in the medium. Moilter et al. sought to
counteract the cytotoxic effect of PHA- and streptolysin-stimulated lym-
phoid cells on fibroblast cultures by X-ray irradiation, cortisone and chloro-
quine. As reported by Lundgren et al. [1968], human granulocytes also affect
human fibroblasts, as a result of which the monolayer of these cells separates
from the glass surface without, however, being destroyed, as shown by their
ability so be cultured afresh from the supernatant. According to Lundgren,
heterologous antilymphocyte serum (ALS), while inducing a cytotoxic activity
in lymphocytes at certain concentrations, suppresses at other concentrations
the cytotoxic activity of lymphocytes induced by PHA and by other mito-
blastogenic substances. Timothy et al., having found the cytotoxic reaction
suitable for in-vitro studies of cell-mediated immunity, recommend its quan-
titation. As pointed out by these authors, in order to be informative, the
cytotoxic procedures require in their majority a fairly long incubation time
which, however, involves a spontaneous destruction of the target cells as well
as of lymphocytes. Therefore, they used the procedure described by Brunner:
mice were sensitized with tumour cells, then, on addition of an adequate
amount of splenic cells of these mice to the 51Cr labelled tumour cells, they
found an extensive release of Cr isotope at the end of 3 to 4 hours incubation.

Until recently the toxic effect of lymphocytes on the tissues has been
generally studied on cell monolayers of firm adhesion [6] or on suspension
cultures [3, 12]. Labelling with 14C thymidine [6], more often with Cr isotope
[3, 4, 5, 12] permits to assess the degree of cytotoxicity by the measurement
of isotope release (Cr release) associated with cell destruction. It has, however,
been found that in case of incomplete cellular destruction resulting from the
cytotoxic effect of lymphocytes the cells still fail to release the incorporated
isotope. This requires additional trypsinization of the cell cultures and measure-
ment of the radioactivity in the “supernatant I1,” too. Labelled Cr is known
to be released in large amounts even spontaneously after some length of time.
This method thus involves various sources of error which have to be taken
into account when assessing the results.

Our procedure eliminates the sources of error outlined above, the
measurements as well as the calculations being simple and readily reproduc-
ible. It is based on the fact that cell cultures being submitted to regular
passages fail to cling to glass surfaces if they have suffered some injury.
Sensitized lymphocytes are known to aggregate within 1 to 4 hours on the
cells of the culture and cytolysis ensues 24 to 48 hours later. The new feature
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of this procedure consists in having the adhesion of cultured cells for its basis
which makes it simpler and more sensitive than the isotope-release methods.

Autoimmune diseases give rise to the production of autocytotoxic lym-
phocytes against particular cells carrying autologous antigens. This imposes
the task of identifying the given type of cells by the demonstration of auto-
cytotoxi'c lymphocytes in the blood. With the autoimmune reaction being
directed against a particular organ or cell type, then, in addition to auto-
antibodies, autoaggressive lymphocytes directed against it must be also
demonstrable in vitro by means of lymphocytes separated from the blood. The
investigation of this question must therefore centre on the citotoxity of
lymphocytes to specific target cells. Growing and maintenance of specific
target cell cultures is, however, far from simple. This has made us to use
human amnionic cells derived from cultures of successive passages. Accord-
ing to Bonstein et al., tissue cells, while losing their specific tissue antigenicity
in the course of continued passages, retain their species specific antigens.
Accordingly, on the evidence of our preliminary experiments, it made no
difference whether cultures of human fibroblasts or of HEP cells from human
tumours or of human amnionic cell cultures were used as target cells. Without
waiting for the formation of the monolayer in the glass tubes, the lymphocyte
suspension to be studied was added immediately to the 51Cr-labelled amnionic
cells. If no cytotoxic lymphocytes were present, the amnionic cells were
found to cling to the wall, to proliferate, and by the end of 20 hours 50 to
60% of the original activity was recovered from the adhering cells. If, on the
other hand, there was a large number of cytotoxic cells among the lympho-
cytes, the amnionic cells failed to adhere, remained in suspension and were
finally destroyed. The present procedure based on the adhesion of 5ICr-
labelled cells thus lends itself to the quantitative study of cytotoxicity.
Measurement of the activity of the adhering labelled cells, and by this fact,
of the suppression of their capacity of adhesion, seems to be more sensitive
than recovery of the released 5I1Cr. Though the use of amnionic cells offers
no full substitute for specific target cells (thyroid, gastric parietal cells, etc.)
against which the autoimmune reaction is supposed to be directed, the pro-
cedure has the advantage of being simple, reproducible and fairly informative
of the autoaggressivity of lymphocytes.
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Psychochronography (PCG), by means of the critical flicker-frequency series
effect (CFFSE), allows to study the general stress-bearing capacity of the human
brain through time perception. The pseudo-seasonal biorhythm of 504 male and 219
female subjects was determined from the decrement of the “fatigue,” “adaptation,”
or “habituation” curve. This circannial rhythm seems to show a morbidity and mor-
tality importance as well, and deserves attention in both therapy and prophylaxis.

The interactions between the human organism and its surroundings are
not constant. Changes of the surroundings demand the adaptation of the
organism, and the adaptation capacity of the organism is changing similarly.
Thus, the same environmental change will exert a different stress on the
individual in different points of time, owing to fluctuations in the organism’s
state of adaptation.

The daily (circadian) variations in the adaptation of the human organism
have been extensively discussed in the literature. On the other hand, much
less is known concerning the existence and importance of seasonal changes.
Tromp [1, 2] found in the Netherlands that asthma was rare in winter and
spring, but quite frequent in the summer, and particularly in the autumn.
He observed seasonal fluctuations of the individual disease types [1] and
referred to extensive data in the literature, in the background of which fluc-
tuations of the organism’s internal milieu may be hidden. Tromp proved that
the composition of the blood would exhibit similar seasonal variations: the
albumin level is higher in winter than in summer, the haemoglobin level has
a minimum in June, the platelet count displays a peak in March and April,
and the lowest figure in August, etc. Fenske and Holzmann [3] reported
on the seasonal variations of dermatological diseases.

We have proved the presence of a pseudo-seasonal rhythm in 723 hospital
patients by the psychochronographic test of human cerebral stress-bearing
capacity, based on critical flicker-frequency-series effect (CFFSE) measure-
ments [4].
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Methodology

Psychochronography (PCG) is based on the registration of 50 critical flicker-frequency
(CFF) data within a single series. Fluctuation of the CFF data of the same subject within
one series under identical test conditions is called the CFF series effect (CFFSE). The subject
has to watch a light source located at the end of a 40 cm long black funnel. The funnel ensures
an identical distance of view, and the elimination of environmental effects. The light source
is a cathode eye, controlled by the square wave signals of a generator indicating one-tenth
c/s with the corresponding accuracy (in these investigations the generator was a Solartron
low-frequency oscillator (Type 0S.103.2.A), whereas in other cases generators designed
specially for this purpose were used, and frequency output was determined by a frequency
counter in each case). The light source intensity was about 1 lumen. A more precise determina-
tion of the intensity and composition of the light supplied by the indicator tube is of less
significance as it is the variations of CFF data measured with the same light source which
are compared.

No pre-adaptation or artificial pupil was used. The initial frequency of each series
was 21.0 c/s, and the CFF data were always recorded in a descending sequence. Each measure-
ment was evaluated.

PCG began one day after a preliminary learning registration consisting of two series
which were not evaluated, and involved three daily recordings (early and late morning,
and noon) for three days. Each recording included two series in an interval of 5 min. The
first series contained 50 CFF data recorded continuously (continuous = c series), while
the second another 50 CFF data with a 30 sec interval after every tenth series (intermit-
tent = i series). Thus, the complete test of each subject covers 900 evaluated CFF data.

The results presented below were obtained from subjects 17 to 82 years of age, hospital-
ized because of different diseases. The test is performed with both eyes. Bespectacled subjects
wear their glasses.

Results

CFFSE is a two-dimensional phenomenon: each CFF value is charac-
terized by the frequency and the sequence of recording. This can be illustrated
in a co-ordinate system where the horizontal axis indicates the data-recording
sequence, and the vertical data reflect the frequency number. Curves con-
sisting of such series are usually highly variable (Fig. 1).

The question may be raised whether the fluctuation of the CFFSE
curves reveals a general regularity. The question can be answered on a statis-
tical basis by processing the individual continuous (c) and intermittent (i)
series separately, and selecting from each series of the two categories the maxi-
mum and minimum CFF values for groups of five data. Thus, each CFF series
will be characterized by 10 maxima and 10 minima, starting with those of
the first 5 CFF data, followed by the corresponding values of the second,
third, etc. 5 CFF figures. Were the two point series connected, two envelope
curves would be obtained, with all the other values of the series between
them. If, then, the points of the envelope curves are given, a true picture
can be obtained of the fluctuation of the successive data, according to the
sequence of their registration. Then the selected values of all the series are
averaged separately. Thus 20 averages each are rendered by the 1590 (c)
and (i) series, with each average formed from the extremes of the sequen-
tially identical 1590 data groups. Table | presents these averages for the
(c) series.
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196/,

Fig. 1. K. G., 45, female, psoriatic. One training measurement recording (with only the con
tinuous series registered), and the entire psychochronographic registration. Each curve con
tains 50 CFF data, from left to right, in the sequence of measurement. Left: the continuous
series; right: the intermittent series, with an interruption of 30 sec after every 10 data. These
interruptions are indicated. The CFF data are marked with one-tenth c/s accuracy, cor-
responding to the vertical axis, with a different scale for each series; the CFF data can he
read off on the basis of the full c/s value next to the starting figure of the series on the left
side. The c/s value next to the CFF figure closing the series is indicated on the right-side
vertical axis. The days of measurement are also indicated

Fig. 2 illustrates the curves plotted on the basis of data from Table I,
showing the negative exponential type considered characteristic of “adapta-
tion,” “fatigue,” or “habituation.” On the right, the curves of the correspond-
ing intermittent series averages are seen where, in addition to the regenerat-

ing effect of the interruption, the negative exponential character of the curves
is again manifest.
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Table 1

Averages of the maxima and minima per groups of 5,
from a total of 1590 series consisting
of 50 continuously recorded CFF data in c/s

Serial number of

the group of 5 Maximum Minimum
I 29.01 28.09
2 28.51 27.79
3 28.21 27.53
4 27.98 27.31
5 27.77 27.10
6 27.57 26.91
7 27.40 26.73
8 27.24 26.57
9 27.08 26.42
10 26.95 26.28
Table 11

Monthly G averages (circannial rhythm) of 723 subjects

Moufth

Subjects G (per cent) Subjects G (per cent)
| 39 78.58 16 77.67
il 29 80.94 14 79.11
in 44 82.37 16 80.71
v 59 81.91 23 80.08
\Y% 37 81.01 29 74.44
Vi 56 78.46 28 75.55
VI 44 77.56 24 79.48
VIl 42 79.65 15 76.52
IX 51 80.87 17 76.71
X 41 74.72 10 72.31
X1 33 77.20 14 77.37
X1 29 82.09 13 80.42
Total 504 79.61 219 77.45
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Fig. 2. Averages of maximum and minimum CFF data, by groups of 5, of 1590 CFF series

pairs. Left: averages of continuously recorded series; right: averages of series recorded with

four 30-sec interruptions. Vertical axis: c/s data with an accuracy of one hundredth; horizontal
axis: successive groups of 5 in the sequence of recording

Fig. 3. Variation of monthly G-ratio average by sex. Dash line: males; full line: females.
Vertical axis: G per cent; horizontal axis: months, and monthly number of subjects in the
groups by sex
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z- u37
z. 158

Fig. 4. Monthly G averages of two male age groups of different patients. Dash line: 17— 34;
full line: 35—49 years of age

Number of subjects

Group type I 1" 1 v Y, \ VIl Vi 1X X X1 X1l
17—34 41 23 53 52 46 37 27 27 35 35 29 32
35—49 13 8 12 22 16 27 7 11 14 10 11 7

In the CFF series a decrease of the values occurred with regularity.
The change can be characterized by a single ratio expressing the value varia-
tion range (VR) of the first 30 data in the series, i.e., the difference between
the maxima and minima of the first 30 data (A), against the YR of the entire
series (B). This ratio is expressed in percentage by the index G = 100 A/B.

If the series changed linearly, the ratio G would amount to 60% (30 :
50 = 60 :100). Since, however, the average decrease of the series is by a
decrement, the average is characterized by G > 60%.

As for the data in Table I, e.g., A= 2.10, B = 2.72 and G = 77.30%.

If the G averages are broken down by months, a peculiar pseudo-
seasonal fluctuation can be discovered (Table Il and Fig. 3).

Fig. 3 reveals a similar but certainly not identical annual rhythm for
males and females which does not correspond to the seasons.
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For the sake of comparison, Fig. 4 presents the circannial rhythm of
437 young (17—34) and 158 medium age (35—49) male subjects. These two
age groups are sufficiently large to compensate in the averages the differences
caused by the uneven health conditions (the group of females and that of
old subjects were not large enough to satisfy the above requirement and,
therefore, their circannial averages cannot be accepted).

Fig. 5 illustrates the above circannial biorhythm for 158 males and 117
females, both neurotic and of mixed age.

Discussion

The ratio G shows that general feature of the CFFSE which character-
izes the decrement of the average decrease of the series. This selected char-
acteristic, usually considered typical of the *“fatigue,” “adaptation,” or
“habituation” curves [5], displays not only a circannial rhythm [6]. We have
shown [7] that it is affected also by age, sex, health conditions, etc.

The facts that in a group of sufficient number of individuals the male
and female subjects exhibited a similar annual rhythm, that the males in a
breakdown by age revealed the same circannial rhythm, that the neurotic
male and female patients displayed the same fluctuations proved that, in
the case of sufficiently large groups, the pseudo-seasonal rhythm thus dis-
covered was realistic. This is supported by Drietomszky [8] who, in his
spring and autumn PCG examinations on healthy subjects over 50 years of
age found the same sense of difference between the G averages for the two
groups, with a high significance (p 0.00001). If the group tested is homo-
geneous, and consists of a sufficient number of subjects, like that ofthe neurotic
males (Fig. 5), the difference of the March and October averages will already
be significant (p <[ 0.05).

This annual rhythm was observed in Budapest. Whether the same
applies to other sites, requires further investigation. PCG is a psychophysical
test, the essentials of which are other then the in-time distinction on which
the CFF is based. CFF is the maximum frequency number, according to
which the discrete character of the flickers can still be distinguished. Some-
thing entirely differentis expressed by the CFFSE: itis based onthe fact that,
in the course of successive CFF observations, the preceding appreciations
affect the subsequent results, in other words, the CFF data have an in-time
sequence. This means that after the physical stimulus its trace will exert an
action during the subsequent recording, the brain compares the earlier fre-
quency observations of the series (its traces) to the actual physical frequency
appreciation. In other words, the temporal distinctions are associated with
differential times. These differential times are called micro-intervals since, on
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¢ 156
£117

Fig. 5. Monthly G averages of mixed age group neurotic males (dash line) and females (full
line)

Number of subjects

Group type 1 1" 1 v v Vi VIl VI 1X X X1 X1l
Males 20 7 15 18 25 15 10 8 10 9 10 6
Females 19 6 9 14 12 12 10 8 10 7 10 6

the basis of measurement accuracy, their order of magnitude of 10-4 to 10-5
sec can readily be calculated.

The PCG records time perception, and not the time of perception. Its
order of magnitude is 10-2 to 10~3times that of the observation or reaction
time, so it is related to times smaller by several orders of magnitude.

In our opinion, the CFFSE measured by PCG is of a central and not
peripheral (retinal) origin. It is well-known that literature offers different
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Fig. 6. Continuous series of 100 CFF data rendered by 3 subjects on the same day. The first

50 data were recorded with one, the second 50 with the other eye. R: right eye; L: left eye.

Vertical axis: c/s values next to the first and last values of the series. The scale graduations

indicate c/s units. No tenths are indicated. Individual CFF data of the series are shown by

the points from left to right, with an accuracy of one tenth c/s, in the sequence of recording.
Each point represents one measurement, not an average

standpoints on the central or peripheral generation of CFF data. As for the
CFFSE, the following experiment was conducted to prove its central origin.

The same subject had to supply continuously 50 CFF data with one
eye covered, then, after changing quickly the eye cover, his (her) next 50
CFF data were measured. This experiment was performed twice with each
subject: once starting with his (her) right eye, and once with the left one.
Had the two eyes been functioning independently with respect to the CFFSE
test, the first and second series, each consisting of 50 data, would be similarly
independent of each other, since the retinal variations of one eye could not
influence the activity of the other retina. Fig. 6, however, reveals that the
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curve plotted from the data supplied by the second eye follows that of the
first eye in a regular manner, so the CFFSE is of central origin [7].

In the present paper, the circannial rhythm of the variations in cerebral
stress-bearing capacity have been demonstrated by the decrease of the con-
tinuous series decrement. The CFFSE function connected to time perception
exhibited a surprising annual rhythm from biometeorological aspects. This
biorhythm is certainly not coincident with the seasons of the year, nor with
the weather conditions prevailing in Hungary. Thus the pseudo-seasonal
rhythm ought to be considered an endogenous rather than an exogenous
change.

On the basis of comparative examinations carried out on healthy and
diseased subjects [8] we must believe that the higher G ratio is an unfavour-
able symptom which refers to a reduction of the cerebral stress-bearing
capacity. When comparing the G per cent of certainly healthy males and
females over 50 years of age to that of three groups of the same age with
frequent disease (neurosis, hypertension, cerebrovascular syndrome), the
values obtained were always higher than those for the healthy subjects,
with a strong significance in each case (p < 0.01). In investigations conducted
in co-operation with Dr. S. B1azsO the same was found with children, where
the patients rendered higher G-per-cent figures than the healthy subjects,
with a significance of p <( 0.000001 of the difference between healthy subjects
and epileptics.

W ith respect to the circannial rhythm, it was remarkable that the spring
peak should have essentially coincided with the spring mortality maximum
observed in Budapest almost every year.

It may be of interest that Wuthkich and Rieder [9] concluded from
their Swiss data collection on the seasonal incidence of sclerosis multiplex
that most cases occurred in March, while the lowest number was observed in
October. As for our findings, this may be thus interpreted that when the general
stress-bearing capacity of the brain is at its minimum, then the frequency
of sclerosis multiplex cases is at its maximum, and when PCG reflects the
annual maximum of the cerebral load-bearing capacity, then the occurrence
of sclerosis multiplex is lowest.

All these raise the question, as a further research target, whether it
would be possible to interfere actively with this circannial rhythm and, for
example, increase somehow the general stress-bearing capacity of the brain.
Based on PCG testing, the results of various interventions could be measured.
Furthermore, with this marked annual biorhythm recognized, when deciding
on the therapy of chronic diseases, the pseudo-seasonal fluctuation should,
perhaps, also be taken into consideration.

Finally, it should be mentioned that the high G-per-cent values observed
at the end of the year are regarded as induced data. Around Christmas only
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the most serious patients stay in hospital, everybody else would spend the
season in family circle. This selection may well cause the December peak of

the curve.
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EFFECT OF CLOFIBRATE ON WATER METABOLISM
IN HYPOTHALAMIC
AND ADH-RESISTANT DIABETES INSIPIDUS
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The antilipaemic drug, clofibrate, was administered orally to nine vasopressin-
sensitive diabetes insipidus patients with some reserve, one patient without ADH
reserve, and four ADH-resistant patients, and the resulting changes in water metab-
olism were examined. In the nine ADH-sensitive patients clofibrate decreased urinary
output and free water clearance, and increased urinary osmolarity. In the vasopressin-
sensitive patient with no ADH reserve, and in the ADH-resistant diabetes insipidus
patients the drug did not affect urinary output.

The results indicated that clofibrate exerts an ADH-like effect on water metab-
olism, and may be useful in the treatment of vasopressin-sensitive patients with
hypothalamic diabetes insipidus.

Introduction

In work on the treatment of diabetes insipidus attention has recently
turned to saluretics [10, 20, 27, 38, 43], oral antidiabetics [3, 7, 15, 18, 23, 26,
29, 32, 33, 39, 40, 45, 46, 48, 49] and antiepileptics [5, 17, 44]. The advantage
of these drugs is that they dispense with the need for daily ADH injections
and the use of snuff powders, which can lead to rhinitis. As a result of their
many side-effects, however, their prolonged administration is possible only
rarely. W ith diuretics or chlorpropamide, hypopotassaemia and hypoglycae-
mia, respectively, must be reckoned with. In 1970, de Gennes et al. [19]
reported that clofibrate, which is known for its antilipaemic effect, decreases
the volume of urine in diabetes insipidus. In the present investigation the
effect of clofibrate on water metabolism was examined in patients suffering
from ADH-sensitive hypothalamic, or ADH-resistant diabetes insipidus.

Material and methods

The diabetes insipidus patients were classified into two groups. Group one was
made up of nine vasopressin-sensitive patients with a certain ADH reserve, and one patient
with no ADH reserve: in every patient, the anterior pituitary functioned normally. Group
two were four ADH-resistant cases. The diagnosis was established on the basis of methods
detailed earlier (Lasz16 et al. [29], Lasz16 and Czako [28]). The ADH-reserve capacity was
estimated from the change in ADH excretion during thirst or hypertonic saline infusion
(Czako et al., in preparation [11]). The ineffectiveness of ADH in the second group was con-
firmed by the Hankiss intravenous ADH test (Hankiss [21]): water-loading combined with
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Table 1

Data of the patients

Pre-
Duration treatment
Actiology of disease, urine Previous therapy
years volume,
24 hrs
ADH-sensitive diabetes insipidus
idiopathic 52 10-12  Piton-snuff powder
skull injury 4 20-25  Pitressin-tannate and
Piton-snuff powder
tuberculo-meningo- 24 10-12  Piton-snuff powder and
encephalitis chlorothiazide
idiopathic 1 6- 8 -
febrile infectious disease 16 8-10 Pitressin-tannate
Hand —Schiller— 14 13-15 Piton-snuff powder,
Christian-disease chlorothiazide
skull injury 21 6- 8 -
idiopathic 2 10-12  Pitressin-tannate
idiopathic 8 12-15 Piton-snuff powder
skull injury 19 30-40 Pitressin-tannate
ADH-resistant diabetes insipidus
idiopathic 18 13-15 -
idiopathic 12 10-12 Chlorothiazide, spirono-
lactone
idiopathic 16 13-15 —
idiopathic 28 10-15 Chlorothiazide, spirono-

lactone

Additional information

Chlorpropamide not tolerated

Could not take drugs for a
long period

Piton-snuff powder and chlor-
propamide not tolerated

Oral antidiabetics ineffective

Diuretics not tolerated

Diuretics not tolerated

ovT

OMVZO “1-01ZSYy1 'V 4
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vasopressin injection (Laszl1é et al. [30]), and by the administration of long-acting pitressin
tannate. None of the patients suffered from demonstrable heart or liver disease. The more
important data relating to the patients are given in Table I.

The experiments were made on patients maintained on a light, mixed diet: for seven
days they received no special treatment, then for 6 days they received 2.0 g of clofibrate daily.

The following parameters were determined: urinary output (1/24 hrs), urine and serum
osmolarity (mosm/1), endogenous creatinine, osmolar and free water clearance (ml/min),
blood sugar, cholesterol, total lipids, free fatty acids, triglycerides, serum Na+ and K+
(mEqg/1l), and Na+and K+ (mEQ/24 hrs) excretion. Serum and urine osmolarity was estimat-
ed by measurement of the freezing-point depression. The following methods were used:
for blood sugar, an orthotoluidine procedure; for serum and urine Na+and K +, flame-photom-
etry; creatinine: Brod and Sirota’s [6] modification of the Folin and Wu [16] method;
cholesterol: the method of Zak et al. [50]; total lipids: the vanillin-phosphoric acid method
of Diievon and Schmit [13]; triglycerides: the method of Connerty et al. [9]; free fatty
acids: as copper soap by Anstall and Trujillo’s [2] modification of the method of Dun-
combe [14]. The copper content of the soap was measured with diphenylcarbohydrazide
according to Mahedevan et al. [31].

The results were evaluated by means of Student’s single-sample «-test.

Results

During clofibrate treatment for 6 days no substantial changes were
observed in the serum cholesterol, total lipid, triglyceride and free fatty
acid levels. Nor were any significant changes found in blood sugar, or in the
serum and urinary Na+ and K + levels.

Table Il shows the results in the ADH-sensitive, hypothalamic diabetes
insipidus cases. Spontaneous urinary output was considerably decreased in
nine patients; this was the most pronounced in Case 2, while it was slightly
modified in Case 9. Urinary osmolarity increased substantially. Serum osmolar-
ity and endogenous creatinine clearance did not change, osmolar clearance
was somewhat decreased. Free water clearance was considerably reduced in
Cases 4, 5 and 7, and even became negative, thus, free water reabsorption
resulted. A moderate reduction in free water clearance could be observed in
the other patients.

The response of clofibrate in Case 10, who had no ADH reserve, was
completely different. Antidiuresis could not be demonstrated in this patient,
and the data measured remained unchanged even during clofibrate admin-
istration (because the different response of this patient from those with ADH
reserve, the results have not been included in Table I11).

Table 11l shows the results for the ADH-resistant diabetes insipidus
patients. Daily urine volume was not affected significantly by clofibrate, and
in Case 2 there was even a slight increase. Serum and urine osmolarity, osmolar
clearance and free water clearance increased to a moderate extent, while
endogenous creatinine clearance decreased slightly. In order to show how the
changes developed in time, detailed data for one typical patient from each
group, both before and during clofibrate therapy, are given.
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58
38
27
43
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33
52
63
67
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Urinary output,
124

hrs

before after
treatment change
10.9 - 6.8
23.3 —15.2
9.4 — 6.3
6.1 - 33
11.9 - 83
111 — 4.7
8.3 - 53
12.3 — 55
10.5 — 15
115 — 6.3
+ 161 + 1.29
p <0.01

Table 11

ADH -sensitive

Serum osmolarity,

mosm/1

before after
treatment change
299.8 + 5.7
304.3 + 3.6
300.7 + 8.6
303.6 - 1.0
313.1 - 3.2
329.9 - 9.2
316.9 -18.7
311.8 -16.2
316.9 + 0.4
310.7 — 3.3
+ 3.25 + 3.18

p = NS

Figure 1 shows the data for an ADH-sensitive diabetes insipidus patient

(Case 5). On the first day already, urine volume was significantly decreased
by clofibrate, and on the 3rd—6th day urinary output fell to one fifth of that
in the control period. No marked change could be observed in serum osmo-

2
3
4

Mean

Name

> x 40

Age,
years

23
15
19
22

Standard error of the mean

Sex

z T =g

Urinary output,

1/24 hrs

before after
treatment change
11.6 + 0.4
11.8 + 2.3
12.3 —1.2
135 —1.8
12.3 —0.1
+0.42 + 091
p= NS
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Table 111

ADH -resistant

Serum osmolarity,

before

treatment

302.4
291.5
316.9
317.6
307.1
+ 6.27

mosm/1

after

change

1.0
+ 27.6
+ 22
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diabetes insipidus

Urinary osmolarity, Endogenous creatinine Osmolar clearance, Free weer

mosnmy1l clearance, ml/min ml/min clearance, ml/min

before after before after before after before after
treatment change treatment change treatment change treatment change
130.9 + 987 129.1 + 9.6 3.4 —1.4 4.2 —3.2
130.7 + 190.2 197.5 -49.3 7.3 -2.9 8.9 -2.0
163.6 + 124.0 145.3 + 31.8 3.5 —1.7 3.0 —1.2
223.9 + 236.3 144.0 + 18.3 3.1 -0.3 11 -6.2
131.1 + 255.3 137.9 + 155 3.4 —0.7 4.8 -6.1
136.8 + 164.6 101.4 - 22 3.2 + 15 4.5 —1.3
137.7 + 198.8 125.4 + 25.7 2.5 —0.2 3.2 —4.4
195.6 + 25.4 184.7 - 4.2 5.4 -2.0 3.1 —1.8
180.5 + 44.6 175.0 -45.0 4.2 -0.1 3.1 —1.0
158.9 + 148.7 148.9 + 0.02 4.0 -0.9 4.0 —3.0
+ 11.40 + 27.05 + 10.32 + 82.56 +0.49 + 0.43 +0.71 +0.69
p < 0.001 p = NS p = NS p < 001

NS = not significant

larity or in endogenous creatinine clearance. In contrast, urine osmolarity
increased considerably during the treatment, and osmolar clearance was
slightly altered. On the other hand, there was a pronounced decrease in free
water clearance, which became negative from the third day of treatment.

diabetes insipidus

Urinary osmolarity, Endogenous creatinine Osmolar: clearance, Free-water
mosnyl clearance, ml/min ml min clearance, ml/min

before after before afrer before after before after
treatment change treatment change treatment change treatment change
161.0 -29.0 79.5 + 12.6 4.3 —0.7 3.8 + 0.9
114.3 + 23.3 68.8 - 79 3.2 + 0.9 5.0 + 0.7
86.8 + 14.2 138.3 + 4.8 2.3 + 0.6 6.2 + 0.1
142.7 + 8.4 189.1 -72.0 4.2 + 0.1 5.2 —1.3
126.2 + 4.2 118.9 -15.6 3.5 + 0.2 5.0 + 0.1
+16.27 +11.49 +24.78 +19.26 +0.41 +0.34 +0.50 +0.49
p = NS Q = <& p = NS p = NS

NS = not significant
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10- ml/min r Clofibrate 2000 mg/day
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Fig. 1

Figure 2 shows the effect of treatment in Case 1, an ADH-resistant
diabetes insipidus patient. It can be seen that the daily urine volume did
not change substantially. Urinary osmolarity remained at a low level during
the administration of clofibrate. There was no significant change in serum
osmolarity, endogenous creatinine clearance or osmolar clearance, nor could
any difference be detected in free water clearance.

Discussion

The effect of clofibrate on water metabolism has been investigated.
There was a decrease in daily urinary output in nine ADH-sensitive patients.
The drug did not affect the extensive polyuria in a tenth ADH-sensitive
patient without ADH reserve. Similarly, there was no decrease in four ADH-
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Fig. 2

resistant diabetes insipidus cases. There seem to be few reports on the diuretic
action of clofibrate: in 1970 de Gennes et al. [19] reported that when the
chemically identical preparation Atromide-S or Lipaflavone was administered
in daily doses of 2—2.5 g, in three diabetes insipidus patients daily urinary
output decreased to about one third of the initial. In normal patients the
diuresis elicited by hyperhydration was affected by the drug to a small extent.
Bertrand [4], Uhlich [47] and Decourt [12] reported effective clofibrate
treatment in patients with hypothalamic diabetes insipidus.

The antilipaemic effect of clofibrate has been known for about ten
years. From among the individual lipid constituents it exerts the greatest
effect on the serum triglycerides (Cartson et al. [8], Oliver [34, 35]). The
change of the cholesterol level is not clear-cut (Hettmann et al. [22], Hood
et al. [24, 25], Robinson [41]). It is certain that in the case of normolipidaemia
clofibrate doesnot induce important alterations in the blood lipids (Otiver [36]).
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The mechanism of action of clofibrate on water metabolism is unknown.
De Gennes et al. [19] mention that the drug had an effect similar to that of
chlorpropamide. Our own results allow some suggestions. A renal site of
action independent of the ADH mechanism cannot be accepted since anti-
diuresis does not result in ADH-resistant diabetes insipidus. The drug does
not affect solute excretion but decreases free water clearance. This suggests
an ADH-like effect, and this assumption is also supported by the observation
that clofibrate did not produce a significant difference in water metabolism
in vasopressin-resistant diabetes insipidus patients. However, the renal effect
of the drug is not exactly the same as that of ADH, for the polyuria remained
unchanged in the ADH-sensitive diabetes insipidus patient without ADH
reserve. Thus ADH must be present for clofibrate to affect water metabolism,
the effect being exerted either by a mobilization of the ADH reserve or by
the potentiation of the action of the small amount of vasopressin reserve.
Finally, clofibrate may reduce water excretion by a change in the metabolism
of ADH.

In the present stage of our experiments we are unable to take a stand
in preference of one or other of the possibilities. In order to elucidate the
mechanism of the effect we are now carrying out quantitative ADH reserve
determinations in our diabetes insipidus patients, and we also wish to study
whether there is a relation between the degree of clofibrate antidiuresis and
the extent of the mobilizable ADH reserve. In addition, we are seeking an
answer to the question of whether ADH excretion increased during the
treatment.

No noteworthy side-effect was observed during our examinations. Five
of the patients have now been taking the drug for six months, with minor
interruptions, without any serious complains. Our findings with prolonged
treatment will be reported in detail in a future paper.

Our results indicate that clofibrate is an effective drug in the therapy
of diabetes insipidus. Its advantage is that in can be administered orally,
without hypopotassaemic or hypoglycaemic side-effect, and that it can also
be used when diabetes insipidus is accompanied by a failure of the anterior
pituitary.

REFERENCES

1. Alexander, C. S, Gordon, G. B.: Clorothiazide derivatives for diabetes insipidus. Arch.
intern. Med. 168, 218 (1961).

2. Anstall, H. B, Trujillo, J. M.: Determination of free fatty acids in plasma by a colori-
metric procedure; an appraisal of the method and comparison with other technics.
Clin. Chem. 11, 741 (1965).

3. Arduino, F., Ferraz, F. P. J., Rodrigues, J.: Antidiuretic action of chlorpropamide
in idiopathic diabetes insipidus. J. clin. Endocr. 26, 1325 (1966).

4. Bertrand, C. M.: Traitement du diabéte insipide pitressinodépendant par le clofibrate.
A propos du premier cas traité; recul thérapeutique de trois ans sans phénoméne
d’échappement. Arch. méd. Normandie 1, 33 (1970).

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

CLOFIBRATE IN DIABETES INSIPIDUS 147

Braunhofer, |., Zicha, L.: Eroffnet Tegretal neue Therapiemdglichkeiten bei be-
stimmten neurologischen und endokrinen Krankheitsbildern? Med. Welt 17, 1875
(1966).

.Brod, J., Sirota, J. H.: Renal clearance of endogenous creatinine in man. J. clin. Invest.

27, 645 (1948).

.Bruns, W., Dabels, J., Bibergeil, H.: Zur Therapie des Diabetes insipidus mit Chlor-

propamid. Dtsch. Gesundh.-Wes. 27, 157 (1972).

. Caritson, L. A, Hogstedt, B., Oro, L.: Effect of Atromid on plasma lipids and lipo-

proteins in subjects with hyperlipoproteinaemia. (A preliminary report.) J. Athero-
scler. Res. 3, 467 (1963).

. Connerty, H. V., Briggs, A. R.,, Eaton, E. H.: Simplified determination of the lipid

components of blood serum. Clin. Chem. 7, 37 (1961).

. Crawford, J. D., Kennedy, G. C.: Chlorothiazide in diabetes insipidus. Nature (Lond.)

183, 891 (1959).

. Czaké, L., Nagy, E., Laszl6, F. A.: in preparation.
.Decourt, M. J.: Avantage du clofibrate dans un cas de diabéte insipide. Ann. Endocr.

(Paris) 32, 284 (1971).

.Drevon, M. B., Schmit, J. M.: La réaction sulfo-phosphovanillique dans I’étude des

lipides sériques. Bull. Trav. Soc. Pharm. Lyon 8, 173 (1964).

. Duncombe, W. G.: The colorimetric micro-determination of long-chain fatty acids. Bio-

chem. J. 88, 7 (1963).

.Eartey, L. E.: Chlorpropamide antidiuresis. New Engl. J. Med. 284, 103 (1971).
.Folin, O., Wu, H.: A system of blood analysis. J. biol. Chem. 38, 81 (1919).
. Frahm, H., Smejkal, V.: Hemmung der Polydipsie und Polyurie durch Tegretal bei

hypophysenoperierten Patienten und bei Kranken mit Diabetes insipidus. Med. Welt
20, 1529 (1969).

Froyshov, L, Haugen, H. N.: Chlorpropamide treatment in diabetes insipidus. Acta
med. scand. 183, 397 (1968).

de Gennes, J. L., Bertrand, C.,, Bigorie, B., Truffert, M. J.: Etudes préliminaires de
I’action antidiurétique du clofibrate (ou Atromid S) dans le diabéte insipide pitresso-
sensible. Ann. Endocr. (Paris) 31, 300 (1970).

Gillenwater, J. Y.: Antidiuretic properties of chlorothiazide in diabetes insipidus dogs
Metabolism 14, 539 (1965).

Hankiss, J.: Az antidiuretikus hormon szerepe a szervezet vizhéaztartasaban, kulénos
tekintettel a hormonbontadsra (Role of antidiuretic hormone in the water metabolism,
especially in the aspect of the ADH elimination). C. Sc. Thesis, Budapest 1964.

Hellman, L., Zumiff, B., Kessler, G., Kara, F., Rubin, |I. L., Rosenfeld, R. S.:
Reduction of cholesterol and lipids in man by ethyl p-chloroplienoxyisobutyrate.
Ann. intern. Med. 59, 477 (1963).

Hocken, A. G, Longson, D.: Reduction of free water clearance by chlorpropamide.
Brit. med. J. 1, 355 (1968).

Hood, B., Angerwall, G., Craner, K.: Evaluation of Atromid S (clofibrate) in hyper-
lipidémie states. Acta med. scand. 184, 337 (1968).

Hood, B., Bedding, P., Carlander, B.: /5-Lipoprotein, lipoprotein lipase and Atromid.
J. Atheroscler. Res. 3, 509 (1963).

Katsuki, S., lto, M.: Antidiuretic effect of diguanides. Lancet 2, 530 (1966).

Kennedy, G. C., Crawford, J. D.: Treatment of diabetes insipidus with hydrochloro-
thiazide. Lancet 1, 866 (1959).

Laszle, F. A., Czako, L.: Effect of oral antidiabetic agents on diuresis in diabetes in-
sipidus of the vasopressin-responsive and the nephrogenous types. Acta med. Acad.
Sei. Hung. 28, 197 (1971). *

Lasz16, F. A., Czako, L., Szijj, L, Kovacs, K.: Response to saluretics and oral anti-
diabetics in diabetes insipidus and psychic polydipsia. Acta med. Acad. Sei. Hung.
27, 45 (1970).

Lasz16, F. A., Durszt, F., Kovacs, K.: Orale Wasser- und Kochsalzbelastung bei Dia-
betes insipidus und psychogener Polydipsie. Z. &rztl. Fortbild. 63, 25 (1969).

Mahedevan, S., Dillard, C. J., Tappel, A. L.: A modified colorimetric micromethod
for long-chain fatty acids and its application for assay of lipolytic enzymes. Analyt.
Biochem. 27, 387 (1969).

Meinders, A. A,, Touber, J. L., de Vries, L. A.: Chlorpropamide treatment in diabetes
insipidus. Lancet 2, 544 (1967).

Miltter, M., Moses, A. M.: Mechanism of chlorpropamide action in diabetes insipidus.
J. clin. Endocr. 30, 488 (1970).

10* Acta Medica Academiae Scientiarum Hungaricae 30, 1973



148

34.

35.
36.

37.

38.

39.

40.

41.

42.

44,

45.

46.

47.

48.

49.

50.

F. A. LASZLO—L. CZAKO

Otiver, H. F.: Further observations on the effect of Atromid and of ethyl chlorophenoxy-
isobutyrate on serum lipid levels. J. Atheroscler. Res. 3, 427 (1963).

Oliver, M. F.: The present status of clofibrate (Atromid S). Circulation 36, 337 (1967).

Otiver, M. F.: Ischaemic heart disease: a secondary prevention trial using clofibrate.
Brit. med. J. 4, 775 (1971).

Pabst, R., Huchzermeyer, H., Kalden, J.: Chlorpropamid Therapie des Diabetes
insipidus. Med. Klin. 67, 462 (1972).

Radé6, J. P., Takeé, J., Szilagyi, L.: Untersuchung iber den Mechanismus der Chloro-
thiazid-Antidiurese bei Diabetes insipidus und psychogener Polydipsie. Z. ges. inn.
Med. 21, 425 (1968).

Radé, J. P, Borbély, L., Szende, L., Takoé, J., Szam, |.: Chlorpropamide antidiuresis.
Lancet 2, 433 (1969).

Reforzo-Membrives, J., Moledo, L. |I., Lanaro, A. F., Meagis, A.: Antidiuretic effect
of I-propyl-3-p-chlorobenzene-sulfonylurea (chlorpropamide). J. clin. Endocr. 28, 332
(1968).

Robinson, R. W.: Changes in serum lipids with Atromid and chlorophenoxyisobutyric

ester. J. Atheroscler. Res. 3, 566 (1963).
Sack, J., Katznelson, D.: Chlorpropamide in diabetes insipidus. Lancet 1, 729 (1969).

. Skadhauge, F.: Investigations into the thiazide-induced antidiuresis in patients with

diabetes insipidus. Acta med. scand. 174, 739 (1963).

Stoll, F., Largier, H., Tonz, O.: Behandlung eines kindlichen Diabetes insipidus centra-
lis mit Chlorpropamid (Diabinese) und Carbamazepin (Tegretol). Schweiz, med. Wschr.
102, 10 (1972).

Uhltich, E., Eigler, J., Tryzna, G., Finke, K., Winkelmann, W., Buchborn, E.:
Zum Wirkungsmechanismus von Chlorpropamid bei Diabetes insipidus. Klin. Wschr.
49, 314 (1971).

Uhltich, E., Loeschke, K.: Chlorpropamid bei Diabetes insipidus. Dtsch. med. Wschr.
13, 549 (1971).

Uhtich, E., Loeschke, K., Eigler, J., Halbach, R.: Clofibrat bei Diabetes insipidus.
Klin. Wschr. 49, 436 (1971).

W ebster, B., Bain, J.: Antidiuretic effect and complications of chlorpropamide therapy
in diabetes insipidus. J. clin. Endocr. 30, 215 (1970).

Wigger, W., Scheler, F., Creutzfeld, W.: ADH-&hnlicher Wirkungsmechanismus von
Chlorpropamid beim Diabetes insipidus (ein Vergleich mit der antidiuretischen Wir-
kung anderer blutglukosesenkender Sulfonamide und Hydrochlorothiazide). Klin.
W schr. 48, 855 (1970).

Zak, B., Dickenman, R. C.,, White, F. G,, Burnett, H., Cherney, P. J.: Rapid estima-
tion of free and total cholesterol. Amer. J. clin. Path. 24, 1307 (1954).

6701 Szeged, I. sz. Belklinika. Hungary

Acta Medica Academiae Scientiamm Hungaricae 30, 1973



Acta Medica Academiae Scientiarum Hungaricae, Tomus 30 (1—2), pp. 149—152 (1973)

UBER PATHOLOGISCHE VERANDERUNGEN
DER LUNGE BEI DER INTERMITTIERENDEN
HYPERBAREN SAUERSTOFFTHERAPIE*

Von

G. Walther

AUS DEM INSTITUT FUR RECHTSMEDIZIN (DIREKTOR: PROFESSOR DR. MED. H. LEITHOFF)
DER JOHANNES-GUTENBERG-UNIVERSITAT MAINZ

(Eingegangen am 4. Dezember, 1972)

Einflhrung

Bald nach der Entdeckung des Sauerstoffs und Erkenntnis seiner
fundamentalen Bedeutung fiir animalische Prozesse wurde auf die toxische
Wirkung dieses »Lebensgases« hingewiesen. Der Entdecker Priestley selbst
hat eine »mdgliche schaddigende Wirkung bei Uberdosis« vermutet. Der Be-
griff der Sauerstoffvergiftung wurde von Bert 1878 geprédgt. In den folgen-
den knapp 100 Jahren sind viele Untersuchungen publiziert worden. Im we-
sentlichen handelt es sich um Untersuchungen dber Verdnderungen des
Zentralnervensystems und der Lunge (Lit. bei Bean, Jacobson, Walther).
So hat man besonders hinsichtlich der Schddigung des zentralen Nerven-
systems den Begriff des Lorrain—Smith-Effektes [16, 17] herausgearbeitet,
wonach der Angelpunkt der Sauerstoffvergiftung die Stérung der Gasaus-
tauschfunktion der Lunge darstellt. Auch die Ubrigen pathologischen Befunde
wurden auf diese gestdrte Lungenfunktion zuriickgefuhrt.

Bei diesen Verdnderungen handelt es sich jedoch um organspezifische
Endzustdnde der Sauerstoffvergiftung. Aufgrund eigener enzymhistochemi-
scher Studien an Herz, Leber, Niere, Hoden und Milz sowie in Verbindung mit
den biochemischen Untersuchungen — erinnert sei hier an die Arbeiten von
Haugaard, Gilbert, Dickens, Lambertsen, Wood u.v.a. (Lit. bei Hau-
gaard, Walther) — handelt es sich vielmehr um eine allgemeine Vergiftung
mit Stérung des Zellmetabolismus. Als primdre Reaktionen des hyperbaren
Sauerstoffs sind die Oxydation, Peroxydation und Radikalbildung anzufih-
ren. Sekundidr kommt es dann zu Enzymblockierungen, Schadigungen von
Proteinen, Lipiden und damit zu mannigfachen Stérungen des Zellmeta-
bolismus. Die tertidren pathologisch-histologischen Verédnderungen werden
dann an den verschiedenen Organen in Form von Zellnekrosen (z. B. am

*Vorgetragen am Ill. Kongre der Ungarischen Gesellschaft fir Gerichtliche Medizin.
Debrecen, Oktober 1972.

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



150 G. WALTHER

Gehirn), Membranverdickungen mit entzindlichen Verdnderungen (z. B. in
der Lunge) oder einer Nekrobiose von Herzmuskelfasern nachweisbar (siehe
Abb. 1).

Reaktionskette des hyperbaren Sauerstoffs

gr):;]girn Oxydation, Peroxydation, Radikale
Sekundar . L
(Zell-Metabolismus) Proteine, Enzyme, Lipide

Tertiar

(Histologischer Effekt) Organspezifische Verdnderung

Abb. 1. Reaktionsverlauf der Sauerstoffvergiftung. Die Abbildung zeigt die primédren Re-
aktionen des Sauerstoffs, die sekunddr zur Stérung des Zellmetabolismus fuhren und im
Spétstadium die bekannten histologischen Verédnderungen bewirken

Durch eine Behandlung mit Sauerstoff im Uberdruck ist es in erster
Linie aufgrund des Henryschen Gasgesetzes mdglich, das Sauerstoffangebot
in der Peripherie zu erhdhen. Diese Therapie hat daher breiten Eingang in
fast alle klinische Bereiche gefunden. Die mannigfachen Indikationsstellun-
gen muften jedoch alsbald einer nlichternen Betrachtung weichen. Dennoch
sind noch gentigend Féalle vorhanden, bei denen nur eine hyperbare Oxygena-
tion therapeutische Erfolge bringt.

Da eine langere kontinuierliche hyperbare Oxygenation aufgrund der
toxischen Wirkung des Sauerstoffs nicht mdglich ist, wird in der Praxis die
intermittierende Therapie angewandt. In der Regel erfolgt im Abstand von
6—8 Std. eine zweistindige Hyperoxie. Die Frage bestand nun, ob diese
Therapie auBerhalb des toxischen Bereiches liegt.

Material und Methode

Es wurde daher eine Tierversuchsserie an Ratten Uber 2 volle Tage durchgefihrt, in
der im Abstand von 6 Std. — was dem Tagesrhythmus entspricht — eine zweistiindige Hyper-
oxie bei 3,8 Ata erfolgte. Da der klinische Befund der Tiere nach der 3. Hyperoxie und Beginn
der 4. sehr schlecht war und es zu befiirchten war, daR die Tiere die 4. Hyperoxie nicht Uber-
stehen wirden, wurde der Druck hier auf 2,8 Ata gemindert. (Die Beschreibung der genauen
Versuchsanordnung siehe bei v. Lieven et al.) Nunmehr soll Gber weiterhin durchgefuhrte
histologische Untersuchungen der Lunge und eine Bestimmung der osmotischen Resistenz
der Erythrozyten berichtet werden.

Ergebnisse

Die histologische Untersuchung der Lunge zeigt eine ausgedehnte Ent-
zindung, die sich ab der 3. und 4. hyperbaren Oxygenation entwickelte.
Daneben waren auch die typischen Verdnderungen der Verbreiterung der
Alveolarsepten, der Odemablagerung in den einzelnen histologischen Struktu-
ren der Lunge ausgebildet. Eine Bestimmung der osmotischen Resistenz der
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Erythrozyten liel keine nachweisbare Verdnderung erkennen. Dies ist sowohl
hinsichtlich des jeweiligen Vergleichs zwischen den Kontrollgruppen zu den
einzelnen Zeitpunkten als auch hinsichtlich des Mittelwertes Uber die gesamte
Zeit zu sagen.

Diskussion

Bisher publizierte Untersuchungen zeigten, daB sich bei den Tieren eine
metabolische Acidose entwickelte. Enzymbestimmungen im Serum lieen einen
deutlichen Anstieg der LDH und SGOT erkennen. Weiterhin war in fast allen
untersuchten Parametern ein deutlicher Erholungseffekt nach oder teilweise
schon wédhrend der 4. hyperbaren Oxygenation, die nur mit einem Druck von
2,8 Ata erfolgte, festzustellen [10, 11].

Die pathologisch-histologischen Befunde an der Lunge sind angesichts
der Ausbildung einer metabolischen — nicht respiratorischen — Acidose von
besonderer Bedeutung: Trotz schwerer pathologischer Verdnderungen an der
Lunge, die sicher eine Stérung der Gasaustauschfunktion bedeuten, kam es
nicht zur Hyperkapnie des Blutes. DaB im Gewebe eine Kohlendioxyd-
Retention besteht, ist bekannt [4, 12], jedoch ist diese ursdchlich nicht mit
der vorhandenen Lungenschddigung in Beziehung zu bringen. Die hier ge-
nannten Befunde weisen wieder einmal darauf hin, dal bei der hyperbaren
Oxygenation nicht die Lunge das primdar geschadigte Organ ist.

Die Bestimmung der osmotischen Resistenz der Erythrozyten wurde
durchgefihrt, da unter der hyperbaren Oxygenation eine Membranschddigung
nachgewiesen ist [3, 6, 7, 8, 9, 13, 15, 19]. Eine solche konnte im Verlauf der
intermittierenden Therapie nicht beobachtet werden. Dieser Befund ist fir
die Interpretation der Verdnderungen der Serumenzyme (LDH, SGOT) von
Bedeutung, da hieraus zu schlieBen ist, daB die Enzymaktivitdtserhdhungen
[11] nicht das Resultat einer Hadmolyse darstellen kénnen. Es muB sich hier
demnach um Gewebsenzyme handeln, deren Austritt mit der allgemeinen
Membranschéddigung der Zellen sowie deren Organellen in Beziehung zu
setzen ist.

Zusammenfassung

Anhand eigener enzymhistochemischer, histologischer und blutchemi-
scher Untersuchungen sowie den Angaben in der Literatur stellt sich die
hyperbare Sauerstoffvergiftung im Gegensatz zum Lorrain—Smith-Effekt als
eine allgemeine Vergiftung dar, die aber die morphologischen und funktionel-
len Systeme des Individuums mit unterschiedlicher Intensitdt schédigt.
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ANNOUNCEMENT OF AN IAEA SYMPOSIUM

Title: Dynamic Studies with Radioisotopes in Clinical Medicine
and Research

D ate: 15-19 July 1974
Location: Knoxville, Tennessee, USA
Organizers: International Atomic Energy Agency

Kértner Ring 11 —13, P. 0. B. ox 590
A—1011 Vienna, Austria

Scientific Secretaries: R. A. Dudley and E. H. Belcher

Medical Applications Section

This Symposium, a sequel to the symposium on the same subject held by
the International Atomic Energy Agency in Rotterdam in 1970, will he con-
cerned with all those applications of radionuclides in clinical medicine and
research that involve investigation of the temporal patterns of uptake, metab-
olism, clearance or excretion of administered radioactive materials.

Emphasis will be placed on the methods used and their potentialities.
Topics covered will include technique (radioactivity measurement, data anal-
ysis, etc.), applications in studies of the function of organs and systems of the
body (specific organs, the circulatory system, etc.) and applications in studies of
the metabolism of substances in the body (minerals, proteins, radiopharma-
ceuticals etc.). Studies based on scientigraphic techniques will be excluded
except insofar as they are concerned with dynamic situations.

Further information and forms to accompany abstracts of papers intend-
ed for presentation at the Symposium may he obtained from national author-

ities for atomic energy matters. Abstracts must be submitted through these
authorities so as to reach the International Atomic Energy Agency by 8
February 1974.



PRESS RELEASE

INTERNATIONAL SYMPOSIUM ON WOUND HEALING

8—12 April, 1974, Rotterdam, the Netherlands

At the new premises of the Medical Faculty of the Erasmus University,
Rotterdam, an International Symposium on Wound Healing will be held from
8—12 April, 1974.

Primary purpose of this Symposium is to create a forum for surgeons
and other medical specialists to exchange ideas on wound healing. Ultimate
goal is the integration of the latest knowledge of experimental and clinical
origin in order to provide a rational basis for surgical procedures and for pre-

and postoperative management of patients.

Biological, biomechanical, physiological, pharmacological, pathological
and clinical aspects ofthe process of healing in different tissues will be discussed.
These topics will be dealt with by authorities of international repute.

Chairman of the Scientific Programme Committee is Dr. J. C. van der
Meulen, M. D., Rotterdam, the Netherlands. Other members of the Committee
are: Professor A. Algéwer, M. D., Basle, Switzerland, Mr. T. Gibson, M. D.,
Glasgow, Great Britain, Professor Ch. M. Lapeire, M. D., Liége, Belgium,
Professor W. van Winkle, M. D., Tucson, Arizona, U. S. A. Professor B.
Zederfeldt, M. D., Malmd&, Sweden.

Experts from all over the world are invited to attend the Symposium, to
which a book exhibition, a scientific exhibition as well as a technical exhibition
of medical equipment and pharmaceutical products will be attached. Those, who
intend to present a paper should submit an abstract of maximum 300 words
before 15 December, 1973, to the Secretariat.

For further information please apply to the Secretariat, c/o Holland

Organizing Centre, 16 Lange Yoorhout, The Hague, the Netherlands.

The Hague, 8th August, 1973



The Czechoslovak Society for Respiratory Physiology and Pathology
organizes the International Symposium Pulmonary Circulation Il sponsored
by Societas Europaea Physiologiae Clinicae Respiratoriae.

The Symposium will be held in Praha, Czechoslovakia, from June,
17th to June 19th, 1974.

Three topics will be discussed: 1) long-term development of pulmonary
hypertension in chronic obstructive broncho-pulmonary disease, 2) pulmonary

hypertension at altitude, 3) pulmonary circulation in left-heart failure.

Preliminary application forms can be obtained by The Czechoslovak Medi-
cal Society J. E. Purkyng,

Sokolska 31,
120 26 Praha 2,

Czechoslovakia



IMMUNOLOGICAL ASPECTS OF ALLERGY
AND ALLERGIC DISEASES I—II

edited by E. Rajka and S. Korossy

Vol. I: Studies in Experimental Immunology
Vol. Il: Clinical Immunology. Allergic Diseases

The first volume deals with the general principles of experimental immunology
and allergology. The various factors which have a part in the antigen-antibody
reaction and which set the course of up-to-date diagnostics are discussed in
several papers. The most recent results of research in the fields of transplan-
tation and tumour immunity are described.

In the second volume the problems of clinical immunology are discussed. The
different allergic diseases are described according to individual organs and
organ systems. The immunological apsects of acute and chronic infections,
allergic processes due to chemicals and drugs as well as various autoimmune
syndromes are given extensive treatment in the individual chapters.

The handbook is the work of several outstanding authors, each of them an ex-
pert of the respective fields.

The studies have been based on recent experimental work as well as on data
of the literature.

In English « The two volumes together approx. 1800 pages <« Cloth

AKADEMIAI KIADO
Budapest



PATHOPHYSIOLOGY AND PHARMACOLOGY
OF CAPILLARY RESISTANCE

by M. GABOR

In the first part of the monograph the physiological and pathological aspects of capillary
resistance are treated. The different methods used for measuring capillary resistance are
described followed by the discussion of the mechanism of petechia formation. Daily and
seasonal fluctuations of capillary resistance as well as its age, diet-and physical impact-(heat,
u.v. and X-ray irradiation) dependent changes are given extensive treatment. The author
also considers the methods of determining capillary resistance in the inner organs of experi-
mental animals and in the conjunctiva. Separate chapters have been devoted to the changes
in capillary resistance due to stress and to the practical implications, respectively. Various
diseases in which capillary resistance might be changed, mostly decreased, are described.
In the second part all those drugs which may influence capillary resistance, are surveyed. The
Jast part of the monograph providesinformation on the hormonal and other control mechanisms
regulating capillary resistance.
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ARTERIAL LESIONS AND ARTERIOSCLEROSIS

edited by H. JELLINEK

This monograph discusses the pathological aspects of experimental vascular lesions brought
about by various damaging factors. Investigations have been made in most cases also on the
ultrastructural level. The authors compare model experiments as well as different vascular
changes in man with morphological characteristics of arteriosclerosis showing that arterio-
sclerotic changes appear in the final stages of model experiments. Several of their observations
are described for the first time in the literature, such as the appearance of crystalline-like
bodies in fibrinoid and their changes in hyaline, the role of smooth muscle cells in elastic
fibrillogenesis, vascular permeability changes in hypertension, the importance of lymphatic
drainage in the permeability of the vascular wall or the role of lymphatic vessels in arthero-
genesis.
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Die Lungenentzindungen
und ihr Wandel unter der Chemotherapie

Von Doz. Dr. Dr. HERMANN KUHN, Leipzig

1972. 503 Seiten mit 120 Abbildungen und 60 Tabellen
Leinen 90,— M . Bestell-Nr. 793 363 3

Auf Grund eines umfassenden Literaturstudiums und ausgedehnter eigener
morphologischer und bakteriologischer Untersuchungen an einem grofRen
Pneumonieobduktionsgut sowie im Tierversuch erfolgt eine Darstellung
der Lungenentziindungen des Menschen und ihrer Beeinflussung durch
die Chemotherapie aus der Sicht des pathologischen Anatomen. Die Mdg-
lichkeiten der Pneumonieeinteilung bis hin zur modernen Differenzierung
nach dem Erreger werden aufgezeigt und die heutige Auffassung von der
Atiologie und Pathogenese der Lungenentziindungen wiedergegeben.

Bestellungen an den Buchhandel erbeten

JOHANN AMBROSIUS BARTH LEIPZIG



ACTA MEDICA
TOM 30 — BbIM. 1-2

PE3IOME

N3MEHEHWNA MPUN UCTUHHOM MONNLUNTEMUN,
BbIAB/IAEMBbIE TPV NMOMOLWWWM PEHTIFEHOBCKOIO
NCCNELOBAHUA MPYAHOW KNETKW

q. ObAPMATW, 4. HAAb u . CETEAU

ABTOpbl aHaM3MPOBa/IN AaHHble 06bIKHOBEHHOrO PEHTreHOBCKOMO WCC/efOBaHUS rpya-
HOWM KNETKN 49 60/1bHbIX UCTUHHOM nonuuuTemueid, n oHM B 35 cnyyvasx o6Hapy XN M3MeHeH-
Hble YCMOBUS FeMOAVHAMUKKM, T. €. KapAuomny/bMOHa/IbHble PEHTIEHOIOMMYECKME U3MEHEHUS,
06BSACHSIEMble C OCHOBHOW 60/1e3HbI0. YacToTa 13MeHeHWli NoKasana CBs3b CO CTaAusiM1 60e3HU,
M OHWM 6blnM, 32 UCK/OYeHMEM (M6pPO03a Nerknx, Kak npaBuio 06paTUMbIMU. PeHTreHonoru-
YecKvie CUMMTOMbI, HabnofaemMble B hase 060CTpeHMs1 60/1e3HM, YMeHbLUAUCL B (hase pemuccuu,
1 B OTAENbHbIX Cy4Yasix OHU COBEPLUEHHO pa3BMBa/UCL 06paTHO.

OnMbIT PEHTFEHOBCKOIO OBJIYYEHWSA 30BHOWM XEJME3W MPU
NEYEHNWN XPOHWUYECKOIO MPOIMPECCUPYHOLWLEIO MOJMVAPTPUTA

1. CAHTO, 1. ®IOMIEM, M. ®EXEP n ®. TEPTEHbW

Ha ocHOBe posin 306HOM XXene3bl B Pa3NYHbIX ayTOMMMYHHbIX MpoLeccax aBTopbl Mpo-
BOAWIN B CBA3M C JIeYEHUEM XPOHUYECKOr0 MPOrpeccupytoLlero noanapTpuTa peHTreHoBCKOoe
06/1ydeHne 306HOM Kenesbl. OHU coo6LLal0T AaHHble neveHnss 51 601bHOrO, M Ha OCHOBE XOpO-
LUMX Pe3ynbTaToB PEKOMEHAYIOT 3TOT BWJ JIEYEHUS, KaK BCMOMOraTe/lbHY0 Tepanuio XpoHU-
YeCKOro MporpeccupytoLLlero noanapTpuTa. B mouty fByx TpeTbMX Cy4vaeB MM YAanocb Bblst-
BUTb TepaneBTUYECKUNI 3htheKT PeHTreHOBCKOro 06/1y4eHMs1 He TO/IbKO HeMoCPeACTBEHHO Moc/e
NpoBefieHNs1 BMeLLaTeNbCTBa, HO U MO UCTEUEHWM LLECTU MeCALEB U ABYX NeT. MogyepKnBaeTcs,
YTO Y NOXWNbIX 60MbHBIX HabMOAaNIUCE XOpPOLUME pe3ynbTaTbl, TOrda Kak npu HBEHWIbHOM
XPOHMYECKOM MPOrpeccupylolieM MnonMapTpute ObiM MOMyYeHbl ropasfo 6o/ee CKpPOMHble
TepaneBTUYECKMNE Pe3ynbTaThbl.

M3YUEHUE IABOPATOPHbBIX METO/OB, C/AYXALUX BbIABAEHWIO
INPDY3HOIO BHYTPUCOCY/ANCTOrO CBEPTLIBAHWA (4BC)
HA OCHOBE MOJE/IbHOIO 3KCMEPVMEHTA

r. WAL, V. 9KO, E. MALbSAP, U. POXA n 3. HEMELWAHCKM

B Uensax W3y4yeHWs NPUrofHOCTU TECTOB, NMPUMeHsieMbIX Ana auarHosa ABC, asTopbl
BbI3bIBA/IM Y KPO/IMKOB PA30BO MHBLEKLMEl 3HAOTOKCMHA CBepTbiBaHWME WM PacCTPONCTBO
cBepTbIBaHMS. OHU M3yYasin M3MEHEHUs] (PAKTOPOB CBEPTLIBAHUA Ma3Mbl M MPOBOAUIMN TaKXKe
nccnefoBaHve TecTa 3TaHOMOBOMO >KenaTMHUpoBaHWUsA. CofepXkaHue NPOAYKTOB AerpajaLum
(unbpuHoreHa (MAP) B NnasMe ¥ CbIBOPOTKE ONPeAensiM MeTofoM MMMYHHO3/1eKTpodopesa.

B npenapatax 60/blle BCEro MH(opMaLmii NpeaocTaBnsno onpeaeneHme umcna Tpoméo-
umToB, (hakTopoB Il M X, OfHAKO pasHWUAa MeXAy MaToNorMYeCKUMM BenuMHaMK Gbina
VHAVBWAYaNbHO 0YeHb Pa3nyHolA. oc/ie BMeLaTeNbCTBa B CbIBOPOTKE MOYTW BO BCEX CyYasx
6bIn BbiSBAEH MO d. TeCTOM 3TAHOMN0BOM0 YKeNaTUHUPOBAHMS B MOOBUHE MO/OMNbITHBLIX XXMBOT-
HbIX 6bl MOMYYeH MOMOXUTENbHbIA pPe3ynbTaT. MUCTONOrMUYeCKol TEXHUKOA B MUKPOLMPKYNS-
LIMOHHOM CMCTEME MeYeHU M MOYKM KMBOTHbBIX He YAanoch BbISIBUTbL (UOPUHA.

Pe3y/ibTaTbl OMbITOB HA XWBOTHbIX MOAKPENAOT KAVHUYECKME YCUNS, HanpaB/eHHble
Ha To, YTO MPW NPeANonoXeHUy Hanuuus ®T1 B LeNsX MOCTAHOBKM NPaBU/ILHOMO AMarHosa
1 BbI6Opa Tepanui Heo6XoAMMO MPOBECTM MO BO3MOXHOCTM GO/blle MPOCTbIX U UH(OPMATMB-
HbIX UCCMEA0BAHMIA.



OMPEAENEHWE COAEPXAHUNA TMAPOKCUMPONNHA B MOYE BEPEMEHHbIX

. MAYKOBUY u . MOPBAW

ABTOpamMu 6b110 M3YYEHO BblAe/eHNe rMapoKcUnponnHa B Move 10 HebepeMeHHbIX 1 102
6epeMeHHbIX YeHLUMH. MOBbILLIEHHOE BbifenieHVe MMAPOKCMNPonHa Habnoaany To/bKo BO BTO-
poii nonoBuHe 6GepeMeHHOCTU. B cnyyasix yrpoXKatowlero BbIKuAbIA U NPEXAeBPeMEHHbIX
pOfOB TONbKO B MOC/MEAHel Fpynne yaanochb BbISIBUTH JOCTOBEPHO MEHbLUEE BblAeNIEHUE, YeM
npu HOPMasbHON GepeMeHHOCTMN.

MN3YUYEHWE KNETOYHOIO MMMYHUTETA MPW MNMOMOLLN
rOMOJIOrMYHOI O AHTUTEHA TP ITP

M. BAJTAX, T. BYPIEP, A. MAP, N. TTANKA un I'. JEAK

B KynbTypax numdouunTtoB 12 60nbHbIX ITP 1 10 300poBbIX 1y, 6bina n3yyeHa nnMmgo-
6nacTto3Haa TpaHchopmaumsa Kak K/eTouyHas MMMYyHHas peakums Ha cneumduyeckue (Tpom6o-
uMTapHble) 1 Hecneuududeckme (PHA) aHTUreHbl. TpombouMTapHble aHTUreHbl BbI3bIBAKOT Y
6onblueii Yactn 6onbHbIX ITP 61acTo3Hy0 TpaHcopMauuio, Torga Kak B KynbTypax numdo-
LMTOB 3[0POBbIX /UL, 3TOF0 ABJIEHUA He HabnwogaeTcs. Pe3ynbTaThl yKasblBalOT Ha TO, YTO B
naTomexaHusme ITP urpaer pofib KNETOYHbIA WUMMYHUTET. OMUCaHHbIA MEeTOZ MOBUAUMOMY
NPUrofeH TakXxe AN AMArHOCTUKMK 3TOro 3aboneBaHus.

OBMEH CTEPOUAHbBIX TOPMOHOB ¥ XXEHLWWH, CTPAOJAOLWNX TMPCYT3MOM,
MOCJIE NEYEHWNA STC 407 U UWAMPOTEPOHALIETATOM

N. MOLWOHbBWU, N. XAJIMU, T. ®EXEP u M. 3EN[A

1. Mog BnvsHWEM neveHUa nipenapatom STC 407 yMeHbLUaeTC KOMIMYeCTBO MPeKypco-
pOB TecTOCTepOHa, B 3HAYMTENIbHON Mepe BAMUAIOWMX Ha YPOBEHb TeCTOCTepOHa B Mnasme.
Ha 3T0 yKasblBaeT JOCTOBEPHOE YMeHbLLEHNE KONMMYeCTBa KeTOCTEPOUAHBIX (pakuuii, Bblaense-
MbIX MQUYOA.

2. W3meHsieTcsa cooTHoweHune ypoBHA DEA-S mn A-S B nnasme: BBuAy TOro, 4ro A-S
AB/IeTCA NPojyKTom pacnafa DEA-S, n3MeHeHne yKa3blBaeT Ha TO, UTO KpPOMe npejrnonarae-
MOl A0 CMUX MOp rMNOoTanamMUyecKoi TOUKM NPUIOXEHUS [elACTBUS, BO3MOXHO, 4To STC 407
0KasblBaeT TaKXXe HernocpeiCcTBEeHHOe fAelicTBYE Ha (hepMeHTbI.

3. LiMnpoTepoHaueTaT He BbI3bIBAeT JOCTOBEPHOr0 M3MEHEHMS BblAeneHns 60/1bLUIMHCTBA
(hpakumii KetocTepongoB. CornacHoO 3TOMy HabMAEHMIO KAMHMYecKas 3peKTUBHOCTb Mpena-

paTta OCHOBbLIBAETCSA Ha COMEePHUYECTBE, PasBePTLIBAEMOM Ha YPOBHE BHYTPMKI/IETOUHbIX peLen-
TOpOB.

AHOMA/NBbHAA MONOCA M3O3H3MA NAKTATAErMAPOTEHA3bLI (146)
NP1 SNMMAEMMYECKOM TEMATUTE

N. NNTTEP, K. MOBCT n K. BAPHA

B cBsi3n ¢ n3yyeHnem nsoaHamma J14I cucTeMHOl CbIBOPOTKM 60/IbHbIX OCTPbIM renatu-
TOM y 25-neTHeii 605bHON B nMepuog oT 3—16-ro gHA 60ne3Hn Mexay dpakumamu J14M2 wn
N AT 3 n303H3MMa NosiBMUAacb aHoMaslbHas, Tak HasbiBaemass HP-nosoca, BbisiBNseMas Takxke
npu MOBTOPHbIX UccnefoBaHMsaX. lMocne nsnedeHUss 60M1€3HN KapTuMHA W303H3MMa cTana Hop-
MasibHOW M nonoca HP TakXe ucuesna.



KPACHbIA T/IA3 MOYEYHbIX BOJIbHbIX
Nn. TOPMAH, T. WONE n N. ATOWTOH

ABTOpbI Habnwgann y 4eTbipex 60/bHLIX XPOHWYECKUM 3a60/1eBaHMeM MOYEK SIBeHWUe
«KPAaCcHOro r/la3a», BbI3BaHHOE OT/IOXKEHWEM KanbLus. B ogHOM HabnofeHNM yCTaHOBUAN TUnep-
KasibLMEMUIO U HOpPMOocthaTeMUto, B ABYX Cydasax FMNoKaibLMeMuo U HopMogocaTeMuio U
y 04HOro 60/bHOT0 HOPMOKasNbLUMEMUIO U runepdocaTeMunto. B mocnegHeM cnydae siBneHve
«KPAaCHOro r/iasa» pa3Bu/IoCb BO BPEMSI XPOHUYECKOro remoguanusa. CornacHo AaHHbIM FUCTO-
IOFNYECKOr0 UCCNEA0BaHUSI KOHBIOHKTUBbI B 6a3asibHbIX K/IETKax 3nUTeNnasnbHOro cfost oT/1o-
XUNca Kanbuuii. B aByXx HabnopaBLUMXCA C/y4vasix OT/I0XKEHUS KanbLysi 6bn 06HapY>KeHbl
TaKXe B TYUHbIX K/eTKaxX KOHbIOHKTVBbI. $AB/IEHMEe MOXHO NMPUBECTU B CBSI3b C MacTOKa/lbLU-
thunakcmen.

Ha ocHoBe BbILLEOMUCAHHbIX HA6MIOAEHNIA N NUTepaTypPHbIX JaHHbIX aBTOPbl YCTaHaBM-
BAlOT, UYTO C TOYKW 3PEHUSI MaTOreHeTUKM CYLLECTBYHOT HECKO/IbKO TUMOB «KPACHOMO riasan.

FrEMOAVNHAMWYECKWNE OCHOBbI MPOTMBOAHIMHO3HOIO AENCTBUSA
PA3LAPAXXEHWA HEPBA MA3YXW COHHOW APTEPUW

®. WonbTn, 3. CABO, ®. PEHbM-BAMOLW, K. WAPAW n 1. PEAN HA

ABTOpaMu 6bl710 U3yYeHO LeCTBUE pa3fpaxeHUs HepBa KapOTUMHOM Nasyxu Ha KpoBo-
TOK Ba)KHEMLUMX opraHoB (cepaua, Mo3ra, MoYeK, Mbillilbl U KOXWN) 1 Ha perynMpoBaHne KpoBo-
obpaLleHus.

AHanun3 fgaHHbIX KpoBoobpalleHnsa 6bl1 nposefeH Y 16 cobak BO BpeMsi pasfpakeHust
nasyxuy COHHOW apTepuu, NpuMYeM COOTBETCTBYKOLMe napameTpbl 40 cob6ak CAYyXWUAN KOHT-
ponamu.

[na pasgpaxeHns HepBa KapoOTWAHOM Masyxu aBTOPbl UCMOMb30Ba/M PajMoYvacTOTHbINA
CTUMYNATOP Na3yXu COHHOW apTepuym MeAaTpOHUK, CO CeAyloWuMy napameTpammn: Hanpsxe-
Hue = 3—=6 B, YacToTa pasgpaxeHuii = 30—50 ru, NPOACIKNTENBHOCTL MMNybca = 350 AccK.
MUHYTHBIN 06beM M CKOPOCTb KPOBOOOPALLLEHMA aBTOpbl ONPeaensav MeTo4oM ANTHOLMK Kpacu-
Tens nocfie BBeAeHWS MBEHCOBOW CMHbKM, & KPOBOTOK OTAe/IbHbIX OpPraHoB — METOAOM OfHO-
BPEMEHHOr0 BBeAeHWs meyeHoro 8Rb v 13 aHTunupuHa. Mog BAMSAHMEM pas3fpaXKeHus LOCTo-
BEPHOE MOHWXEHME NOKasa MUHYTHbIA 06beM, COCYAUCTOE COMPOTUB/EHME B 60/bLUOM KPYTy
KpPOBOOG6pALLEHNSA M CKOPOCTb KPOBOTOKA; MCYMC/IEHHas paboTa faBreHus NeBOro Xenygouka
yMeHblUanacb B cpefHeM Ha 40%. B BeHeUHbIX apTepusx, BOMPeEKM MOHWKEHWIO KPOBSAHOIO
[aBfeHNA U MUHYTHOro o6bema, Habno4anock YCKOpPeHMe KPOBOTOKA, B TO BPEMSA KaK B MO3re,
NoyKax, KOXe ¥ MbilLLe KPOBOTOK MOJ BANSAHUEM pa3fpaXKeHWs HepBa Masyxu COHHOM apTepuun
nokasan HeKoTopoe 3amefsieHve. [lonsa MWUHYTHOro o6beMa cepfua nokasana nog BAVUSHUEM
pasfpaxeHus nasyxum COHHOW apTepuun 3HaAUUTeNbHOE yBeSIM4YeHMe.

AHANN3 JAHHbBIX 3KI- Y BEKTOPOKAPONOIPA®UUECKNX WCCAELOBAHUN
MNPV CNYYAMHOW N 3KCMEPUMEHTAJIBHOW TMMNOTEPMUN

n. NPEAA wn . KEHEAW

B cBsi3n ¢ 5 HabnogeHNAMM CnyyaliHOW FMNOTEPMUN aBTOPbl aHaNIM3UPYIOT XapakTep-
Hble n3MeHeHUs KpuebIX IOKIT, Bbl3BaHHbIE FMNOTEPMMER, C 0COObIM BHUMaHWEM Ha TO, 4TO
MeXay runoTepMuyecknmmn nsmeHeHnammn SKIM n mepuaHneM XenyAouKkoB, NPesnonoXuTeNbHO,
CyLLEeCTBYET OnpejenieHHas CBA3b. B ganbHelilleM OHM B 3KCNeprMeHTax Ha cobakax YCrneLHo
BOCMPOM3BOAMN BbI3BaHHbIE TMMOTEPMUEN M3MeHeHUA KpuBbix KT n BKI. ABTOpbl CTpemu-
NINCb ONpPeaennTb TOYHYIO I0KaM3aumio BOMHbI J MPU MOMOLM 3NUKapAuasibHbIX  OTBefeHUN
N NX Mpon3BoAHbIX. OHW YCTaHOBWUIN, YTO BOMIHA J OTHOCUTCA OTYacCTW K Aenonspusauumn v oTt-
yacTu K penonapmsauun. Ee npuunHoii ABNSeTCA KpaiHee 3anasfblBaHue akTUBaLUWM NOCTepo-
6asanbHoin obnacTtu.



3CTPOMEHbLI B MOYE 3[40POBbIX EFMNTAH W BOJIbHbIX BUIbIAPLIMO3HON
FEMNATOCMNEHOMEIA/IMEN

M. T. ABOEN-KA3N3, M. M. ABAEJT-KALEP, M. KATTAB, W. A. WANEX,
. TOBBA n X. TAEMA

ABTOpbI OMpejensiny o6LiMe BeNMYMHbI 3CTPOreHOB U (hpaKUmMii 3cTpoHa, acTpaaunona u
3CTpMONa Yy 340POBbIX ErMNTSAH W Y 60/bHbIX renaTocnieHoOMeranven.

BonbHble 6blM pacnpefeneHbl Ha TPW FPYNMbl: B3POC3ble MYXUMHbI, B3pOC/ble YKEH-
LUMHBI U XXEHLUMHbI NOCTKMMAaKTEPUYECKOr0 neproja.

Y MYXYVH U Y XeHLLMH NOCTKIMMaKTEPUYeCKOro nepuoga HabnogaeTcs TeHAeHUMS K
MOBbILLEHNIO KOHLEHTpaLMmM 3cTporeHoB. MoBblILLeHVe hpaKL MM acTpaguona 6onee JOCTOBEPHOE;
3TO Hambonee akTUBHasA (paKuus.

Y MonogbIX B3pOC/bIX XEHLMH 06LiMe BENNUYMHBI 3CTPOreHOB W (hpakumii acTpuona oka-
3a/IMCb AOCTOBEPHO MOHMXEHHBLIMU.

B matepuasne 61moncmum u yHKLMOHaIbHBIX MP06 MeYeHN He yAanochb BbISIBUTb KOPPensi-
LU MEXAY XEHCKUMU K/IMHUYECKMMMN NPU3HaKaMy U YPOBHEM 3CTPOreHOB.

O6CyXaalTcs pe3ynbTaTbl U BbIABATAOTCA HEKOTOPbIE MOJIOXKEHWS 06 O0TBETCTBEHHOCTU
runonuTymMTapusma u target-opraHa.

OBPA3OBAHWE BOAOPACTBOPMMOIO AEMMAPOSMMNAHOPOCTEPOHCYJ/Ib®ATA
N AHAOPOCT-5-EH-3£, 17/5-AN0-3-CYNIb®ATA B KOXXE UEJTOBEKA IN VITRO

nN. ®APEANH, N. TOT n M. KONIEC

Cpesbl KOXMW >XWBOTa 3[40POBbIX XEHLMH N MYXUUH 6bliM MHKY6UpoBaHbl [4-14C]ae-
rnmapoanuaHipocTeEPOHOM B YC0BUAX in Vitro. VI3 monyyYeHHbIX MHOMOYUCNEHHbIX PafN0aKTMB-
HbIX MeTabonnToB AernapoanvaHipocTepoHcynbgat, aHapocT-5-eH-3/?, 17/3-guon v aHApoCT-5-
eH-3/5,17/?-gnon-3-cynbhaT  OblN  M30/IMPOBaHbl U MAEHTU(ULMPOBAHbI METOAOM 00OpaTHO
M30TOMHOW Annouun. Bblno NOATBEPXKAEHO, UTO KaK XXEeHCKas, TaK U MYXCKas KoXa XuBoTa
obnapaet W53/?-rnapocTeponaocynbOKNHa3HOM aKBUTHOCTbIO, KaTaM3npyoLed cynbgo-
KOHbHOFaunio He TOIbKO AerngpoanvMaHipoCcTePOHOBOro cybcTpaTa, HO U aHApPOCT-5-eH-3/5,17/7-
Aunona, o6pasyroLLerocs Bo Bpemsi NATUYAcOBON MHKybaLmn. O6CyxaaeTcs 3HauYeHVe BOJOpacT-
BOPUMbIX CTEPOMAHbIX CY/b(aToB, 06pasylLLMXCA B KOXE.

ONATHOCTUYECKOE 3HAYEHWE PEBMATOWAHOWM PO3ETKMU
B. PEKETE, 4. CETEAW, M. TEPTEN, I'. CABO u [. METPAHbW

ABTOpaMU Gblfia U3yUeHa YacToTa NOMOKUTE/ILHOCTU PEBMATOMAHOW PO3ETKM Y 57 6osb-
HbIX PEBMATOMAHLIM apTPMUTOM, 39 6OMbHLIX C APYTMMY ayTOMMMYHHbLIMU 3a60/1€BAHUAMU U Y
53 KOHTPO/IbHbIX 60/1bHbIX. BbIN0 YCTAHOB/IEHO, YTO PEBMATOWAHAS PO3ETKA Gblfa NON0XMTEIbHA
B MOMIOBMHE C/ly4aeB PEBMATOWAHOIO apTpwuTa, B OAHOM MATOW 4YacTW ClydyaeB APYrux ayTo-
VMMYHHbIX 3a60/1€BaHWU Uy ABYX M3 53 6O/MbHbLIX APYrMM 3a60/1eBaHNSAMA. 2. MexXay Uuciiom
PeBMaTOM/HON PO3eTKM W CbIBOPOTOUHOM KOHLEHTpaLMeli (bakTopa peBMaTvM3Ma HeT MpsMoii
cBsA3N. 3. M0NOXKUTENbHOCTL PEBMATOM/HOM PO3ETKM [0 M3BECTHOM CTeneHn napase/bHa akTmB-
HOCTW CUMMTOMOB. BBUAY TOr0, UTO KPpOME (hakTopa peBMaTV3Ma PeBMaTouAHas po3eTKa Takxke
cBsi3aHa € aHTU-1gG-aencTBueM NUMAOUAHBLIX KMETOK, OTYAacTVM MOTOMY, YTO Ha MOBEPXHOCTM
KNeTKW, o6pasytoLiieii po3eTKy, BO3MOXHO, MPUCYTCTBYET (PaKTOp peBMaTv3Ma, 0TYacTy NoTomy,
YTO OHA HEMoCPeACTBEHHO LENAYNSPHO YyBCTBUTENIbHA K VMMYHOM0GYNNHY, [ABE peakuum
LOMOMHAT APYr APYra, X0Ts MX KAMHWYECKas LeHHOCTb U B Aa/ibHelillieM OCTaeTCsl COMHMU-
TeNbHOM.



OENCTBUE TEMAPUHA HA KOHLUEHTPALVIO WHCY/NIMHA B CbIBOPOTKE
n B MNNASME

n. OPOC, P. MUXAEN n M. UNTNEP

Xeiinc n PeHgn BbISSBUAN PagMOMMYyHHbIM METOAOM, NMPUMEHSIIOLMM [Ba NPOTWUBOTENA,
B renapvHoBoOli nniasme U B renapuHU3MpPOBaHHOW CbIBOPOTKE MEHbLUYH0 KOHLIEHTPaLMIO MHCY-
JIMHa, YeM B HaTMBHOI CbIBOPOTKe. Mpun onpefeneHUn pagMouMyHHbIM METOLOM Liurnepa U cOT-
PYLHWKOB, MPUMEHSIIOLLMM TO/IbKO OAHO MPOTMBOTENO, FeMapuH He OKasasl B/MUSIHWUA Ha Beu-
UMHY WHCY/IMHA.

[LelicTBMe renapvHa CBsi3aHO C Ha/IMuMeEM BTOPOro NpoTMBOraMmarno6yiMHoBOro —
NpoTUBOTeNa. ApTepuLManbHO BbICOKAs KOHLEHTPaLWs WMHCY/NMHA B CbIBOPOTKE BO3HUKAET B
pesynbTaTte feiACTBMSI KOMM/IEMEHTA, TOPMO3SILLEr0 peaKLMi0 BTOPOro aHTUTeNa, U NepeKpecTHOM
peakuuny Mexay BTOpbIM MPOTUBOTE/IOM W YesloBeHeCKUM rammariobynuHom. Beuay 6naronpu-
SITHOrO [ie/iCTBMA renapvHa Ha aHTUKOMIMIEMEHT U Ha 30HY ONTUMa/IbHOM MpeLMnUTaLMn peKo-
MeHAYeTCsl ONpeaensiTe UHCY/IMH PagMoMMyHHbIM METOA0M C ABYMSI NPOTMBOTENIAMU B renapuHo-
BOIN Mnasme, a He B cbiBOpoTKe. KOHLeHTpaumsi renapuHa B 1,0 ME/Mn KpoBM focTaTouHa Ans
obecneyeHna 61aronpusiTHOroO adeKTa renapuHa.

LUMTOTOKCUYECKOE AENCTBUE NIMM®OLIMTOB YENOBEYECKON
KPOB/ B TOMONOIMYHbIX TKAHEBbIX KYJbTYPAX

. CABO, I TACTOHbW, O. CETEAN, B. ®EKETE n A. NMETPAHBWN

CoobLyaeTcss HOBasi pafMoM30TOMHas TexHMKa MedeHusi 5Cr ans onpefeneHust UMTO-
TOKCMYECKOT0 [JelCTBMSI 4YenoBeyecKuX AnmMgouutoB. CyLLHOCTb MeTofa 3aK/IluvaeTcsi B TOM,
YTO U3 KY/IbTYPbl MeYeHbIX aMHUOHOBbLIX K/ETOK Ha CTeK/e MOXHO c03AaTb Tak Has. «monolayer»,
0IHaKO, MPUAMMaHUIO NPEeNSiITCTBYIOT LWUTOArpeccBHbIE NMMMOLMTLI, NPUYEM pasHULA pajgmo-
aKTUBHOCTW CTAHOBUTCSA /IEFKO OMpefe/iMMOi. MeTog 6bICTPbIA, pe3ynbTaTbl MOXHO OLEHUTb B
npesfenax CyTKU U OHU XOPOLLO BOCMPOU3BOAUMbI.

ABTOpbI U3yYann 3TUM MeTOA0M LIMTOTOKCMYECKOE felicTBME MMMAOLUTOB 60/bHBIX, CTPa-
JaoLWmxX ayTOMMMYHHbIMY 3a60/1€BaHUSIMU, U Y KOHTPOSIbHbLIX AL, OHW YCTaHOBWAW, YTO JIUM-
hoLUTbI 6ONbHBIX, HAXOAALLMXCA B aKTUBHOW (hase ayTOMMMYHHOr0 3a60/1eBaHMS U He MoJyymB-
LUMX NlevyeHVe NofaB/ieHVeM MMMYHUTETA, OKasbIBalOT 3HAUMTE/IbHOE TOKCUYECKOe [elicTBMe Ha
aMHMOHOBbIE K/ETKM 4YefoBeka. B chase pemuccun, HacTynawolleil 6e3 neyveHWs, LIMTOTOKCWY-
HOCTb IMM)OLUTOB 3HAYUTENBHO MEHbLLE.

Mof BAMSIHMEM MMMYHOCYMNPECCUBHOIO JIEYEHUS LEeCTPYKUMS K/ETOK numdouuTammn B
CYLLLECTBEHHOI Mepe CHUXXaeTcs.

OnucaHHbIN MEeTO, MOXHO WCMOMb30BaTh AN OUEHKW cTeneHn uenntonspHon (cell-
mediated) MMMyHoarpeccum Wn arpeccum n 3PGPEKTUBHOCTM MeAUKAMEHTO3HOro MoAaB/eHUs
MMMYHO/IOTUYECKOW CUCTEMbI, KaK B C/lydae ayTOMMMYHHbIX, TaK U reTepoOMMMYHHbIX (Harmp.
TpaHCMIaHTaLMOHHbIX) peaKkLUuii. B 0CTPOM 3KCMepMMEHTe Yepes Yac Moc/e NPUHATUA Pas3oBoii
[o3bl 100 Mr 6-mMepKanTonypyHa NpPeKpaTUIOCh BbIPaXXEHHOE LMTOTOKCMYECKOe AeCTBUE NNM-
(hOLIMTOB B3POCNOro 60/1IbHOr0 PEBMATOMAHLIM apTPUTOM Ha Ky/bTYPY Ye/I0BeHECKMX aMHUOHO-
BbIX K/IETOK, 1 OHO faXke M0 UCTEYEHUW TPex 4acoB elle 6blI0 3HAUYUTENIbHO MEHbLUUM, Yem [0
NPUHATUS NeKapcTea.

NOXXHO-CE30HA/IbHbIN PUTM CMOCOBHOCTW K MEPEHECEHWIO
LIEPEBPAJIBHOIO CTPECCA B MNMCUXOXPOHOIMPA®UNYECKOM TECTE (MXI)

K. AKOW wun A. M. AKOW

McunxoxpoHorpadma (MXT) npy nomowy apeKTa cepuiiHON KPUTUYECKON YacToThbl Mep-
uaHua (3CKUM) npefocTaBnsieT BO3IMOXHOCTb A1 M3YyYeHUs1 MOCPEeACTBOM Mepuenuum Bpe-
MeHW 00LLel CMOCOBHOCTM FO/IOBHOrO MO3ra 4efioBeKa K MepeHeceHuto cTpecca. JI0XXHO-Ce30-
Ha/IbHBIA GMOPUTM 504 MY>XXUUH W 219 XKEHLMH ONpeaensincs HUCXOXAEHWEM KPUBbIX «yTOM-
NEeHUs», «afanTauyn» Wi «NpyBbIKaHU». JTOT PUTM, MOBUAMMOMY, UMeET 3HauYeHWe npu 3abo-
NeBaeMOCTU M CMEPTHOCTU U1 3aCNy)XXMBaeT BHUMAaHWA KakK B 06/1acTW Tepanuu, Tak M Npo-
hrnakTuKm.



OEVNCTBUE K/IO®UBEPATA HA BOAHbIA OBMEH BOJIbHbIX C
TMMNOTAJTAMUYECKNM N PESNCTEHTHBIM K AAIT HECAXAPHbIM OVABETOM

®. A. IACNO un 1. UAKO

Y 9 601bHbIX HecaxapHbIM AMabeTOM, YyBCTBUTE/bHbLIX K Ba3onpeccuHy 1 061ajatoLmx
3anacom AL, y ogHoro 60/1bHOro, He o6nagatowero 3anacom ALl 1 y 4eTblpex 60MbHbIX,
pe3ncTeHTHbIX K AL, aBTOpamy 6bIAN M3yYeHbl M3MEHEHUS BOAHOMO OOMeHa, BO3HMKalolue
nocne fayn nepopasibHOr0 aHTUAMMEMUYECKOro cpeacTBa: Knoguépatr (MucknepoH, Xumu-
YecKoro 3aBofia XUHOWH). bblno ycTaHOBEHO, YTO Y 9 60N1bHBIX HecaxapHbIM AMabeToM, YyBCTBU-
TeNbHbIX K AAT, KNothnbpaT NOHMXAET BblesleHe MOYK, KNMPEHC CBOBOLHOM BOAbI, U MOBbILIAET
OCMOIAPHOCTb MOYW. Y 60/IbHbIX HecaxapHbIM AMabeToM, YyBCTBUTE/IbHbLIX K BasonpeccuHy,
He o6nagatowmx 3anacom AL, 1y 60NbHbIX, PE3UCTEHTHbLIX K AL, KnodgunbpaT He Bbi3blBaeT
N3MEHEeHMA [uypesa.

Mo paHHbIM MCCNeaoBaHUA aBTOPOB KombpaT okasbiBaeT ALIM-nofobHoe AelicTBME Ha
BOAHbIA 0OMEH W ABNAETCSA CPeACTBOM, XOPOLUO MPUMEHSIEMbIM MPWU NeYeHUN B0MbHbBIX C TUMo-
TaslaMUyeCKMM HecaxapHbIM AnabeToM, YyBCTBUTE/IbHBIX K Ba30MPECCUHY.

O MATOJIOTNMYECKNX MUIMEHEHWAX NEFrKNX MPU MHTEPMUTTUPYOLWLEM
TMMEPBAPNYECKOM JIEHEHNW KNC/NOPOLOM

B. TOT®oPUNL

Ha ocHoBe COBCTBEHHBIX MMCTOXMMUYECKUX UCCNEA0BaHWIA (hePMEHTOB, TMCTOMOMUYECKNX
NCCNEA0BaHMNIA U XMMUYECKOTo MCC/e0BaHNsA KPOBM, a TaKXe NNTePaTyPHbIX AaHHbIX 0TpaB/e-
HWe runep6apuvyecKUM KUC/IOPOAOM MpeacTaBnsieT co6oli — B MPOTMBOMONOXKHOCTL IPHEKTY
NoppeH Cmuca — ofllge 0TpaB/ieHWe, NMopaxKkaroLlee, 04HaKO, MOP(ONOrMyeckne U MYHKLMO-
Ha/lbHbIE CMCTEMbl OpraHM3Ma C PasfIMYHON WMHTEHCUBHOCTLIO.
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LYSOSOMAL ENZYMES IN NEUROLOGICAL
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INSTITUTE OF PATHOPHYSIOLOGY. UNIVERSITY MEDICAL SCHOOL, DEBRECEN,
AND DEPARTMENT OF NEUROLOGY AND PSYCHIATRY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL,
BUDAPEST

Received March 17, 1972

Acid phosphatase was estimated in the spinal, cisternal and ventricular CFS of
patients suffering from various neurological and psychiatric conditions. Neutral pro-
tease activity was also determined in individual cases. The data of more than hundred
subjects with well-defined clinical conditions were evaluated. Acid phosphatase was
thus ascertained to be present in the CSF, its activity corresponding to approximately
one tenth of that in the blood serum. Neutral protease activity was not demonstrable
in the CSF of healthy subjects.

A marked increase in acid phosphatase activity was found in benign or malignant
tumours of the CNS. Peak values were noted a few hours before death. Normalization
of the acid phosphatase level ensued after surgical removal of the tumour. Active pro-
tease appeared in the CSF in the case of tumours even if the pH was normal. This raises
the possibility of a tumour activity of hitherto unknown type, a long range enzymatic
activity in the CNS. Though the cystic fluid of tumours revealed a high phosphatase
activity in every case, the cells of the environment, in addition to the tumour tissue
itself, are also considered possible sources of the lysosomal enzymes under study.

The lysosomes are assumed to play an important part in the breakdown
of own or foreign proteins, as well as of carbohydrates and fats. These sub-
cellular organelles are closely involved in cell division (A1lison and Mallucci,
1964), cell differentiation (Farquhar and Palade, 1965) and cell meta-
morphosis (De Duve and Wattiaux, 1966). On the other hand, under patho-
logic conditions, liberation of lysosomal enzymes represents the “final common
pathway” of cellular autolysis. The enzymes released from the affected cells
may cause injury to every tissue (Weissmann, 1967; Lapis, 1968).

Lysosomes are present in the various cell types of the central nervous
system (Holtzman, 1969). Certain authors (Gordon et ah, 1968) attribute a
lysosomal character to the synaptosomes, too, which are assumed to play an
essential part in the transmission of stimuli. We have none the less little
knowledge of the involvement of the lysosomes and of their enzymes in the
various pathological conditions of the central nervous system (Holtzman,
1969). The studies were first focussed on storage diseases including lipidoses
and mucopolysaccharidoses (Weissmann, 1964; Koenig, 1969) and were
conducted mainly along histological lines, though there have been reports on
changes in the lysosomal enzyme levels of the CSF, particularly in inflam-
matory conditions (Guzowski and Knobloch, 1963; Allen and Reagan,
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1964). It has therefore been sought to throw light on the part played by the
lysosomes in various neurophsychiatric diseases by studying the CSF for acid
phosphatase which has proved a lysosomal indicator enzyme. Estimation of
neutral protease was also carried out in individual cases, in view of the possible
pathogenetic involvement of this lysosomal enzyme, in addition to its role as
an indicator.

Material and methods

CSF obtained by lumbar, cisternal or ventricular puncture was used. In addition to
other tests, the total cell count, RBC, and the benzidine reaction were determined in every
case. W ith the exception of acute vascular syndromes and postoperative conditions, cases with
a positive benzidine reaction were excluded from evaluation, owing to the acid phosphatase
content of the erythrocytes. In this manner we have been able to collect data from more than
100 subjects with well-defined clinical conditions, falling into the following groups: neuroses
(serving actually as controls), with no evidence of any organic neurological or of “major”
psychiatric disease and with negative CSF-findings; psychoses; epilepsy; cerebral atrophy
and chronic vascular lesions; intracranial inflammatory and neuroallergic conditions; acute
vascular diseases; intracranial tumours; spinal processes. In view of the small number of cases
suitable for evaluation, a further breakdown of the material into individual conditions did not
recommend itself.

For the estimation of acid phosphatase, Calbiochem Calsul was used, for the measure-
ment of neutral protease, Azocoll (Calbiochem, Calif.). The original procedures elaborated for
serum have been modified to some extent. Use of larger specimens and prolongation of the
incubation times allowed to carry out the estimations with the necessary accuracy despite
the low lysosomal enzyme activity of the CSF.

For the measurement of acid phosphatase activity the contents of the capsule (p-nitro-
phenylphosphate and buffer components) were dissolved in 10 ml distilled water, and 1 ml CSF
was added to 1 ml of the substrate (pH 5.4). After 60 minutes incubation at 37°C, the reaction
was stopped by the addition of 4 ml 0.05 N NaOH. The alkalinity of the medium was indicated
by a characteristic change of colour. In the O-minute sample NaOH was measured prior to
the addition of CSF. The amount of liberated p-nitrophenol was determined in a Unicam
Spectrophotometer in 1 cm-cuvettes on the grounds of the extinction at 405 nm, with the aid
of a calibration graph. Enzyme activity was calculated on this basis and expressed, at the first
approximation in Bessey—Lowry units, one Bessey—Lowry unit being equal to that amount
of acid phosphatase per L serum or CSF which splits from p-nitrophenyl-phosphate 1 mM
p-nitrophenol/hr at 37°C (Bessey etal., 1946). Since the values expressed in this manner were
too low in the case of CSF, the tenfold values ofthe Bessey—Lowry unit were taken arbitrarily
as the acid-phosphatase unit for CSF. On these grounds one CSF acid phosphatase unit
(CSFAPU) = Bessey—Lowry Unit (BLU)xIO.

The serum acid phosphatase level was measured in 0.2 ml samples, by following the in-
structions valid for Calsul.

For the determinations of neutral protease, 25 mg Azocoll (collagen-bound azo-dye) per
test was suspended in 1 ml 0.05 M phosphate buffer, pH 7.5. The mixture of 1 ml substrate
and 1 ml CSF was incubated at 37°C for 60 min. The amount of dye liberated by the protease
was determined photometrically from the filtrate of the reaction mixture in 1 cm cuvettes at
580 nm. Under the given conditions the enzyme activity is related to the extinction.

Results

The procedure outlined above permits to ascertain the presence of acid
phosphatase in the normal CSF, enzyme activity being lower by one order of
magnitude than in the serum, that is 0.01 to 0.045 BLU (0.1 to 0.45 CSFAPU)
in the CSF as against 0.1 to 0.45 BLU in the serum. In 13 out of 14 cases of
the neurosis group, regarded as normal, activity in the spinal CSF was below
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0.45 CSFAPU, the findings having been checked by repeated tests in a number
of cases. (Fig. 1)

The value for the cisternal and ventricular CSF was generally 0.1
CSFAPU lower than in the spinal CSF.

A substantial rise in the enzyme level of the CSF was found in tumours
of the central nervous system, while the serum level usually remained un-
changed. Only in one out of 12 cases did the CSF-level fail to attain 0.60

x=Q31 x=0,31 x=0,37 xr0,32 x=0.48 x=0,43 x=53 x=0,36 X-91
N=14 N=7 N=6 N=27 N=7 N=11 N=12 N=19 N=4

Fig. 1. Acid phosphatase and neutral protease levels in CSF in various neurological and

psychiatric conditions. The dots represent values found in the CSF of patients belonging to

the individual groups and of the controls (neurosis group). The continuous and the interrupted
horizontal lines mark the border range of the normal.

CSFAPU. The rise was demonstrable in benign and malignant tumours alike.

On closer analysis of the cases it was found that, parallel with the growth
of the tumour, in other words, with progressive clinical deterioration, the
enzyme level in the CSF increases. For instance, activity in the CSF of a 35
year old female patient, T. I., with reticulosarcomatosis, was 0.65 CSFAPU on
November 5, 1.1 CSFAPU on November 18, and as high as 6.68 CSFAPU on
December 5, prior to death.

In the 37 year old male patient T. L. with a multiform parietal glio-
blastoma, the enzyme activity was 1.15 CSFAPU on November 21; 25.76
CSFAPU on December 5; and attained the excessive level of 85.1 CSFAPU by
the date of his death, December 8. This case has not been included in the
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tumour group of Fig. 1 in view of the presence of erythrocytes in the CSF,
with similar counts on December 5 and December 8 and a positive benzidine
reaction.

After surgical removal of the tumour, a transitory rise of the CSF acid
phosphatase level was followed by a decline, as in the case of K. J., a 4 year
old boy with an ependymoblastoma. CSF acid phosphatase measured 0.9
CSFAPU preoperatively, 1.72 on the 3rd, 0.8 on the 5th and 0.54 CSFAPU
on the 14th postoperative day.

The values found in cystic fluids of tumours were excessively high in
every case.

The values obtained in the other groups were inconclusive owing to the
small number of cases. It was, however, remarkable that in acute vascular
conditions no significant elevation has been found despite the presence of
numerous erythrocytes in the CSF and the positivity of the benzidine reaction.
In the group of inflammatory and neuroallergic diseases, the values were in
excess of 0.45 CSFAPU in 6 out of 7 cases.

In opposition to acid phosphatase, no neutral protease activity was de-
monstrable in the CSF of healthy subjects. With the exception of the tumour
group, it was absent in the other groups, too. However, in the tumour group
its activity in the CSF as well as in the cystic fluid of tumours was signif-
icantly increased.

Discussion

For the measurement of the lysosomal indicator enzyme, acid phosphat-
ase, Calsul (Calbiochem) has been applied, not only because its use is simple
and standardized and the results are therefore reproducible without any
difficulty, but also because it contains p-nitrophenylphosphate as substrate
which gives a low activity with certain acid phosphatase isoenzymes, in
particular with those of erythrocytic or prostatic origin. While the ideal sub-
strate for the prostatic isoenzyme is alpha-naphthylphosphate, the erythro-
cytic phosphatase gives the highest activities with phenolphthalein phosphate
(Babson etal.,, 1959). This explains why no significant elevation in activity was
demonstrable by the use of Calsul even in acute vascular conditions.

On the other hand, as shown in our earlier studies, this substrate lends
itself to the measurement of lysosomal phosphatases under normal and ab-
normal conditions alike (Szitagyi et al., 1973).

Normal blood plasma is known to have a marked protease inhibitory
activity. The protease inhibitor complex fails to split proteins but splits syn-
thetic substrates of small molecular weight (Snodgrass, 1970). Since a CSF-
protease, to be of any interest, must be measurable even in the presence of
large molecular protein substrates, we used Azocoll for these studies.
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The procedure applied allowed to determine the presence of acid phos-
phatase in the CSF of healthy subjects, its enzyme activity being generally
below 0.45 CSFAPU. In various pathologic conditions the values ranged
between 0.45 and 0.6 CSFAPU without being typical of the individual disease.
In contrast, in tumours of the central nervous system, enzyme activity was
generally in excess of 0.6 CSFAPU and, as confirmed by repeated measure-
ments, in individual cases it attained 25 to 85 CSFAPU.

The acid phosphatase level was not significantly affected by the presence
of erythrocytes. Growth of the tumour and deterioration of the general con-
dition were generally marked by rising activities. On the other hand, surgical
removal of the tumour was followed, after a transitory increase, by a tendency
of normalization of the originally high values.

Neutral protease was also demonstrable in the CSF of tumour bearing
subjects. Neutral proteases originating in the lysosomes seem to be of a patho-
genetic significance, at least as far as human leucocytes are concerned (Janoff
and Zeligs, 1968). This possibility may apply to the present case as well, since
the proteases which operate at physiological pH-levels may well affect the
protein constituents of the lipoprotein membranes of the various elements of
the central nervous system. Moreover, these findings raise the possibility of a
hitherto unknown effect of tumours of the central nervous system, namely an
enzymatic activity operating at a distance, since the enzymes finding their way
into the CSF may well affect nervous structures at a long distance from their
sites of release.

Elevation of the lysosomal enzyme levels in the CSF associated with
tumours may he connected beyond doubt with the tumour itself or with the
injured cells in its neighbourhood. Accordingly, we have to consider various
possibilities as regards the source of the increased amount. First of all, they
may derive from the very cells of the tumour, a supposition being in agreement
with the findings of Crausen (1963) who was able to demonstrate two acid
phosphatase isoenzymes (alpha and beta types) in normal cerebral tissue.
Meningeomas are marked by a high alpha activity and neurinomas by the
presence of three isoenzymes.

Since hypoxia of the central areas of the tumour respite in necrobiosis,
the necrotizing cells may also represent a potential source of the lysosomal
enzymes. The finding of excessive acid phosphatase levels in the cystic fluid of
tumours lends support to this possibility.

Finally, the excess of lysosomal enzymes may have its source in the
immediate vicinity of the tumour, as suggested by the finding of high acid
phosphatase activity demonstrable by histochemical procedures in the reactive
glia contiguous to the tumour (Schiffer et al., 1967).

The increased enzyme levels noted in inflammatory and neuroallergic
conditions may well originate from the lysosomes of the leukocytes.
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It is believed that, largely as a result of the high sensitivity of the pro-
cedures used for enzyme determination, the present data might provide
practical information, adding thus to the laboratory procedures for the
diagnostics of neoplastic diseases of the central nervous system.
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The relationship between the distribution of activity of the individual iodine
hormone components and the iodine hormone kinetics of the body was studied. It was
also sought to ascertain how many of the two, three or four iodine substituents of the
iodine hormone molecule are radioactive. The proportion of active and inactive iodine
hormone components of the thyroid was studied by radio-autochromatography and by
absorption spectrophotometry. The results may be summed up as follows:

1. The percentage distribution of inactive hormones found during the period of
study was constant and in conformity with published evidence.

2. The proportion of active iodine hormone components fluctuated within the
range indicative of a dynamic equilibrium. The results may be regarded as informative
of the kinetics of production of iodine hormones and of their mobilization.

3. The results support the claim that there is only a single active iodine sub-
stituent on the iodine hormone molecule.

4. The individual active iodine hormone components attain the values charac-
teristic of the dynamic equilibrium of inactive iodine hormones by the end of approxi-
mately 24 hours.

In the last decades, chromatography combined with radioisotope
techniques has become current for the measurement of iodine compounds of
thyroid, blood, urine and saliva [2, 5]. Though numerous results have been
achieved by this method, still it has to be combined in many cases with non-
radioactive physical or chemical procedures of some kind. For instance, dis-
tribution of the activity of the individual hormone components does not
necessarily reflect their real distribution, particularly during the first hours
after administration of the isotope. This makes an additional determination of
the distribution of inactive iodine hormones necessary. These measurements
are usually carried out by microanalytical procedures requiring special labo-
ratories of meticulous cleanliness.

The application of spectrophotometry [4] in this field not only provides
for quantitative determination but also permits to follow the kinetics of
hormone-production by the thyroid gland. The joint evidence of spectrophoto-
metry and radiochromatography offers information on the number of radio-
active iodine atoms at positions 2, 3 or 4, furthermore on the time elapsing
from the administration of 131l until the establishment of a hormonal dynamic
equilibrium for the radioactive iodine. (A hormonal dynamic equilibrium
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means that the condensation of mono and di-iod otyrosine representing the
preliminary phases proceeds at the rate as the release into the circulation of
tri-iodothyronine and thyroxine.) This may result in a constant proportion
characteristic of the given inactive iodine hormone.

Spectrophotometric measurement of the concentration of iodine hor-
mones and separation of the individual components are based on the fact that
on optic induction the four iodine hormones exhibit an ultraviolet light ab-
sorption related to the number of benzene rings and of the iodine substituents,
and that the maximum of the absorption band shifts to the range of longer
mwaves in accordance with the number of radicals substituted on the benzene
rings [1, 6—9].

Methods and Results

In enzymatic homogenisates of rat thyroid glands the released iodine hormones were
separated by thin-layer chromatography and the proportion of active and inactive hormones
was determined. The activity distribution graphs of the thin-layer chromatograms were sub-
mitted to automatic analysis [3]. The percentage distribution of the hormone components was

Fig. 1. Absorption of tyrosine and of iodine hormones (Measurements with UNICAM SP-700
apparatus)
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Fig. 2. Correlation between extinction and concentration of iodine hormone solutions,
measured at wavelengths of peak absorption

determined by planimetry of the areas of peak activity. The sites of adsorption were identified
by radioautography. After delimination of these areas, the components were isolated, dis-
solved in 2 n ammonia and the absorption spectra of the solutions thus obtained were examined
with an SF-4 and an UNICAM SP-700 monochromator. The results were similar on both
apparatuses.

For the determination of the absorption maxima of the individual components, 10
mol/L solutions were prepared from each of the four hormones and the absorptions were
measured in the range of 250 nm to 360 nm. These results are presented in Fig. 1. As it can be
seen, the absorption maximum for the basic compound, p-oxyphenylalanine (tyrosine) is
situated at 297 nm, that for mono-iodotyrosine with as single iodine substituent (Tt) at 303 nm,
for di-iodotyrosine (T2, with a single tyrosine ring but with two iodine substituents at positions
3 and 5, at 310 nm. Of the compounds with two tyrosine-rings, tri-iodotyronine (T3) has its
maximum absorption at 320 nm and tetra-iodotyronine (Tt thyroxine) at 326 nm. The ab-
sorption bands are approximately 25 to 30 nm wide. The shift to the right is of the order of 5
to 7 nm if the number of iodine substituents changes by one and of the order of 10 if the rings
increase in number.

Since these peaks are close to each other, the absorption ranges overlap, giving a 60 nm
wide overall absorption with a maximum at 317 nm for the hormone mixture. From this it
follows that the spectrophotometric value of a hormone mixture represents the totality of the
extinction values of its constituents, therefore it is not characteristic of any of the components.
The increments in absorption at wavelengths shorter than 250 nm must be ascribed to the
high absorption of the (2n H4NOH) solvent.

In the individual fractions of the thyroid homogenisates, the concentrations were
always measured at the wavelength corresponding to the absorption maxima in Fig. 1, as
follows. The absorptions of iodine hormones of known concentration (10 to 50 mg/L) in ammo
nium solution were examined and the results served for the construction of calibration graiphs
(Fig. 2). It was to these that the extinction of the hormone solutions of unknown concentraton-
was then referred.

Since the procedure covers the totality of thyroid hormones, the distribution of the
hormone fractions reflects the state of dynamic equilibrium, if the whole amount of the four
hormones in the thyroid is taken as 100%. In order to correlate these values with the radio-
active hormone distribution, the percentage of active iodine hormones was also determined.
Comparison of these results is seen in Table | where each figure represents the mean of 100
measurements. Fig. 3 gives their graphical representation.
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Discussion

From Table I and Fig. 3 it emerges that, as expected, the percentage
distribution of the inactive hormones was identical throughout, the values for
the individual hormone components being in agreement with those found in
the literature [10]. The percentage distribution of the active hormone com-
ponents fluctuates in the neighbourhood of the values indicative of a dynamic
equilibrium, these figures reflecting the kinetics of production of the active
components on the one hand and their mobilization from the thyroid, on the
other.

In Fig. 3 it can also he seen that at values beyond 24 hours T 2increases
and Tx decreases. The cause of this might be that di-iodotyrosine, while

Table 1
2 hours 6 hours 24 hours 48 hours 72 hours
T, labelled 39.3+ 1.7 213+ 11 249 + 2.2 279+ 0.9 321+ 16
inactive 226+ 1.2 235+ 18 234+ 13 240+ 15 249 + 3.2
T, labelled 452 + 1.7 585+ 3.1 52.8 £+ 45 46.7 + 2.5 414 +£3.1
inactive 527+ 1.9 528 + 2.3 515+ 2.8 522+ 22 52.7+ 1.9
labelled 54+ 04 54+0.7 54+ 0.3 51+ 0.8 43+ 0.6
inactive 3.7+ 0.3 39+0.5 35+ 0.2 36+ 04 36+ 04
T, labelled 102 + 1.0 155+ 05 177+ 11 200 £ 0.8 219+ 11
inactive 20.4 + 0.9 198+ 1.6 20.6 £ 0.8 20.1 £ 0.2 19.2+ 15

Fig. 3. Time relationships of percentage distribution of inactive and of radio-iodine hormones
in the thyroid gland. Full circles refer to inactive, empty circles to active iodine hormones.
Each point represents the main of 100 measurements
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forming thyroxine in large amounts as a result of condensation, is at the same
time involved in the synthesis of T3. Moreover, it may be converted to mono-
iodotyrosine as a result of de-iodination. Closer analysis of the kinetics of this
process is in progress.

Likewise with reference to the percentage distribution of active and
inactive T3and T4beyond 24 hours, it must be emphasized that, as shown in
Fig. 3, measurements of radio-iodine distribution and those of total hormone
distribution gave the same proportion. This confirms the generally accepted
but not conclusively proved claim that only one single radioiodine can be in-
corporated into the same hormone molecule. Were this not so, then, on the
grounds of activity distribution, the hormone components with two, three or
four iodine substituents would show two-, three- or four-times higher activities.
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It is concluded from histopathological and clinical data of 55 patients with renal
disease that fibroelastosis of the renal arteries may develop independently of arterial
hypertension, presumably as a result of the primary process. Evolution of the vascular
change is closely related to the duration of the process. Though it may occur in any age
group, it seems to be prevalent in advanced age. It fails to reveal any relationship with
spasms or sclerosis of the retinal vessels. There is no clinical sign which might be re-
garded as conclusive of the condition of the renal vascular system.

Electron microscopy may reveal changes of the glomerular basement membrane
as well as of the epithelial and endothelial cells even in the case of negative light micro-
scopic findings. These changes may be consecutive to earlier glomerulonephritis or to
arterial hypertension and account for the presence of proteinuria even if light micro-
scopy fails to reveal any glomerular abnormality.

Intimai fibrosis of the minor renal arteries with lamellar hyperplasia of
the elastic membrane is a common finding in arterial hypertension. The re-
lationship between the renovascular abnormalities and arterial hypertension
is, however, still controversial. Bell [3] ascribes the intimai thickening of the
interlobular arteries to a reduplication of the elastic fibre which, on its part, is
closely age-related, but unrelated to arterial hypertension, though enhancing
its production. According to Bell [3] the incidence of atherosclerosis increases
with advancing age, on the other hand an increased blood pressure is associated
with a higher incidence of atherosclerosis. In renal biopsy material of hyper-
tensive subjects obtained in the course of sympathectomy Castleman and
Smithwick [5] found the minor renal vessels entirely unaffected in 40% of the
cases. This is consistent with the observations of Heptinstal [9]. On the other
hand, according to the post-mortem findings reported by Alten[1], kidneys of
hypertensive subjects hardly ever fail to reveal vascular abnormalities. Balo
and Roéna [2] regard lamellar fibroelastosis as a typical vascular pattern in
hypertensive disease and chronic glomerulonephritis, and consider the increase
in blood pressure as the responsible factor. This interpretation which agrees
well with the basic lines of conduct in the therapy of hypertension accompany-
ing chronic nephritis, which seeks to counteract by hypotensive measures the

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



166 I. VARGA and E. BEREGI

development of renovascular sclerosis, in other words, of secondary ischaemic
damage to the renal parenchyma.

In renal biopsy material marked vascular abnormalities were found in
several instances where neither light microscopic, nor immunofluorescent
studies had revealed any sign of active glomerulonephritis, biopsy having
been indicated on the basis of proteinuria or microscopic haematuria. In
order to find an interpretation for these findings, it seemed necessary to
review the clinical and histological data of all cases where a biopsy done for the
suspicion of glomerulonephritis had confirmed the presence of fibroelastosis or
of a lamellar hyperelastosis of the interlobular arteries.

The data of our patient material of 55 cases have been analyzed to
answer the following questions.

1. What are the relationships between the renovascular abnormalities,
the age of the patients and the duration of their disease ?

2. How far are the abnormalities of the renal arteries related to blood
pressure ?

3. Is there any particular clinical sign which might be regarded as con-
clusive of vascular nephropathy?

The clinical, histological, immunohistological and electron microscopic
methods applied in these studies have been described earlier [4]. In addition
to renal biopsy, an immunohistological study was performed in every case and
electron microscopy in 25 of the 55 cases.

Results

In 5 of the 55 patients GFR and concentration capacity were reduced
but none of them were azotaemic.

The glomerular changes revealed by light microscopy and immuno-
histologically allowed to classify the patients into the following groups.

a) membraneous glomerulonephritis: 31 cases ;

b) membranoproliferative glomerulonephritis: 4 cases;

¢) membraneous glomerulonephritis -)- pyelonephritis: 2 cases;

d) chronic glomerulonephritis: 3 cases;

e) amyloidosis: 2 cases;

f) focal glomerulosclerosis with immunohistological findings: 7 cases;

g) normal light microscopic glomerular pattern: 6 cases.

The morphology of glomerulonephritis is outside the scope of the present
paper which will be confined to the discussion of vascular abnormalities. On
the evidence ofthe light microscopic findings, arteriolar lesions with thickening
of the wall due to hyalin deposits and narrowing of the lumen were present in
4 out of 55 cases. In these four cases the major arteries were unaffected. In 8
cases the arteriolar lesions were associated with fibroelastosis ofthe interlobular
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Fig. 1. Electron micrograph. The ground substance of the basement membrane contains a
material similar in its structure to epithelial cytoplasm (Ep). Fusion of the foot processes
(Fp) of the epithelial cells. (Hitachi HU-10 electron microscope; X 19775)

arteries, while in the rest only fibroelastosis or lamellar hyperelastosis of the
interlobular artery was demonstrable. In the cases where glomerulonephritis
of the types listed above was accompanied by vascular abnormalities, immuno-
histology revealed on the basement membrane 1gG-, C, and in a number of
cases IgM-deposits, while the vessels were free from immune deposits. In the
cases where vascular abnormalities were noted without glomerulonephritis,
neither the glomeruli nor the vascular walls revealed any immune activity. In
5 of these cases there was light microscopic evidence of a slight glomerular
mesangial connective tissue hyperplasia, in the other cases no glomerular
change was demonstrable.
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Fig. 2. Electron micrograph. Finger-like projections (-»-) of an endothelial cell (End) into the
basementmembrane (Bm). Invagination (1) of the cytoplasm into the nucleus of the endothelial
cell. (Hitachi HU-10 electron microscope; X 27720)

The cases in which only vascular changes were present, revealed the
following electron microscopic features. The glomerular basement membrane
was irregular with uneven thickenings and attenuations. At sites, focal hyper-
plasia of the mesangial matrix was demonstrable. There were multiple fusions
of the foot processes of the epithelial cells, and the basement membrane con-
tained a material reminiscent of epithelial cytoplasm (Fig. 1). At other sites,
the endothelial cells were projecting in a finger-like fashion into the basement
membrane (Fig. 2) or, occasionally, even penetrating the membrane in its entire
thickness (Fig. 3). As a further sign of endothelial activity, intranuclear cyto-
plasmic invaginations could be noted. The epithelial cells also displayed a strong
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Fig. 3. Electron micrograph. The endothelial cell (End) penetrates deep into the basement
membrane (Bm) interrupting its continuity (-»). The epithelial cells (Ep) show microvilli
and numerous cytoplasmic organelles. (Hitachi HU-10 electron microscope; X 27720)

activity as reflected by the formation of microvilli and the presence of numer-
ous intracytoplasmic organelles. In the interlobular artery the cytoplasm
of the smooth muscle cells contained sporadic lipid droplets, there was accu-
mulation of a substance similar in its electron microscopic structure to the
basement membrane (Fig. 4). The arteriolar walls revealed an electron-dense
granular material in addition to lipid droplets (Fig. 5).

One of the interesting ultramicroscopic findings was the penetration of
epithelial and endothelial cells into the basement membrane. Changes of this
kind have been first described by Spiro [12] who pointed to a causal relation-
ship between proteinuria and the notches on the basement membrane pro-
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Fig. 4. Electron micrograph. The interlobular artery shows accumulation of a substance

similar in its structure to the basement membrane (Bm). In the cytoplasm of smooth

muscle cells (S) there are sporadic lipid droplets (Li). (Hitachi HU-10 electron microscope;
X 27720)

duced by the foot processes of the epithelial cells. Churg et al. [6] described
similar changes in unclassified renal diseases. Lynn [10] induced arterial
hypertension after ligation of one renal artery with contralateral nephrectomy
or by bilateral arterial constriction, and found that epithelial and endothelial
cells were projecting their pseudopodia into the basement membrane as early as
30 min after starting the experiment. There is strong evidence of causal rela-
tionships between proteinuria and these electron microscopic changes. Since,
in addition to these findings, hyperplasia of the mesangial matrix and fusion
of the foot processes are also present in a number of cases, these abnormalities

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



RENAL ARTERIAL CHANGES AND ARTERIAL HYPERTENSION 171

Fig. 5. Electron microscopic finding of cross-section of a renal arteriole. The lumen is

packed with erythrocytes (Rb). The endothel cells (End) have preserved their structure.

There are subendothelial electron-dense granules (Hy) and lipid-droplets (Li). (Hitachi HU-10
electron microscope; X 13230)

may well represent residual changes after earlier glomerulonephritis, a possibil-
ity suggested by two of our observations where glomerulonephritis which had
been confirmed by the first biopsy was no longer demonstrable by the second
biopsy, performed after the completion of immunosuppressive treatment,
though residual vascular abnormalities were still present. Moreover, 4 out of 6
patients where light microscopic evidence was confined to vascular lesions, in
the history there were indications of acute glomerulonephritis and of hyper-
tensive episodes. However, for these changes the hypertension may have been
responsible, similarly as in Lynn’s experiments [10].
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It has been expected to clarify the issues raised in the introduction by
confronting clinical observations with pathological evidence. The data thus
obtained (see Tables) pointed to the following relationships.

1. Fibroelastosis of the renal arteries may occur at any age (Table I). It
was, however, remarkable that when the process is traceable to its beginning,

Table 1

Indications of renal disease and retinal changes in the history, in the various age-groups

Number of cases Time elapsed Occurrence of hypertension
Age group s;r}c%thoef e?er::e?ISt imi P Retinal
? disease I::g]dne%dtstoeaar?iteer_ “trinn:t:d ot? persistent changes
years males  females total years than 1year back biopsy
10—20 3+ 3 6 3.2 — | | 2
21—30 1+ 13 14 4.1 3 3 5 5
31-40 4+10 14 5.0 2 3 2 7
41 —50 T+ 7 14 4.7 2 2 5 11
51—60 4+ 3 7 13 1 2 6
Total 19+ 36 55 7 10 15 31

Note: In the history, the earliest event indicative of renal disease was acute nephritis in 7,
toxaemia of pregnancy in 7 cases. In all other cases, detection of renal disease was incidental, in
connection with screening or other investigations.

it is unusually of long duration, except in the advanced age groups where it is
of fairly recent origin. In reality, the process must have dated back earlier than
indicated by the figures in the Tables. It was actually in 14 cases that we were
able to trace its origin with a reasonable degree of probability: in 7 cases it was
acute nephritis, in 7 toxaemia of pregnancy which had led to the diagnosis of
renal disease. In all the other cases its discovery was incidental, as a result of
screening or of routine investigation for some other reason. Therefore the onset
must have been latent.

2. Renal arterial changes were found even in the presence of a normal
blood pressure at the time of biopsy (Table Il). It is true that in a large number
of patients who were normotensive at the time of study there had been either
hypertensive episodes in the past or other events (acute nephritis, toxaemia of
pregnancy) which may have been associated with hypertension.

As it can be seen from Tables | and 11, changes of the renal arteries need
not be associated with spasm or sclerosis of the retinal vessels. On the other
hand, as clearly indicated by the figures, the prevalence of these lesions is
closely related to age and to the severity of hypertension.

3. In the present series, renovascular lesions associated with the clinical
syndrome of chronic glomerulonephritis were of a comparatively low incidence
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Table 11
Relationships between indications of renal disease, retinal changes and blood pressure in the history

Indication of renal disease in the case history .
Blood pressure (mmHg) at Number Retinopathy

time of biopsy of cases hypertension acute nephritis ofmpxriegwal?lcy at time of biopsy

Under 140/95 30 7 2 3 "

140/95-180/110 18 8 5 | 14

Over 180/110 7 7 — 3 6

Total 55 22 7 7 31
Table 111

Clinical features and age

Clinical features Number of cases Mean age
inuri erythro-
proteinuria cyturia
females males years

oedema hypertension

| 0 32.0
— +
.

2 5 30.4

.

0 1 41.0
* * 3 7 385
+ . 2 2 49.0
. _
+ - 4 7 35.4
— +
+ * 1 5 34.0
. _
* * 6 9 38.7
+ +

(Table I11). Most cases were clinically heterogeneous and oligosymptomatic;
isolated proteinuria or haematuria, eventually arterial hypertension being the
commonest features, but the nephrotic syndrome was also represented by
some cases.
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Discussion

On the evidence of corrosion studies of kidneys from subjects dead with
renal failure, Gomori et al. [7] claimed arterial hypertension to be the factor
responsible for the narrowing of major (arcuate and interlobular) renal arteries
and advocated hypotensive treatment in renal hypertension. On the other
hand, they found no correlation between the duration of hypertension and the
severity of lesions of the renal arteries. In earlier studies, Moritz and O1dt [11]
noted renovascular sclerosis in approximately 12% of normotensive cases. In
pyelonephritic kidneys, Szinay et al. [13] found lamellar hyperelastosis
regardless of the blood pressure almost exclusively in cases where the renal
parenchyma was gravely affected, the lesions being of focal pattern. These
findings were regarded by the authors as compatible with the possibility that
the vascular changes were due to the parenchymal injury. In their view, in the
areas affected by inflammatory or toxic processes, even normal blood pressure
may give rise to lamellar hyperelastosis and high blood pressure may pre-
cipitate its production, it being assumed that the tone of the “weakened”
arterial wall becomes inadequate to resist the pressure in its lumen, a state
enhancing the development of initial fibrosis. As emphasized by Heptinstal
[9], glomerular changes are of two types, the first resulting from nephritis and
the second from the vascular lesions associated with arterial hypertension, but
differentiation between the two types is not always possible.

In the light of these considerations we feel justified in interpreting our
findings as follows. The arterial changes in glomerulonephritis are unrelated to
hypertension. The responsible factor is the glomerulonephritis itself which
affects the arterial wall to a degree that a normal or a transiently elevated
blood pressure may be sufficient for injuring the internal elastic membrane. In
old age, atherosclerosis may represent a predisposing factor, a possibility sup-
ported by the observation that in the present cases of renovascular lesion in the
age group between 50 and 60 years, the renal disease was of recent origin. The
lesions may arise even after the healing of glomerulonephritis and follow a
progressive course in the presence of normal, immunohistologically inactive
glomeruli. This would actually mean that in healed cases the glomerulo-
nephritis may well change its pattern and assume vascular features. This is
what seems to have happened in two of our cases where the vascular abnormal-
ity ensued after a successful immunosuppressive treatment of glomerulo-
nephritis, and in two further cases of immunohistologically inactive glomerulo-
pathy associated with proteinuria, where during an observation period of two
years we witnessed a progressive rise in blood pressure parallel with the
development of angiopathy. It is common knowledge that interstitial round
cell infiltration, fibrosis and impairment of blood supply associated with per-
sistent glomerulonephritis are hound to result sooner or later in tubular
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atrophy. The vascular lesions are secondary to the glomerular process and are
present even in the absence of hypertension. After the healing of glomerulo-
nephritis they may represent the actual renal disease. It should be borne in
mind that glomerulonephritis affects the nephron, the interstitial tissue and the
vascular bed, in brief the kidney as a whole.

OUTA WN R

-~

REFERENCES

Allen, A. C.: The Kidney, Grune and Stratton, New York 1962

Haleo, J., Réna, Gy.: Orv. Hetik 93, 916 (1952)

Bell, b. T.: Renal Disease (2nd ed.). Lea and Febiger, Philadelphia 1950
Beregi, E., Varga, |I.: Acta med. Acad. Sei. hung. 28, 341 (1971)
Castleman, B. and Smithwick, R. H.: J. Amer. med. Ass. 121, 1256 (1943)

. Churg, J., Mautner, W., Grishman, E. and Wisner, G. M.: Arch, intern. Med. 109, 97

(1962)

Gomori, P., Munkacsi, |., Szalay, E., Varga, |., Zolnai, B.: Acta morph. Acad. Sei.
hung. 16, 353 (1968)

Heptinstal, R. H.: Brit. Heart J. 16, 133 (1954).

Heptinstal, R. H.: Pathology of the Kidney. Little, Brown and Co., Boston 1966

Lynn, J. A.: Texas Rep. Biol. Med. 21, 230 (1963)

. Moritz, A. R., Oldt, M. R.: Amer. J. Path. 13, 679 (1937)

Spiro, D.: Amer. J. Path. 35, 47 (1959)
Szinay, Gy., Jellinek, H., Szeker, J.: Morph. lgazs. Orv. Szle 3, 48 (1963)

Dr. Istvan Varga Semmelweis Orvostudomanyi Egyetem 11. sz. Belklinika,

Dr

1088 Budapest, Szentkiralyi u. 46, Hungary

. Edit Beregi Semmelweis Orvostudomanyi Egyetem Gerontologiai

Kutaté Csoportja, 1085 Budapest, Somogyi B.u. 33, Hungary

Acta Medica Academiae Scientiarum Hungaricae 30, 1973






Acta Medico Academiae Scientiarum Hungaricae, Tomus 39 (3), pp. 177—184 (1973)

RENAL HYPERTENSION INDUCED
BY A NEW PROCEDURE IN THE RAT

A. Fekete, E. Tarjan
INSTITUTE OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

Received October 9, 1972

A new procedure has been developed for the induction of renal hypertension in
the rat: the renal artery of one side was ligated without interference with the opposite
kidney. During an observation period extending to 30 weeks permanent elevation of
blood pressure by approximately 55 mmHg, together with cardiac and renal hypertropy
has been found in rats under one year of age.

Studies of the renal implication of systemic hypertension started with
the fundamental experiments of Goldblatt et al. (1934). They restricted renal
flow by applying an adjustable clamp to one renal artery in the dog and found
this to cause a slight transitory rise of systemic blood pressure. No permanent
elevation of blood pressure was obtained unless both renal arteries were con-
stricted or, in the case of unilateral clamping, the opposite kidney was removed.
Elevation of blood pressure was related to the degree of constriction. Though
it was clearly demonstrated by these experiments that arterial hypertension
may he of renal origin, they provided no analogy whatsoever to human clinical
syndromes, since in the animals no permanent hypertension ensued in the
presence of preserved renal function (Gotdblatt, 1937; Berman, 1971). How-
ever, in the last decade several workers have succeeded in producing per-
manent hypertension by unilateral intervention, in particular Frank (1963)
in monkeys, Bounous and Schumacher (1962), Brattstrom and Kalkoff
(1969), Hayduk et al. (1970) in dogs, Blair-West et al. (1968) in sheep. The
present authors (Fekete, 1970) have noted hypertension over several years in
dogs after complete ligation of one renal artery without interference with the
opposite kidney.

Rats are more liable to develop chronic experimental hypertension after
intervention on one kidney than are other species. Wilson and Byrom (1939)
induced chronic hypertension in rats by means of an adjustable clamp applied
to one renal artery, leaving the other kidney unaffected. Goldblatt, Kahn
and Hanzal (1939) applied the arterial clamp to the aorta between the origin
of the two renal arteries in rats, thus leaving the kidney of one side unaffected.

We have been able to induce chronic hypertension in rats by ligation of
one renal artery without affecting the opposite kidney. While the adjustable
clamp permits no full control of renal flow, the present procedure has the
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advantage of restricting renal blood supply to the utmost, if not blocking it
altogether, moreover, the opposite, unmanipulated kidney can be studied as
long as necessary.

In order to ascertain whether our procedure is suitable for the investi-
gation ofrenovascular hypertension we undertook serial studies of the features
of the condition thus produced which also allowed to examine the implications
of species specificity by comparing the results with those obtained in dogs. The
data collected during an observation period of 30 weeks in respect of blood
pressure and of cardiac and renal weight in rats after complete ligation of one
renal artery have been summed up in the present study, the results being
referred to the corresponding data of unoperated rats and of animals sub-
mitted to unilateral nephrectomy.

Material and method

Home-bred female rats weighing between 160 and 230 g were studied. Prior to the study
and throughout its entire course they were kept on synthetic rat food containing approximately
150 mEq/kg sodium, water being allowed ad libitum.

Group I. Controls: 16 normal rats with 229 g mean body weight were anaesthetised with
ether. Arterial blood pressure was measured by a mercury manometer inserted into a carotid
artery. Then anaesthesia was deepened until death had ensued, body, heart and kidney weight
was recorded, the heart being excised at the proximal origin of the large vessels and the kidneys
being decapsulated and isolated at the hilus.

Group Il. Unilateral renal artery ligation. In 47 rats of 175 g mean body weight under
ether anaesthesia the left renal artery was ligated from midline approach and the wound was
closed. At 2, 6, 13, 16 and 30 weeks, blood pressure was measured under intraperitoneal pento-
barbital (37.5 mg/kg) anaesthesia, then the organs were removed and weighed.

Group IIl. Unilateral nephrectomy. In 24 rats of 177 g mean body weight, under ether
anaesthesia left nephrectomy was performed from the midline approach and the wound was
closed. At 6, 13 and 30 weeks after the intervention, under pentobarbital anaesthesia blood
pressure and organ weights were determined.

Fig. 1. Blood pressure in rats during an observation period of 30 weeks after ligation
of one renal artery (e ------ e )and after unilateral nephrectomy (0—o0) compared with values
for the controls
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Results

Results have been summarized in Table | and Figs 1, 2 and 3. Statistical
evaluation was done with the two-sample t test and regression analysis.

la) Unilateral ligation of one renal artery without affecting the opposite

kidney was followed by persisting hypertension. A slight rise in blood pressure

Fig.2. Cardiac weightreferred to body weight in normal (0--—0) and hypertensive (* ------ *) rats

was demonstrable as early as 2 to 6 weeks after the intervention. By the end
of the 13th postoperative week, the mean increase attained 55 mmHg and
blood pressure remained high throughout (p < 0.001) (Fig. 1).

Ib) Increased cardiac weight was demonstrable over the entire 30 weeks
of observation. The ratio heart weight to body weight was 0.26% in the
controls, while it rose to 0.35% in the operated rats by the end of the study
(p < 0.001) (Table I).

Ic) Weight of the unoperated kidney increased from 0.39% of body
weight in the controls to 0.57% of body weight in the test rats (p < 0.001).

1d) For closer evaluation of the changes in heart, and unoperated kidney
weight, the corresponding values for control animals belonging to different
body weight levels have been compared with those of hypertensive rats of the
same body weight and the correlations between the regression lines derived
from these data have been analyzed (Figs 2, 3). On these grounds, in hyper-
tension consequent upon ligation of one renal artery, heart and unoperated
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Table 1

Blood pressure, total body, heart and kidney weight in normal rats, in rats after ligation of one renal artery and after unilateral nephrectomy

Animal group

Number

Blood pressure

mm Hg

105+2
n= 13
114+6

116+10

1035

128+5

126+6

Body weight

9

229+7

168+11

(181%7)*
20846

(17324)*

247+6
(167+5)*

264%10
(165+5)*

26948
(179+5)*

1977

(176£5)*
257+8

(172£6)*

257+10
(183+6)*

Cardiac weight

mm Hg

595+21

619+29

664+33

851+37

951+24

964+34
d

586+13

821+35

923+56
d

< 0.05; b= p< 0.02; c= p< 0.01; d= p< 0.001

Control 16
weeks after 6
liga-
weeks . 7
tion
of
weeks left 7
renal
weeks ar- 9
tery
weeks 18
weeks after 6
left
weeks ne- 6
phrec-
weeks tomy 9
a=p
* = b

ody weight at 0 day

Cardiac weight
(per cent of body
weight)

0.26 + 0.08

0.38 + 0.01
d

0.32 £ 0.02
d

0.34 + 0.02
d

0.36 + 0.02

0.37 + 0.03

0.30 + 0.02
b

0.32 + 0.02
d

0.34+0.02
d

Weight of one

kidney mg
910+£39
n= 32
951+44

1121+44

1154+53

1570+157

1644+67
d

1046+62

1413+60

1434+139
d

Renal weight

(per cent of body

weight)

0.39 +

n= 32

0.58 *

0.54 +

0.51 +

0.60 +

0.60 +

0.53 +

0.52 +

0.01

0.03
d

0.02
d

0.01
d

0.01

0.03

0.03

+ 0.02

0.05

Weight of ligated

kidney
mg

401+79
128+ 17

123+9

111+6

Renal weight

(per cent of body

weight)

0.24 + 0.04

0.06 + 0.01

0.05 £ 0.002

I+

0.04+0.0001

0.03 + 0.003
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kidney weight proved to be in excess of the values predicted on the basis of the
increase in body weight, as indicated by an increase in the regression coefficient.
In kidney weight, there was a significant deviation (p < 0.05) between the
coefficients of the two regression lines, whereas for heart weight this deviation
was not significant statistically.

Fig. 3. Renal weight referred to body weight in normal (0— 0) and hypertensive (¢ - *) rats

2a) A slight (mean -f- 25 mmHg) but statistically significant increase in
blood pressure ensued in the animals with unilateral nephrectomy, from the
13th postoperative week onward (p < 0.001) (Fig. 1). On the other hand, these
values were significantly lower than those found after ligation of the renal
artery (p < 0.001).

2b) At all times of measurement over the entire period of 30 weeks, after
unilateral nephrectomy increased cardiac weights attaining 0.32% of body
weight, as against 0.26% in the controls (p < 0.001), were demonstrable
(Table 1).

2c) An increase in unoperated kidney weight attaining 0.53% of body
weight, as against 0.39% in the controls, was also demonstrable (p < 0.001).

Discussion

Production and stabilization of arterial hypertension ensued after
ligation of one renal artery in rats. In addition to its simplicity, this unilateral
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intervention has the advantage of leaving the opposite kidney unmanipulated
and allowing its continuous study in the state of hypertension.

One of the mean features of the hypertensive condition thus produced is
cardiac hypertrophy. As pointed out by Donaldson (1924), in the W istar rat
growth of the heart and the kidney is rapid in early life, while after sexual
maturation (beyond the second month of life) the rate of growth of these
organs keeps pace with that of the entire body, though absolute weights may
vary according to species. Left ventricular hypertrophy has been noted in
association with hypertension in rats by Wilson and Byrom (1939). Grollman
and Halpert (1949) found the increase in cardiac weight to be related to the
blood pressure level.

In the present study, in rats of 229 g mean body weight mean heart
weight was 595 + 21 mg (252 mg/100 g body weight). In the animals with one
renal artery ligated similar body weights were registered 13 weeks after the
production of hypertension (Table 1) and the heart weighed 851 + 37 mg
(345 mg/100 g body weight) corresponding to an absolute increase in weight of
the order of 40%. Cardiac hypertrophy of a similar degree was found in renal
hypertension by Masson, Kashii and Panisset (1964).

The findings in respect of unoperated kidney weight in chronic hyper-
tension are inconsistent. Aronson and Sampson (1951), Masson, Kashii and
Panisset (1964), Schlegel and Okamoto (1961), Hayslett, Kashgarian
and Epstein (1967), Mertz and Weiss (1971) observed a compensatory hyper-
trophy, while other workers, in particular Omae and Masson (1960), Braun-
Menendez (1958), Glazier and Lombardo (1959), Guyton and Coleman
(1969) not only failed to note any increase in unmanipulated kidney weight
but even demonstrated grave vascular lesions characteristic of nephrosclerosis.
In the view of Mertz and Weiss (1971), the disposition of the laboratory
animal to develop renal hypertrophy depends on its age. In 2-or 3-year-old
rats, hyperplasia is negligible while in young animals it is a common occurrence.

The inconsistency of data may have two possible sources. First, the
various authors studied laboratory animals of various ages, and, second, the
duration of hypertension was different when the results were registered.
Therefore, the results may have been influenced by the regenerative capacity
of young tissues and by the duration of the hypertensive state.

In ourrats 0f229 g mean body weight being in possession of both kidneys,
800 mg renal tissue may be calculated for 100 g body weight, each kidney
weighing approximately 910 + 39 mg. Ligation of one renal artery resulted in
an atrophy of the ischaemic and a hypertrophy of the unmanipulated, kidney.
In hypertensive rats matched for body weight (e.g. 13 weeks after the inter-
vention) the weight of the unmanipulated kidney was 1253 + 53 mg, showing
an increase of approximately 40%. These data are in agreement, even in
respect of the numerical data, with those of Mason, Kashii and Panisset
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(1964) according to which the atrophic kidney weighed 330 mg and the hyper-
trophic kidney 938 mg two weeks after production of hypertension. On these
grounds, 500 to 600 mg renal tissue may be thus predicted for each 100 g body
weight as a result of hypertrophy of the unoperated kidney in this type of
hypertension. According to a rough estimate solely on the ground of hyper-
trophy, this renal substrate provides for 60 to 70% of the function of both
kidneys.

After unilateral nephrectomy a mild but statistically significant rise in
blood pressure, slight cardiac and significant renal hypertrophy were de-
monstrable. In earlier studies we found similar changes in the same parameters
of dogs subjected to the same intervention. Permanent systemic hypertension
consequent upon unilateral nephrectomy was found by Grollman, Muirhead
and Vanatta (1949) in dogs, by Grollman (1948) in rats, the condition being
associated with hypertrophy of heart and kidney. Nephrectomy in 1to 2-year-
old rats was followed by a rise in blood pressure from 100 to 150 mmHg in
57% and above this level in 20% of the animals, blood pressure remaining
unaffected in 23% (Grollman and Halpert, 1949). As pointed out by Mertz
and Weiss (1971), hypertrophy of approximately 70% will invariably develop
in a few weeks after nephrectomy, provided the remaining kidney is normal
morphologically. Sabin (1948), Hayslett, Kashgarian and Epstein (1967)
regard the compensatory hypertrophy of the remaining kidney as a crucial
factor in preventing the persistence of hypertension. The fact that in the
present study elevation of blood pressure consequent upon unilateral neph-
rectomy was of no significant degree is interpreted as being due to this com-
pensatory mechanism.

We are indebted to Mrs. Edit Spitzar for the skillful technical assistance.
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Permanent systemic hypertension was induced in rats by complete ligation of one
renal artery without interference with the other kidney. A reduction in plasma and blood
volume without alteration of the total water volume was demonstrable 13 weeks as well
as 30 to 37 weeks after the production of hypertension.

It has been reported earlier that a state of permanent hypertension was
produced in rats by ligation of one renal artery, the opposite kidney having
been kept free from any manipulation (Fekete and Tarjan, 1972). In oppo-
sition to the conventional methods making use of adjustable clamps applied to
the renal artery where the renal blood supply remains incalculable, our pro-
cedure restricts arterial blood supply to the kidney to a minimum, if not
blocking it altogether. It has moreover the advantage that the opposite, un-
manipulated kidney can be studied as long as necessary. In order to ascertain
whether this model was suitable for the study of human renovascular hyper-
tension we had undertaken serial studies of the features of the hypertensive
state thus produced. It could be observed that ligation of one renal artery
resulted in (1) a substantial rise in blood pressure and in its stabilization at high
levels, (2) cardiac hypertrophy, (3) amarked hypertrophy of the unmanipulated
kidney.

It is well known that hypertension affects various mechanisms, in the
first place those of renal origin which may lead to a shift in the electrolyte and
fluid balance. This gives obvious interest to studies of the parameters involved
in these mechanisms.

The present paper is summarizing the results of our studies in rats re-
lating to plasma, blood and total blody water volume in hypertension induced
by unilateral ligation of the renal artery, the observations extending to a
period of 37 weeks. The results have been compared to corresponding data
derived from normal rats.

Material and methods
Home-bred female rats weighing between 160 and 230 g were studied. Before and during

the period of study they were kept on synthetic rat chow containing 150 mEq/kg sodium,
water being allowed ad libidum.
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Intervention. In 47 normal rats (mean body weight 196 g) under ether anaesthesia and
from midline approach the left renal artery was ligated and the wound was closed. 6 to 8, 13,
then 30 to 37 weeks after the intervention, carotid blood pressure was measured with a mercury
manometer under pentobarbital (37.5 mg/kg) anaesthesia in successive animal groups and at
the same time the fluid compartments were studied. The intravascular and total body fluid
compartments as also the dry substance were measured in separate animal groups.

Estimation of plasma and blood volume. After measurement of blood pressure a plastic
cannula attached to the tip of an injection needle which was connected with a tuberculin
syringe of 1 ml was inserted into the jugular vein on both sides, one serving for the injection of
1 ml of 0.2% Evans blue (T-1824), the other for the withdrawal of 0.6 ml blood samples at
intervals of 5, 10 and 15 min after the injection. In the samples, the haematocrit value was
determined by a Hawskley microhaematocrit centrifuge. For the replacement of fluid volume
lost at sampling, physiological saline was administered. After centrifugation of the samples
and dilution of plasma, the plasma extinction values read on an ELKO IIl photoelectric
colorimeter were extrapolated for 0 minute. From the plasma volume thus calculated, total
blood volume was computed with reference to the haematocrit value (Gregersen 1944;
Batint, 1958, 1962). The values were expressed in terms of per cent of body weight too.

Estimation oftotal body water volume. After measurement of blood pressure and sacrifice
of the animals the weighed carcasses were dried to constant weight at 105°C (Mitchell et al.,
1945), the animals having been previously stripped of their skin and spread out on aluminium
foil. After dehydration (14 to 16 hours) the carcasses were weighed again. The values for dry
substance and fluid volume were expressed in per cents of body weight.

Results

The fluid compartments of hypertensive rats have been compared to
those of normotensive controls. The hypertensive animals have been studied at
fixed intervals which had been determined by the results of our previous ex-
periments according to which before the 6th week after the intervention,
hypertension was not yet demonstrable but could be confirmed beyond doubt
from the 13th week onward.

Results have been summed up in Table | and Fig. 1. For statistical
evaluation, the two-sample t test was used.

1. In the first group of 20 animals (mean body weight, 208 g) and in the
second group of 17 animals (mean body weight, 219 @), thus in a total of 37
animals, mean blood pressure was 105 + 2 mmHg. In the first group, plasma
volume was 5.07 + 0.08%; mean blood volume, with reference to the 42%
haematocrit value, was 8.73 + 0.17% of body weight. In the other normo-
tensive group of 17 animals, the fluid content was 63.9 + 0.8% and the dry
residue, 36.1 + 0.9%.

2. Between the 6th and 8th week after the intervention a slight rise in
blood pressure to 116 + 10 mmHg was demonstrable. Plasma and blood
volumes were similar to those found in the control groups. At this phase of the
experiment the total body water volume was not measured (Table 1).

3. At 13 weeks after the intervention, there occurred a statistically
significant rise in blood pressure. In the group of 15 rats (blood pressure,
160 + 6 mmHg) plasma volume was 452 + 0.10% and blood volume, com-
puted with reference to the haematocrit value of 41%, was 7.72 + 0.15% of
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body weight, both parameters being significantly reduced as compared with
the controls (p < 0.001). In the other hypertensive group of 12 rats (blood
pressure 176 + 2 mmHg) body water volume was 63.3 + 0.8% and the dry
substance, 36.7 + 0.6% of body weight, similarly as in the controls.

Table 1

Plasma and blood volume, fluid content and dry substance in rats with hypertension consequent
upon ligation of one renal artery, and in normal controls

6 to 8 weeks 13 weeks 30 to 37 weeks
Controls
after ligation of one renal artery
Body weigh(g) 208 + 10 240 + 9* 244 + 6 263+ 14
219+ 4 256 + 6 286 + 8
Number of animals 20 9 15 5
(n) 17 12 6
Blood pressure 105 + 2 116 + 10 160 + 6d 167 + 8d
mmHg 176 + 2d
Plasma volume ml 10.89 + 0.56 11.95 + 0.35 11.05 + 0.37 11.93 + 0.75
Plasma volume (per 5.07 £ 0.08 5.04 + 0.23 452 + 0.10d 451 + 0.20°
cent of body weight)
Plasma, ml/kg 51 50 45 45
Haematocrit (per cent) 42+ 1 42 + 2 41+ 1 42+ 1
Blood volume (ml) 18.20 + 0.96 20.74 + 0.65 18.84 + 0.61 20.58 + 1.40
Blood volume (per cent 8.73 + 0.17 8.75 + 0.38 7.72 + 0.15d 7.77 + 0.32°
of body weight)
Blood volume (ml/kg) 90 86 77 78
Total body water (g) 140 = 3.0 - 1428 + 3.7 180 + 5.7
Total body water (per 63.9 + 0.84 — 63.3 + 0.78 629+ 1.9
cent ofbody weight)
Dry substance (g) 79.0 + 3.0 — 82.7 + 3.1 106.0 + 6.2
Dry substance (per 36.1 + 0.93 — 36.7 + 0.61 371+ 16

cent of body weight)

a= p< 005 b= p< 002, c=p< 0.01;d= p< 0.00]
*= body weight at the time of intervention 196 + 9 g
4. Between the 30th and 37th week after the induction of hypertension,

mean blood pressure remained permanently at 167 + 8 mmHg. Plasma volume
measured in 5 animals was 4.51 + 0.2% and blood volume, computed with
reference to the haematocrit value of 42%, was 7.77 + 0.3% of body weight.
The reduction in both values was significant statistically (p < 0.01). Total body
water volume measured in 6 rats showed no deviation from the control values.
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Discussion

There is ample experimental evidence to indicate that hypertension in-
volves a disturbance of electrolyte and fluid metabolism, primarily reflected
in an enhanced renal excretion of sodium and water (Pickering, 1955; Cottier
et al., 1958; Hanenson et al., 1963; Setkurt et al., 1965; Gordon et al., 1967;
Lowitz etal., 1968; Miksche, 1970; Dickinson, 1971 ;Fekete etal.,1970,1971a).
The sodium and fluid losses were attributed by Urimann et al. (1963) to a
hypersensitivity of volume regulation of the hypertensive organism; by
Martino and Eartey (1967) to a direct effect of the increased perfusion
pressure; by Nickerson and Sutter (1964) to a reduction of plasma volume
due to angiotensin; by Vander (1963) to a direct inhibition by angiotensin of
tubular reabsorption; by Davis et al. (1966) to the “escape” phenomenon in
connection with DOC; by Rector et al. (1968) to the production of a substance
inhibiting tubular electrolyte absorption; by Gordon et al. (1967) to areduction
of plasma volume in consequence of enhanced sympathetic activity associated
with chronic hypertension; by Fekete et al. (1971b) to an enhanced renin

Fig. 1. Plasma, blood and total fluid volumes in rats at successive stages of experimental renal
hypertension and in normotensive controls
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activity demonstrable in the venous blood of the ischaemic and unmanipulated
kidney alike; by Thurau (1962) as well as by Girndt and Ochwadt (1969)
to a fall in the osmotic gradient due to the enhancement of medullary blood
flow; and, finally, by Martinez-Maldonado (1971) to the vasodilating
activity of prostaglandins.

In the present experiments the intravascular and total fluid compart-
ments of rats with permanent hypertension have been studied at successive
stages of the hypertensive condition.

The fluid compartments have been studied in human hypertensive
disease, too. In this condition, Rochlin et al. (1959) found a 12% reduction in
blood volume. Similar findings in respect of plasma volume have been reported
by Gordon et al. (1967). Green and Sapirstein (1952) rejected the possibility
of an expansion of the intravascular and extracellular compartments in hyper-
tensive disease. Tobian (1960) found normal extracellular fluid compartments
in the 3rd to 5th month of hypertensive disease. Walser et al. (1956) as well
as Winer (1957) examined all components of the fluid spaces without, how-
ever, finding any abnormality. According to Graeff (1957) the inulin-space
was similar in normal and hypertensive subjects. Ross (1956) found a 2%
increase in total body water volume in hypertensive disease. In the studies of
Gregersen et al. (1939) plasma volume as estimated with T-1824 was 50
ml/kg in hypertensive subjects. Tarazi (1967), on the evidence of radioisotope
studies, found plasma volumes of 42.3 ml/kg in hypertensive disease as against
48 ml/kg in normotensive subjects. The findings of Conway (1967) connected
the early stage of renal hypertension with an expansion of the extracellular
fluid compartments. In opposition to this, Bianchi (1970) found an unaltered
plasma volume in hypertension.

Asregards induced renal hypertension in animal experiments, Ledingham
(1964) found in dogs a transitory increase in EC volume including that of
plasma, between the 7th and 14th day, normalization ensuing after the 14th
day. In a dog with Goldblatt type hypertension (induced by renal arterial
constriction (Grollman and Shapiro, 1953) found an increased extracellular
volume. In earlier studies of the present authors (Fekete et al., 1971c) a re-
duction of the intra and extracellular compartments was noted between the
8th and 9th months of the chronic phase of experimental renovascular hyper-
tension in dogs. For the dog’s normal plasma volume Gregersen and Stewart
(1939) found 48 to 64 ml/kg, Courtice (1943) 56 ml/kg, Fekete et al. (1971c)
60 ml/kg.

On the evidence of the data concerning W istar rats in Donaldson’s
classical monograph (1924) after the time of sexual maturity i.e. the age of two
months, blood volume increases parallel with body weight, in other words,
blood volume expressed in per cent of body weight remains unchanged. The
total fluid volume corresponds to approximately 67% of body weight. Accord-
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ing to Caster et al. (1955) the plasma volume yielded by the Evans blue
method, corresponds to 4.8% of body weight in the normal rat.

Rats with Goldblatt-type hypertension being in possession of both
kidneys (one kidney with constricted renal artery, the other kidney unmanip-
ulated) revealed normal EC compartments in the 3rd to 5th month of hyper-
tension (Tobian, 1960). Ledingham (1964) found a rise in plasma volume in
hypertensive rats with a single kidney during the first 40 days of hyper-
tension. Subsequently, normalization of plasma volume ensued parallel with
the stabilization of hypertension. Braun-Menendez and Martinez (1949)
noted an expansion of the intravascular and extracellular compartments 3to 5
months after the production of hypertension. Kramer and Ochwadt (1971)
demonstrated a slight increase in total body water one week after unilateral
nephrectomy, at a time when blood pressure was still within normal limits.
(Normal value, 64.6%, after nephrectomy, 66.7%, of body weight).

In the present study, 6 to 8 weeks after unilateral ligation of the renal
artery, in the presence of an unmanipulated opposite kidney, blood pressure
and the fluid compartments were practically the same as in the controls.
Thirteen weeks after the intervention, a significant elevation of blood pressure
was found together with a significant reduction in plasma and blood volume,
while total fluid volume was unaltered. Between the 30th and 37th week
after the intervention there was likewise a significant elevation of blood pres-
sure and a significant reduction in plasma and blood volume, while total body
water was unaffected. The values found with a normal blood pressure were 51
ml/kg for plasma volume, 90 ml/kg for blood volume, and 63.9% of body
weight for total body water. At blood pressures of approximately 170 mmHg,
plasma volume was 45 ml/kg, blood volume 78 ml/kg (haematocrit being un-
altered), and total body water, 63.1% of body weight. The serum sodium level
was 150 mEq/L in the normotensive and hypertensive animals alike.

The reduced plasma and blood volume in chronic experimental renal
hypertension would seem to indicate that the regulatory mechanisms of renal
origin affecting the fluid compartments have suffered certain alterations which,
however, have yet to be clarified.

We are indepted to Mrs. Edit Spitzar for the skillful technical assistance.
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A rapid and simple in-vitro screening test for cytostatic agents is described. By
means of 51Cr-labelled cells, it measures the loss of adhesivity of amniotic cells resulting
from the cytostatic action of these agents. The possible relationships between inhibition
of cell adhesion and suppression of metastatic implantation are discussed.

It has been demonstrated by Eagie and Foley [2—4] that cell cultures
provide a screening tool for the action of cytostatic agents. Apart from certain
disadvantages, the procedures making use of cell cultures have numerous
advantages over animal experiments and have found general acceptance.

Isotope release of 51Cr-labelled cells (Chang, amnion) has been widely
used for the detection of immunological cytotoxic reactions [1, 6, 7, 9]. On the
evidence of earlier studies [8], inhibition of the adhesion of 51Cr-labelled cell
monolayers constitutes a more sensitive procedure for the demonstration of
cytotoxic reactions than does isotope release. It seemed therefore of interest to
examine the inhibitory action of cytostatic agents on the adhesion of cell
monolayers.

Material and methods

Human amniotic cells were obtained from the Institute of Microbiology, Debrecen. The
cells after labelling with 51Cr were washed repeatedly with the TC-199 medium and made up
to a concentration of 109ml with the medium containing 10% calf serum. Then 1 ml of the
cell suspension and 0.1 ml of the diluted cytostatic agent were measured into sterile 10 ml
tubes and made up to 1.5 ml with the medium. The tubes were stoppered and incubated in a
slanted position at 37°C for 24 hours. Then the nutrient medium was poured off, the tubes were
rinsed repeatedly with isotonic saline and the radioactivity of the cells adhering to the wall of
the tubes was measured in parallel samples. The activities thus obtained were expressed in
per cents of the values found in the controls.

For the demonstration of the cytostatic action of the agents, supravital trypan blue
staining was used, a 0.25% solution of trypan blue being added to the supernatant. The viable
cells were then counted in a Buerker-chamber.

EDS50, i.e. the dose inhibiting the adhesion of 50% of the cells, was computed on the
basis of the Benhrens— K arber formula [5].

Results

The action of the cytostatic agents on the adhesion and viability of the
cells is shown in Table I. All of the agents under study revealed a greater
potency, i.e. lower ED¢Ofigures, in this test than on the grounds of supravital
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staining (cytotoxicity). The ED S values yielded by the two procedures gave a
five- to tenfold difference. In fact, the amniotic cells proved fairly resistant to
cytostatic agents, particularly to metothrexate. The detergent (Tween 80)
used for reference purposes has been found definitely to inhibit adhesion at

Table |

Effect of cytostatic agents on the adhesion and viability of human amniotic cells

EDS concen-

waton iombitory 20 e
pg/ml ligiml

Mannomustine 11.3 50-100
R-74 (dimesylerythritol) 9.7 10-25
Dibromodulcitol 250 250-500
Hydroxyurea 3300 >5000
Vinblastine 23 25—50
Rubidomycin 0.9 5-10
Metothrexate >1000 >1000
Tween 80 8 >1000

concentrations as low as 50 jitg/ml which is still below the cytotoxic level. The
ED?50 obtained by the two procedures for Tween 80 showed a significant
difference.

The observation that at higher concentrations some of the cytostatic
agents shift the pH of the medium in the direction of acidity by exhausting
its buffer capacity has made us to test the influence of pH on cell adhesion.
A decrease of the pH below 5.5 resulted in an abrupt fall in the number of
adhering cells to a few per cent. On the other hand, above pH 5.5, cell adhesion
amounted to nearly 100%.

Discussion

The procedure based on the ratio of adhering and nonadhering cells
allowed to assess the extent of functional inhibition. We found this test to re-
present a more sensitive indicator of cytotoxic activity than for instance the
dye exclusion method. The inhibitory effect of cytostatics on the adhesion of
monocellular layers is believed to result from a direct but very slight cyto-
toxic activity operating below the cytocide level. Inhibition of cell adhesion,
viewed as a method, examines the alterations of the cell surface. Cytostatics of
the alkylating type, being apt to produce a direct lesion to the cell membrane,
might be expected to inhibit the adhesion of monocellular layers even in sub-
lethal doses, as opposed to nonalkylating agents which would seem to require
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massive doses for affecting cell adhesion. Experimental evidence has, however,
failed to bear out this conjecture. In fact, no difference in inhibitory activity
has been found between alkylating or nonalkylating agents.

The pH-changes induced by the cytostatics had no influence on cell
adhesion. At the concentrations applied in the present study, the pH was
above 6.0 with all the cytostatics examined, a pH at which cell adhesion is
unaffected.

The adhesion inhibition test lends itself to the study of the surface
activity of noncytostatic substances as well. On exposure to nontoxic con-
centrations of Tween 80, the monolayers fail to adhere to the glass surface.
Would the cytostatic agents examined exert their inhibitory action on cell
adhesion by primarily affecting the cell membrane, then the difference between
the two ED 50-values would have to be as great as in the case of Tween 80.

It is inferred from these results that the inhibition of adhesion is due to
the cytostatic properties specific of the given agent and the reason why it
indicates more sensitively the toxic effect than other current tests is because
long before its total destruction the cell loses its capacity of adhesion in con-
sequence of alterations produced on its surface.

It would be reasonable to predict an antimetastatic activity in the first
place for those agents which affect the cell membrane, in other words, which
have an inhibitory effect on cell adhesion. Further studies are planned in order
to test the possible correlations between the inhibitory effect of cytostatics
drugs on cell adhesion and their preventive effect on metastatic implantation
in laboratory animals.
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Sera of patients with chronic liver disease have been studied for the concentrations
of 19G, IgA, IgM, Coeruloplasmin, a-2-macroglobulin, 8-1-C globulin and transferrin,
by the radial immunodiffusion procedure, furthermore for the titres of humoral anti-
bodies reacting with nuclear, mitochondrial and soluble protein antigens from allogenic
liver by the passive haemagglutination method, finally for Australia antigen and for its
antibody-titre by a microcomplement fixation procedure. In chronic persistent hepatitis
the IgA and IgM levels, in chronic aggressive hepatitis and in cirrhosis of the liver those
of all three immunoglobulins showed asignificant increase as compared with the controls.
In chronic aggressive hepatitis, the increase in 1gG was particularly marked. The
serum Coeruloplasmin and a-2-macroglobulin levels were increased in relation to the
extent of the inflammatory process involving the hepatic stroma. In contrast, B-1-C
globulin and transferrin were not significantly affected. Australia antigen and humoral
antibodies were encountered most frequently in chronic aggressive hepatitis.

The aetiology of chronic hepatitis is still unclear, in spite of extensive
research on the subject. Inflammation and hepatocellular lesion may he due
to various factors such as infectious mononucleosis, Australia antigen (Au/SH
antigen), alcohol, drugs or other agents. As tissue lesions in general, the
primary hepatocellular lesion is also accompanied by a mesenchymal reaction,
consisting in a proliferation of fibroblasts, macrophages, lymphocytes and
plasma cells. The activity of these cells result in fibrosis with the appearance
of sessile and humoral antibodies, formation of antigen-antibody complexes
and, finally, in a secondary hepatocellular lesion, a vitious circle being thus
generated.

We have studied the immunological aspects of chronic hepatitis and
cirrhosis of the liver in a clinical material, with especial attention to the possible
relationships between the intensity of mesenchymal reaction characteristic of
the inflammatory process affecting the hepatic substrate and the serum glyco-
proteid levels.

Material and method

Serum of hospitalized patients was used in the studies. Chronic hepatic disease was
diagnosed on the basis of the history, clinical features, laboratory tests, and histological and
histochemical findings of liver biopsy material. Liver biopsy was performed if of the tests for
SGOT, SGPT, LDH, BSP, colloid lability, serum bilirubin level, prothrombin time, IgG at
least three revealed abnormal values. Classification of the cases into individual groups was
based on morphological evidence. The data of 91 patients selected on the basis of histological
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diagnosis from approximately 300 cases have been utilized. The patient material consisted of
16 cases of chronic persistent hepatitis, 25 cases of chronic aggressive hepatitis, 30 cases of
cirrhosis of the liver and 20 cases of fatty infiltration. Cases of cirrhosis exhibiting tissue
activity were only considered.

For the estimation of 1gG, IgA, IgM and Coeruloplasmin, a-2-macroglobulin, /8-1-C-
globulin and transferrin, the radial diffusion technique described by Mancini et al. [19] was
used. Pooled serum derived from 100 blood donors served as control. Values expressed in
percentage were translated into absolute values on the basis of reference sera (Hyland,
Kallestad), and in the case of transferrin and /J-1-C-globulin, by correlation with the data of
Becker et al. [5]. Results were evaluated statistically by Student’s t test.

For the demonstration of Au/SH antigen and antibody, the microcomplement fixation
procedure [35] was used. The titres of humoral antibodies against allogenic hepatocellular
nucleus, mitochondria and soluble protein were estimated by passive haemagglutination
according to the procedure described by Szécsey et al. [34].

Results

The proportion of Au/SH antigen-positive sera was 16 : 3 in chronic per-
sistent hepatitis, 25 : 8 in chronic aggressive hepatitis and 30 :2 in cirrhosis
of the liver. No positive reaction was found in any of the cases of steatosis of
the liver. Anti-Au/SH antigen antibodies were found in 8 cases. In the absence
of Au/SH antigen, the presence of anti-Au/SH antibody was confined to one
patient with chronic aggressive hepatitis.

The serarevealing identical antibody and self-binding titres were assigned
to the Au/SH antibody-negative group. Self binding, suggestive of circulating
soluble antigen-antibody complexes [31] was found in 7 cases of chronic
aggressive hepatitis, in 2 of chronic persistent hepatitis and in one of cirrhosis
of the liver. In the cases of hepatic steatosis the self-binding reaction was
negative all throughout.

The humoral antibody titres were measured against soluble protein,
mitochondrial and nuclear antigens. Distribution of antibody titres is presented

Table 1

Humoral antibody titres in chronic liver disease

Antibody titre O"mﬂgpaptf{é'mm mmﬁgpm| ,EESS'VE Cirrhosis  of liver Steatosis oi liver

S M N S M N S M N S M N

Negative 14 13 13 22 20 21 28 28 28 18 18 18
Positive 2 3 3 3 5 4 2 2 2 2 2 2
1:8 2 2 2 1 2 0 1 0 0 1 1 1
1:16 0 1 1 0 1 2 1 1 0 1 1 1
1:32 0 0 0 1 0 1 0 1 1 0 0 0
1:64 0 0 0 1 1 0 0 0 1 0 0 0
1:128 0 0 0 0 1 1 0 0 0 0 0 0

S = soluble protein; M = mitochondrium; N = nucleus.
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Table 11

199

Immunoglobulin- and glycoproteid concentrations (mgjlOO ml) in chronic liver disease

19G

IgA

IgM

Coeruloplasmin

Alpha-2-macroglobulin

Beta-1-C-globulin

Transferrin

n = number of cases X=

s

p

ing to Becker et al. [5].

Chronic
Normal persistent
hepatitis
25 16
1200 1525
280 175
>0.05
25 16
210 334
80 51
<0.05
25 16
130 265
53 47
<0.01
25 16
31 49
11 7
<0.05
25 16
244 283
60 26
>0.05
25 16
110* 128
20 12
>0.05
25 16
295* 334
55 28
>0.05

Chronic
aggressive
hepatitis
25
2320
321
<0.001

25
363

47
<0.01

25
184

32
<0.01

25
53

<0.01

25
367

42
<0.01

25
118

>0.05

25
345

49
>0.05

Cirrhosis of liver

30

1810

271
<0.05

30
568
116
<0.01

30
242

42
<0.01

30
54

<0.05

30
368

55
<0.05

30
108

>0.05

30
361

39
>0.05

mear ; s = standara deviation; p = significance;; *

Steatosis
of liver

30

1396

169
>0.05

20
289

47
>0.05

20
200

37
>0.05

20

53

11
<0.05

20
272

34
>0.05

20
154

26
>0.05

20
326

32
>0.05

= accord-

in Table I. Antibodies reacting with allogenic antigens occurred mainly in

chronic hepatitis.

There was a considerable elevation of the IgG level in chronic aggressive
hepatitis and in cirrhosis of the liver. The IgA level increased in both types of
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chronic hepatitis as well is in cirrhosis of the liver. This was also true for IgM,
the highest concentrations of which were found in chronic persistent hepatitis.
In steatosis of the liver, no appreciable changes were observed (Table II).

As regards the serum glycoproteids, a significant elevation of the Coerulo-
plasmin level was demonstrable, in chronic hepatitis, cirrhosis of the liver, and
also in steatosis of the liver (Table I1), with the highest mathematical signifi-
cance in chronic aggressive hepatitis. The a-2-macroglobulin underwent a
significant increase in chronic aggressive hepatitis and in cirrhosis while in
chronic persistent hepatitis and in steatosis of the liver its changes were not
significant. No appreciable changes in the /3-1-C-globulin and transferrin levels
occurred in any of the groups.

Discussion

The two prevailing theories accounting for the pathogenesis of chronic
liver disease, the first claiming a viral, the second an autoimmune origin, are
based on weighty evidence. The claim of viral origin is supported by the dis-
covery of Au/SH antigen [6] and by its subsequent demonstration in the
serum of numerous patients with chronic hepatitis and cirrhosis of the liver
[1, 20, 30, 41]. On the basis of morphological, serological, epidemiological and
physicochemical criteria, the Au/SH antigen seems to be identical with the
virus of serum hepatitis or with some ofits structural constituents [8]. Wright
[39] found Au/SH antigen in 14%, Wewalka et al. [38] in 62% of sera in
chronic active (aggressive) hepatitis. Prince [26] reported a figure of 5.5%,
Sanwald et al. [27] of 23% for the positive sera in cirrhosis of the liver. The
recent findings of Nielsen et al. [22] indicate that patients with acute hepa-
titis in whom the Au/SH antigen persists, are liable to develop chronic hepa-
titis. Hungarian literature also contains ample evidence on this subject [2, 13,
16, 17, 21]. Szécsey et al. [34] have shown the presence of Au/SH antigen in
acute serum hepatitis in 78%, in chronic hepatitis in 60% and in cirrhosis of
the liver in 40%. In the present patient material, the proportion of Au/SH
positive cases was smaller: the figures of Au/SH positivity were 18% for per-
sistent hepatitis, 32% for aggressive hepatitis and 6% for cirrhosis of the liver.
This may be due to the fact that our cases have been derived from an unselected
material admitted for various causes, moreover, a number of our patients had
had acute hepatitis many years earlier. On the other hand, the material of
Szécsey et al. [34] consisted of patients regularly followed up after acute
hepatitis.

The autoimmune origin of chronic liver disease is substantiated by the
presence of various antibodies in the sera of these patients. Anti-smooth-
muscle antibodies have first been described in lupoid hepatitis [18] but on the
evidence of more recent research, they are found in other forms of acute
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hepatitis too, and often also in chronic hepatitis [7, 37, 40]. The antinuclear
antibodies form a further group. No antibodies of this type have been found in
acute viral hepatitis or in drug-induced jaundice. On the other hand, their
presence is fairly typical of lupoid hepatitis and they may occur in chronic
aggressive hepatitis, in cryptogenic cirrhosis and in primary biliary cirrhosis
[7, 10, 23, 33]. The third main group includes the mitochondrial antibodies
which, according to Doniach [11], are demonstrable in 90% of the cases of
primary biliary cirrhosis while being practically always absent in biliary ob-
struction, pericholangitis and viral hepatitis, a finding of diagnostic impli-
cations. Balazs et al. [3] studying the immune responsiveness by means of the
lymphocyte transormation test noted an impairment of the response in auto-
immune liver disease together with the development of delayed type hyper-
sensitivity to hepatocellular mitochondrial material. Humoral antibodies
directed against subcellular liver fractions are known to be present in numerous
cases of chronic hepatitis [4, 12, 33]. In the present observations, antibodies
against hepatocellular nuclei, mitochondria and soluble protein occurred in
chronic persistent hepatitis in 18%, in chronic aggressive hepatitis in 20%, in
cirrhosis of the liver in 6% and in hepatic steatosis in 10%. These results are
comparable to the recent observations of SzECSEY et al. [34] on a different
patient material. There is also earlier evidence indicating that immunological
manifestations are distinctive of certain types of chronic inflammatory liver
disease [9, 24]. Abnormal immune reactions and protein changes have been
demonstrated in chronic hepatitis, in the first place in its aggressive and ne-
crotizing types [25, 28, 32]. According to Schumacher and Gross [29], in
chronic aggressive hepatitis the serum level of IgG, in chronic persistent
hepatitis that of IgM is increased. These findings agree with our earlier ob-
servations [14]. In the present patient material an increase in the IgA and IgM
levels was prevalent in chronic persistent hepatitis whereas chronic aggressive
hepatitis and cirrhosis of the liver were associated with an increase in all the
three immunoglobulin components. The maximum rise was found in cirrhosis
of the liver, and the immunoglobulin component attaining the highest level
was 19G.

The serum Coeruloplasmin level was increased in chronic hepatitis as well
as in cirrhosis and steatosis of the liver. An increase related to the intensity of
the inflammatory change in the liver was demonstrable in the a-2-macro-
globulin level. Its elevation was significant in the active, aggressive form of
chronic hepatitis and in cirrhosis of the liver, and not significant statistically in
chronic persistent hepatitis and in steatosis of the liver. No significant changes
have been found in the serum transferrin and A-1-C-globulin levels, in agree-
ment with our earlier observations [15].

In steatosis of the liver where, apart from a very slight lymphocytic in-
filtration of the portobiliary connective tissue, the biopsy revealed no sign of
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an inflammatory reaction, no appreciable changes were noted in the levels of
the immunoglobulins and of the individual glycoproteids, with the only ex-
ception of Coeruloplasmin. The increase in the Coeruloplasmin level may
possibly reflect the inflammatory reaction of the liver, despite its minimum
intensity, an interpretation in agreement with the observations of Urbaszek
[36].

In agreement with data in the literature, the present results thus seem to
suggest the existence of definite relationship between the persistence of Au/SH-
antigen and the production of chronic parenchymal injury in the liver. More-
over, they support the claim that the immune system is affected by chronic
hepatitis. The increase in the a-2-macroglobulin and Coeruloplasmin levels,
reflects in our view the intensity of the inflammatory reaction of the hepatic

stroma.
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The cause of hypersecretion exceeding the usual regulation mechanisms in duo-
denal ulcer patients is unclear. In the present study, in 7 out of 17 hyperchlorhydrie
subjects with duodenal ulcer the blood globulin fraction has been found to elicit a
significant gastric hypersecretion in rats. It is suggested that in certain cases the
presence in blood of a secretagogue factor of the immunoglobulin type or an autoimmune
process might be responsible for the production of gastric hypersecretion.

The aetiology of peptic ulcer has not been clarified but for the different
types of ulcer different pathogenetic factors seem to be responsible [1—3].
Duodenal .ulcers are often marked by a substantial gastric hypersecretion in
comparison with the normacid general population. It is remarkable that no
connection could be established between this type of hypersecretion and the
hyperactivity of the physiological regulatory mechanisms of gastric secretion
[4—8]. On the evidence of histological and other studies, in duodenal ulcer
patients, the HCIl-producing parietal cells have been found to increase their
mass to the extent of superseding the physiological secretory phases (cephalic,
gastric, enteral). As a result, at least in the periods of activity, they are con-
tinuously secreting, giving thus rise to an excessive basal secretion even in the
resting state of the stomach [9—12]. It may be questioned whether it is
actually gastrin alone which accounts for the figures of “gastrin-like” activity
yielded by biological titrations for gastrin-activity of sera or of serum con-
centrates [13, 14].

Pernicious anaemia is known to be due to an autoimmune mechanism
resulting in gastric achlorhydria [15]. Conversely, there are immunoglobulins
of secretagogue properties, as exemplified by Lats [16—19]. It has been
assumed on these grounds that autologous immunoglobulins may be responsible
for hyperacidity associated with duodenal ulcer. It has been sought to clarify
this issue by examining the serum globulins of duodenal ulcer patients for
secretagogue activity by means of biological titration. Hyperchlorhydria of the
patients was determined by testing their gastric secretion under basal con-
ditions and after augmented histamine test.
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Material and method

In anaesthetized rats, after continuous slow gastric lavage for 1 hour the gastric juice
was titrated for free HC1, then, after administration of serum globulin obtained from healthy
control subjects and of duodenal ulcer patients, gastric secretion was studied by repeated
titration over 6, 8 and 10 hours. For the separation of globulin, the serum was dialyzed in
phosphate buffer pH 5.8 for 48 hours, washed three times with distilled water for the removal
of albumin and of possible polypeptide contaminations and the precipitate was dissolved in
TRIS buffer of pH 8. The technique precluded the presence of gastrin or of other known
secretion-stimulating factors in the fraction. Twentyfive tests with globulin obtained from 17
ulcer patients were carried out, against 11 control tests.

Table 1

Production of HCI/hour by rat stomachs, fig

C hour o 58 467 624 416 88 87 108 28 703

10 ml 09 TRIS TRIS mg mg TRIS mg  mg m lgG

iV, O Nacl buffer buffer BB BB buffer O iy ) ()
1. hour 126 43 57 305 189 146 71 307 95 198 304
2. hour 131 57 73 350 62 88 54 277 108 216 166
3. hour 131 43 88 350 84 114 69 188 117 202 131
4. hour 17 56 88 365 83 102 28 162 148 207 135
5. hour 120 53 85 336 208 28 81 83 97 74
6. hour 135 42 201 41 114 87 57 74
7. hour 42 394 97 83 57 69
8. hour 83

Maximum increase: 1.6 fold; maximum decrease: 0.1 fold.

Results

Table | shows the results of control tests, which have been undertaken
for the verification of the possible secretory changes expressed in HCl/hour
which may occur spontaneously or in response to non-specific interventions
such as the intravenous administration of physiological saline, of TRIS buffer
or of globulin derived from pooled sera of healthy subjects, in experiments
continued for 8 to 9 hours. As compared to the basal figures set out in the
uppermost row C, the maximum increase was 1.6 fold and the maximum
decrease 0.1 fold. This is represented also in Fig. 1 where, instead of giving
absolute figures, the acidity values of the successive hours have been referred
to the basal values. The first small column represents the basal level (row C in
Table 1), regardless of the differences in HCIl/hour secretion in the individual
animals. As referred to these values, the majority of subsequent ones showed
a decrease.

The results of these experiments are shown in Table II, in the same
arrangement as in Table | and in Fig. 2. Ten out of 25 measurements revealed
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Fig. 1. Production of HCIl/hour by rat stomach as referred to basal secretion. Vertical axis:
units of basal secretion; horizontal axis: groups and symbols as in Table |

Fig. 2. Production of HCIl/hour by rat stomach in response to globulin obtained from subjects
with hyperchlorhydrie, as referred to basal secretion. Vertical axis: units of basal secretion;
horizontal axis: groups and symbols as in Table 1l

a more than twofold increase in HCI-secretion. These increased values were
caused by the globulin of 7 patients; the globulin of 3 of these (M. L, S. A,
K. S.) caused a fourfold increase by the end of the 3rd, 4th and 8th hour.
Repeated tests yielded identical results in three cases (M. I. in columns 1—2,
S. A.in columns 13—15 and G. R. in columns 23—24).
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Table 11

Acid secretion in HCl/hour by rat stomachs after intravenous

C hour 137 39 418 183 139 504 172 29 46 307 459
1.0 ml M. 1. M. I Sz.1.  R.Gy. V.l N.J. R.S. Zs.A. T.Gy. ls. K. P.
i V. t-g t.g. t. g *g g o t. g. o t.g t. g o
1. hour 110 73 222 201 28 189 116 88 29 208 321
2. hour 766 790 414 219 55 184 88 29 44 160 277
3. hour 610 175 307 328 81 194 88 88 146 360 256
4. hour 402 107 195 347 0 83 73 43 456
5. hour 323 120 134 365 118 55 29 42 429
6. hour 146 147 131 168 166 139 43 58 102
7. hour 29 168 59 142 73 44 284
8. hour 122 234
9. hour
10. hour
11. hour
12. hour

In the second line, initials of the patients from whom the globulins have been obtained.

Discussion

It is safe to assume that, similarly to the well-established mechanisms
involved in gastric secretion, also those which have yet to he explored, in
particular the immune regulations, may be affected in some manner. It is well-
known that under certain conditions the immune system may play a significant
part in the production of hypertrophy and hyperplasia [20—23]. The gastro-
intestinal involvements due to immunological disturbances present a wide
diversity, from an acute abdomen [24—26] to pernicious anaemia, chronic
autoimmune  gastritis, and even certain types of malabsorption
[27—30].

Though human peptic ulcer is a kind of fibrinoid necrosis similar to those
associated with collagen or autoimmune disease, ulcers have been regarded as
nonspecific [31].

The present results would seem to suggest that hypersecretion associated
with duodenal ulcer might be due in certain cases to a globulin type stimulating
factor. Further studies are in progress to identify and isolate the factor carrying
the stimulating activity.
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administration ofglobulin obtained from patients with hyperchlorhydria

1338 42 92 58 125 759 1610 41 87 125 708 105 131 214

K. M. S. A K. S. S A K. B. K.S. B. B. K.S G. R. G.R. GR. GR G. R. V.S

19G t-g- 19G t-g- 19G t- g t-g- 19G 19G 19G 19G t-g- t-g t-g

321 57 122 84 108 235 805 43 156 125 160 226 199 222
180 83 88 78 92 162 362 128 190 110 69 263 308 277
100 85 83 7 55 207 312 152 186 131 57 328 393 407
85 108 105 84 99 214 236 139 140 134 73 312 284

139 85 95 88 41 114 270 131 147 125 74 366 278

114 102 97 105 41 99 176 111 85 143 57 255 234

95 97 148 41 194 131 83 117 57 156 184
408 54 143 117 87 102 74 139 128
384 161 99
307
152

1gG = 1gG solution; tg = total globulin.
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The concentration of 5-hydroxyindoleacetic acid (5-HIAA) in the cerebrospinal
fluid has been estimated in 95 neuropsychiatrie cases. The level was found to vary
according to age and to present a wide scatter. The values tended to be high in juveniles
as well as in subjects of advanced age, while lower in middle aged ones, but the dif-
ferences were not significant statistically. The lowest concentration of 5-HIAA in CSF
(8.1 =+ 4.5 ng/ml) was found in the group of depressive disease. In epileptics and patients
with organic cerebral disease the 5-HIAA level was definitely higher than in the previous
group (154 i 5.0 and 15.3 i 7.0 ng/ml, respectively). Lower concentrations were
found in the drug-free group, but the difference was not significant. The level was
extremely low (5 to 8 ng/ml) in two subjects with grave brain-stem lesion, in one with
compression of the spinal cord and in one with taboparesis.

The effect on the CSF 5-HIAA level of tryptophan and probenecid loading has
been studied in view of eventual diagnostic possibilities.

The possibilities of studying the turnover of biogenic amines in patients
are naturally restricted, but the present range of diagnostic investigations of
the CSF currently applied in neuropsychiatry can still be extended. Recent
techniques allow to estimate the serotonin metabolites in 1 ml CSF, an amount
largely covered by the usual samples collected for routine tests. In other
words, the procedure requires no additional lumbar puncture thus avoiding
unnecessary discomfort to the patient.

It has been questioned whether the levels of biogenic amines or of their
metabolites in the CSF are likely to furnish any useful information, it being
uncertain whether the various factors affecting the CSF constituents bear any
relationship to cerebral metabolism.

It has been confirmed experimentally that the serotonin metabolite 5-
hydroxyindoleacetic acid (5-HIAA) does not pass across the blood-brain-
barrier (Roos, 1962; Morn and Eccleston, 1968). The findings of Guldberg
and Y ates (1968), Anderson and Roos (1968) and others indicate that the
CSF 5-HIAA level reflects the cerebral turnover of serotonin. The 5-HIAA
formed in cerebral tissue passes into the CSF, and a state of equilibrium is
established between the brain and CSF 5-HIAA levels. It is true that certain
factors provide a source of misinterpretations in respect of serotonin turnover,
in particular the elimination from the CSF of the acid metabolite, the rate of its
passage into the blood, the activity of the transport process (Guldberg and
Y ates, 1968). Allowance being made for these factors, measurement of metab-
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dites in the CSF offers an informative angle of approach to the metabolism
of the brain (Moir et al., 1970).

In human pathological conditions, additional factors may affect the CSF
5-HIAA level. The relationships between certain syndromes and the 5-HIAA
level have been widely studied. On the evidence of recent observations, the
5-HIAA concentration in the CSF is definitely age-dependent, as has been
shown in healthy volunteers, too (Gottfries et al., 1971). Drugs also affect the
5-HIAA level, it is, however, difficult to establish, how far the changes are due
to some interferences or to the actual drugs.

In the laboratory animal, the CSF 5-HIAA level was shown to increase
in response to reserpine and to remain unaffected by imipramine (Ashcroft
and Sharman,1962). Chlorpromazine produced an increase in the concentration
of acid metabolites in the caudate nucleus of the dog, parallel with a rise in the
metabolite levels in the CSF (Moir, 1967). Under tryptophan loading the
cerebral serotonin concentration increased (Moir and Eccleston, 1968) while
intravenous administration of a-methyl-dopa and of triptophan was followed
by an elevation of the 5-HIAA concentration in the brain-stem, as reflected by
a parallel rise in the 5-HIAA level in the cisternal fluid (Eccleston etal., 1962).
5-hydroxytriptophan was found to raise the concentration of 5-HIAA in the
CSF in parkinsonism (Chase et al., 1962). An elevation ofthe HIAA, in addition
to those and dopamine levels, was produced by 1-dihydroxyphenylalanine
(1-dopa). An increase in the cerebral concentrations of 5-HIAA was demon-
strable in autopsy material of subjects with Parkinson’s disease having been
treated with 1-dopa (Rinne, 1971). On the other hand, the CSF 5-HIAA
level was found to decrease in the course of long-term administration of 1-dopa
(Woert et al, 1970). On the evidence of the studies of Neff et al. (1964),
Guldberg et al. (1966), Ashcroft et al. (1960) and of others, probenecid in-
hibits the transport of acid metabolites from the CSF to the blood stream. This
accounts for the probenecid-induced excessive rise in the concentrations of
homovanillic acid (HVA) and of 5-HIAA in the CSF.

We have measured the concentration of 5-HIAA in the CSF in neuro-
psychiatrie cases, with the aim of collecting information concerning the
factors affecting that level. We have analyzed the age relationships of the
changes, furthermore, the influence of drugs by setting up a separate un-
treated group and compared the results with those obtained in epileptics and
depressive cases. Moreover, the response of the CSF-5-HIAA level to loading
with tryptophan and with probenecid have been studied.

M aterial and methods
A total of 102 CSF samples obtained from 95 patients were studied for the concentratioll

of 5-HIAA. Estimation of 5-HIAA was done by the modified spectrophotofluorimetric tech'
nique of Korf et al. (1969). CSF (cisternal in 12, lumbar in 83 cases) was stabilized with 4%
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cystine and stored at —20°C before processing. Then it was shaken with diethyl ether and
transferred from the etheric phase to a pH 7 phosphate buffer. After oxidation with periodate,
fluorophore was formed with o-phthalaldehyde. The values were read at 365/495 nm (Opton)
against standards. In addition to requiring no more than 1 ml CSF, the procedure has the
advantage of being highly sensitive. (5 ng/ml corresponds to 80 divisions at a 0.5/0.5 slit and
at a sensitivity of 3/3.) The concentration of HIAA was expressed in terms of ng/ml CSF. The
deviations of the means were calculated by the F- and t-tests by paired comparison.

Results

The patients were divided into 4 age groups. The means and standard
deviations were computed for each group. As Table | shows, the highest CSF
5-HIAA levels were found in the age-group below 20 years (15.2 + 6.6). In the
two subsequent groups the level was lower (12.1 + 6.2 and 13.1 + 7.5).
Beyond the 6th decade the level again tended to increase (13.8 + 6.8), but the
differences were not significant statistically (Fig. 1).

Table |

Age and 5-HIAA level in CSF (ng/ml CSF)

Age group 20 20—40 41-60 over 60
range of variation 8—30 4-25 5—31 5—30
mean -(- S. D. 152 + 6.6 12.0 + 6.2 131+ 75 138+ 6.8
5-HIAA )
number of patients 10 27* 40 17
mean age (13.7) (33.3) (49.3) (70.9)

* Results of probenecid-loading performed in one case (130 ng/ml) have not been included
in these figures.

The differences between the means for the individual age-groups were not significant
statistically.

ng/ml mean values (the devia-

15
14
13-

12

dl D:62)

10-

20 40 60 80  year

Fig. 1. Age and HIAA level in CSF
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The groups were divided into six subgroups (depressive disease, other
psychotic syndromes, epilepsy, organic cerebral lesion, other neuro-psychiatric
diseases, drug-free group).

The means and standard deviations were computed for each group
(Table Il). Analysis of the data yielded the lowest 5-HIAA concentration in the
group of depressive disease (8.1 + 4.5), the highest in the group of epilepsy
(15.4 £+ 5.0, p < 0.05).

no/ml 261 A.

v o) A

B N epilepsy
7 e depression

-0- total

5 . (mean values)
15

M

13-

12

11-

10 n

20 A 60 80 years

Fig. 2. 5-HIAA-level in CSF in depressive and epileptic cases

Table I1

5-HIAA level in CSF in neuropsychiatrie conditions

Other Organic
Condition Depression psych_i_atric Epilepsy cerebral psychiatric condition Drug-free
conditions lesion
Range of 4—16 5—30 8-26 4—30 5—32 4—28
variations
< Mean + S. D. 8.1 13.1 15.4 15.3 13.8 12.6
by +4.5 + 6.3 + 5.0 + 7.0 + 6.2 6.9
IMumber of 6 13 11 29 35 21
patients
Mean age (48) (49.8) (31.8) (47.4) (50)  (38.7)

Lumbar fluids (83), cisternal fluids (12).

* 2 patients with grave brain-stem lesion (5 and 6 ng/ml), 1 patient with spinal cord
compression (8 ng/ml), 1 patient with taboparesis (7 ng/ml).

The difference between the means for the depressive and the epileptic cases is significant
statistically (p ¢ 0.05). The differences between the means for the other groups are not significant
statistically.
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Values very close to these levels were found in the organic cerebral lesion
group (15.3 + 7.0). The values for the groups “other psychoses” and “other
neuropsychiatrie syndromes” were lower, and still more so in the drug-free
groups (12.6 + 6.9). However, the differences between the groups were not

Table 111

Loading tests

Patients Loading I?]HC@FA DI;\,I;“
1. (F-1) probenecid (2.5 g/16 hr) 130
2. (P. Gy.) tryptophan (6 g/16 hr) 31
3. (H. A) tryptophan (6 g/16 hr) 16

significant. Comparative analysis of the results showed that, with reference to
the graph representing the age-distribution of the whole series, the levels
measured in the depressive psychosis group were significantly lower than in the
epilepsy group where the 5-HIAA was high in the majority of cases (Fig. 2).

In the “organic cerebral lesion” group the lowest levels were found in
two patients with grave brain-stem lesion, in one with compression of the
spinal cord and in one with taboparesis. Tryptophan loading performed in two
cases yielded 31 jUg/ml in the first case (neurosis) and 16 /tg/ml in the other
(epilepsy). (See Table 111).

Probenecid loading performed in one case (Parkinson’s syndrome) gave
an excessively high value (130 ng/ml).

Discussion

Analysis of the present data has been focussed on the groups of depressive
illness and of epilepsy. Though we had few depressive cases, there is fairly con-
sistent evidence of decreased CSF-concentrations of 5-HIAA in depressive
illness. In the present cases, the mean level was low but plotting against the
graph of age distribution of the whole series brought out the differences very
clearly. Ashcroft et al. (1966) found a mean of 10.3 ng/ml in neurological
conditions. The low 5-HIAA level in depressive illness may be due to a decrease
of serotonin turnover in the limbic system, but a possible impairment of the
transport mechanisms in depressive illness must also be taken into account
(Gren et al., 1968), therefore the low level may he connected with some disorder
of 5-HIAA transport.

There is no published evidence of any characteristic change in the CSF
5-HIAA level in epilepsy. Actually, our aim of studying the 5-HIAA level in
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epileptics has been to establish the mean in a fair number of epileptic cases
within an unselected neuropsychiatrie population, rather than to find changes
specific of epilepsy. In fact, in the epilepsy group the level was found to be
closest to that in the organic cerebral lesion group. This makes it justified to
ascribe the elevation of the 5-HIAA levels to similar factors in both groups.
The barrier-function may be impaired in both cases. It cannot be excluded that
the increase in the 5-HIAA concentrations is secondary to the seizures. On the
other hand there is experimental evidence that serotonin promotes the tendency
to convulsions (Truitt and Ebersberger, 1962), though other observations
suggest that serotonin does not affect the seizure-threshold (Schaepdryver et
al., 1962). The observations of Pfeifer et al. (1966) suggest that of the two
compounds noradrenalin and serotonin, it is noradrenalin which is more cosely
affecting te predisposition ofthe brain to convulsive activity. It may be assumed
that a high susceptibility to convulsious requires reduced levels of both amines.
Involvement of the brain-stem in the production of generalized epileptic seizures
has been confirmed by electrophysiological evidence. On the other hand, the
characteristic changes in the cerebral concentration of 5-hydroxyindole point
to an essential biological role of this compound. It has been shown (Costa et
al., 1958, etc.) that the 5-hydroxyindole concentrations of the brain-stem are
fairly high. This has been confirmed by our findings in human autopsy ma-
terial.

Informative evidence relative to the high concentrations of 5-HIAA of
CSF in epilepsy has been provided by the studies of Anderson et al. (1962),
diphenylhydantoin having been found to increase the cerebral serotonin level
parallel with the anticonvulsant action.

Bowers and Gerbode (1968) noted a relationship between age and the
concentration of monoamine metabolites in human CSF, expressed by an U-
shaped curve. Earlier authors (Johanssen, and Roos, 1967) failed to dem-
onstrate any relationship of this kind. The connection between age and the
CSF metabolite levels is emphasized by the low 5-HIAA and HVA-con-
centrations in the CSF, thus the very reverse of those predicted on the basis of
the U-shaped curve, in certain conditions affecting the elderly, in particular in
the senile and presenile types of dementia (Gottfries et al., 1969, 1970). We
also sought to gain information on the value of loading tests. Though a definite
increase in the 5-HIAA level in response to tryptophan-loading was demon-
strable in our studiestoo, the results have yet to be confirmed by repeated self-
controls. By extending our studies to tryptophan loading we sought to gain in-
formation, in accordance with the findings of Moir et al. (1970), on the integrity
of the pathways of cerebral 5-hydroxyindole metabolism. Probenecid loading
was reported to provide information of similar value in respect of the transport
mechanisms. The value of this test in Parkinson’s disease has been discussed by
Sonninen (1971) on the grounds of a well-documented analysis.
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The levels of individual serum glycoproteids and of their carbohydrate compo-
nents have been studied in connective tissue diseases and other pathologic processes. The
changes of the glycoproteids displayed no consistent pattern in any of these processes.
There was a rising tendency of the carbohydrate components. It is pointed out that
glycoproteid estimation must be selective to be of clinical aid.

The glycoproteids belong to the essential elements of the connective
tissue ground substance. Therefore, every process involving the ground sub-
stance is bound to affect the metabolism of glycoproteids and to modify their
serum level.

Quantitative changes in the carbohydrate groups of serum glycoproteids,
in particular in protein-bound hexose, hexosamine and sialic acid, have ex-
tensively been studied in various pathological conditions including diseases
of connective tissue, of the kidney, and malignant tumours. All these processes
are associated with an increase in concentration of the carbohydrate component
[2, 7, 22]. Despite the widely diverse physical, chemical, biological and immuno-
logical properties of the human serum glycoproteid fractions, they all include
the carbohydrate groups referred to above [8, 14]. Consequently, quantitative
changes in the concentration of these carbohydrate components do not allow
conclusions as to changes in the individual glycoproteids. Therefore, the dif-
ferent serum glycoproteids have to be studied individually. This would also
offer a promising angle of approach to the aetiology and pathogenesis of certain
pathological processes. Investigations in this field are still in the early stage
[2,10,11,15, 19].

In the present study, sera of patients suffering from different diseases
have been studied for individual glycoproteids, estimating the protein-bound
hexose, hexosamine, sialic acid and seromucoid levels.

Material and method

The sera for study have been obtained from patients of both sexes admitted in the
period 1970 to 1972. Their age ranged from 24 to 76 years.

From the sera of 14 patients (12 females, 2 males) with systemic lupus erythematosus
the concentrations of 1gG, IgA, IgM, Coeruloplasmin, a2macroglobulin, transferrin and BtC-
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globulin have been determined on 16 occasions by the radial immune diffusion technique of
Mancini et al. [9], using monospecific sera supplied by the Institute of Human Vaccine Pro-

L. JAKAB and J. FEHER

duction and Research, Budapest.

The group of rheumatoid arthritis included 12 patients (8 females and 4 males). There
were 9 cases of chronic pyelonephritis, (5 females and 4 males) their sera having been studied on
11 occasions. Malignant disease was represendited by 17 cases (13 females and 4 males). In the
majority of cases, the protein-bound carbohydrate components were also determined. Hexose
was estimated according to Stary et al. [16]; hexosamine according to Swann and Batazs [17];

1gG

IgA

IgM

Coeruloplasmin

a2 macroglobulin

Transferrin

/2,C globulin

Table 1

Serum glycoproteid concentrations (mg/100 ml)

Controls SLE R g?ltjr?r] iattig ta
17 16 12
1200 1719 1526
2.19 1.61
<0.05 >0.05
17 16 12
210 3448 324.8
2.25 2.09
<0.05 <0.05
17 16 12
130 213.2 229.5
25 2.24
<0.05 <0.05
17 16 12
31 51.3 53.3
2.39 2.24
<0.05 <0.05
17 16 12
244 266.1 295.1
0.96 1.48
>0.05 >0.05
17 15 12
295 228.9 294.4
2.09 0.04
<0.05 >0.05
17 16 12
110 90.8 123.8
1.83 1.15
>0.05 >0.05
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Chronic
pyelonephritis

1194
0.42
>0.05

11
362.7
2.13
<0.05

11
163.5
1.74
>0.05

11
43.6
1.78
>0.05

11
395.6
2.06
<0.05

236
1.5
>0.05

11
119.2
0.92
>0.05

Malignant
disease

17

1488
1.93
>0.05

16

296
2.3
<0.05

16
190.8
2.3
<0.05

16
54.6
2.7
<0.01

16
339.0
231
<0.05

15
2449
1.77
>0.05

16
134.8
1.77
>0.05



SERUM GLYCOPROTEID3 IN CONNECTIVE-TISSUE DISEASES 221

sialic acid according to Warren [21]; seromucoid according to Weimer and Redlich-Moshin
[23]. Pooled normal human sera from 100 blood donors served as controls for radial immune
diffusion and sera from 16 healthy subjects (12 females, 4 males) for the biochemical proce-
dures. The relative values yielded by radial immunodiffusion were translated into absolute
figures on the basis of reference sera (Hyland, Kallestad). In the case of transferrin and of
/SjC-globulin, reference sera were not available, therefore the results obtained were referred to
the generally accepted control values by given Becker et al. [1]. For statistical analysis the
method of Schilder [13] and the t test were applied.

Results

W ith the exception of the SLE-group, no significant elevation of IgG
was found. The concentration of IgA was significantly increased in all four
groups. Elevation of IgM was not significant in renal disease, while it was
significant in the other groups. The changes in Coeruloplasmin were similar.
The concentration of a2-macroblobulin was significantly increased in renal
disease and in tumours. The behaviour of transferrin requires special comment.
A significant fall was noted in SLE, but there were two cases each in the renal
and the malignant group where the values were too small for quantitative
evaluation. If these values had been accessible to quantitative analysis, a
significant fall could have been registered in these groups, too. The con-

Table 11
Serum-protein-bound carbohydrate concentrations (mg/100 ml)

i i Malignant
Controls SLE Rheumatoid Chronic ig

arthritis nephritis disease
Hexose n 16 15 10 9 13
x/ 104.1 145.8 163.5 156.8 143
t 4.1 4.28 5.12 2.98
P <0.01 <0.01 <0.001 <0.05
Hexosamine n 16 15 10 9 13
x/ 71.8 88.2 111.1 101.1 89.5
t 2.4 4.5 3.36 2.04
p <0.05 <0.01 <0.01 >0.05
Sialic acid n 16 15 10 9 13
x" 61.1 83.6 107.2 93 92.5
t 3.98 6.25 4.76 4.58
p <0.01 <0.001 <0.01 <0.001
Seromucoid n 16 15 10 9 13
x/ 12.6 19 31.1 18.8 36.3
t 1.25 5.3 1.8 4.6
p >0.05 <0.001 >0.05 <0.001
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Table 111

Direction of changes in serum glycoproteid concentration

Rheumatoid Chronic Malignant
SLE arthritis pyelonephritis disease
19G + 0 © ©
IgA + + + +
IgM + + © +
Coeruloplasmin + + © +
az2m 0 © + +
Transferrin — © © 0
/3IC-globulin 0 © © ©
Table 1V

Direction of changes in serum glycoprotein carbohydrate components

SLE Rheumatoid Chronic Malignant
arthritis pyelonephritis disease
He + + + +
Ha + + + ©
Si + + + +
Se © + © +
+ significant increase; — significant decrease.

© non-significant increase; © non-significant decrease.

centration of /JjC-globulin remained largely unaffected in all groups. Among
the protein-bound carbohydrate components, hexose and sialic acid revealed
significantly increased levels in all groups. Elevation of the hexosamine level
was not significant in malignant disease, but significant in the other groups.
Elevation of seromucoid concentrations was significant in rheumatoid arthritis
and in malignant disease (Tables | to IV).

Discussion

Cleve and Strohmeyer [2] estimated the concentration of a®-acid GP,
a2-macroblobulin and Gc-globulin in a large patient material comprising
different types of disease. An elevation of a®acid GP concentration was found
in cholangitis, tumours and systemic disease, in contrast to hepatic cirrhosis
where the values tended to decline. The a2-macroglobulin concentration was
increased in cholangitis, malignant disease, SLE, liver cirrhosis and hepatitis.
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A reduction in the Gc-globulin concentration was found in hepatic disease«
Snyder and Ashwell [15] determined 15 different glycoprotein fractions in a
few patients with malignant disease and in a control group including healthy
subjects and patients with various diseases. Though the small number of cases
and the heterogeneity of the groups call for caution in evaluating the results,
certain facts none the less deserve notice. In seven of the glycoproteids under
study (transferrin, a2-macroglobulin, Gc-globulin, IgA, IgD, IgG, IgM) normal
concentrations were noted all throughout, in contrast to three others (aj-acid
GP, Coeruloplasmin, ocj-antitrypsin) which revealed increased concentrations in
all patient groups. The concentrations of two (haptoglobin, haemopexin)
were increased in malignant disease, those of three others (~ hs'GP, /?2-GPI,
prealbumin) were decreased in malignant disease, and unchanged in other con-
ditions. It isremarkable that the seromucoid group which has been regarded as
homogeneous is actually made up of different glycoproteids displaying un-
altered, increasing or diminishing concentrations.

Miesch et al. [10] studied a large patient material, but here too the in-
dividual categories were heterogeneous, and all the controls were 20 year old
healthy males. It deserves notice that a normal aj-antitrypsin level was never
found under pathological conditions, and o2-macroglobulin level remained
practically unaffected in all cases. An increase of some extent was demonstrable
in malignant disease and in hepatitis. There are data showing an increase in
some glycoproteid fractions in rheumatoid arthritis [12].

Zawadski and Edwards [24] observed hypertransferrinaemia in
patients with iron-deficiency anaemia. Increased serum haptoglobin levels
were found in patients with myocardial infarction, cerebrovascular accidents
and peripheral arterial disease [18]. Hevér et al. [6] as well as Toth et al. [20]
measured the haptoglobin level on the basis of the haemoglobin-binding
capacity and the Coeruloplasmin level by colorimetry. The haemoglobin-
binding capacity of serum was found to increase parallel with the progression
of the malignant process, the findings in leukaemia were similar. No change was
found in the distribution of the haptoglobulin types. With the exception of
multiple myeloma, all malignant processes of the blood-forming system were
associated with an increased Coeruloplasmin level. The increase was most
characteristic in Hodgkin’s disease, where the level was related to the severity
of the process. An increase was found also in patients with malignant tumour.
Fehér et al. [4, 5] examined the level of individual glycoproteids and of pro-
tein-bound carbohydrate components in various types of chronic hepatitis and
in cirrhosis of the liver, and revealed different alterations in the different
conditions.

In view of the small number of cases the present results are far from
conclusive, none the less they allow to stress some points. The most remarkable
feature emerging from the findings is the differentiated character of the
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changes in the levels of the various glycoproteids. Among the immunoglobulins,
the glycoproteid character of which is common knowledge, IgG revealed a
significantly increased concentration only in SLE whereas the IgA level was
increased in all four disease groups. The concentration of transferrin was
significantly reduced in SLE, while it was practically unaffected in rheumatoid
arthritis and tending to decrease in the two other groups. The concentration of
Ri-C-globulin remained practically unaffected; its changes, if any, were not of
the same direction. This was especially clear in comparison with the changes in
the protein-bound carbohydrate components, as these were marked by a rising
tendency in all patient groups, attaining the level of significance in the majority
of cases. It is hardly possible to establish any distinct relationship between the
changes in the concentration of glycoproteids and in those ofthe protein-bound
carbohydrate components. This may have had various causes. The glyco-
proteids under study represent but a minority of those occurring in the serum.
Moreover, the individual glycoproteids differ widely in carbohydrate content.
The cases making up the individual patient groups were inadequate in number
and homogeneity. In addition, refinement of the procedures applied for the
study of these compounds would be desirable in order to increase their relia-
bility and informative value.

The present results, without being conclusive, clearly indicated that, in
order to be of any diagnostic help or to add to the understanding of different
pathological processes, studies must be directed at individual glycoproteids. It
also emerged from the results that in connective tissue diseases the constellation
of serum glycoproteids is different from that in renal or in malignant disease.
Differences have also been found in SLE and in rheumatoid arthritis. These
facts clearly point to the biological significance of glycoproteids and their
possible involvement in the pathogenesis of various pathological conditions.
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The immunoglobulin-bearing lymphocytes of patients with autoimmune disease
have been studied by direct immunofluorescence. In the cases where the autoimmune
process revealed signs of activity, an increase in the proportion of B-lymphocytes was
found, whereas in inactive cases the distribution of B-lymphocytes was similar to that
in the controls. The increase in the proportion of B-cells is attributed to a reduction in
the absolute number of circulating T-lymphocytes.

The human lymphocytes represent a double population, one of which
displays a high density of immunoglobulins on its surface [2, 6, 14]. Earlier
studies [1, 5, 12] have furnished indirect proof of the existence of membrane
bound immunoglobulins. Recently, the presence of immunoglobulin receptors
on the surface of lymphocytes has been confirmed in animal experiments
[4, 7— 11, 13], similar results were obtained with human lymphocytes [2, 3, 6].
Immunoglobulin-bearing cells of this kind are now considered to be identical
with B-lymphocytes (bursa-dependent or bonemarrow-derived cells).

Pamichail et al. [6] found an increase in the proportion of these immuno-
globulin-bearing cells in the active periods of rheumatoid arthritis. In view of
the primary pathogenetic role of cell-mediated immune reactions, thus of the
T-cellpopulation in autoimmune diseases, it was deemed of interest to examine
the proportion of the lymphocytes in the active and inactive phase of auto-
immune disease.

Material and method

Seventysix patients with autoimmune disease and 10 controls were studied. Auto-
immune diseases were as follows: 58 (40 active) cases of SLE, 10 cases (6 active) of rheumatoid
arthritis, 1 active case of thyroiditis, 2 (1 active) cases of lupoid hepatitis, 1 inactive case of
polymyositis. In 4 cases the autoimmune process indistinct (2 active). Activity was based on
clinical signs and on the evidence of immunological and other laboratory tests (BSR, ANF and
DRF titre, LE-cell phenomenon, etc.). The absolute leukocyte count was determined in every
case.

Direct immunofluorescence was carried out as follows: the buffy coat of 10 ml heparin-
ized blood was aspirated, centrifuged at 200 g, washed with TC-199 medium, and resuspended
in 4 ml of TC-199 medium. The suspension was layered onto 2 ml of a mixture (1077spec.
gravity) of 6.3% FicollR (Pharmacia) and 10% UromiroR (Bracco), then centrifuged at 4°C
at 1000 g for 15 min. The cell-layer at the interface was aspirated, washed twice with TC-199
medium, centrifuged at 200 g, finally made up to a dilution of 107 cells per ml. Then, 0.05 ml of
the lymphocyte suspension was incubated with an equal amount of fluoresceine isothiocyanate
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— conjugated AHG (Hyland goat antihuman IgG, IgA, IgM) under repeated shaking at room
temperature for 30 minutes. Concentration of the conjugate was 1 mg/ml. After incubation the
cells were centrifuged at 200 g, washed twice in TC-199, and resuspended in 0.1 ml glycerol
buffer (equal parts of isotonic saline with 0.01 M phosphate buffer and glycerol). The cells were
examined in suspension using a Zeiss (Jena) microscope (light source HBO 200, excitant filter
BG 12, barrier filter OG 1). A

Results

The immunoglobulin-bearing B-cells revealed the common fluorescence
pattern (Figs 1, 2). Their distribution is shown in Table I. In the inactive cases
the proportion of B-cells was similar as in the controls. The results obtained in
the controls were consistent with published data [6]. On the other hand, in the
patients with signs of activity, an increase was found in the proportion of 1gG-
IgA- and IgM-bearing B-cells. The absolute lymphocyte counts are given in
Table Il. While in the inactive cases the absolute lymphocyte count was
practically the same as in the controls, in the cases with signs of activity it was
significantly reduced.

Fig. 1 Fig. 2
Table |

Immunoglobulin-bearing lymphocytes, per cent

19G IgA IgM

Controls 15.4 5.9 5.5
(7-35) (3-11) (2-11)

Active autoimmune disease 25.4 12.8 8.6
(11-76) (4-20) (2—26)

Inactive autoimmune disease 16.2 6.2 5.9
(8—32) (1-12) (2-11)

In brackets: range.
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Table 11

Absolute lymphocyte count in active and inactive autoimmune disease

Controls 2100 (1800—2500) ml

Active cases 1300 (800-1600) ml

Inactive cases 2100 (1600-2500) ml
Discussion

A consistent proportion of the peripheral lymphocytes belongs to the B
type. On the evidence of the present study, in inactive periods of autoimmune
diseases, in the lymphocyte population the proportion of B-cells is similar as in
healthy controls, and it increases with the activation of the immune process,
parallel with the appearance of leukopenia. A significant fall in the absolute
lymphocyte count was demonstrable in the present cases, too. This makes it
obvious that the preponderance of B cells is a relative one. The fall in the
number of T lymphocytes may be attributed to a fixation of the lympho-
cytes in the tissues in consequence of an activation of the cellular immune
reactions. The leukopenia too might be due to an involvement of the lymphoid
system by the autoimmune process.
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Immunoglobulins in serum and sputum have been estimated in 22 cases of
immune deficiency secondary to haematological syndromes (lymphatic leukaemia,
multiple myeloma) and in 25 patients with bronchitis. A significant decrease in serum
IgA and IgM was found in the cases of immune deficiency. On the other hand, the
sputum immunoglobulin levels were increased in comparison with those observed in the
bronchitis group. 1gG was moderately, secretory IgA and IgM were significantly, in-
creased. The increase in the sputum immunoglobulin concentration in the cases of
immune deficiency is regarded as a compensatory phenomenon.

The locally produced immunoglobulins occurring in biological fluids have
been attracting increasing interest in recent years. The secretions of the respir-
atory and alimentary tracts have been found to contain all three main immuno-
globulins in variable proportions [9, 13, 14, 15]. The predominant type of im-
muno-globulin demonstrable in biological fluids is the secretory IgA, a complex
formed by the IgA molecule of two non-covalent bonds and by the transfer
factor (secretory component, secretory piece) of 50,000 molecular weight [9].
The IgA molecule and the secretory component are formed independently of
each other, the former in the plasma cells of the submucosa, the latter in the
epithelial cells [21, 29, 30, 32]. Lately, in addition to the heavy, the light and
the secretory polypeptide chains, a fourth chain, the J-chain (joining-chain)
has been identified, first in the secretory IgA, subsequently also in the IgM,
molecule. Thus far, the J-chain has been found exclusively in polymeric IgA
and IgM molecules. The J-component is of 20,000 molecular weight, it contains
glutamic acid and aspartic in large amounts. Its in tramolecular site of junc-
tion is not yet known. Anti-J-component antibodies have been demonstrated
despite its week antigenicity. The J-components linked to IgA and to IgM
differ in respect of their antigenic determinants [31a].

On the evidence of immunofluorescent studies, the ratio between the IgA
producing plasma cells and the IgG producing immunocytes of the intestinal
mucosa equals 20 : 1 and that between the IgA-producing and the IgM pro-
ducing cells, 7 : 1 [32]. The bronchial mucosa forms prevalently IgA, to a
lesser extent IgM [3, 27].
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Secretory IgA is a bioactive protein of a sedimentation coefficient of 1IS.
In contrast to the plasma IgA polymers it is not affected by reducing agents.
Locally formed IgA resists the digestive action of pepsin or trypsin as long as
24 to 72 hours without any loss of antibody activity. The polymeric structure
of secretory IgA provides for a higher efficiency of its antibody activity
[21,25, 27, 28].

B randtzaeg et al. [6] attribute IgA and IgM of the biological fluids to
active, 1gG to passive transport. IgA and the secretory component are de-
posited in the form of a fine film on the surface of the intestinal mucosa,
forming a barrier against the entry of pathogens [32, 1]. In fact, certain
authors attribute to secretory IgA a larger part in this protective mechanism
than to serum [23].

The functions attributed to the secretory immune system are as follows.

1. control of the normal bacterial flora of the respiratory, digestive and
urogenital organs;'

2. defence mechanisms against pathogens (secretory IgA being involved
in various antiviral and antibacterial antibody functions [26]; Bonomo et al.
[3] could demonstrate isoantibodies in the sputum by passive haemaggluti-
nation in a case of bronchitis after administration of typhoid vaccine;

3. the local immune system seems to be involved in the pathomechanism
of autoimmune disease [2, 22, 32, 33].

Pathological conditions may affect the immunoglobulin composition of
biological fluids and the plasmatic/secretory immunoglobulin ratio. Parallel
measurements ofimmunoglobulins in serum and sputum have been carried out
in congenital hypo- and agammaglobulinaemia, chronic bronchitis and bronchial
asthma. Studies of this kind in antibody deficiency secondary to haemo-
blastoses have not been recorded in the literature. In earlier studies we have
measured the serum and salivary immunoglobulins chiefly in IgA-deficient
paraproteinaemia and in lymphatic leukaemia [23]. Despite a significant fall
in serum IgA the salivary IgA level showed a moderate increase. The fact that
in secondary antibody deficiency sinobronchial infections are frequent, has
made us to study the immunoglobulins in the sputum with reference to those
in serum and the digestive tract.

Material and method

Parallel serum and sputum immunoglobulin measurements were carried out in 22 cases
of lymphatic leukaemia and multiple myeloma; 25 cases of chronic obstructive respiratory
dise ase served as controls. The radial immunodiffusion procedure of Mancini, Carbonara and
Hereman s [18] was used with monospecific anti-lgG (L-25B), anti-lgA (L-40B) and anti-IgM
(L-147L) immune sera supplied by the Institute for Human Vaccine Production and Research,
Budapest. From the serum to be examined fourfold dilutions were prepared whereas the
sputum, after mechanical homogenization, was placed undiluted into the antigen recipient. In
view of the relatively low immunoglobulin concentrations of the sputum in comparison with
that of the serum, the immune sera were diluted tenfold for IgA and 1gG, and fivefold for IgM,
so as to render the procedure more sensitive.
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Results

Control group. The serum and sputum immunoglobulin levels were
measured in 25 adults with obstructive respiratory disease. A decrease in
serum-lgG was found in contrast to an elevation of serum IgA and IgM levels.

Table 1

Mean serum and sputum immunoglobulin values
in the controls and in the immune deficient haematological group

Serum
19G IgA IgM
mg per 100 ml mg per 100 ml mg per 100 ml
Control group (chronic bronchitis, 1302 + 61.7 258.9 + 29.8 236 + 29.4
bronchial asthma), n = 25
Immunodeficient haematological group 1160 + 131.6 119.1 + 18.4 799+ 12.6
(multiple myeloma, lymphatic p < 0.001 p < 0.001
leukaemia), n = 22
Normal subjects, n = 60 1570 + 52 210 + 27 193 + 15
Sputum
19G 1gA IgM
mg per 100 ml mg per 100 ml mg per 100 ml
Control group (chronic bronchitis, 30.08 £+ 6.15 25.9 + 2.53 471 + 11
bronchial asthma), n = 25
Immunodeficient haematological group 48.21 + 12.3 452 + 7.1 111 + 2.52
(multiple myeloma, lymphatic p < 0.01 p < 0.05

leukaemia), n = 22

Versus the normal controls, these changes were not significant statistically.
(The normal serum levels had been established earlier in 60 healthy adults.)

In the immune deficient haematological group, the serum IgG level was
moderately, the IgA and IgM levels were significantly reduced as compared
with the control values. On the other hand, the sputum 1gG level showed a
moderate, while IgA and IgM a significant, increase (Table 1).

No correlation was found between the immunoglobulin concentrations of
serum and sputum in the individual patients. Reduced serum immunoglobulin
levels were associated with increased, normal or reduced sputum immuno-
globulin levels.

Fig. | presents the serum and sputum immunoglobulin values found in
the same patients. While in the control group the serum immunoglobulin levels
generally attained, and in the case of IgA and IgM even slightly exceeded, the
normal mean values, in the group of haematological diseases the serum immuno-
globulin levels were far below the normal mean values. On the other hand, in
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the immunodeficient haematological cases the sputum immunoglobulin levels
were higher than in the controls. The serum and sputum immunoglobulin levels
showed no correlation whatever.

Discussion

The lack of a correlation between the serum and secretory immuno-
globulin concentrations has been shown by several authors [5, 10]. Serum
immunoglobulin deficiency does not exclude the production of secretory
immunoglobulins, and conversely, impairment of the local immunoglobulin
producing system is compatible with normal serum immunoglobulin con-
centrations [4, 13, 28].

Turk and Wierbitzky [33] found a complete or incomplete deficiency
of IgA and IgG in the bronchial secretion of children with recurrent bronchitis
and pneumonia, despite normal serum immunoglobulin concentrations.
According to BURGI et al. [8] and Burgi and Medici [9], acute bronchitis and
recurrences of bronchial asthma are associated with increased sputum IgA
levels. In congenital iinmunedeficient conditions, deficiency of locally formed
IgA and of the “secretory component” may well be responsible, in addition to
serum immunoglobulin deficiency, for the recurrent infections [11, 17].
Bonomo et al. [3] found no IgA in serum or sputum in individual cases of this
type. In a case reported by Buckley et al. [7], increased serum IgA concen-
trations were associated with secretory IgA deficiency. In the cases of IgA
deficient ataxia teleangiectatica reported by South et al. [27] and McFairlin
et al. [27] salivary IgA and the secretory factor levels were normal. Martinez-
Tello et al. [19] identified the secretory component in bronchial epithelium
and secretions in the neonatal period and in agammaglobulinaemia. Eidel-
man et al. [12] found in the intestinal mucosa a normal IgA producing
immunocyte population in total serum IgA deficiency. In atrophy of the in-
testinal mucosa, immunoglobulin secretion may be deficient and IgA transport
deranged, in consequence of the deficient piece determinant production by the
affected intestinal epithelium. The serum IgA level is increased in inflammatory
processes of the intestinal mucosa and in malabsorption syndromes of children
[16, 24]. Immunofluorescent studies in adults have revealed certain corre-
lations between the number of immunoglobulin forming cells of the intestinal
tract and the increase in the serum IgA level [12].

We have been considering the possibility of an enhanced compensatory
activity of the local immune system ever since our earlier observations in
haemoblastoses associated with immune deficiency, where the salivary IgA
level was normal or increased despite a significant reduction in serum IgA [23].
Parallel estimations of sputum and serum immunoglobulins then revealed in
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the sputum a significant increase in IgA and IgM, and lesser increase in 1gG.
The present results thus seem to confirm our earlier supposition.

The studies of Thompson [30] and of Brandtzaeg [6] have furnished
direct proof of a compensatory production of secretory IgA. Thompson
studying the IgA-levels and the piece determinants in saliva and in duodenal
secretions of IgA-deficient children with coeliac disease accompanied by re-
current infections was able to identify piece determinants attached to IgM in
the duodenal juice. Brandtzaeg [6] in an IgA deficient patient with plasmo-
cytoma involving the parotid, found higher IgG concentrations in the intact
parotid stroma than in normal individuals, while the salivary IgA and IgM
levels were twice as high as the IgG level. On these grounds, this author
attributed IgA and IgM to active, 1gG to passive, transport.

According to the current view, in IgA deficiency the deficient glandular
IgA forming immunocytes are replaced by IgM immunocytes [4, 6]. The
question whether in IgA-deficient conditions the immunocytes of the whole
secretory system are replaced by IgM-immunocytes, still remains open.

The present study has furnished only indirect evidence in support of the
compensatory function ofthe local immune system in antibody deficiency. It is
expected to obtain direct proof of this compensatory mechanism from immuno-
fluorescent studies.
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RECENSIO

Zs. Hollan: Haemoglobinok és haemoglobinopathidk. (Haemoglobins and haemoglobino-
pathies.) Publishing House of the Hungarian Academy of Sciences, Budapest 1972. 280 pages,
numerous illustrations.

Integration of experimental research with clinical observations ensures a fruitful
approach to many problems of medicine. This is a truth which could not be illustrated more
convincingly than by the results of haemoglobin research the current status of which is pre-
sented in this volume. Disclosure of the spatial structure of the haemoglobin molecule and of
its diverse variants and its synthesis, together with a closer insight into its physico-chemical as
well as immunological and genetic implications bear testimony to the productivity of inter-
disciplinary (chemical, genetic, immunological, clinical, etc.) research.

This book represents a successful blend of theory and practice. It gives a lucid, compre-
hensive survey of the structure and function of the haemoglobin molecule (Chapter 1) and of
its polymorphism (Chapter Il). It describes the various haemoglobinopathies (Chapters Il to
V1) and finally discusses the prevalence and their genetic aspects of haemoglobinopathies in
certain populations. The abundance of practical examples illustrating the issues under dis-
cussion contributes to the 4inderstanding of the pathology of the individual haemoglobino-
pathies and offers helpful clues to the selection of appropriate therapy.

The student of a book of this kind will be usually most attracted by the chapter which
suits best his own line of study or his personal sphere of interest. Here the reviewer has some
difficulty in deciding to which part of the book he would give preference, because all chapters
offer equally attractive reading. If he none the less points out those on thalassaemia and on the
haemoglobinopathies associated with polyglobulism, this is because, in his view, these are the
most illustrative of the results of joint experimental and clinical studies.

The large number of graphs and illustrations, as well as an exhaustive list of 550 references

add to the merits of the book.
Gy. Rappay
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ACTA MEDICA

TOM 30-BblN. 3

PE3IOME

OMPEAENEHWNE JIN30COMA/IbHbIX ®EPMEHTOB MPU HEMPOJIOMMYECKUX
N MCUXNATPNYECKUMX 3ABONTEBAHUNAX

Ww. TOT, N. YABAPOLWMW u B. YHTAP

ABTOpbI NpoBoanan onpegeneHust Kucnoii gocdartasbl B BEHTPUKYNSIPHOM, LUCTEPHASTb-
HOM N MOSICHUYHOM JIMKBOPE G0/bHbIX, CTPAfAtOLLMX HEAPONOrMYeCKUM UM NCUXUATPUYECKUM
3aboneBaHuem. OT cnyyast K Clydald OHU OMNpefensiin Takxke aKTUBHOCTb HelATpasibHOW npo-
Teasbl. [pu oueHKe faHHbIX 6onee yeM 100 60MbHBIX, OTHOCSLLUXCA K OMNPeAesieHHoNM rpynmne
3a60/1eBaHNI, MOXHO YCTAHOBUTbL, YTO B IMKBOPE MOXHO BbISIBUTb KUCNYtO (hocthaTasy, ofHaKo,
€e aKTMBHOCTb COCTaB/ISIET TO/IbKO OAHY [ECATYH YacTb BeIMUMH, MbMC) IEMbIX B CbIBOPOTKe. B
NPOTMBOMOMIOXKHOCTb 3TOMY B JIMKBOPE 340POBbIX NNL, HEMb3si BbISIBUTb aKTUBHOCTW HeliTpasib-
HOl npoTeasbl.

CunbHO NOBbILLIEHHAs aKTUBHOCTb KMC/ol hocthaTasbl Habo4aeTCst MPU OMyXo/eBbIX 3a-
60neBaHMAX LEHTPasIbHOW HEpPBHOI CUCTEMbI, KaK B Cllydae A06POKAYecTBEHHbIX, TaK U 3/10Ka-
YeCTBEHHbIX OMyX0/eil. HavBbicLIVe BeNMUMHBI Bbl NOMTYYeHbI B IMKBOPE, B3ATOM3a HECKO/IbKO
YacoB [10 HACTYMN/IEHUS1 K/IMHUYECKO CMepTU, B TO BPEMSI KaK Nocsie yaaneHus onyxonun akTuB-
HOCTb KucCnol chocthaTasbl NOKasbIiBaeT TEHAEHLMIO K HOpManmnsaumm.

B nukBope 60/bHbIX OMYX0NsiMU Npy PrU3Monormyeckoli BenuuuHe pH nosiBnsieTcs ak-
TMBHas npoTeasa. JTOT (haKT BblABMIaeT NPeAMNOIOKEHNE O TOM, YTO OMYXO0/lb, SIKO6bI, OKa3bIBaeT
B LEHTPa/IbHO HEpBHOI cuUCTeMe OTfasleHHOe AeliCTBME HOBOro Tuna — (pepMeHTaTWBHOE OT-
[aneHHoe [elicTBue.

WCCNELOBAHUNE KWHETUKW MOAHbIX TOPMOHOB [MPU MOMOLLM
CMNMEKTPO®OTOMETPUNYECKOIO METOJA

K. I'. BAPTA

ViccnefoBaHus aBTopbl 6b1IM HaMpaB/eHbl Ha BbISICHEHWSI COOTHOLLEHUS pacnpeaeneHns
aKTUBHbIX MOAHLIX FOPMOHOB M UX CBSA3N KWHETUKWU MOAHbLIX TFOPMOHOB OpraHusMa. ABTOP
accnefoBas fanee BOMPOC CKOMbKO U3 ABYX, TPEX WM UeTblpex MOAHbIX CYy6CTUTYETHOB B MO-
neKyfne MoAHOTO ropMoHa ABMAITCA MeueH MoAoM. B CBoeM MccriefioBaHMM aBTOp onpeaenss
COOTHOLLIEHNE AKTUBHbIX N HEAKTUBHbIX KOMMOHEHTOB MOAHOI0 FOPMOHA LUMTOBWHOM XXenesbl
MeTofiaMu ayTopaamorpagum n abcopbLMOHHOM CreKTpodoToMeTpu. Ha oCHOBaHUM MOJyYeH-
HbIX Pe3yNbTaTOB MOXHO AenaTb Credytolime YCTaHOBNEHUS:

1. TpoLEHTHOe OTHOLLIEHME HOAHbLIX FOPMOHOB 33 BpPEMsl UCC/efloBaHNsl GbI0 MOCTOSIH-
HbIM 1 COBMafano C TakoBbIM, MPUBEAEHHbLIM B IUTEPATYPHbIX AaHHbIX.

2. COOTHOLLIEHNE aKTUBHbIX FOPMOHA/IbHbIX KOMMOHEHTOB KO/e6aeTcst BOKPYT BENNUMHbI,
XapaKTepHOR /18 AVHAMYECKOT0 PaBHOBECKS. W13 3TOr0 MOXHO AeNaTb BblOB/bl OTHOCUTE/IbHO
KMHETUKMN 06pa3oBaHMa U MOBUAM3aLMM AOAHBLIX FTOPMOHOB.

3. TMony4yeHHble pe3ynbTaTbl NOATBEPXKAAIOT TO MPEAnoNoXKeHue, UTo B MOJieKy e iof-
HOr0 ropMOHa PasMELLLAeTCA TOMbKO OAWMH aKTUBHBbIA MOAHBIA CYy6CTUTYET.

4, Kax[pblii N3 aKTMBHbIX KOMMOHEHTOB MOAHOI0 ropMoHa [JOCTUraeT yepe3 24 vaca Ty
BE/IMUMHY, KOTOpas XapakTepHas ANs AMHAMWYECKOro paBHOBECUSI HEAKTUBHbIX MOAHbLIX rop-
MOHOB.



KNINMHUYECKNE W TUCTOMATONOIMMYECKUME WCCNAEOOBAHUA TPU
TEPAMEBTUYECKUMX MOYEYHbIX 3ABEOJIEBAHUNAX
IV. BOMPOC CBA3V MEXAY ®UBPO3/IACT030M MOYEYHbLIX APTEPUW,
FNOMEPY/IOHE®PUTOM U TMMNEPTOHWEN

n. BAPFA, 3. BEPETWU

Ha OCHOBaHMW M3yuYeHUst TUCTOMNATONOTUYECKMX U KMHUYECKUX [aHHbIX 55 MOYeuHbIX
60/MbHBIX aBTOPbI NPULLA K BbIBOAY, UTO MPU TepaneBTUUECKMX MOYeUHbIX 60/1e3HAX (PUBpo-
3/1aCT03 MOYEYHbIX apTepuii MOXET BO3HMKATb TaKXe W 6e3 HaiMuusi TUnepToHUK, Npeanoso-
XWUTeNbHO, B pe3ynbTaTe OCHOBHOM 60Me3HN. Ha BO3HMKHOBEHME COCYAWUCTOr0 M3MEHeHUs
BAUSET MPOAOMIKNTENBHOCTb CYLLLECTBOBAHUA 60M1e3HWU. B0one3Hb MOXeT BCTpedaTbesl B /IH0GOM
BO3pacTe, y MOXWAbIX MWL, OHA, OflHAKO, BEPOSITHO BCTpeyaeTcs vatle. 3a6ofieBaHue MoveyHbIX
apTepuii He napannesbHoe ABeHMe CO CrMa3MoM, CO CK/IepP030M COCYA0B FNasHoro AHa. Her xa-
PaKTepHOM KAMHWUYECKO KapTWHbI, HA OCHOBAHUM KOTOPO MOXHO 6bl110 6Gbl CAeNaTh BbIBOAbI
OTHOCUTENIbHO COCTOSIHMSI MOYeYHbIX COCY/0B.

Hapagy ¢ oTpuuatenbHbIM pe3ynibTaToM MCCNefoBaHWs Moj ONTUYECKUM MUKPOCKOMOM
3NeKTPOHHOMUKPOCKOMUYECKUM  UCCNEf0BAHNEM MOXHO BbISIBNATb M3MeHeHMe 6asanbHOi
NepenoHKMN KNy6oUKOB, 3HAOTENNS U SMUTENMANBHBIX KNETOK. 3TU M3MEHEHUs MOHYT 6bITb Mo-
cneicTBMEM MUMEBLLIETO MECTO F/I0Mepy/oHedPUTA MU TMNEPTOHUM W OHU 0GBACHSAIOT NPOTEUHY-
puvto, HabnoaaoLLyoCs NpY KNyGoUuKax, KaXyLMXca Noj oNUTYECKUM MUKPOCKOM UHTAKTHLIMMU.

BbISBBAHHAA HOBbIM METOAOM 3KCIMEPUMEHTANIBHAA TMOYEYHAA
TMMNEPTOHNA ¥ KPbIC

A. ®PEKETE, E. TAPAH

ABTOpPbI pa3paboTanyi HOBbI MeToA A5 Bbi3blBaHWA 3KCNEPUMEHTa/IbHOW NoYeYHol -
NepTOHUU Y KpbIC: MOYeYHast apTepusl Ha OfHOI CTOPOHE MOMHOCTLIO NepeBA3bIBAETCH, Ha ApY-
roii CTOpOHE He MPOBOAWTCA HUKAKOr0 BMELLIATeNbCTBA. Y MOAOMbITHLIX XUBOTHbLIX, MOOXE Ofi-
HOro roaa, 3a 30-HefeNbHbIA CPOK HabMIOAEHUSI aBTOPbl 0OHAPYXWU/M POYHOE MOBbILLEHNE
KPOBSIHOTO [AaBneHnst NpuGAn3NTeNbHO Ha 55 MM PT. CT., 3HAYMTE/IbHYIO FUNepTPOQOUIO cepaLa
1 NOYeK.

OBBEM MJIA3MbI, KPOBU 1 OBLLLNIA OBbEM BOAbl MPW 3KCMNEPVMEHTA/IbHOM
MOYEYHOW MTMMNEPTOHUN Y KPbIC

A. ®EKETE, N. ME3EW, N. TOT

O[HOCTOPOHHOI NepeBAI3KOI NOYEYHOW apTepun y KpbIC, MPU OTCYCTBMMU BMeLLIATE/IbCTBA
Ha KOHTpanaTepa/ibHO/ CTOPOHe, aBTOPbI BbI3bIBA/IM XPOHUYECKYH TUNepToHM0. Ha 13-oii 1 Ha
30—37-0li Hefensx rMNepTOHMYECKOro COCTOSIHWS aBTOPbl O0OGHAPYXWIW NPU HEU3MEHEHHOM
06L1eM 06beMe BOfbl MOHMXKEHUE 06beMa M/1a3Mbl Y KPOBU. Y MeHbLLEHWE NHTPaBa3a/ilbHOro 06be-
Ma aBTOpPbl CUMTAOT Pe3yNbTaTOM M3MEHEHUSI 40 CUX MOP elle HeBbIICHEHHOr0 MexaHu3ma pe-
HaNbHOM perynaumm obbema.

OEVNCTBUE UMNTOCTATUUECKUX MPEMAPATOB HA TMPUPACTAHUE
MACCUPOBAHHbIX YE/TOBEYECKNX AMHMNOHAJIbHbIX KNETOK

M. FTEPFTEW, I'. CABO, 4. CETEAW, B. ®EKETE, [i. METPAHW

ABTOPM OMMCLIBAKOT ObICTPbLIA M NPOCTOM MPOBOAMMBI N Vitro LMTOCTAaTUYECKUA TeCT.
CyTb MeTOofa 3aK/1HoHaeTcsa B onpefeeHnm npy noMowmn ???? KneTok, MmedeHbIX Crol NOHUXeHNA
CMOCO6HOCTU MpUpacTaHns YenoBeYeCKMX aMHUOHaNIbHbIX KNeTOK Mo B/VAHWEM LUTOCTATU-
YecKoro npenapara. ABTOPbl pacMaTpMBalOT BO3MOXHOCTb CBA3M MeXAY WHIM6MpoBaHMeM
npupacTaHua 1 BO3HUKHOBEHMEM MeTacTasoB.



NCCNEAOBAHNE MMMYHOINOBYNNHOB, TNMKOMPOTEMAOB W AHTUITEHA
ABCTPANTNA MPN XPOHUYECKUMX MNMEYEHOYHbIX BOMNE3HAX

A. PEXEP, 1. AKAB, . CUNBALWN

ABTOpbI OMpesenany pagmasibHbIM UMMYHOLN(DMY3NOHHBIM METOL0M B CbIBOPOTKE KpPOBU
XPOHMYECKUX KOHLEHTpaumo uMMmyHornobypuHos 1gG, IgA n IgM, a Takxe Lepy/ionaasMumHa,
anba-2-makpornobynmHa, 6eta-1-C rnobynuHa w TpaHceppuHa. [anee OHW uccnegoBanu
NacCUBHbLIM remMarr/lTUHALMOHHBbIM METOA0OM TUTP TyMOpasibHbIX aHTUTeN, pearvpyroLmx c
6e/1KOBbIMW aHTUIeHaMW KNETOUHbIX SAep, MUTOXOHAPMEB U PacTBOPUMBIX 6€/1KOB, NOMYYeHHbIX
13 a/1/IOFEHOBOM MeYeHW, a TakXe OHW onpeaensny MUKPOMETOLOM CBSI3bIBAHUSA KOMI/IEMEHTa
aHTUreH ABCTpasiMsa B CbIBOPOTKE 60NbHbLIX Y TUTP @aHTUTEN NPOTUB Hero. ABTOPbI 06HapYXnu,
YTO MPY XPOHNYECKOM MnepcucTupytoem renatute IgA n IgM, a npu XpoHNYeCKOM arpecCBHOM
renatuTe v Npu LMppo3se neveHn/cogepXxaHme Bcex TPeX MMMYHOI100y/IMHOB AOCTOBEPHO BblILLE,
YeM B KOHTPO/IbHbIX ciy4Yasx. [1pu XpoOHMYECKOM arpeccMBHOM renatuTe Hanbosee BblpaXKeHHoe
nosblweHne 1gG KoHUeHTpaums uepynonnasMvHa B CbIBOPOTKe U anba-2 MakpornobynvHa
MOBbILLEHbI NapanfeslbHO CO CTEMeHb BOCNA/IEHUA B CTPOME MeYeHW; KOHLeHTpauus beta-1-C
rnobynvHa u TpaHcheppuHa He MOBbILLEHbI B OLleHMBaeMoi Mepe. AHTUreH ABCTpasnsa u rymo-
panbHble aHTUTeNa aBToPbI LLAXOAW/M Yallle BCEro Npy XPOHMYECKOM arpecCMBHOM renartuTe.

NHOYUWPYIOWWME T[UMNEPCEKPELUMIO [/IOBY/IMHbI B KPOBU BOJIbHbIX
A3BOV OBEHALUATUMEPCTHOWM KULLKW

(Ha ocHoBaHWM f[0KNaja, CAENaHHOro Ha KOHrpecce TepanesToB B 1972 r.)
W. AOBWU, A. NETPAHMK

MprumnHa runepceKpeL M, CyLLIECTBYIOLLIEN B 3HAUUTEIbHOIM YacTy c/yyaeB A3Bbl ABEHA-
LLaTUNEPCTHOM KULLKW, HapyLLAIOLLEHA M3BECTHbIE PErynsaTOpHbIE MeXaHW3MbI, BCE eLLe He BbIsSCHe-
Ha. CNnobynnHoBas (hpaKLmMs B KPOBM rnepauuaHbIX 60/1bHbIX 1380V XelyaKa NpoBoLvpoBana B
CeMM U3 CEMHAALATM C/TyYaeB 3HAUMTENIbHYH0 TUMEPCEKPELIMIO B XKeNyAKe KpbIC. STUM BO3HUKAeT
BO3MOXHOCTb, YTO B fle/1e TMMEPCEKPELMUN COMSAHOM KWUCMOTbI B XKeNlyaKe B OnpefeneHHol yacTu
pO/b MOXET UrpaTh CTUMYIMPYIOLLMIA (haKTOP MMMYHOT106Y/IMHOBOIO TUMa, BO3MOXHO, ayTOWUM-
MYHHbIA MpoLiecc.

MCCNEJOBAHMNE METABOJINTA CEPOTOHMHA B JINKBOPE
N.’MONHAP, A. ®OJ0P, U. KAPLAT, A. CUNALU, . YABAPU

ABTOpPbI U3yyanun Ha cocTosiBLleM M3 95 60MbHbIX CMELUAHHOM Halipo-ncMxmaTpuyeckom
601bHUYHOM MaTepuane, cogepxxaHue 5-HIES B nukBope. Ha ocHoBaHWM CBOMX WUCCnefoBa-
HUIA aBTOPbI YCTAHOBUW/N, YTO B Pa3/IMUHbIX BO3PACTHbIX rpynnax KoHueHTpauusa 5-HIES pas-
NIMYHas 1 pasbpoc TakXXe A0BOMbHO 3HAUUTEbHbIA. BennunHbl B MOI040M 1 B MOXW/I0M BO3pa-
CTax CpaBHUTENbHO 60/ee BbICOKME, B CPEAHEM BO3pacTe — HUXXE, HO pasHULUa CpefHUK Beu-
U/H He ABNAETCA AOCTOBepHON. Cpean OTAeNbHbIX rpynn 60MbHbIX, HaMMEHbLUN OKa3anocb
cogepxxaHue 5-HIES B nvKbiope B rpynne 60/bHbIX genpeccueit (8,1 +4,5 Hr/mn), cpaBHUTENbHO
60nee BbICOKOE COfepXaHue aBTOpbl ONPeAensnn B rpynne 60/bHbIX 3NUMeNcueit N «opraHu-
YeCKUMU LepebpasibHbIMK MopaxeHnsim» (15,4+5,0 n 15,3+7,0 Hr/mn). HuxKe KOHUEHTpauyum
cojepXaHuns B 3TUX ABYX rpynnax 60MbHbIX OKas3anacb KoHueHTpauusa 5-HIES B rpynne, He
nosyyasLLeli MegnkameHToB. (PasHMUA HeoCTOBEPHAs), Y ABYX 6OMbHbLIX C TSXENbIM Mopaxe-
HWeM CTBOS1A MO3ra, y 0fHOro 60/IbHOr0 C KOMMpPeccuelri CMNWUHHOIMO Mo3ra W y OLHOro 60sb-
HOro Ta6o-napainM4yHoM aBToOpPbl HALLN KpaviHe HU3KWe BefMUMHbI cogepxanusa 5-HIES B nuk-
Bope (5—8 Hr/mn).

ABTOpbI Nprobpesbl OMbIT NCCeLOBAHUAMN HArpy3KoW TPUNTOhaHOM U NPO6eHULA0oM,
HaflesiCb Ha TO, YTO OHW 060raTAT WKany KANHUKO-6MOXMMUYECKMNX METOLOB.



N3MEHEHUA KOHLEHTPALMW TFNIMKOMPOTEWIOB CbIBOPOTKU TMPU
COEAVHUTENBHOTKAHHbBIX BOJIE3HAX W MPU APYTUX MATONOMMUYECKUX
MPOLIECCAX

n. AKAB, A. ®PEXEP

ABTOpbI UCCNefoBaIN U3MEHEHUA KOHLEHTpaunm rANKOMNPOTENLOB CbIBOPOTKU U UX
yrnesogHbIX KOMIMOHEHTOB Npwu 3aboneBaHmAX COE,EI.I/IHVITG]'IbHOVI TKaHU 1 npu gpyrux nartosaorun-
yecknx npoueccax. OHM KOHCTaATUPYIOT, YTO UCC/ef0BaHHbIE TNIMKOMNPOTENbl CbIBOPOTKU MpuU
OTAeNbHbIX MaTo/IOrM4YecKnxX npotueccax MeHAKTCA He OAMHAKOBbIM 06pa30M. rlOBbILIJaFOU.I,I/IVICH
XapaKTep KOHUeHTpaunn yrneBogHbIX KOMMOHEHTOB IIMKOMPOTENAOB CbIBOPOTKA O,U.MHaKOBbIVI.
ABTOpPbI YKa3bIiBalOT Ha TO, YTO NHAMBUAYAIbLHOE OMpeLe/IeHUEr/IMKONPOTENL0B CbIBOPOTKU MO-
JKeT OKa3blBaTb U UCMNOSTIb3YEMYH) B K/TMHUKE MOMOLLIb.

MOBEPXHOCTHbLIE MMMYHOINOBYJ/INMHbI NTNM®OLNTOB [MPU
AYTONMMYHHbBIX BOJTE3HAX

M. TEPFEN, 4. CETEAW, . CABO, 6. ®EKETE, [J. METPAHU

ABTOPbI MCCMEA0BaIN MPSIMbIM  MMMYHOM/IO0PECLIEHTHLIM METOZIOM HOCALLME WMMYHO-
rNo6yNnHbl NUMGOLMTLI 60/bHBIX, CTapajaloLMX ayTOUMMMYHHbIMU GONE3HAMU. Y ayTOMMMYH-
HbIX 60/IbHbIX C aKTUBHbIM 3a60/1eBaHMEM aBTOPbI HAGMOAANN YBe/IMUeHME MPOLEHTA KNeTOK
B. HeakTuBHble 60/bHble AaBanN Takue e pesy/bTaTbl, KAK U KOHTPO/bHbIE N, YBenude-
HWe MPOLEHTHOr0 COOTHOLLIEHWSI KNETOK B aBTopbl NPUBENN B CBSI3b C YMeHbLLEHNEM abCoMioT-
HOFO YKcna UMPKYMPYIOWMX KNeTok T.

COOEPXXAHVNE VMMMYHOINOBYJ/INHOB B MOKPOTE W B CbIBOPOTKE TIPU
FEMETONOIMMYECKNX BOME3HAX, COMPOBOXAAKOLWWMXCA AEPULINMTOM
NMMYHOT NIOBY/IMHOB (MAPAMPOTEVHEMUW, TNUM®OUNAHAA JIENKEMUA)

X. MUCNAW, A. NTATAK®ANBBAU, N. BAPAHAW, . KEBEWMW, T. ABOP

ABTOpbI OMpesensnn cojepXXaHne MMMYHOr06Y/IMHOB B MOKPOTE U B CbIBOPOTKE 22
60/IbHbIX, CTpajAloLLMX CUHAPOMOM BTOPUYHOIO HefocTaTKa B aHTUTENax (XpPOHMYecKast M-
thompaHan neinkemms, muenoma) N 25 60NbHbLIX OGPOHXUTOM, Y 60/bHbIX C HELOCTATKOM B MMMY-
HOr06YIMHAX BeNMUUHBI KOHLUeHTpauunu IgA n IgM no cpaBHEHMI0 C HOPMa/IbHbIMW KOHTPOSA-
MV JOCTOBEPHO MOHM3MUAMCL. CofepXKaHne MMMYHOr106Y/TMHOB B MOKPOTE 6b1/16 NOBbILLEHHLIM M0
CpPaBHEHMWIO C BeMUMHAMU GpOHXMTMYecKol rpynnbl. KonuuectBo IgG 6b110 yMepeHHO, KOu-
yecTBO IgA 1 IgM — f0OCTOBEPHO MOBbILLEHO. ABTOPbI CHUTAIOT MOBbILLUEHWE COePXaHUS UMMY-
HOr106YyIMHOB B MOKPOTE 60/IbHbIX C MMMYHHbIM HEAOCTATKOM KOMMEHCATOPHbIM.



IMMUNOLOGICAL ASPECTS OF ALLERGY
AND ALLERGIC DISEASES |—II

edited by E. Rajka and S. Korossy

Vol. I: Studies in Experimental Immunology

Vol. Il: Clinical Immunology. Allergic Diseases

The first volume deals with the general principles of experimental immunology
and allergology. The various factors which have a part in the antigen-antibody
reaction and which set the course of up-to-date diagnostics are discussed in
several papers. The most recent results of research in the fields of transplan-
tation and tumour immunity are described.

In the second volume the problems of clinical immunology are discussed. The
different allergic diseases are described according to individual organs and
organ systems. The immunological aspects of acute and chronic infections*
allergic processes due to chemicals and drugs as well as various autoimmune
syndromes are given extensive treatment in the individual chapters.

The handbook is the work of several outstanding authors, each of them an ex-
pert of the respective fields.

The studies have been based on recent experimental work as well as on data
of the literature.

In English « The two volumes together approx. 1800 pages e« Cloth

AKADEMIAI KIADO
Budapest



PATHOPHYSIOLOGY AND PHARMACOLOGY
OF CAPILLARY RESISTANCE

by M. GABOR

In the first part of the monograph the physiological and pathological aspects of capillary
resistance are treated. The different methods used for measuring capillary resistance are
described followed by the discussion of the mechanism of petechia formation. Daily and
seasonal fluctuations of capillary resistance as well as its age, diet-and physical impact-(heat,
u.v. and X-ray irradiation) dependent changes are given extensive treatment. The author
also considers the methods of determining capillary resistance in the inner organs of experi-
mental animals and in the conjunctiva. Separate chapters have been devoted to the changes
in capillary resistance due to stress and to the practical implications, respectively. Various
diseases in which capillary resistance might be changed, mostly decreased, are described.
In the second part all those drugs which may influence capillary resistance, are surveyed. The
last part of the monograph provides information on the hormonal and other control mechanisms
regulating capillary resistance.

In English « Approx. 320 pages ¢ Cloth

ARTERIAL LESIONS AND ARTERIOSCLEROSIS

edited by H. JELUNEK

This monograph discusses the pathological aspects of experimental vascular lesions brought
about by various damaging factors. Investigations have been made in most cases also on the
ultrastructural level. The authors compare model experiments as well as different vascular
changes in man with morphological characteristics of arteriosclerosis showing that arterio-
sclerotic changes appear in the final stages of model experiments. Several of their observations
are described for the first time in the literature, such as the appearance of crystalline-like
bodies in fibrinoid and their changes in hyaline, the role of smooth muscle cells in elastic
fibrillogenesis, vascular permeability changes in hypertension, the importance of lymphatic
drainage in the permeability of the vascular wall or the role of lymphatic vessels in arthero-
genesis.

In English « Approx. 300 pages ¢ Cloth

AKADEMIAI KIADO
Publishing House of the Hungarian Academy of Sciences
Budapest
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UNTERSUCHUNG DER PLASMAEIWEIR-EINDUNG
DER HARNSAURE BEI GICHTKRANKEN

Von

Erzsébet Hollander

1. MEDIZINISCHER LEHRSTUHL (LEITER: DR. P. SCHWARZMANN)
DES INSTITUTS FUR ARZTLICHE FORTBILDUNG, BUDAPEST

(Eingegangen am 2. Oktober 1972)

Zusammenfassung

Die plasmaeiweiBgebundene und die freie Harns&dure wurden mittels Sephadex-
Gelfiltration getrennt. Bei der Kontrollgruppe betrug die Menge der eiweilgebunde-
nen Harnsaure 20,3% der Gesamtharnsdure, wahrend bei den Gichtkranken diese
Zahl 16,9% ausmachte. Mittels 14C-2 Harns&ure lieR sich im Normalplasma eine EiweiR-
bindung von ahnlicher GréBenordnung nachweisen. Bei Arthritis urica betrdgt die
zum Plasmaeiwei gebundene Harnsdureaktivitdt nur 46% der Norm. Das Plasma
des unbehandelten Gichtkranken ist zur Bindung groRerer Harnsduremengen féahig,
als das der mit Allopurinol behandelten Patienten.

Bei Hyperurikdmie ist die absolute Menge der gebundenen inaktiven Harn-
saure, trotz der niedrigeren Bindungsproportion signifikant hoher, als bei der Kontroll-
gruppe. Die normalen Plasmaeiweifle sind ihrer harnsdurebindenden Féahigkeit zufolge
bis zu einem gewissen Grade fahig die Gewebeausfdllung der Harnsdure zu hemmen.

Unter den mittels Papierelektrophorese getrennten PlasmaeiweiBfraktionen
bindet sich die markierte Harnsdure zu den Globulinen ou und Rv

Die Pathologie der Gicht, dieser altbekannten Krankheit, ist auch heute
noch gréfRtenteils ungeklart. Nach dem zweiten Weltkrieg stieg die Héaufigkeit
der Krankheit in bedeutendem Male an, sodall selbst die atypischen Félle
erkennt werden kénnen. Dieser Umstand lenkte unsere Aufmerksamkeit auf
die Kldrung einiger Fragen der Pathogenese.

Das grundlegende diagnostische Kriterium der Krankheit ist die Erho-
hung des Plasma-Harnsdurespiegels. Die freie, nicht eiweifgebundene Harn-
séure ist bekanntlich jener Faktor, durch den die Gewebeausfallung beeinfluf3t
wird. Das Ziel unserer Untersuchungen war die Kl&rung jener Frage, ob sich
in bezug auf die harnsédurebindende Kapazitdt der Plasmaeiweife von Normal-
personen und Gichtkranken irgendwelche Unterschiede nachweisen lassen.
Laut der Literaturangaben ist die Harns&ure-Proteinverbindung von unter-
schiedlicher GréRenordnung. Sheikh und Moller [10] fanden mittels U ltra-
filtration insgesamt 5% der Plasmaharnsdure in gebundener Form, wéhrend
Alvsaker [1] die Proportion der Verbindung im Normalplasma auf etwa
25—30% schétzte.

Im Laufe unserer Untersuchungen trachteten wir die folgenden Fragen
zu Kléren:
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1. Die GroRe des plasmaeiweifgebundenen Anteils des Plasma-Harn-
sduregehalts.

2. Besteht ein Unterschied in bezug auf die Bindung des 14C-2-Harn-
sduremolekils zum Plasmaeiweill zwischen Normalpersonen, behandelten und
unbehandelten Gichtkranken ?

3. Genaue Verteilung der eiweiRgebundenen 14C-2-Harnsdure und der
freien Harnsdaure.

4. Durch welche PlasmaeiweiRfraktion wird die Harns&dure gebunden?

Untersuchungsmethoden

Der Plasma-Harnsduregehalt wurde mit dem klassischen Verfahren von Fqlin und
Denis sowie mit der enzymatischen Methode (Uricase lyophilisiert praktisch wasserléslich,
Serva, Feinbiochemie) bestimmt [2, 4, 8, 9, 11]. Aus dem Extinktionswert des verdinnten
Plasmas bei der Spektrophotometrie (Zeise Spektrophotometer UV VSU2-P, Wellenldnge
290 m/() wurde der aktuelle Harnsduregehalt ausgerechnet. Zu Beginn wurden sédmtliche
Plasmaproben sowohl chemisch als auch enzymatisch analysiert. Da es sich jedoch anhand
des Vergleichs herausstellte, daR die Ergebnisse der beiden Verfahren nahezu von identischer
GroBenordnung sind und daR die Harnsduremenge, welche bei der chemischen Methode im
Laufe der EiweiBausfallung verloren geht, nicht mehr als 0,1 mg% betrdgt, haben wir des
weiteren den Plasma-Harnsduregehalt mit dem chemischen Verfahren und die niedrigeren
Harns&duremengen der fraktionierten Untersuchungen mit der enzymatischen Methode
bestimmt.

Die Trennung der eiweiRgebundenen und der freien Harnsédure erfolgte durch Chro-
matographie auf einer 240 mm hohen Sephadex-G-75-Sdule nach Porath und Flodin [7],
bei einer Trennungs-Molekulédrgewichtsgrenze von 40 000 [3].

0,5 ml frisch gewonnenes und zentrifugiertes menschliches Plasma wurde in einer
Azetatpufferlésung (0,05 M, pH 7,4) filtriert. Mittels eines automatischen Fraktionsempfén-
gers wurden insgesamt 14 Filtrate zu je 2 ml gesammelt und der Eiweilgehalt spektrophoto-
metrisch (Zeiss VSU2-P, Wellenldnge 260 m/i) bestimmt. Die Plasmaeiweie waren in den
Filtraten 3—8 vorzufinden. Die eiweiBhaltigen Fraktionen wurden mit 50 y Harnsdure (pro
anal.) versetzt und der Gesamtharnsduregehalt ebenfalls spektrophotometrisch bestimmt.
Zundchst wurde das System mit 1 mg Urikase (Serva Feinbiochemie) versetzt und im Wasser-
bad bei 37°C 1 Stunde lang inkubiert. Die zuriickgebliebene Harnsduremenge wurde photo-
metrisch gemessen. Die Konzentration der eiweifgebundenen Harnsdure wurde unter Be-
ricksichtigung des Verdinnungsgrades aus dem Extinktionsunterschied ausgerechnet.

Die Vorversuche sprachen dafiir, dal sich sowohl die angewandte Urikasemenge als
auch die Inkubationszeit zum Abbau der jeweiligen Harnsduremenge ausreichend waren.

Zur Untersuchung der Verteilung der gebundenen und freien Harnsdure diente 14C-2
Harnsdure (Amersham, Searle, Des Plaines, Illinois). Das Harnsaure-Isotop (Reinheitsgrad:
98—99% ) wurde in 0,05 M TRIS-Puffer ph 7,34 geldst; die Lésung enthielt 2 fic je ml Harn-
saure. 0,5 ml frisch gewonnenes, zentrifugiertes Plasma wurde mit Harnsdure von 0,2 fic
Gesamtaktivitat versetzt, sodann nach 30mindtiger Inkubation bei -j-20°C, sodann in 0,05
M TRIS-Puffer (pH 7,34) auf einer Sephadex G-75-Saule filtriert. Aus 15 Filtraten zu 2 ml
wurde nach vorangehender EiweifRbestimmung der eiweifhaltige Anteil gesammelt und die
Filtrate wurden bei 80°C eingetrocknet. Zundchst wurde das Untersuchungsmaterial in 10 ml
Packard-Insta-Gel Losung gelegt und die AKktivitdt mit dem Packard-Tricarb Liquidszin-
tillations-Spektrophotometer gemessen. Aus den Mittelwerten von 6 Parallelbestimmungen
wurde die Aktivitat der Blindprobe in Abzug gebracht und die endglltige Aktivitat der
einzelnen Proben auf 1 ml Plasma und 1 /rc Harnsdureaktivitat gerechnet in 103 c. p. m.
ausgedrickt.

Die Bestimmung der Verteilung der eiweiBgebundenen und freien Harnsdure unter
Anwendung markierter Harnsdure unterschied sich von der oben beschriebenen Methode
nur darin, daR die mittels Gelfiltration gewonnenen 15 Fraktionen einzeln eingetrocknet
wurden und die Aktivitdt eines jeden Filtrats zur Bestimmung kam.

Die Lokalisation der Harns&ure-Plasmaeiweil-Verbindung wurde papierelektrophore-
tisch bestimmt. 0,1 ml frisch entnommenes und zentrifugiertes Plasma wurde mit 0,2 /HC
markierter Harnsdure versetzt, und 1 Stunde lang bei Zimmertemperatur stehen gelassen.
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Hiernach wurde 0,05 ml des markierten Plasmas in Vcronal-Natrium-Puffer pH 6,8 bei 25°C
auf WHATMANSschen Papier Nr. 1 elektrophorisiert. Zwei Bestimmungen wurden parallel
vorgenommen; das eine Prédparat wurde mit Sauerfuchsin gefdrbt, das andere blieb unge-
farbt. Es folgte die prozentuale EiweiRbestimmung des gefdrbten Papierstreifens, wahrend
das ungefdrbte Préparat den einzelnen Fraktionen entsprechend in Streifen geschnitten
wurde. Die markierte Harnsdure wurde mittels 0,1 n NaOH 12 Stunden lang ausgeldst, und
nach Eluierung eingetrocknet. Des weiteren wurde die Untersuchung in der oben beschrie-
benen Weise durchgefiuhrt. Die Ergebnisse werden in c. p. in. angegeben.

Ergebnisse

1. Zu Beginn haben wir die eiweifgebundene Harnsdure mit Sephadex-
Gelfiltration bestimmt. So wurde das Plasma von 12 Gichtkranken und 10
gesunden, normourikdmiseben Personen analysiert. Vor der Gelfiltration fan-
den in sdmtlichen Fdllen Plasma-Harnsdure- sowie qualitative und quantitative
Eiweillbestimmungen statt. F&lle mit pathologischen Proteinwerten wurden
aus dem Untersuchungsmaterial ausgeschlossen. Da sdmtliche unserer Gicht-
kranken Mé&nner waren, wurden als Kontrollpersonen ebenfalls Manner gewahlt.

Bei Normalpersonen betrvig der eiweiBgebundene Anteil des Gesamt-
harnsduregehalts des Plasmas 20,3 * 1,56%; bei den Gichtkranken 16,9 %
0,6% . Der Unterschied erwies sich als signifikant (p < 0,05) (Abb. 1). Da
der Plasmaharnsdirespiegel bei Normalpersoncn 4,1 mg ~ 0,02% und bei
Gichtkranken 8,4 ~ 0,85% betrug, konnte es sich nicht darum handeln, dal
die Plasmaeiweile der Gichtkranken nur geringere Harnsduremengen zu

0Q _ p<0,05

L Y/A

Abb. 1. Mittels Sephadex G-75-Filtration nachgewiesene Verteilung der eiweiRgebundeneii
Harns&ure in Normal- und Gichtplasma
1= Normalplasma, 2 = Gichtplasma
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binden fahig wé&ren. Die unterschiedliche harnsdurebindende Kapazitit der
Plasmaeiweife von Normalpersonen und Gichtkranken ist somit, wenn man
die prozentuellen Werte betrachtet, nicht absolut signifikant, dagegen ist in
absoluten Werten die EiweilR-Harnséure-Verbindung stark signifikant. Die in
der Gichtgruppe gefundene Konzentration der gebundenen Harnséure (16,9%)
entspricht einem 1,43 i 0,05% Gehalt. Die 20,3% ausmachende Verbindungs-
proportion der Kontrollgruppe bedeutet einen Harnsduregehalt von 0,83 mg *
0,03% (P < 0,001).

Bei Gichtkranken wird somit eine geringere Proportion der Plasma-
Gesamtharnsdure durch Eiweil gebunden, die absoluten Werte zeigen aber,
dall die Menge der freien und auch der gebundenen Harnséure erhdht ist.

Die Ergebnisse dieser Untersuchungen informierten uns tGber die Menge
der eiweiBgebundenen Harnsdure mit nur anndhernder Genauigkeit, zumal mit
einer etwa 5%igen Fehlergrenze zu rechnen war.

2. Im Interesse der genaueren Analyse der Bindungsverhdltnisse der
Harns&ure bei gesunden, normourikdmischen Personen sowie bei unbehandel-
ten und behandelten Gichtkranken setzten wir unsere Untersuchungen mit
14C-2-Harnsdure fort. 33 Plasmaproben wurden untersucht, 10 stammten von
gesunden Personen und 23 von Gichtkranken. 12 der an Arthritis urica leiden-
den Patienten erhielten keinerlei Behandlung, 11 Patienten wurden téglich
200— 400 mg Allopurinol (Zyloric, Borroughs-Wellcome) verabreicht. Die
Ergebnisse veranschaulicht Abb. 2.

Abb. 2. Bestimmung der eiweiBgebundene 11G-2-Harns&urc in Normal- und Gichtplasm.a
1= Normalplasma, 2 = Gichtplasma
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Die Aktivitdt der eiweilgebundenen Harnsdure betrug in der Kontroll-
gruppe 8,34 x103 0,76 c.p.m. und bei den behandelten und unbehandelten
Gichtkranken 3,84 x 103~ 0,66 c.p.m. aus. Der p-W ert belief sich auf <0,001
und ist somit stark signifikant. Wird die markierte Harnsdureaktivitdt der
Kontrollfdlle als 100% betrachtet, so machte die eiweilBgebundene Harnséure-
aktivitdt der Gichtkranken nur 46% aus.

p< 0,05

Abb. 3. Verteilung der eiweilgebundenen 1,C-2-Harns&ure im Plasma von unbehandelten
und mit Allopurinol behandelten Gichtkranken
1 = behandelt, 2 = unbehandelt

Hiernach wurden die an Arthritis urica leidenden Patienten in zwei
Gruppen eingeteilt: In 12 Fallen wurde im Zeitpunkt der Blutnahme bzw.
wéhrend der 6tdgigen vorangehenden Periode keine medikamentdése Behand-
lung angewandt, wdhrend 11 Patienten taglich 200 —400 mg Allopurinol er-
hielten. Die Durchschnittswerte der Plasma-Harnsdurekonzentration machten
in der unbehandelten Gruppe 9,6 mg% und in der behandelten 5,1 mg% aus.
Die eiweiRgebundene Harnsdureaktivitdt betrug in der unbehandelten Gruppe
4,55 x 103 0,23 c.p.m. und bei der behandelten 3,523403" 0,55 c.p.m. Da
p < 0,05 ausmachte, lagen die Werte an der Grenze der Signifikanz. (Abb. 3)
Die im Prozentsatz der Normalkontrolle ausgedrickte Aktivitdt betrug bei den
unbehandelten Patienten 54,5% und bei den behandelten 41,8%.

3. Die Diffusion der eiweiRgebundenen 14C-2-Harnsdure-Makromolekeln
und der freien Harnsdure haben wir im Plasma von 3 Normalpersonen mittels
Sephadex-Gelfiltration untersucht. Die Mittelwerte der einzelnen Fraktionen
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sind in Abb. 4 dargestellt. Unter den 15 Filtraten zu je 2 ml enthielten
die Filtrate 3—8 eine Aktivitat; in den Filtraten 1—3 lieR sich keine nennens-
werte Aktivitdt nachweisen. Die Aktivitatssteigefung meldete sich in Probe 4
und 5; von hier an stieg die Aktivitdt stufenweise an und erreichte ihre erste
Spitze im Filtrat 8, d. h. im letzten, kein EiweiR enthaltenden Rd&hrchen
(25,87 X 103c.p.m.). Hier lieB sich somit 72% der eiweilfgebundenen Aktivitat
nachweisen.

Abb. 4. Trennung der eiweilBgebundenen und freien 14C-2-Harnsdure im Normalplasma
.................... gebundene Harnsaure, —emmmememmeeee-- freie Harnsaure

Nach der Fraktion 8 begann sich die Aktivitat pldtzlich zu vermindern,
bis in den Filtraten 10 und 11 das Maximum der freien Harnsdure erschien.
Auch auf diese Spitzenwerte folgte eine rasche Verringerung, das Filtrat 15
enthielt bereits keine AKtivitdt.

W éahrend die eiweilfgebundene Gesamtaktivitdit 35x103 c.p.m. aus-
machte, betrug die Aktivitdt der freien Harnsdure 242 X103 c.p.m. Die Er-
gebnisse unterscheiden sich wenig von den Werten der nicht fraktionierten
Messungen. Mit der Isotoptechnik fanden wir im Normalplasma 20,9% ge-
bundene und 79,1% freie Harnsaure.

4. Im Interesse der Feststellung der Lokalisation der Harnsdure-Eiweil3-
bindung wurden 14 Plasmaproben analysiert (8 von unbehandelten Gicht-
kranken und 6 von Normalpersonen). In der Albuminfraktion der Gicht- und
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Kontrollplasmen war nur eine dem Blindwert entsprechende AKktivitdt vorzu-
finden. Die c.p.m. in der al-Fraktion war in beiden Gruppen niedrig und ob-
wohl sich die bei den Gichtkranken registrierten Werte als héher erwiesen, war
der Unterschied nicht signifikant. Das Maximum der 14C-2-Harnsdureaktivitit
konnte auf dem Gebiet der a2 und /Sj-Globuline ermittelt werden, wobei sich
im Plasma der Gichtkranken signifikant hdéhere Werte nachweisen lieRen
(p 0,001). Die sich in den /?2Globulinen meldende Harnsdureaktivitat war

Abb. 5. Bindung von 14C-2-Harnsaure durch die PlasmaeiweilRfraktionen bei Gichtkranken
und Normalpersonen
1= Normal, 2 = Gicht

in beiden Gruppen identisch. Die Ergebnisse sind in Abb. 5 dargestellt. Die
Gesamtmenge der freien Harnsdure trat auf den Randteilen der y-Globulin-
fraktion in Erscheinung. Unsere Beobachtungen sprechen dafiir, daB y-Globulin
die Harnséure nicht bindet.

Besprechung

Die Zielsetzungen unserer Untersuchungen waren die GréfRenordnung
bzw. Lokalisation der Harnsdure-EiweiBbindung zu kl&ren, sowie auf die
Fragen eine Antwort zu erhalten, ob die Anderung der Bindungsproportion
von Harnsdure-Protein in der Entstehung des akuten Gichtanfalls sowie der
Knochengelenks- und renalen Ausféllung irgendeine Rolle spielt.

Die Sephadex-Gelfiltration eignet sich zur Trennung niedermolekuldrer
Substanzen, wie z. B. harnsdurige Fraktionen. Mittels Gelfiltration lassen sich
der freie und der gebundene Anteil der Harnsdure leicht trennen, wdahrend
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durch AKktivitdtsmessung die Genauigkeit der Bestimmung gesteigert wird.
Durch Aktivitditsmessung kann die Zahl der sich zu den noch freien Stellen der
PlasmaeiweilRe bindenden 14C-2-Harnsauremolekeln bestimmt werden; diese
W erte sind der absoluten Menge der eiweiBgebundenen Harnsdure proportional.

Die obigen Untersuchungen ergaben, dal die Menge der eiweifgebunde-
nen Harnsdure bei gesunden, nicht hyperurikdmiseben Personen 20,3—20,9%
des Gesamtharnsduregehalts ausmacht. Die normalen Plasmaeiweifle, was
Menge und Zusammensetzung anbelangt, vermdgen somit, ihrer harnsdure-
bindenden F&higkeit zufolge in hyperurikdmischen Zustdnden die Menge der
aktiven, freien, sich in den Geweben prézipitierenden Harnsiure gewisser-
maRen herabzusetzen, da sie die Umwandlung der freien Harnsdure in inaktive
Harnsdure bewirken.

Bei hypoproteindmischen Zustdnden, so z. B. bei sich zu Gichtniere ge-
sellender Nephrose vermindert sich die Menge und wahrscheinlich auch die
harnsdurebindende Kapazitdt der Plasmaeiweille. Gleichzeitig steigt die Menge
der aktiven freien Harnsaure sowohl in absolutem, als auch in relativemM aR an.
Uber die sich nebst dem pathologischen Eiweilbild entwickelte Harns&ure-
Proteinverbindung wollen wir spéter berichten.

Durch Allopurinol, das heute als das meistverwendete Medikament bei
der Behandlung von Arhtritis urica gilt, wird die Harnsdure aus der Eiweil3-
bindung geldst. Fiur das Gesagte liefert auch unsere experimentelle Beobach-
tung einen Beweis, laut der das Plasma der behandelten Gichtkranken zur
Aufnahme kleinerer Harnsduremengen fahig ist, als das der unbehandelten
Patienten, d. h., daR die 14C-2-Harnsdureaktivitat des Plasmas der allopurin-
behandelten Gichtkranken im Prozentsatz der normourikdmischen Personen
niedriger ist. Angesichts dessen, dall das Plasma der Gichtkranken weniger
exogene Harnsdure zu binden féhig ist als das der Unbehandelten, steigt auf
W irkung von Allopurinol die Menge der freien, aktiven Harnsdure relativ an.
Die Erscheinung liefert eine Erkldrung unserer friherer klinischen Beobach-
tungen, laut deren sich in der Initialperiode der die Harnsduresynthese hem-
menden Behandlung, trotz der abnehmenden Tendenz des Plasma-Harnsdure-
spiegels, haufig akute Gichtanfdalle melden [5, 6].

Im Laufe unserer Untersuchungen haben wir auch die Lokalisation der
Harnsdure-EiweiBverbindung festgestellt. Ai1vsaker [1] fand die Harnsdure
groRtenteils in Albuminbindung und in kleinerem Ausmaf in aj-Globulin-
bindung. Unter den angefihrten Versuchsbedingungen vermochten wir keine
Harnsdure-Albuminverbindung zu beobachten, in den ax und /?2-Globulinen
war die Verbindung von geringem Ausmal, wahrend sich die a2-, /Sj-Globulin-
Harnsdure-Verbindung fir ausgeprégt erwies. Die Abweichungen finden ihre
Erkldrung annehmbar in der Verschiedenheit der Methoden. Die a2 und Bx-
Globuline der Gichtkranken haben signifikant mehr Harnsdure gebunden, als
die entsprechenden Globulinfraktionen der Kontrollpersonen.
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Diese Messungen ermdglichten die Bestimmung der Lokalisation der

Harnsdure-EiweiBbindung und es gelang uns mit der elektrophoretischen
Methode den Umstand zu beweisen, daB die Plasmaeiweille der Gichtkranken,
insbesondere die a2 und Bj-Globuline groBere Harnsduremengen binden, als
die normalen Plasmaeiweille.

we

D

Herrn Prof. Dr. E. Endkoczi wollen wir fiur seine liebenswirdige Hilfe und seine
rtvollen Ratschlage auch an dieser Stelle unseren herzlichen Dank zukommen lassen.
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In 70 patients with renal disease repeated biopsies were made. According to
the findings, three groups could be distinguished, viz. 1) healing; 2) persistence of
the changes revealed by the first biopsy; 3) deterioration. In Group 1 the only light
microscopic indication of earlier glomerulonephritis was an occasional minor increase
of the mesangial matrix and slight mesangial hypercellularity. The immunohistological
findings were negative. Electron microscopic evidence of earlier glomerulonephritis
was confined to an occasional fusion of the foot processes, the presence of lipid droplets
in epithelial cells and vacuolisation of endothelial cell. In Group 2 the light micro-
scopic findings were the same as at the first biopsy. In a number of cases immuno-
histology revealed the disappearance or decrease of the immune deposits; the base-
ment membrane and the mesangium exhibited fibrin deposits. The relationships
between fibrin and the course of glomerulonephritis are discussed. Electron micro-
scopy revealed, in addition to immune deposits, numerous “moth-eaten” defects of
the thickened basement membrane. In Group 3 there was light microscopic evidence
of local adherence and hyalinization of glomerular tufts. The immunohistological
findings were similar as in Group 2. The electron microscopic features included hyper-
plasia of the mesangial matrix, thickening of the basement membrane, fibrin deposits
on the basement membrane and the mesangium, and “moth-eaten” defects of the
basement membrane.

Needle biopsy of the kidney offers visual information on the renal
disease at its onset and allows to follow its course and to correlate the clinical
results of therapy with morphological evidence of the improvement, stagnation
or deterioration of the process and thus to assess the further changes of the
patient.

The present report sums up the results in 70 cases of renal disease of
renal biopsy performed on 2, 3 or 4 occasions for a closer study of the suc-
cessive stages of the process.

Material and Method

The material consisted of 70 patients with renal disease; in 64 of them two, in 5 three,
and in 1 patient four successive renal biopsies were performed. Electron microscopic studies
were carried out in 25 cases.

Renal needle biopsy was performed by means of an X-ray television screen, accord-
ing to Kark and Buenger [15], using a Franklin—Yim —Silverman needle.

The biopsy material was fixed immediately in 70% ethanol of 4°C for light micro-
scopic and immunofluorescence studies. For the latter, the specimens were processed by the
method of Sainte-Marie [22], the sections were incubated with fluorescein-isothiocyanate-
(FITC)-labelled anti-human 1gG, anti-human complement (C’), anti-human IgM and anti-
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human fibrin. (FITC-labelled antibodies were supplied by C. Hyland Travenol International,
GMBH.) Specificity was checked by inhibition, the sections being incubated first with uncon-
jugated, then with FITC-conjugated anti-human serum.

For light and fluorescence microscopic studies, an OPTON microscope with a HBO
200 W Osram lamp was used. Photographs were made with an automatic camera attached
to the miscroscope. The blocks processed for the immunohistological studies served also
for light-microscopy after staining with haematoxylin-eosin, PAS, Hart’s, methenamine-
silver (Jones), and Congo dyes.

For electron microscopy, the specimens after a short fixation in glutaraldehyde were
fixed in osmium tetroxyde and embedded in araldite. The sections were prepared with a
LKB-UIltratone IIl, contrasted with lead citrate and examined with a Hitachi-Hu 10, or a
JEM 6 AS electron microscope.

Results

Table | shows the morphological and immunohistological findings of the
first biopsy, compared with those of the subsequent biopsies. The terminology
of Churg, Habib and White [4] was adopted with the modification that the
membraneous (extramembraneous or epimembraneous) nephropathies were
subdivided on the basis of the light-microscopic and immunofluorescence
findings into three types. In Type I, the light microscopic changes are confined
to a fine thickening of the basement membrane with no spiky projections but
immunohistology showed 1gG and C’ deposits on the glomerular basement
membrane. Similar changes have been described by Seymour et al. [23] in the
early phase of epimembraneous nephropathy with slight or indistinct light-
microscopic changes. Bohle et al. [2] attributed these changes to acute
membraneous glomerulonephritis. We could, however, furnish immuno-
histological evidence of massive IgG and C’ deposits on the glomerular base-
ment membrane even in this early stage (Fig. 1). In fact, we regard this
finding as distinctive of membraneous glomerulonephritis Type I. Type Il is

Fig. 1. Membraneous glomerulonephritis Type I|. Light microscopic changes are confined

to a slight thickening of the basement membrane. Immunofluorescence reveals massive 1gG

deposits on the glomerular basement membrane. (Incubated with FITC-conjugated anti-hu-
man IgG)
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defined by the presence of spiky projections of the basement membrane in
addition to immunological activity. Finally, the features marking Type III of
membraneous glomerulonephritis include, in addition to the former changes a
fusion and hyalinization of occasional glomerular loops and of individual
glomeruli, in other words signs indicative of incipient chronicity but still too
indistinct to warrant the diagnosis of chronic glomerulonephritis. Differen-
tiation of these three types was expected to provide abasis for the therapeutic
lines to be adopted. For instance, drug treatment of Type | is different from
that of Type Ill. In accordance with the classification by Churg et al. [4], the
group of diffuse proliferative glomerulonephritis consideration was given to
the mesangial, focal, crescent-forming and membranoproliferative types.
There was no exudative type in our series. Nor did our repeated biopsy material
include cases with minimal changes or focal sclerosing glomerular lesions. The
cases with histological features of associated pyelonephritis have been set out
separately in Table | because this type of pyelonephritis usually healed to
adequate therapy. We found it important to indicate the number of cases
in which vascular changes such as fibroelastosis or a lamellar hyperelastosis of
the interlobular artery had been revealed by the first biopsy. In Table I, the
findings of the last biopsy have been divided into three groups, viz. healing, no
change (persistence of the changes revealed by the first biopsy) and impairment.
The changes are also presented in which associated vascular changes or pyelo-
nephritis had not been demonstrated before the second biopsy.

Healing of the process was revealed in 10 out of 70 cases. The histological
types are shown in Table I. At the time of the first biopsy there were 1gG and
C’ deposits on the basement membrane (Fig. 2) in membraneous glomerulo-

Fig. 2. Renal biopsy of 14 year old boy. First biopsy: light microscopical finding typical

of membraneous glomerulonephritis, Type I. Immunofluorescence: massive IgG deposits of

granular character on glomerular basement membrane. (Incubated with FITC-conjugated
antihuman 1gG)
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nephritis | and I1; electron microscopy revealed a thickening ofthe glomerular
basement membrane with electrodense precipitates, in some cases on its sub-
epithelial in some others on its subendothelial aspect (Fig. 3), moreover the
foot processes were fused and the epithelial cells contained lipid droplets and
vacuoles. In a case of focal glomerulonephritis, subendothclial focal thicken-
ing of the basement membrane and focal proliferative changes were noted.

Fig. 3. Same case as Fig. 2. Electron microscopy shows focal thickening of basement mem-
brane, subendothelial deposits of electrodense precipitate. X 36,750

In the cases, regarded as healed on the evidence of the last biopsy, the
glomerular basement membrane had a membraneous appearence all through-
out. The residual light microscopic changes consisted of a slight hyperplasia of
the mesangial tissue and at the axial region there was a slight proliferation
of mesangial cells. In a single case only did the residual vascular changes
remind of the earlier inflammatory process. Immunohistology was negative
in all cases. The residual electron microscopic changes were confined to a slight
hyperplasia of the mesangial matrix (Fig. 4) and an occasional inhomogeneous
thickening of the glomerular basement membrane which was free from immune
deposits. There were still sporadic fusions of the foot processes. Some epithelial
cells were marked by oedematous swelling or lipid droplets and the endothelial
cells by vacuolation (Fig. 5).
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Fig. 4. Same case as Fig. 3. Repeated biopsy. Electron microscopy shows a thin basement
membrane, occasional fusion of epithelial foot processes; focal hyperplasia of the mesangial
matrix (X 4,750)

In 42 cases, the light microscopic changes were similar to those revealed
by the first biopsy. In 18 cases, the process tended to deteriorate, in other
words, to assume chronic features. One case of focal glomerulonephritis had
progressed into a diffuse glomerulonephritis. In 8 cases where no vascular
changes had been present at the first biopsy, the repeated biopsy revealed
fibroelastosis and lamellar hyperelastosis of the interlobular artery. In 2
cases, associated pyelonephritis had remained undetected until repeated biopsy.
The immunohistological findings were similar in these two groups. In 9 cases,
though there was a definite light microscopic evidence of glomerulonephritis,
IgG and C’ which had formed massive deposits at the time of the first biopsy
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Fig. 5. Female patient of repeated biopsy. By light microscopy and of immunofluorescence

the process had healed completely. Electron microscopy reveals a glomerular basement

membrane of normal thickness; oedematous swelling of epithelial cytoplasm; occasional
fusion of foot processes; swelling and vacuolation of endothelial cells (X 17,000)

(Fig. 6), were no longer demonstrable. (In other cases, the negative results were
indicative of a healed process.) While immunological activity was confined to
small patches (Fig. 7) or was absent, in a number of cases granular fibrin
deposits were demonstrable partly on the basement membrane, partly in the
mesangium (Fig. 8). This raised the possibility that stagnation or deterioration
of the process might be connected with the presence of fibrin. In 17 cases
deposits of IgG and C’ were confined to sporadic patchy areas, in 25 cases
immunological activity had remained unchanged. As regards the factors
accounting for the disappearance or decrease of IgG and C’, two possibilities
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Fig. 6. Male, 31 years. First biopsy. Glomerular basement membrane with massive IgG
deposits. (Incubated with FITC-conjugated anti-human 1gG)

Fig. 7. Same case as in Fig. 6. Repeated biopsy. The glomerular basement membrane shows
1gG only in patches instead of the former massive deposits. (Incubated with FITC-conjugated
anti-human 1gG)

Fig. 8. Repeated biopsy, same case as in Fig. 6, shows massive fibrin deposits of granular
structure on glomerular basement membrane and in mesangial connective tissue. (Incubated
with FITC-conjugated anti-human fibrin)
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Fig. 9. Marked thickening with moth-eaten defect of glomerular basement membrane (arrow).
(X 30,000)

may be considered. First, immunosuppressive therapy may have affected the
immune activity [23] or, else, the chronicity of the process may have been
responsible for it. In order to judge this, we had only to check how many of the
patients subjected to immunosuppressivetherapy have become immunonegative
or only slightly immunopositive, as opposed to those who had had no immuno-
suppressive treatment. In fact, 63 of the 70 patients had had immunosuppressive
therapy. Repeated biopsy failed to reveal IgG or C’ deposits in 16 cases; the
deposits were confined to patchy areas in another 16; and were unchanged in
22 cases. No immunosuppressive therapy had been given in 7 cases. In 3 of
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Fig. 10. Thickened glomerular basement membrane with tubular structures (arrow). Cyto-
plasmic vacuolisation of the epith elialcells and fusion of epithelial foot processes. (X 26,220)

these, 1gG and C’ were no longer demonstrable on the basement membrane
(spontaneous healing), in 3 the deposits had remained unchanged and in 1 they
had slightly diminished. Though the number of patients with no immunosup-
pressive therapy was too small to be conclusive, the proportion of those in
which immune activity remained unchanged was remarkably high. The other
alternative, namely that of chronicity, could also be supposed in the cases of
long-standing glomerulonephritis. However, consideration must be given to
the fact that, despite ofthe chronicity ofthe process, the IgG and C’ deposits on
the glomerular basement membrane remained none the less unchanged in 25
cases.
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The electron microscopic changes in the follow-up biopsy material were
studied in 25 cases. The change most essential in comparison with the first
biopsy was the presence of moth-eaten defects at numerous sites of the base-
ment membrane, presumably at those of earlier deposits of electro-dense
material. Actually, this material was still detectable at the periphery of the
moth-eaten defects (Fig. 9). In addition, the same material, though indistinctly
in some cases, was still observable at sites of the subepithelial or subendo-
thelial aspect of the thickened basement membrane. Some foot processes of
epithelial cells and also endothelial cells projected into the basement mem-
brane, and in 3 cases tubular structure were recognizable on the thickened
basement membrane (Fig. 10).

Discussion

The present findings indicate in accordance with published evidence that
immunosuppressive therapy results in a decrease or disappearance of 1gG and
C’-deposits on the glomerular basmeent membrane and in some cases in the
production of fibrin deposits.

The morphological features of renal disease have extensively been studied
by repeated biopsies. Miescher and Paronetto [19] noted a decrease in
glomerular 1gG in SLE patients on immunosuppressive therapy and considered
the fibrin deposits to be due to changes in the clotting mechanism or to the
vascular damage. Cameron [3] stressed the significance of two adverse factors
in the pathogenesis of glomerulonephritis, viz. complement and coagulation.
In fact, coagulation leads to local tissue lesions as a result of microthromboses
and inflammation. The mediator of inflammation is Factor X Il (Hageman-
factor) [20] which, on its part, may be activated by an antigen-antibody
complex, among others, while both plasmin and thrombin by the complement.
In this manner, coagulation activates the complement and gives rise to an
inflammatory process. Moreover, the complement by some unexplained
mechanism may initiate coagulation. In human proliferative and in crescent-
forming glomerulonephritis as well as in certain forms of experimental glome-
rulonephritis, fibrin breakdown products are demonstrable in large amounts
in the urine (Clarkson et al., [5]). This seems to be due to a degradation in
situ of the glomerular fibrin or fibrinogen deposite. Cameron [3] ascribes a
major part to chronic intravascular coagulation in the pathogenesis of human
glomerulonephritis. This would agree with our observation according to which
in glomerulonephritis with no tendency to healing glomerular fibrin deposits
are demonstrable even in the absence of immunological activity. Dodge et al.
[7] on the evidence of renal biopsy in children, reported on hypercellularity,
mesangial deposits and “humps” of the basement membrane in cases with no
tendency to regression 2 years after the onset of the process. The appearance of
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epimembraneous “humps” would be a sign of progression of acute glomerulo-
nephritis. In our own material there were, however, cases showing complete
regression in spite of the presence of epimembraneous deposits. Seymour et al.
[23] found in SLE nephritis that the immune deposits may significantly
change in amount, configuration and site in the course of the process. In the
case of successful therapy they decrease in mass and assume a pale, floccular
appearance indicative of partial resolution. However, the deposits may remain
unaffected by treatment and even increase or shift from subendothelial to
intramembraneous or epimembraneous sites. In our cases of glomerulonephritis
we, too, have observed a decrease and fading of the immune deposits, and in one
case, the deposits were subendothelial at the first and subepithelial at the
second, biopsy. Similar immunohistological findings have been reported by
Takebayashi et al. [24] and Lange et al. [17]. Ehrenreich and Churg [8],
on the evidence of electron microscopic studies of the successive stages of the
process suggested that the bulgings of the basement membrane were due to
subepithelial protein precipitates and that the subsequent diffuse thickening
of the basement membrane ensued as a result of an incorporation of the pre-
cipitate. With the further advance of the process the precipitate may dis-
appear from the basement membrane and leave moth-eaten defects, despite
the persistence of the diffuse thickening of the basement membrane. On the
evidence of other data [25, 18], in this form, too, there is a slight proliferation
of mesangial cells. We could confirm in numerous instances the presence on the
basement membrane of moth-eaten defects and of a faint precipitate. It has
been pointed out by Seymour et al. [23] that the humps of the basement
membrane appear 4 to 6 weeks after onset, and that their number is related to
the severity ofthe process. While in the view of these authors epimembraneous
glomerulonephritis does not respond to therapy, Rosen [21] noted regression
even in these cases. Remission in children was reported by Habib et al. [12],
and in adults by Hopper et al. [13]. Kobayashi [16] observed the trans-
formation of what appeared in the first biopsy as focal glomerulonephritis into
diffuse glomerulonephritis, confirmed by later repeated biopsy. We had a
similar case, but in our other patient with focal glomerulonephritis, recovery
was complete.

Renal biopsy allows to correlate the clinical symptoms and the morpho-
logical features. According to Heptinstall [14], haeinaturia and proteinuria
are often unrelated to the severity of the glomerular lesion. Berman et al. [1]
and Cohen et al. [6] reported on histologically confirmed glomerulonephritis
negative urinary findings. Conversely, glomerular changes may be absent
or confined to focal glomerulonephritis in patients with massive haematuria.
According to Heptinstall [14] diffuse mesangial cell proliferation (“lobular
stalks”) is indicative of chronicity or of a progressive tendency of the process
and maybe associated with persistent proteinuria. Further morphological signs
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of clinical progress include glomerular necrosis, fibrosis, capillary throm -
bosis, proliferation of Bowman’s capsule, adherence of glomerular tufts, and
the appearance of mesangial 1gG and C’ deposits. Our findings are in line
with these observations, since morphological normalization ensued in some of
our cases despite the persistence of positive urinary findings. This might be
due to the fact that despite apparent morphological healing there were still
some signs of the course of glomerulonephritis, such as mesangial hyperplasia
and occasional inhomogeneous thickening of the basement membrane. On the
other hand, in some other cases despite persistent glomerulonephritis the urine
was negative.

Tubular structures have been identified in the cytoplasm of glomerular
capillary endothelial cells in SLE nephropathy and also in glomerulonephritis.
According to Gysrkey and Sinkovits [10], Haas and Yunis [11], Garancis
et al. [9], these structures represent myxoviruses. In the present material
tubular structures were noted in the glomerular basement membrane in
three cases, hut these structures seemed more elongated than those descri-
bed in the endothelial cells. Clarification of their nature requires further
studies.
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Inhibition of the proteolytic activity of purulent sputum by normal human
serum and by sera of low ~-antitrypsin concentration has been studied. Sera of low
a,-antitrypsin concentration exerted a poor inhibitory action; the degree of inhibition
was in direct correlation with the (Xj-antitrypsin level.

Ever since 1963, when the relationship between pulmonary emphysema
and aj-antitrypsin deficiency had been first pointed out by Laurell and
E riksson [26] the subject has been extensively studied [3, 4, 6, 10, 16, 18,
19, 20, 36]. It has been confirmed that the deficiency is of a genetic nature
and of autosomal co-dominant transmission, and the proportion of homo-
zygotes (ZZ) in the normal population was estimated at 0.1% and that of
heterozygotes (MZ) at 5% [16, 20, 36]. The mechanism accounting for the
production of pulmonary emphysema in the individuals with inherited enzyme
deficiency is believed to he due to uncontrolled digestion of pulmonary tissue
by the proteolytic enzymes released from leukocytes and macrophages [17, 22,
23]. This is consistent with the observation that leukoproteases digest human
pulmonary tissue and haemoglobin substrate in the same way and that human
serum inhibits this activity on various substrates [22]. M-antitrypsin is the
prevalent proteinase-inhibitor in human serum. At normal concentrations it
accounts for approximately 90% ofthe total inhibitory capacity, the remaining
10% being shared between a2macroglobulin, cc2-antitrypsin, interalpha-
trypsin-inhibitor and (Xj-antichymotrypsin. The inhibitory activity of the last-
named factors is, however, insignificant [9].

aj-antitrypsin, as a non-specific proteolytic enzyme inhibitor, has been
shown to inhibit pancreatic elastase [37, 39], as well as trypsin, chymotrypsin,
plasmin, thrombin [33], proteases of bacterial or plant origin [21], kallik-
rein and leukocyte proteases [22, 23]. On the other hand, it does not affect
pepsin [24]. These observations have prompted us to examine to what extent
the proteolytic activity of purulent sputum was inhibited by normal serum
and by serum with deficient antitrypsin levels.
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M aterials and Methods

Serial dilutions prepared from sera of various aj-antitrypsin levels were studied for
their inhibitory effect on labile protease activity of purulent sputum. Sputum was collected
from subjects

a) having completed the British Medical Research Council questionnaire in respect
of the history (long-standing cough, expectoration) in the affirmative;

bj with purulent sputum at the time of study.

The pathologic sera were obtained from 40 to 60 years old non-smoking females with
non-specific chronic respiratory disease [36], the normal sera from an age-matched normal
female population. The serum a,-antitrypsin level was normal (0.80 to 1.2 mg/ml) in five,
intermediary (0.50 to 0.60 mg/ml) in five, and deficient (0.20 to 0.40 mg/ml) in five cases.
Total inhibitory capacity (TIC) was estimated by the method of E riksson [3] on the basis
of the inhibitory effect of serum on amidase activity of trypsin measured on a synthetic
substrate. The serum dilutions were 1:8, 1:16 and 1 : 32.

One to two g aliquots of the sputum sample were weighed on an analytical balance,
made up with distilled water to tenfold weight, mixed by means of a mixer for 30 to 60 min.,
and homogenized in portions in a Potter glass homogenizer. The volume of the agneous sus-
pension of approximately 10% thus obtained was measured, made up with analytical grade
NaCl to a concentration of 1 M, cooled to -)-2 to —4 °C and centrifuged at 16,000 r.p.m. for
15 min. The supernatant was poured off and processed immediately. Protease activity was
estimated on native bovine haemoglobin as the substrate (2% bovine haemoglobin in 0.05 M
phosphate buffer, pH = 7.5, with 1 :50,000 merthiolate as preservative, stored at 44°C
until use).

The components were

Control test Inhibition test
Sputum 1.0 ml 1.0 ml
Serum — 30—60—120 /N
Substrate 5.0 ml 5.0 ml

Physiological saline 120 //.

The haemoglobin substrate and the sputum-serum and sputum-saline mixtures, were
immersed in a water bath of 37 °C for 10 minutes. Then 5 ml of the haemoglobin solution was
added to the above mixtures and mixed. Two ml aliquots were withdrawn from the control
sample immediately and at 2 hours, from the other samples only at 2 hours, i.e. after incuba-
tion in a 37° Cwater bath. The portion withdrawn immediately served as the blank (zero
point). To the 2 ml portion, 4.0 ml of 0.3 M trichloroacetic acid was added, the mixture was
shaken and left to stand at room temperature for 30 min., and filtered. Five ml 0.5 M NaOH
and 1.5 ml Folin’s phenol reagent (1 : 3 dilution) were added to 2.5 ml of the filtrate and after
standing for 5 min., the extinction was measured in 1 cm cuvettes against distilled water at
675 nm.

The amounts of serum used were 30, 60 and 120 //1.

From the 2 hour extinction reading the blank value was subtracted; the ratio of the
extinction of the serum-free control sample and the serum-containing sample was expressed
in per cents.

Results

Inhibition of labile leukoprotease by sera of various antitrypsin levels,
expressed in per cents, is shown in Fig. 1. It is seen that normal sera, even at
dilutions of 1:16, exerted an inhibitory effect of 84 to 90 per cent, on the
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proteolytic activity of sputum, while sera from heterozygous subjects failed to
inhibit at dilutions over 1 : 8. Sera of homozygous subjects revealed a decrease
of inhibitory capacity (10 to 30%) at dilutions as high as 1 : 8.

The degree of inhibition was found to correlate directly with the ogJ-
antitrypsin level. The ability of individuals with homozygous and hetero-
zygous enzyme deficiency to inhibit leukoprotease activity was correspondingly
reduced (Fig. 1).

Serum dilutior

Fig. 1

Discussion

Purulent sputum contains two major leukoproteases, active at physio-
logical pH-levels. The labile leukoprotease of trypsin character is denaturated
by heating at 65°C. The stable factor, leukocytic elastase, is resistant to
temperatures of 65°C. Janoff and Scherer [11, 12] identified an elastase-like
enzyme in the granule fraction of human polymorphonuclear leukocytes. This
factor has been found to affect the elastic fibers and the basement membrane,
al-antitrypsin being inhibitory to its activity [13].

Proteolytic and elastolytic activities are absent from mucoid sputum
and are unrelated to any particular infecting organism [22]. Both types of
protease were shown to digest pulmonary tissue, the labile enzyme being more
active than the stable one [22]. Granam [8] and Rinderknecht [34] suggest
the possibility of a synergism between the two enzymes.
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The alveolar macrophages also contain proteolytic enzymes. Though the
proteolytic activity of these enzymes amounts to 10% only of that of the
leukocytic granules, their biological activity is greater, because they are less
liable to inhibition. Tobacco smoke has been found to elicit an intensive mac-
rophage activity [22]. McLaughltin [28] identified pigment-laden macrophages
in the vicinity of destructive lesions in smokers’ lungs as well as the sputum of
smokers. The brown pigment has been found similar to some components of
tobacco smoke and was made responsible for the increase in number, activity
and destructive potential of the macrophages of smokers’ lung. Fitzpatrick
and Hospelhorn [5] and Mandl and Keller [27] have shown a significant
variation in the chemical composition of the elastic tissue in emphysema that
the normal ratio between non polar and polar amino acids was shifted toward
the polar amino acid. Elastin consists of an inner core of polar and of an outer
shell of non-polar amino acids. The outer shell gives the fiber its elastic prop-
erties and the observed changes could be the result of proteolytic attack, and
would account for the changes in the mechanical behaviour of the lung in
pulmonary emphysema.

Adamson et al. [1] found that elastin content was decreased in the lungs
of subjects with (Xj-antitrypsin-deficiency and pulmonary emphysema. Elasto-
lytic activity may thus play a primary role in the production of pulmonary
emphysema [17, 37, 22], though the question whether the elastin or collagen
contents of the lung are modified in pulmonary emphysema is still contro-
versial [30, 31]. Pecora [32] found an increase of collagen in emphysematous
lungs. Adamson [1] and Johnson and Andrews [14], and Briscoe and
Loring [2] observed an age-related increase in pulmonary elastin and a loss of
pulmonary collagen, irrespective of the presence of emphysema.

Mustafa and Cross [29], studying the biochemical effects of proteolytic
enzymes at cellular and subcellular levels found that these enzymes inhibited
the respiration of cell homogenisates and mitochondria, as also ATP hydro-
lysis. This would suggest that proteases may not only damage the connective
tissue but also affect the integrity of the cellular and subcellular elements of
other pulmonary structures.

These lesions of the pulmonary parenchyma produced by proteases of
plant or bacterial origin are indicative of the potential role of these enzymes.

Goldring et al. [7] observed pulmonary lesions similar in morphology
to human emphysema of the panacinar type after the intratracheal injection
or aeorosol inhalation of papain, bromelain, ficin or bacterial proteases.
Liebermann [25] assumed that the plant-proteases acted merely by stimula-
tion of leukocyte and macrophage accumulation, and it is from these cellular
elements that the proteases of destructive action are released.

Kimbell [15] observed pulmonary emphysema in dogs 8 days after
exposure to aerosols of human and canine polymorphonuclear leukocyte
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homogenisates. The lesions were less extensive if rabbit leukocytes or canine
alveolar macrophages had been applied. Erythrocyte and monocyte homo-
genates were inactive in this respect.

The present findings, in accordance with data in the literature, thus lend

support to the protease pathogenesis by linking up the state of al-antitrypsin
deficiency with the production of pulmonary emphysema.
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The diagnostic value of renal venous native plasma pressor activity has been
studied by correlating its values with the findings of serial nephro-angiography and of
renal venous plasma renin activity in hypertensive subjects. Although renal venous
native plasma pressor activity was found to vary in proportion to the logarithm of
renal venous plasma renin activity, the falsely positive results make it none the less
unsuited for the replacement of the latter as a diagnostic test for the demonstration
of a possible involvement of renal arterial stenosis in individual cases of hypertensive
disease.

The primary significance of serial nephro-angiography in the clinical
study of renovascular hypertension has universally been accepted. Opinions
are divided on the choice of a procedure for the study of the functional involve-
ments of renal arterial stenosis. The majority of authors applies the renal
venous plasma renin activity (RV—PRA) assay in order to confirm or to
reject the suspicion of renovascular hypertension, in other words, the necessity
for surgical correction. On the other hand, McPhaul et al. [1, 2, 3] rely on
measurements of renal venous native plasma pressor activity (RY—NPPA)
for the clarification of relationships between renal arterial stenosis and arterial
hypertension. In addition to its simplicity, the latter method allows to measure
the resultant of the pressor and depressor activities in renal venous blood.
Since, however, the reliability of this procedure has been questioned [4] we
undertook acute experiments for the assessment ofits value [5]. We found that
a restriction of renal blood flow in dogs was followed by a significant increase
in RY—NPPA, due to a quantitative increase of pressor substances rather than
to increased concentration.

In the present study the diagnostic value of RV—NPPA has been ex-
amined in hypertensive subjects, comparing the results with those of serial
nephro-angiography and of renal venous plasma renin activity.

Material and Method

Thirtysix patients with hypertensive disease were studied. The possibilities of pheo-
chromocytoma, coarctation of aorta, nephritis, etc., having been ruled out, the subsequent
investigations were directed at the differentiation between essential and renovascular hyper-
tension. Mean systemic blood pressure (1/3 of systolic +2/3 of diastolic pressure) was above
100 mmHg in every patient, 17 of which had a diastolic pressure above 110 mmHg.
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Plasma and urine values were studied by the conventional procedures.

Antihypertensive treatment was discontinued 7 days before the test. For the stimula-
tion of pressor production, in the last three days a diet containing 10 mEq NaCl daily was
given and hydrochlorothiazide was administered in doses of 50 mg daily. Serial nephro-
angiography and sampling from both renal veins were performed by Seldinger’s method [6].

Renin activity was measured according to Boucher [7].

Estimation of RV-NPPA. The blood samples were collected in a recipient containing
one drop of concentrated heparin which had been pre-cooled and stored among salted
ice-cubes. The collected samples were then centrifuged at 4°C for 10 min at 5,000 g in a cooled
MSE centrifuge type MK2. Aliquots of 1 ml plasma were measured into pre-cooled flasks
stored in the deep freezer at —20 °C until the day of bioassay when the deep-frozen samples
were thawed at room-temperature and studied for pressor activity.

Bioassay. Home-bred male rats of 150 to 180 g body weight were subjected to bi-
lateral nephrectomy under ether anaesthesia 18 to 24 hours before the assay. Then the fasted
animals were anaesthetized with 1 g/kg urethan, and injected subcutaneously with 15 mg/kg
of 0.5% chlorisondamine-chloride (Ecolid Ciba) or 2.5 mg/kg hexaméthonium, in addition
to 0.5 mg/kg of 0.05% atropine, made up to 1 ml with a 5% polyvinylpyrrolidone solution.
40 to 60 min later bilateral vagotomy was performed and the trachea was cannulated. Blood
pressure was measured in the carotid artery with a mercury manometer and registered kymo-
graphically. A polyaethylene catheter was tied into the left femoral or jugular vein in the
interest of rapid and reliable application of the test substances.

The plasma samples were administered in a constant volume of 0.5 ml with 0.1 ml
Locke’s solution. Measurements were made at intervals of 5 to 8 min. Every sample was
titrated in accordance with the combinatorial rules on two rats and was administered to each
animal on two occasions.

The bioassay is based on the principle that the unknown substance has to be admin-
istered in a concentration corresponding to the activity of the standard. To find the dose
affording this concentration is a laborious procedure. The advantage of the present method
lies, in addition to dispensing with biochemical preparation, in the possibility of measuring
the activity of a given dose (0.5 ml) of the unknown substance (renal venous native plasma).

Evaluation. Native plasma pressor activity was estimated on the basis of the maxi-
mum hypertensive activity of the plasma samples, using as a standard 1, 2 or 4 ng angio-
tensin Il (Hypertensin, Ciha).

For the assessment of RV-NPPA, various criteria have been elaborated. Earlier the
RV -NPPA was considered pathologic if the hypertensive effect of 0.5 plasma was in excess
of 10 mmHg (McPhaul et al. [1]). Later this was modified by Grollman and Ebihara [8]
defining RV-NPPA as pathologic if the hypertensive effect of 1.0 ml plasma exceeded
that of 5 ng of standard angiotensin II.

For the quantitative comparison of the samples the following scheme was adopted.
Consideration being given to the differences in individual sensitivity of the animals, the
hypertensive activity of the plasma samples was defined by the quotient of the peak hyper-
tensive response in mmHg of the plasma sample and that of 1 ng angiotensin Il. Evalua-
tion was based on these quotients. RV-NPPA activity was considered abnormally high if
the quotient was more than 1.9, in agreement with the critérium defined by Grollman and
Ebihara [8]. According to retrospective analysis, localization is not possible unless RV-NPPA
of one side is abnormally high and there is a difference of more than 0.5 between the RV-NPPA-
quotients of the two sides.

RV-PRA was regarded as abnormally high if after provocation the value for the side
exhibiting a higher activity exceeded the values of 1,000 ng angiotensin 11/100 ml plasma/3 hr
incubation. The ratio of the two sides was defined by the renin quotient, i.e. the quotient
of the higher and the lower value. (In this manner the renin quotient was 1 or more.) The
quotient between the values for the side of higher and for that of lower activity had to be in
excess of 1.6 to be considered pathognomonic [9].

The result of serial nephro-angiography (SNAG) was regarded as pathologic if the
renal artery was narrowed to 50% or less of its lumen [10] and if in the phase of arterial arbori-
zation the excretion of contrast material was protracted [9].

Biometry. For statistical analysis of the data, Student’s two-sample t test or, in case
of unequal within-group variances (F test), the d test was applied [11]. The correlations
between the hypertensive effect and renin activity (RV-NPPA and RV-PRA) of the plasma
samples were tested also by regression analysis.
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Results

1. Renal venous native plasma pressor activity.

In order to test the diagnostic value of RV—NPPA, the data for the 36
patients were grouped according to Table I, representing the mean values and
the standard error of the mean (Table 1),

a) on the basis of RV—PRA;

b) on the basis of significant renal arterial stenosis;

c) in the case of a significant renal arterial stenosis, on the basis of

RV—PRA.

The values were compared between subgroups a), b) and c).

Since by our standards no pathologically high renin values were found
in the absence of morphological changes, the pathologic cases of group a) cor-
respond to those of group c), both forming a diagnostic subgroup of reno-
vascular hypertension.

a) RV—PRA.

The values for RV—NPPA were significantly higher in the subgroup of
increased renin activity than in that of normal renin activity. In the subgroup
of pathologically high renin activity, RV—NPPA on the side of higher activity
was 1.4 times, the difference between RV—NPPA of the sides of higher and of
lower activity was 3.6-times, as high as in the subgroup of normal renin
activity. At the same time, in the subgroup of increased renin activity, RV-—
PRA on the side of higher activity was 9 times, the renin-quotient twice, as
high as in the normal subgroup. The difference reflected in the clinical data
was confined to a biologically negligible difference in the specific gravity of
spontaneous morning urine.

b) Renal arterial stenosis.

There was no deviation between the subgroup of significant renal arterial
stenosis and the morphologically normal subgroup in respect of RV—NPPA
on the side of higher activity. On the other hand, there was a minor difference
in RV—NPPA between the sides of higher and of lower activities. In the case
of renal arterial stenosis, RV—PRA as well as the renin-quotient on the side
of higher activity were significantly above the values for patients with a
normal serial nephro-angiogram. Clinically there was again an insignificant
difference in the specific gravity of spontaneous morning urine.

¢) RV—PRA in significant renal arterial stenosis.

The RV—NPPA values for the side of higher activity as well as the
difference between the sides of higher and oflower activity revealed asignificant
deviation between the two subgroups, the difference for the positive subgroup
i.e. that of renovascular hypertension, being three times that for the negative
subgroup. In accordance with the grouping scheme on which the present
analysis has been based, the RV—PRA of the sides of higher and of lower
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activity as well as the renin quotient, differed in the two groups to approxi-
mately the same extent as in group a).

2. Relationship between RV—NPPA and RY—PRA.

Abnormally high RY—NPPA values were found in 6 patients; in 3 of
them the pathologic RV—NPPA values were associated with pathologic
SNAG and RV—PRA. In one case the renal artery revealed a significant

RV-NPPA
ap plasma

ap 1ng agll y=-0.893 (+0.5605)+1.000 (+0.1885) logx

RV- PRA
log angiotensin Ing/100ml-plasma/3h

Fig. 1. Renal venous native plasma pressor activity (RV-NPPA) plotted against log renal

venous plasma renin activity (RV-PRA). Each sample was estimated separately; statistical

analysis was based on 64 paired data derived from 32 patients. The correlation between
the paired data was highly significant (p < 0.001)

stenosis with a normal RV—PRA. In two cases the RV—NPPA had to be
dismissed as falsely positive since neither the morphological study nor RV -
PRA revealed any abnormality. These data might, however, reflect a difference
between the results of RV—NPPA and of RV—PRA estimations.

RV—NPPA and RV—PRA of the individual kidney were compared on
the basis of the overall data with the aid of correlation and regression analysis
(Fig. 1). A highly significant correlation was found between RV—NPPA and
the logarithm of RV—PRA, RV—NPPA increasing in proportion to the
logarithm of RV—PRA.

Discussion

In the interest of an adequate evaluation of RV—NPPA, the patients
were grouped from different points of view, as seen in Table I. No major
difference could, however, be found between the individual groups in respect
of age, blood pressure, clearance, urine and plasma constituents. Where both
serial nephro-angiography and RV—PRA were pathologic, mean RV—NPPA
values for the respective groups were likewise pathologic.
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On comparing the overall results, a significant correlation between RV —
NPPA and log RV—PRA was found (Fig. 1). Grollman and Ebihara [8]
noted abnormally high RV—PRA and RV—NPPA values in two thirds of
their cases.

On the evidence of the literature it seems no longer questionable that a
pathologic SNAG associated with a pathologically high RV—PRA is con-
clusive of renovascular hypertension and thus an indication for surgery. In the
present material no increased RV—PRA was found in the absence of morpho-
logical abnormalities. On the other hand, there were two cases with abnormally
high, falsely positive RV—NPPA in the presence of normal SNAG and normal
RV—PRA.

Estimation of RV—NPPA is considered fully informative and reliable
only by McPhaul et al. [1,3] and even these authors found it necessary to
narrow down their criteria of evaluation [8]. The present findings showed in
accordance with Thompson [4] that measurement of RV—NPPA, simple as it
may be, offers no substite for the estimation of RV—PRA.

According to recent evidence [12], RV—NPPA is closely related to the
amount of angiotensin | bound to an a2globulin in the venous blood of the
ischaemic kidney. The advantage of radioimmunoassay is that it suits itself
also for the measurement of angiotensin I.

*
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Total body cobalt irradiation of Balb/c mice with a dose of 1/5LD30 proved
to inhibit immune rosette formation. The irradiation reduced the number of rosette-
forming cells and suppressed the rosette-forming capacity of the remaining lympho-
cyte population. T lymphocytes were particularly sensitive to the irradiation.

When irradiation was given before the antigen or on the day of its administra-
tion, suppression of rosette formation was more marked than with irradiation follow-
ing the antigenic stimulus.

The results provide additional information on the immunocyte-suppressive
activity of ionizing radiation.

Lymphocytes of mice immunized "with heterologous erythrocytes are
binding the red cells in the form of a rosette [8, 9, 26, 37, 38]. Rosette formation
reflects one of the essential specific functions ofthe immunocompetent lympho-
cytes, i.e. their antigen-binding capacity [7]. The lymphocytes form the rosette
by means of specific receptors [17, 19, 32] which are present on the surfaces of
T and B lymphocytes, therefore the rosette phenomenon lends itself to the
study of both lymphocyte populations.

The lymphocyte receptors being most sensitive to immunosuppressive
factors, the rosette phenomenon to which intact receptors are essential, is
eminently suitable for the measurement of the immunosuppressive activity of
various drugs [1—4].

Inhibition of rosette formation by ionizing radiation has received little
attention. It has been reported that irradiation of spleen cells in vitro is in-
hibitory to rosette formation [27], hut evidence in vivo is lacking.

In previous studies the inhibition of rosette in vivo was found to be more
informative for the immunosuppressive effect of drugs than such tests in vitro
[20—22]. It was therefore expected to gain closer insight into the immuno-
suppressive effect of radiation by studying its effect on rosette formation in
vivo. For irradiation, cobalt was selected because of the facility of its dosage
and the homogeneity of its radiation.
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Material and Method

1. Immunization and irradiation of mice.

Inbred two months old male Balb/c mice were injected intraperitoneally with 3x10s
sheep red cells (SRC) on one occasion. Seven groups of 16 animals each were set up. Total
body cobalt irradiation of 150 r (46 R/min) was given to three groups prior to immunization
(at —10, —6 and —3 days, respectively), to one group on the day of immunization, and
to three groups after immunization (at 1, 2 and 4 days, respectively).

2. The rosette test and its evaluation.

The dynamics of rosette formation being taken into consideration, the tests were
performed on the 4th and the 8th day after immunization.

The capsule of the spleen was split lengthwise, the pulp was squeezed out, treated in
Potter-cell homogenizer. The suspension was taken up in Parker’s 199 medium containing
10% calf serum, aspirated through a 18 bore injection cannula for the elimination of stromal
residues, and after two washings the cell counts were adjusted to 2X KR/ml. Aliquots of
0.5 ml of each sample were incubated in 20 //g mi azathioprine and similar aliquots in the
medium, at 37 °C for 90 min. During this time blocking of the T-cell receptors by azathioprine
is achieved [5]. After incubation the suspensions were washed and adjusted to the original
cell count. Then 5xW &m1 sheep red cells were added to each sample in the same volume.
The suspensions were centrifuged at 200 g at 37 °C for 15 min, resuspended, and the number
of rosettes per thousand lymphocytes was counted on a slide. In addition, the number of
rosettes for the whole spleen was estimated on the basis of the spleen cell count.

The lymphocytes attaching a minimum of 5 SRC were regarded as rosette-forming
cells (RFC).

In the azathioprine-treated samples, only the azathioprine-resistant B-lymphocytes,
in the untreated samples both the T and B lymphocytes were forming rosettes. The difference
between the two values gives the number of T-cell rosettes.

Rosette inhibition by immunosuppressive agents (in the present case by cobalt irradia-
tion) was not considered significant unless the number of RFC was reduced by at least
25% [5].

Results

Fig. 1 demonstrates the reduction in the spleen cell count under the
effect of irradiation. A reduction occurred in every group. It was most marked
when irradiation was given close to or simultaneously with the antigenic

Control -10. -6. -3. 0. 1 2. 4. group
Fig. 1. Effect of Co-irradiation on the number of spleen cells
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stimulus. The decrease in spleen cell count was more significant on the 4th
than on the 8th day after immunization.
Fig. 2 illustrates the changes of the number of RFC after Co-irradiation.
The hatched portions of the columns represent the azathioprine-resistant,
the empty portions the azathioprine-sensitive rosettes.

Rosettes/1000 splenocytes

Fig. 2. Effect of Co-irradiation on the proportion of rosette-forming T and B lymphocytes

Irradiation administered prior to, or simultaneously with the antigenic
stimulus resulted in a more marked rosette inhibition than did irradiation
subsequent to immunization. This was demonstrable at the 4-day and 8-day
readings alike.

While on the 4th day after immunization the RFC were prevalently
azathioprine-resistant B lymphocytes, by the 8th day the rosettes formed by
azathioprine-sensitive T lymphocytes had gained preponderance. In all the
groups, the T cells were primarily affected.

Reduction in the number of RFC referred to the whole spleen is seen in
Fig. 3.

The number of RFC referred to the total spleen can be calculated on the
basis of the total number of spleen cells and of the proportion of RFC.
The figures thus obtained reflect the complexity of the rosette-suppressive
effect resulting from two factors, a reduction of the rosette-forming spleen-
cell population, and a blocking of the rosette-forming capacity of the remaining
lymphocytes.

The hatched portions of the columns represent the number of azathio-
prine-resistant, the empty portions that of the azathioprine-sensitive rosette-
forming lymphocytes.

Readings taken at 4 and 8 days after immunization showed that the
decrease in the rosette-forming cell population was more marked if the irra-
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X105 Rosette / Spleen

Fig. 3. Number of rosette-forming lymphocytes referred to total spleen

diation occurred a few days before or on the day of immunization instead of its
application after the antigenic stimulus. Further, Co-irradiation primarily
affected the T lymphocytes by reducing their population and by interfering
with the rosette-forming capacity of the remaining cells.

Discussion

It has long been known that immunosuppression belongs to the biological
effects of ionizing radiation, as reflected by the suppression of antibody pro-
duction [17, 30, 32], by the prolongation of skin homograft survival [10, 13, 14]
and by inhibition of skin reactions of tuberculin type [23, 25, 33, 35].

In addition to these tests, other procedures of more recent origin, based
on lymphoblast transformation, inhibition of lymphocyte migration, lympho-
cytotoxicity in vitro, rosette formation etc., allow to estimate the immuno-
suppressive effect at the cellular level [29, 36, 20— 22, 31]. Of these procedures,
the lymphoblast transformation test has already been used for the measure-
ment of the immunosuppressive effect of ionizing radiation [24], but the
rosette inhibition test in vivo has not yet been employed for this purpose
despite its high sensitivity to immunosuppressive factors.

It has been demonstrated by the present study that Co-irradiation
affects the immunocytes. The cells of T and B types are of different radio-
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sensitivity. Co-irradiation interferes in the first place with the rosette-forming
capacity of the T lymphocytes. This implicates that the immunosuppressive
effect of gamma-radiation primarily affects the cell-mediated immune re-
actions. This observation is in line with the data in the literature concerning
the high resistance of antibody-forming cells to ionizing radiation [15, 28, 34]

As already mentioned, 0soba [27] found that irradiation in vitro
inhibited the rosette formation by spleen cells. The rosette inhibition test in
vitro is, however, not conclusive enough to he accepted as a reliable indicator
of immunosuppression, not only because the rosette-suppressive activity of a
drug is not necessarily associated with immunosuppressive properties [29]
but also because cellular cooperation and the various repair mechanisms fail
to assert themselves in vitro.

In our experience, the inhibition of rosette formation in vivo by cyto-
static agents, corticosteroids, antilymphocyte globulin preparations may be
regarded as predictive of the chances of human immunosuppressive therapy
[20—22]. The fact that Co-irradiation is inhibitory on rosette-formation might
allow to assess by this method the immunosuppressive capacity of individual
radiation doses. This would be of high practical interest, since the immuno-
suppressive properties ofradiation are already utilized for homograft protection
[10] as also for the suppression of inflammatory processes of autoimmune
origin [31].
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The humoral immune response has been studied in various types of chronic
liver disease (chronic active hepatitis, chronic persistent hepatitis, cirrhosis of liver,
fatty liver) in 69 patients on the basis of the gamma-globulin level, sedimentation rate,
thymol turbidity test, serum levels of the three main immunoglobulins, antibacterial
antibody titres and factors of autoantibody character.

An enhanced humoral immune response was found to represent a common
feature of chronic liver disease associated with mesenchymal reaction. The data re-
ferred to above, in particular the immunoglobulin and antibody levels, proved indicat-
ive of the presence or of the absence of a mesenchymal reaction. High antibody levels,
especially for enteral bacteria, were found typical of chronic liver disease associated
with a mesenchymal reaction, in opposition to non-enteral bacterial antibodies which
remained practically unaffected. The presence of factors of auto-antibody nature
points to a probable involvement of autoimmune mechanisms.

Extensive experimental and clinical studies in the last two decades
showed that autoimmune factors may he involved in the pathomechanism of
chronic liver disease or even account for its pathogenesis [2, 4, 8—13, 16— 18,
21, 24, 25, 28—33, 36, 37].

Hypergammaglobulinaemia is a common feature of chronic liver disease
[1, 22, 27, 44]. Its development has been attributed to auto-antibodies sug-
gestive of an autoimmune mechanism on the one hand [12, 13, 28—30, 32, 33,
46], and to antibodies induced by exogenous antigens, on the other [6, 18, 19,
42, 43]. In this paper we shall report on studies of the humoral immune status
in chronic liver disease.

Material and Method

The 69 patients forming the present material were divided on the basis of the clinical
features, biochemical parameters and liver biopsy into the following groups

Chronic active hepatitis 20 cases
Chronic persistent hepatitis 13,
Cirrhosis of the liver 23,
Fatty liver 13,

For the assessment of the humoral immune system the following studies were car-
ried out.

1. Serum-proteins: gamma-globulin fraction (paper electrophoresis), red blood cell
sedimentation rate (W estcrgreen), thymol turbidity test.

2. Quantitative immunoglobulin estimation by the radial immune diffusion procedure
of Mancim et al. [26];
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3. Estimation of antibacterial antibody level by Takatsy’s micromethod [40] and the
microhaemagglutination and haemolysis-inhibition procedures of Backhausz et al. [3];

4. Identification of factors of autoantibody nature, by procedures described earlier [35];

— study of antigammaglobulin rheumatoid factor by the Rose-Waaler and latex-
reactions;

— indirect immunofluorescence according to Weller—Coons [45] for the study of
antinuclear factor (ANF) in calf thymus smears, and for anticytoplasm (antimitochondrial)
antibody (ACA), in rat kidney sections;

— autoimmune complement fixation for the study of antibodies to subcellular frac-
tions of homologous liver cells (nucleus, mitochondria, microsomes, supernatant);

— study of the LE-factor by means of the latex-nucleoprotein reagent of Hyland.

The mean titre of normal antibacterial antibodies was estimated in the sera of 114,
the serum immunoglobulins in 60 healthy adults. To these figures were referred the values
of the patients [34]. The results of the immunoserological tests were checked with those
obtained in 20 healthy young subjects [35]. For comparative analysis, Student’s two-sample
t-test, for that of the antibody titres as well as for the other laboratory results, the x2-test
was used.

Results

The parameters regarded as indicative of serum protein changes are pre-
sented in Fig. 1. The difference is obvious between the chronic active hepatitis
and fatty liver groups. Pathologically high values for gamma-globulin, erythro-
cyte sedimentation rate and thymol turbidity were significantly more frequent
in the patients with chronic active hepatitis than in those with fatty liver
(p <( 0.001 for gamma-globulin; p <' 0.01 for BSR and thymol turbidity). The
difference between chronic persistent hepatitis and fatty liver was not signif-
icant (p ]> 0.05). In cirrhosis of the liver, compared with fatty liver, only the
increase in the gamma-globulin level showed a significant difference (p <z 0.05),
in opposition to the two other parameters the distribution of which was similar
in the two groups (p 0.05).

The serum levels of the three main immunoglobulins are shown in Fig. 2.
The individual immunoglobulin values usually exceeded the normal mean. In
the individual groups, the difference was obvious between chronic active
hepatitis and fatty liver. While in the former group the serum levels of all three
immunoglobulins were significantly increased (p < 0.001), in the latter no
significant deviation from the normal values was demonstrable (p ]> 0,05).

In persistent hepatitis, the mean serum-IgA and IgM levels (p < 0.05
for both values), in cirrhosis of the liver, the serum IgG and IgA levels (p
0.01 for both values) were significantly increased.

Fig. 3 shows the antibacterial antibody titers (Fig. 3). Though there was
a difference between chronic active hepatitis and fatty liver, this was less
obvious than with the immunoglobulin values. The incidence of increased
salmonella-antibody titers was significantly higher in chronic active and
chronic persistent hepatitis than in fatty liver (p <( 0.01 for both groups). In
cirrhosis and in fatty liver, the salmonella antibody titre showed the same
distribution (p ]> 0.05).
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Fig. 1. Serum protein parameters

X Chronic active hepatitis

e Chronic persistent hepatitis
A Cirrhosis of liver

0O Fatty liver

The horizontal lines represent the limits of normal range

In the case of staphylo-alpha-antitoxin, no increase in antibody titre
indicative of enhanced immune activity has been found. In chronic hepatic
disease the incidence of an increased salmonella-antibody titre was significantly
higher than that of increased staphylo-alpha-antibody titres (p  0.001).

Fig. 4 showing the shigella-antibody titres, illustrates the tendency to
increased levels. The titre was higher than normal in significantly more cases
than the titre of staphylo-alpha-antitoxin (p <[ 0.001). The frequency of in-
creased shigella-antibody-titres was significantly higher in chronic active and
persistent hepatitis than in fatty liver (p 0.05 for chronic active, p 0.001
for chronic persistent hepatitis). In cirrhosis and in fatty liver the shigella-
antibody titres displayed similar distribution (p > 0.05).
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Fig. 2. Serum-immunoglobulin levels

The horizontal lines represent the normal mean iS E, the perpendicular arrows the mean
dzSE for the individual groups

Fig. 5 shows the E. coli antibody titres. The frequency of increased titres
was significantly higher for these antibodies too than for staphylo-alpha-anti-
bodies (p 0.001). The number of patients with increased E. coli-antibody
levels was significantly higher in the chronic active hepatitis (p  0.001) and
the cirrhosis (p < 0.05) groups than in the fatty liver group.

The frequency of factors of antibody character is shown in Fig. 6. In the
group of chronic active hepatitis there were more RF-positive cases than in the
other three groups together (p < 0.05). Immunofluorescence and complement
fixation reactions were found to be far more specific than the RF. In the
group of chronic active hepatitis both tests were positive in 18 out of 20 cases.
The results of immunofluorescence were negative all throughout in fatty liver,
those of autoimmune complement fixation in fatty liver and in persistent
hepatitis. In chronic active hepatitis the two tests yielded far more positive
results than in the three other groups together (p 0.001).
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Fig. 3. Salmonella-, O-AST, staphylo-alpha antibody titres
Horizontal lines: normal mean values

Discussion

Dysproteinaemia is common in chronic liver disease, as reflected by the
positivity of the colloid lability tests, the increased BSR, the high gamma-
globulin and immunoglobulin levels and the high antibacterial antibody titres
[1, 19, 22,27, 44].

Dysproteinaemia of this kind may be attributed in the first place to a
hyperfunction of the humoral immune system. This hyperfunction is closely
connected with the extent of periportal lympho-plasmacellular infiltration,
reflecting the degree of hepatic mesenchymal reaction [29], characteristic of
the types of hepatic disease. The reaction is most typical in chronic active
hepatitis and the least so in fatty liver. The parameters under study thus
reflect a sharp difference between the group of chronic active hepatitis and of
fatty liver. This is not always valid for individual cases, in all probability

because there may be occasional cases of fatty liver with signs of mesenchymal
reaction.
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Shigella Shigella Shigella Shigella
flexner 1 flexner 2 flexner 3. shonnei

Fig. 4. Shigella antibody titres
Horizontal lines: normal mean values

In the groups of persistent hepatitis and of cirrhosis of the liver the
parameters studied yielded normal as well as pathological values, owing to
differences in the mesenchymal reaction accompanying these forms of chronic
liver disease.

The changes of serum immunoglobulins regarded as typical of the in-
dividual types of chronic liver disease will not be discussed here, as our results
were largely consistent with data in the literature [7, 14, 15, 23, 38, 41]. It
must, however, he noted that no diagnostic conclusions have been drawn
from the immunglobidin findings in individual cases [29].

The antibacterial antibody titres did not seem to reflect the changes in
the serum immunoglobulin levels. This may have a dual explanation. First,
the antibacterial antibody titres studied are unlikely to follow closely the
serum immunoglobulin levels which represent in fact the totality of numerous
serum antibody factors, although the enteral antibacterial antibodies correlate
surprisingly well with the serum immunoglobulins. Second, the lack of a corre-
lation of the titres of certain antibacterial antibodies with the serum immuno-
globulin levels should not be dismissed as fortuitous. In particular, the absence
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Fig. 5. E. coli antibody titres
Horizontal lines: normal mean values

of high titres indicative of an enhanced activity in case of staphylo-alpha anti-
toxin gives some food for thought. In fact, the prevalence ofincreased immuno-
globulin and antibody levels in chronic liver disease has been connected to
enhanced antigenic stimuli by enteral bacteria, i.e. to an impaired hepatic
elimination of these antigens [5, 6, 42, 43]. The antibodies to enteral bacteria
(in the present case to salmonella, shigella, E. coli) are certainly more con-
sistent indicators of an enhanced immune activity than are the non-enteral
staphylo-alpha antibodies. This is, however, not entirely valid for O-strepto-
lysin antibody, a finding which seems to be at variance with the view referred
to above. Havens [18] noted an enhanced humoral immune activity in re-
sponse to active immunization with bacterial antigens in chronic liver disease
despite the non-enteral origin of the antigens [18, 19]. It may be of interest to
mention in this context that the most consistent rise in enteral antibody titre
was found in persistent hepatitis, where reversibility, i.e. complete restitution,
is common.

An increased humoral immune responsiveness may thus be regarded, on
the evidence of the present results, as a general feature of chronic liver disease
associated with a mesenchymal reaction. The studied parameters, in particular
the immunoglobulin and antibody levels, though being indicative of the pre-
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Fig. 6. Serum factors of autoantibody character

The columns represent the number of cases; their shaded portions, the positive cases

sence or absence of a mesenchymal reaction, offer no adequate basis for
diagnosis in individual cases.

Demonstration of serum factors of autoantibody nature may be helpful
in the detection of autoimmune patomechanisms [10, 23, 28—30, 33, 46], in
particular, as in the present study, in the differentiation of chronic active
hepatitis from other forms of chronic liver disease. Obviously, none of the
existing procedures are exempt of false-negative or false-positive results
[28, 30, 31].

Diagnosis of chronic liver disease is a complex task requiring clinical,
biochemical, histological and immunological data. Closer insight into the
pathogenesis, improvement of diagnostic possibilities, proper evaluation of the
therapeutic factors, are objectives stimulating research for new tools of in-
vestigation. It might be rewarding to assess the data reflecting the status of
cell-mediated immunity. Studies concerned with this question are in progress.

*
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EFFECT OF BETA-ADRENERGIC STIMULATION
ON CORONARY BLOOD FLOW
IN SEGMENTAL MYOCARDIAL ISCHAEMIA

By
A.Juhasz-Nagy and G. Grész

FOURTH DEPARTMENT OF SURGERY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST
(Received April 24, 1973)

The coronary haemodynamic response to the administration 0.1 /igkg-1min-1
to 1.6 /igkg~Imin_1 of isoprénaline was studied in anaesthetized open-chest dogs
with normal coronary flow and in myocardial ischaemia induced by ligation of the
anterior descending branch of the left coronary artery. Coronary blood flow was
studied by the direct measurement of coronary sinus flow. Local myocardial blood
flow of the ventricular area supplied by the descending coronary branch was studied by
the heat clearance method. Though a slight decrease in the overall beta-adrenergic
dilator response of the coronary system was found after occlusion of the descending
coronary branch, no significant change in the slope of the dose-response curves of
coronary dilatation was demonstrable. Isoprénaline was found to induce local vaso-
dilatation in the ischaemic area too, which was of the order of 50% of that recorded
prior to occlusion of the descending coronary branch. It is concluded that the collateral
vasculature responds to beta-adrenergic impulses similarly as the coronary system.

Beta-adrenergic stimulation is well known to result in a marked increase
in coronary blood flow, in association with an increased ventricular contractility
and tachycardia. We ignore, however, whether after occlusion of a coronary
branch the collaterals supplying the ischaemic myocardial area are also capable
of dilatation. It is also uncertain whether the abnormal conditions resulting
from coronary occlusion are apt to modify the responsiveness of the coronary
adrenergic stimulation produced by the intravenous infusion of isoprénaline.
By using this drug no simultaneous alpha-adrenergic stimulation of coronary
vessels had to be taken into account, an event which would have still further
added to the complexity of haemodynamic conditions prevailing in the
ischaemic myocardial area.

Material and Method

10 dogs of either sex weighing between 14 to 22 kg were used. Anaesthesia was induced
with 0.11 g/kg of chloralose. The trachea was cannulated for positive-pressure respiration
with room air, at a peak pressure of 10 cm H2. The chest was opened in the fourth inter-
costal spaces. Thirty min before the measurements the animals were infused with 15 to 20
ml/kg dextran (Rheomacrodex). Bilateral cervical vagotomy was performed for the elimina-
tion of interfering reflex activity. Heparin served as anticoagulant; its first dose was 500
IU/kg body weight; the second, administered 90 min later, 250 IU/kg body weight.

Coronary flow was measured by two parallel procedures.

a) For measurement of venous outflow from the coronary sinus, a Morawitz cannula
6 mm in diameter provided with an inflatable balloon was inserted through the right auricular
appendage into the sinus, and the venous coronary blood was returned via a wide poly-
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ethylene cannula introduced through the central stump of the right jugular vein into the
right atrium. A catheter connected with the T-branch of the cannula was fixed at a level
corresponding to the right atrial pressure. It was opened for periods of 15 sec duration in order
to measure the effluent coronary sinus blood, using a graduated cylinder and a stop-watch.
The collected blood was then immediately returned to the animal. The pressure gradient
prevailing in the entire artificial circuit was not higher than 3 mmHg even at peak blood flow.

b) The heat clearance method was applied for studying myocardial flow in the area sup-
plied by the anterior descending coronary branch. The atraumatic, heated, flexible copper-con-
stantan thermal probe was inserted into the myocardium at a distance from the major
coronary branches and fixed with an epicardial stitch distal to the site of measurement.
Heating was provided by stabilized direct current and an initial temperature difference of
1.5 °C was established between the heated and the reference poles of the probe. Then the
temperature difference between the poles varying in inverse proportion to the flow was
continuously recorded on a compensograph of high sensitivity (Kipp-Zonen micrograph).
Tissue blood flow was expressed in per cents of 100% being the resting value found at the
beginning of the experiment. The zero point of the tracing was represented by the thermal
conductivity measured after having arrested the heart of the exsanguinated animal by an
electric shock.

Myocardial ischaemia was induced by occlusion of the anterior descending coronary
branch by means of a loop placed around it and pulled through a plastic tube. Occlusion
was effected at a level between the upper and middle third of the artery over the point where
it gives off a major branch running in oblique direction to the left ventricular margin. On the
evidence of our earlier findings (Urbanics and Juhasz-Nagy 1971), the ischaemia thus
produced involves approximately 20% of the left ventricular musculature. The thermocouple
was placed in every case within the ischaemic area which after the production of ischaemia
was certain to receive its blood supply exclusively from the collaterals. In order to study
collateral blood flow in a range as wide as possible, in individual experiments we varied the
distance of the thermal probe from the presumable centre of the ischaemic zone.

Arterial blood pressure was measured via a catheter passed through the carotid into
the ascending aorta by means of a Statham electromanometer and was registered on an
Elema-Mingograph. Mean systemic blood pressure was determined by electric integration.

The coronary response was partly defined by the variations of blood flow partly by
the values of vascular conductance calculated according to the formula,

Conductance (per cent) Qx pe Xioo
Qcx p

where Q and p represent actual blood flow and mean systemic blood pressure, respectively,
and Qc and pc the] respective control values. p02 and pH were measured in serial arterial
and coronary sinus blood samples with an Astrup apparatus in five successive experiments.

Dose-response curves of isoprénaline were determined by continuous infusion of the
drug, modifying its doses in a geometric proportion in the range between 0.1 /(gkg-'min _I
and 1.6 /tgkg-1min_1. After equilibration of the effects of increasing doses ensuing in 1.5
to 2, and of diminishing doses ensuing in 3 to 4 minutes, the haemodynamic responses were
registered, starting with the registration of the response of normal coronary flow to beta-
adrenergic stimulation under normal conditions. After a pause of 35 to 40 minutes the anterior
descending coronary branch was occluded and after stabilization of collateral blood flow
level the dose-response curves were determined again. The number of successive infusion
periods as well as the upper dose-levels were limited by the stability of the preparation. How-
ever, for the construction of the individual curves the response was studied at least in three
different ranges. Doses in the range of 0.2 Ggkii 'min 1and 0.8 ugkg-1min-1 were applied
in all experiments under both normal and ischaemic conditions and statistical analysis was
based on the responses to these doses. The effect of the maximum dose (1.6 ~g/kg_1min_1)
was studied in 8 of the 10 animals.

The results were evaluated statistically by Student’s i-test.

Results

The results clearly indicated that the response of the collateral system to
a beta-adrenergic stimulus basically corresponds to that ofthe normal coronary
system. The dose-response relationships of the calculated vascular conductance
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reflecting dilatation of the coronary system are represented in Fig. 1, indicating
the dose-response curves from every individual experiment. Beta-adrenergic
reactivity of local myocardial as well as of coronary sinus flow, is shown. In the
majority of the experiments, coronary occlusion was followed by a marked
decrease in local myocardial flow. However, in a few instances, especially when
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Fig. 1. Response of coronary vascular conductance to isoprénaline. Dose-response curves,

left side, on the basis of coronary sinus flow; right side, on the basis of myocardial flow.

A; normal state, B: myocardial ischaemia, ------ - averaged dose-response curves,
individual dose response curves

the thermal probe had been fixed in the apical region, the resting level of the
collateral blood supply hardly differed from that of the normal flow. In all but
one experiment, the administration of isoprenahne was followed by a marked
dilatation of the collaterals. This dilatation was unrelated to the resting flow
level. At the same time, the dilator collateral response was slightly weaker than
the local reaction of normal coronary sections supplying the same ventricular
area. The average slope of the dose-response curves in the ischaemic state
differed significantly (p < 0.05) from that of the controls.

Overall vasodilator responses of the coronary system were found to be
more pronounced than those of the tissue blood flow, a phenomenon described
by us earlier (Juhasz-Nagy and SzentivAnyi 1973). On the other hand, after
the production of ischaemia, only slight modifications were demonstrable in
the overall flow response, although the doses-response curves were generally
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shifted to the right in consequence of some lowering of the baseline of blood
flow. The decline in the average slope of the curves was, however, not sig-
nificant statistically (p 0.50).

A typical experiment including the dose-response curves is shown in
Fig. 2 and the statistical evaluation of the responses in Tables | and II. It is
seen that, with the exception of the modifications of flow in the directly
affected ventricular segment, coronary occlusion in itself failed to affect
significantly the resting values of the examined haemodynamic parameters, a
finding reflecting, apart from the remarkable stability of the preparation, a
considerable compensatory capacity of the coronary circulation. Moreover, the
reduction of total coronary flow was not commensurate with the extent of the
ischaemic area. p02tension and pH in coronary sinus blood and their responses
to isoprénaline showed no characteristic modification after coronary occlusion.
Nor had the ischaemia any definite hypotensive effect. On the other hand, in
the period ofischaemia the hypotensive response to major doses of isoprénaline
was enhanced. The increase in pulse pressure, a characteristic sign of a normal
response to beta-adrenergic stimulation, was considerably reduced after the in-
duction of myocardial ischaemia, in all likelihood because of an impaired re-
sponsiveness to inotropic stimuli of the affected myocardial area. In contrast,

the chronotropic action of isoproterenol — at least as far as the higher dose
levels are concerned — practically attained the value found under normal
conditions.

Discussion

It has been proved by recent experimental evidence obtained in several
animal species that, although local myocardial flow declines significantly after
the occlusion of a major coronary branch, it decreases far less than it has been
assumed in the light of the earlier doctrine of the “coronary end-arteries”
(Cf. Schafer 1971)

In fact, blood supply to the ischaemic area is provided by primary col-
lateral communications opening up immediately after coronary occlusion. The
present results are consistent with the above findings, as the mean values for
collateral blood flow were even in excess of those generally found in the dog
heart (Schaper 1971). However, views are still divided concerning this issue.
It is certain that the value for myocardial collateral flow depends on the
anatomical site of measurement (Linder 1966; Torok et al. 1969), on the size
of the obstructed coronary branch (Urbanics and Junasz-Nagy 1971), on the
nature of anaesthesia (Chimoskey et al. 1967) and, last but not least, on the
method of measurement (Schaper 1971). In areas of adequate collateral
supply, particularly in the apical region of the dog heart, flow values attaining
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Table |
Haemodynamic responses (n= 10) to infusions of isoprénaline

Normal state

control 02 ng kg-' 0.8 Hg kg-1
Local myocardial flow, per cent 100 + 85 + 31.1
+ 0 + 6.0 + 131
Local conductance, per cent 100 + 145 + 49.2%*
+ 0 + 75 + 117
Coronary sinus flow, ml min-1 46.8 —14.9%>* + 41 T7xx*
+ 33 + 19 + 52
Coronary sinus flow, per cent 100 + 31.7%** + 87.0%**
+ 0 + 39 + 75
Sinus conductance, per cent 100 + 38.7*** + 120.1%**
+ 0 + 65 + 14.0
Mean systemic blood pressure, mm Hg 112.3 — 41 — 14.5**
+ 87 + 19 t 44
Pulse pressure, mm Hg 27.1 +  8.1*** +  26.9***
+ 3.6 + 10 + 4.6
Heart rate, min-1 171.0 +33.9%** + 58.4***
+12.1 + 47 + 7.4
Table 11

Response of blood p02and pH to infusion of isoprénaline

Normal state

control 02 g kg-1 0.8 Hg kg“1
pe2 22.0 +0.2 —1.2
Coronary sinus, mm Hg + 2.3 +0.9 +1.3
p02 87.6 — —0.7
Arterial, mm Hg +1.1 +1.2
pH 7.348 —0.014 —0.038**
Coronary sinus +0.031 +0.005 +0.007
pH 7.394 —0.001
Arterial +0.021 — +0.003
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(0.2 fig and 0.8 fig kg~Imin~1). Mean values and *+S~E.M

Myocardial ischaemia

control 0.2 fig kg-1
Local myocardial flow, per cent 47.1 + 46

+ 8.6 + 26
Local conductance, per cent 49.6 + 6.0*

+10.4 -+ 24
Coronary sinus flow, ml miii“1 43.3 + 7.5%*

+ 41 + 20
Coronary sinus flow, per cent 93.0 + O**

+ 64 + 51
Sinus conductance, per cent 93.3 + 22.2**

+ 6.3 + 6.6
Mean systemic blood pressure, mmHg 110.1 — 35

+ 6.7 + 22
Pulse pressure, mmHg 28.0 + 3.4*

+ 20 + 16
Heart rate, min-1 175.6 + 18.5***

+ 9.6 + 3.9

*p < 0.05 ** 5, < 0.01 **% 5 < 0.001

(0.2 and 0.8 fig kg Imin 1) (n = 5). Mean values and * S.E.M.

Myocardial ischaemia

control 02 fig kg-
p02 241 —12
Coronary sinus, mmHg +4.1 +2.7
pe2 89.7 —
Arterial, mm Hg +2.3
pH 7.294 —0.012
Coronary sinus +0.028 +0.007
pH 7.378
Arterial +0.026 —

* p < 0.05 ** p < 001

0.8 fig kg“1
10.3
+ 67
+  24.7**
+ 7.0
+ 25.3*%**
+ 3.4
+ 52.8*%**
+ 5.2
+ 103.3***
+ 19.7
— 21.7**
T 59
+ 13.4*
+ 53
+ 48.6%**
+ 909
08 fig kg“1
—14
+5.1
—0.9
+1.6
—0.038*
+0.011
—0.001
+0.004
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or even exceeding normal levels are common (Coulson et al. 1970). It has been
demonstrated by recent studies under strictly controlled experimental con-
ditions that after coronary occlusion the affected region of the dog heart not
only preserves some of its contractile force (its muscular tension thus being not
merely a passive product of the contractility in the surrounding unaffected
myocardium) but also that this residual muscular capacity is still capable of
being further increased by adrenergic impulses (Schetbert et al. 1971). The
regulatory mechanisms of myocardial circulation in the ischaemic zones are
therefore of obvious importance.

Y et, although there are some amply confirmed data concerning the re-
gulation of flow in the normal coronary system, the regulatory mechanisms of
coronary collateral flow are poorly understood. According to the traditional
view (Kattus and Gregg 1959), the collaterals represent passive vascular
channels. This view was sharply contradicted by present findings, since the
beta-mimetic effect, the most important neurohumoral mechanism responsible
for the regulation of coronary flow, involved also the collateral circulation.
Furthermore, the collateral vasodilation was unrelated to the resting level of
flow which varied within a broad range according to the site of measurement.
The beta-adrenergic dilatation of the collaterals supplying the ischaemic area
amounted to about 50% of normal coronary dilatation.

Considering the facts that the A—VO?2 difference prevailing in the
coronary bed under resting conditions is not below 70%, and myocardial
hypoxia is the most potent stimulus of dilatation in this vascular field, it is
safe to assume that the microvasculature of the ischaemic area, at least in the
case of resting values of less than the normal 70 to 75%, was in a state of
maximum dilatation from the very outset. Under these conditions a further
increase in the blood supply of the ischaemic area can only be achieved by a
dilatation of those arterial communications which are situated in the marginal
zone, in the first place in the unaffected circulatory areas. It may be assumed
that since these collaterals had not been affected by the local hypoxia, their
adaptational capacity was not exhausted and so they were still capable of
further dilatation in response to beta-mimetic impulses, in the same manner as
were the coronary sections distant from the ischaemic area.

In the course of the present study local ischaemia, though involving a
considerable part of the left ventricle, produced no noteworthy change in the
resting A—V 02difference, nor did it affect the cardiac 02extraction under the
influence of beta-adrenergic stimulation. Although the isoprenaline-induced
increases in vascular conductance reflecting changes in the overall coronary
circulation remained slightly below the values characterizing the normal
vascular response, the slopes of the dose-response curves were largely similar in
the ischaemic and the normal state. These facts, though indirectly, also point
to the remarkable adaptability of the vascular segments responsible for the
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maintenance of collateral circulation, since the vasodilation ensuing in response
to beta-adrenergic stimulation had to be “superposed” on an adaptational
vasodilation directed at the correction of the ischaemic state. It is obvious,
moreover, that this adaptation could not be imposed uniformly on the entire
coronary system but primarily on the vasculature adjacent to the ischaemic
area, even though a general functional hyperaemia may have also had a part
in its production, since the function of the ischaemic ventricular segment is
taken over by the unaffected ventricular musculature as a whole. At any rate,
however, even under resting conditions, there had to be an adaptational
gradient prevailing between the intact ventricular areas distant from the
ischaemic area and those adjacent to it (i.e. furnishing the collaterals) and no
significant decrease in this gradient could have been produced by the gradual
increase in beta-adrenergic tone. Otherwise, that isin the absence of an internal
coronary coordination of this kind, the beta-adrenergic stimulation would
have had to be followed, instead of a vasodilatation by the reverse ofit, namely
by a steal phenomenon within the ischaemic area. This phenomenon was,
however, confined to a single jireparation in our study and even there it was
not significant (Fig. 1).

An internal coronary steal phenomenon has been described recently in
experimental myocardial ischaemia by Sharma et al. (1971) and by Uchida
and Ueda (1972). The conditions of its production are, however, still contro-
versial. In the light of the present study, active coronary dilatation of the
unaffected ventricular areas offers no satisfactory explanation for the coronary
steal. Production of this phenomenon presupposes some disorder of the
coronary adaptation additional to a simple hydrodynamic mechanism.
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Absorption of 13ll-albumin from the diaphragmatic aspect of the peritoneum,
from the liver and the intestinal serosa was measured in dogs. Protein absorption
from the liver surface was about four times more rapid than that from the diaphragm.
No protein was absorbed from the gut serosa. About 40% of the absorbed protein
entered directly into the blood capillaries. The lymphatics joining the great veins at
the right side of the neck carried about twice as much absorbed protein as did the
thoracic duct.

About 20 years ago, when Courtice and Simmonds [3] reviewed the
physiology of serous membranes, it seemed firmly established that protein
molecules are absorbed from the abdominal cavity mainly on the peritoneal
aspect of the diaphragm and are then transported into the circulation almost
exclusively by the lymph vessels. At closer scrutiny it seems, however, that
this assumption has been based on slender evidence.

The site of absorption from the peritoneal cavity was investigated mainly
with particles, such as graphite, colloidal silver, red cells, etc. [1, 8, 9, 12].
There are only few reports on an intense staining of the diaphragm after the
intraperitoneal injection of dye-labelled plasma protein [5, 6]. From these ob-
servations it has been concluded that the diaphragm was the site of protein
absorption.

On the other hand, various particles are carried away from the serous
cavities by the lymph vessels. From this observation again no conclusions
should be drawn as to the transport of protein molecules. There is no doubt
that the small molecules are exchanged across the endothelial and méso-
thélial membranes by a diffusion process and evidence is now available that in
the blood capillaries, there may occur a similar exchange of colloid molecules
[13— 16]. The assumption that no substantial amounts of protein are absorbed
from the peritoneal cavity into the blood capillaries is based on a single ob-
servation made in 3 rats with the injection of T-1824-labelled serum [5].

From the clinical point of view, in the understanding of the formation
and resolution of peritoneal effusions, protein absorption and transport from
the peritoneal cavity is of considerable interest. Accordingly, a study of this
problem seemed to be warranted.
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M aterial and Methods

Investigations were made on 58 mongrel dogs under pentobarbital anaesthesia (initial
dose, 30 mg/kg). The abdomen was opened by a midline incision. Then 13ll-labelled human
albumin (total radioactivity about 5 /tCi), dissolved in 0.1 ml 2% albumin solution was in-
troduced into the peritoneal cavity. The material was dialysed and checked to contain less
than 2% of uncoupled free 131l. The protein solution was applied on a round piece or strip
of filter paper (surface 3 to 4 sqg. cm.).

1. Absorption from the peritoneal aspect of the diaphragm

A round filter paper 2 cm in diameter with m I-albumin was placed on the diaphragm
anteriorly and to the left of the vertebral column. To prevent contact with the adjacent
structures the filter paper was covered with a sheat of plastic. Then the abdomen was closed
and lymph and serum samples were collected. At the end of the experiment the filter paper
and a large portion of the diaphragm were removed and measured for radioactivity.

Group A. In 15 dogs the thoracic duct and the right lymph trunk were directly can-
nulated in the neck with a teflon tube. The difficulties of right duct cannulation are well
known. An indirect approach proved to be entirely unsatisfactory. Therefore, cannulation
of a main branch of the right duct was attempted in every animal. If such a vessel was not
found or if its cannulation was unsuccessful the animal teas discarded or the procedure
described below (Group B) was adopted. Lymph was collected every hour for 6 hours and
at the end of each collection period an arterial blood sample was taken.

Group B. In another group of 8 animals the thoracic duct was cannulated in the left
side of the neck. On the right side the subclavian and the innominate veins were bared and
isolated. The surrounding tissues were sectioned between bulk ligatures. By this procedure
all lymphatic and venous channels communicating with the great cervical veins were severed.

In these animals thoracic duct lymph and arterial blood was collected as in the pre-
vious group.

2. Absorption from the liver surface

A round piece of filter paper with labelled albumin solution was placed on the anterior
surface of the left lobe of the liver and covered with plastic.

Group A. In 11 dogs lymph from the thoracic and the right duct was collected as in
Group 1A.

Group B. In 9 dogs the same procedures were applied as in Group IB.

At the end of the experiment the filter paper and the adjacent parts of the liver were
removed for radioactivity measurement.

3. Absorption from the peritoneum covering the jejunum

In 15 dogs the labelled protein was applied on a 0.5 X 6 cm strip of filter paper placed
around the jejunum at a distance of 30 to 40 cm from the duodenum. The paper was isolated
from its surroundings by a sheat of plastic. At the end of the experiment the filter paper and
adjacent parts of the intestinal wall were removed for radioactivity measurement.

In 8 of these animals again the thoracic duct and the right trunk were cannulated.
As in these animals the right trunk did not carry appreciable amounts of radioactive protein,
in the remaining 7 dogs only the thoracic duct was cannulated and no attempt was made
to interrupt lymph inflow into the veins at the right side of the neck.

At the end of the experiment, circulating plasma volume was measured with the
Evans blue dye-dilution method. Tissue samples and the filter paper removed from the
animals were treated with 20% sodium hydroxide. Radioactivity in lymph and plasma samples
as well as in aliquots of the digested tissues and the filter paper was measured in a well type
scintillation detector. The amount of 13ll-albumin present in circulating blood plasma was
calculated from the proteinbound radioactivity and plasma volume. 13ll-albumin trans-
ported by the lymphatics was calculated from the radioactivity found in the collected lymph
samples. The results were expressed as per cent of the total introduced radioactive dose.
The values given in the text and figures are means i standard error.
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Results

1. Absorption from the diaphragm was slow (Fig. 1). In 6 hours, only
16 i 0.4% of the introduced radioalbumin was recovered in the thoracic
duct lymph; 1.9i 1.2% was found in the lymph flowing from the cannulated
right duct and 8.6 ~ 2.2% was recovered from the circulating plasma, giving
a total of 12.1% for diaphragbiatic absorption. 58.7 i 12.6% of the material
remained on the filter paper or in the adjacent tissues.
In the animals with ligated right lymph trunk the fraction transported
in 6 hours by the thoracic ductwas 2.4 0.9% and 4.7 ~ 0.8 wasrecovered in
the circulating plasma, giving 7.1% as a total for the 6 hr absorption (Fig. 2).

Fig. 1. Absorption of 13ll-albuinin from peritoneal aspect of the diaphragm
(Per cents of the introduced dose recovered from circulating blood serum, thoracic duct
and right lymph trunk lymph)

Fig. 2. Absorption of 13-albumin from diaphragmatic aspect of peritoneum in dogs with
ligated right lymph trunk
(Per cents of dose found in serum and thoracic duct lymph)
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The amount which remained unabsorbed at the site of application was
58.0 £+ 8.7%.

A comparison of the two groups made it clear that the lymphatics
terminating on the right side of the neck are probably the most important
pathway for the transport of the protein absorbed at the peritoneal aspect of
the diaphragm. This is demonstrated in Fig.”3, where the amount of the

Fig. 3. Absorption of 13ll-albumin from diaphragm. Calculated transport by lymph vessels
on the right side of the neck (“tr. dexter”)
(Further explanation in text)

labelled protein entering the veins at the right side of the neck (“tr. dexter”) is
calculated by adding to the differences of the plasma 13ll-albumin values of
groups A and B, the amounts recovered in the right lymph duct lymph of
group A. In the graph the values for thoracic duct lymph and blood plasma
are those of group B.

2. Absorption from the liver surface was found to be more rapid than the
absorption from the diaphragm. After 6 hr, the total amount found in plasma
and lymph was 50.5% and only 3.1 k; 1.0% was recovered at the site of
application. The fraction carried away by the thoracic duct lymph was
7.1 k: 1.3%, while 9.3 k: 1.9% was found in the right lymph trunk and
34.1 kr 5.0% in the circulating plasma (Fig. 4).

In the animals with ligated right duct (Group B), recovery in circulating
plasma dropped to 18.7 k: 2.5, and in 6 hr 9.3 k: 2.6% was transported by the
thoracic duct (Fig. 5). Accordingly, the total amount found in plasma and
lymph was in these animals 28% of the introduced dose. The importance of the
lymphatics on the right side of the neck in the transport of protein was esti-
mated in the same manner as in the previous experiments. Fig. 6 shows that
again these channels are probably the most important pathway of protein
absorption.
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Fig. 4. Absorption of 13l-albumin from liver surface
(Ver cents of the dose found in serum, thoracic duct and right lymph trunk lymph)

J

Mg. 5. Absorption of 13ll-albumin from liver surface in animals with ligated right lymph
trunk
(Per cents of introduced dose found in serum and thoracic duct lymph)

Fig. 6. Absorption of 13ll-albumin from liver surface. Calculated amount of transport by
lymphatics on right side of the neck
(Further informations in text)
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3. From the serosa of the jejunum there was practically no absorption.
After 6 hr only 2.9% of the applied amount was found in the circulating
plasma and the thoracic duct lymph. In the right lymph trunk 13l-albumin
concentration remained below its plasma concentration, consequently no
absorbed protein is transported by this route (Fig. 7).

Fig. 7. Absorption of 13ll-albumin from intestinal serosa

In view of the small amounts of label found in plasma and lymph, there
is no evidence that this protein is absorbed from the peritoneal surface of the
small intestine. Actually, the absorption may have occurred from some other
part of the peritoneum after the partial elution of the protein from the filter
paper by the peritoneal fluid. This assumption is corroborated by the fact
that at the end of the experiment only 20.4 i 3.7% of the label was found on
the filter paper and in the adjacent portion of the gut wall.

Discussion

The experiments reported showed that the peritoneal aspect of the dia-
phragm is not the only and not even the most important site of protein ab-
sorption from the abdominal cavity. Plasma protein is absorbed with con-
siderable speed also from the capsule of the liver. Whether the rate of ab-
sorption per unit area from the liver surface really exceeds about four times
that from the peritoneal aspect of the diaphragm, is not easy to decide. It has
been reported [2, 6, 9] that there are substantial regional differences in the
activity of the diaphragmatic absorbing surface. In the present experiments,
the application site of the labelled protein was chosen for its convenience and
accessibility. It is quite possible that in the dog this is a relatively inactive area
of the diaphragm. Another source of error could be that the contact between
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the moving diaphragm and the introduced protein is less intimate and con-
stant than on the immobile liver surface. These considerations cannot, how-
ever, influence the fact that the liver surface is a site of rapid protein ab-
sorption.

As to the importance of these findings in physiology and pathology,
there is an oversimplification which should be dealt with. The normal process
of peritoneal fluid formation or the accumulation of effusions is usually de-
scribed in terms of escape from the blood capillaries of a fluid with a determined
composition and of its absorption into the lymph vessels in some specific area
of the peritoneum. This is, however, only the final consequence of a com-
plicated process. Net fluid and solute flow is a result of the diffusion of crystal-
loid and colloid molecules across the vessel walls and the peritoneal membrane,
the filtration of the solvent from the capillaries, uptake of the fluid by the
terminal lymphatic vessels, etc. These processes are governed by different and
independent hydrostatic and osmotic forces, and they may occur on different
parts of the peritoneum. The composition of normal peritoneal fluid reflects an
equilibrium between capillary filtration and absorption, exchange by diffusion
of the individual molecules and bulk absorption by the lymphatics. The liver
capsule seems to be, beside the diaphragmatic aspect of the peritoneum, the
mostimportant site of this exchange, at least in respect ofthe protein molecules.
Pathologic fluid accumulations are the result of a perturbed equilibrium. In
their most common variety, in ascites produced in Laennec’s cirrhosis by
postsinusoidal venous stasis, the liver capsule is actually the place of fluid
and protein leakage [10, 11]. It was suggested that this fluid of high protein
content is filtered not, or not only, from the liver sinusoids but also from the
engorged capsular lymphatics [10, 17]. In this condition, the escaped fluid is
reabsorbed obviously not from the liver surface but from some other part of
the peritoneum.

In the present experiments protein absorption from the serosa covering
the small intestines was also measured. This site was selected on the basis of
the assumption, that in some cirrhotic patients fluid and protein escaping
from the intestinal wall could be the cause of ascites formation [7]. Our
results have, however, made to seem rather improbable that protein diffusion
— and for that matter also filtration — would occur across the intestinal
capillaries and the serosa of the gut wall.

From our experiments it could also be concluded that protein may be
removed from the peritoneal space by absorption into blood capillaries. It
was found that at the peritoneal aspect of the diaphragm the ratio of venous
versus lymphatic transport (calculated from both series of experiments) was
0.66 and the same ratio for absorption from the liver capsula was 0.59. This
means that nearly 40% of the total absorbed protein entered directly the blood
capillaries.

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



310 G. SZABO-Z. MAGYAR

The lymphatics from the diaphragm and the liver capsule are joining
predominantly the collecting paths on the right side of the neck, and not the
thoracic duct. Actually, both from the diaphragm and from the liver surface
about twice as much absorbed protein is transported by the tributaries of the
right duct as by the thoracic duct.

The inferior part played by the thoracic duct in the transport of the ab-
sorbed protein and particles from the peritoneal cavity has been described
previously in guinea pigs, cats and rabbits [4].
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The natriuretic response to hypertonic (5%) saline infusion has been studied
in 112 subjects. After the acute salt load, a significant difference in natriuresis was
noted between the hypertensive subjects and the normal controls. The difference was
likewise significant between the normal controls and the normotensive subjects of the
hyperreactor (NAT positive) group. No significant difference in reactive natriuresis
was found between the hypertensive and the hyperreactor group.

Sodium excretion by hypertensive subjects after an acute salt load has
widely been studied with the conclusion that such patients excrete more of the
infused NaCl and at a higher rate than do normotensive individuals. We have
investigated the problem in the different stages of hypertensive disease.

Material and Methods

The material consisted of 112 subjects; they were divided into the following groups.

I. Normal subjects without any evidence of heart or circulatory disease.

Il. Hypertensive patients.

Il/a. A particular group was formed by elderly patients with arteriosclerosis. These
were divided into two subgroups, the first consisting of 6 patients with high-amplitude hyper-
tension, diastolic pressures being in the range of 95 to 100 mmHg (“sclerotic hypertension,
type 17); and the second of 4 patients with high-amplitude hypertension, diastolic pressure
ranging from 70 to 90 mmHg (“sclerotic hypertension, type I17).

Il. Normotensive subjects with vegetative dystonia and a positive noradrenaline
test, i.e. exhibiting a significant elevation (by more than 20 mmHg) of arterial blood pressure
in response to the intravenous administration of a single dose of 5 pg noradrenaline. (For
details, see Komor and Polgar, 1965.)

IV. Normotensive subjects with vegetative dystonia and a negative noradrenaline
test, thus exhibiting no significant rise in blood pressure in response to noradrenaline.

Antihypertensive drugs were withdrawn and only mild sedatives allowed during the
last two weeks before and during the salt loads. Patients with heart or kidney failure or
cerebrovascular lesions were excluded from the studies. Daily dietary sodium intake was
restricted to 3 to 5¢g. During a preliminary test period of three days, 24 hr urines were col-
lected for three successive days and urinary Na, K and Cl were measured in the pooled urine.
In order to check the reliability of collection, endogenous creatinine clearance was also de-
termined. The salt loading tests were performed on two successive days, 25 g NaCl being
administered daily in the form of a 5% intravenous infusion at a rate of 60 to 80 drops per
minute. Collection of urine was continued during and after the loading for another three days.

K and Na concentrations were measured with a Zeiss 11l flame photometer, using
concentrated ammonia in 100-fold dilution as diluent. For the estimations of K 100-fold,
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for those of Na, 50-fold urinary dilutions were used. Cl-ions were measured according to
Schales by means of mercurometry with diphenylcarbazone as indicator. Urinary creatinine
was estimated by the Jaffe reaction: in alkaline medium, in the presence of saturated
picric acid, creatinine is converted to sodium picrate reddish-brown in colour, the intensity
of which is related to the amount of creatinine. In general, 100-fold urinary dilutions were used.

Results

Group I. Controls, i.e. normotensive individuals, with no evidence of
cardial, renal or hepatic disease and with a negative family history for hyper-
tension (30 subjects).

Daily sodium excretion amounted from 3.21 to 3.67 g prior to the tests
and attained 7.56 to 8.49 g in response to NaCl-loading. In the course of three

Fig. 1. NaCl excretion in 30 normal cont- Fig. 2. NaCl excretion in 51 hypertensive
rols, in response to two infusions of 25 g subjects in response to NaCl-loading (see
NaCl (= 19.6 g Na) each on 4th and 5th day legend of Fig. 1)

days after the tests it successively diminished to 6.15, finally to 4.55 g (Fig. 1).
Blood pressure increased during the period of study including the preliminary
stage, the loading tests and the subsequent three days, to 7.3 systolic and 11.12
mmHg diastolic value. As column 1 of Fig. 7 shows, blood pressure remained
slightly below the original level for a few days after completion of the loading
tests (Fig. 7).

Group Il. The hypertensive group comprizing patients included 10
elderly patients in stages Il11—IV of sclerotic type hypertension with a re-
sponse different from that of the other 51 hypertensive subjects (see Group
Il/a). Natriuresis of the 51 subjects in the course of the 3 days prior to loading
ranged from 3.27 to 3.62 g, and from 11.13 to 11.72 g in response to NaCl-
loading. It declined thereafter to a mean value of 7.63, then to 4.61 g in the
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course of the first three days after loading (Fig. 2). The hypertensive response
was systolic as well as diastolic in all hut 2 cases of this group, the mean rise
in systolic pressure being 12.7 and in diastolic pressure, 24.0 mmHg (see
column 11 in Fig. 7). It was likewise in this group that occasional adverse

123 A5676

Fig. 3. NaCl excretion in response to NaCl Fig. 4. NaCl excretion in response to NaCl

loading in 6 subjects with arteriosclerotic hy-  loading in 4 subjects with arteriosclerotic

per tension (diastolic pressure from 95 to hypertension (diastolic pressure below 90
100 mmHg) mmHg)

reactions were noted, although the hypertonic saline infusion was tolerated
well by most patients.

Group Il/a. In this group of sclerotic hypertension the response to NaCl-
loading was inconsistent. In 6 of the 10 subjects the response was similar to
that found in the hypertensive group, with the difference that total sodium
excretion on the second day of loading was less than in the former group (Fig.3).
In the other 4 cases, the loading failed to elicit a typical response. These cases
may thus he regarded as unresponsive. In fact, sodium excretion on the second
day of loading failed to attain the figures found in the controls (Table I).

Group Ill. This group was formed hy 14 noradrenaline-positive subjects
with vegetative dystonia. The vegetative symptoms were in many respects
similar to those of hypertension. All patients initially were normotensive. In
the noradrenaline test, 14 out of 21 gave a positive reaction.

The response of the 14 reactors was similar to the reaction of the hyper-
tensive patients (Fig. 5). In the three days before loading, mean sodium ex-
cretion ranged between 2.96 and 3.63 g, attaining 12.78 to 13.23 g in response
to NaCl-loading and declining successively to 8.97 and 4.36 g, in the course of
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Group

Il.a.

Il.a.

Table |

Salt excretion (mean ~ SD) as a function of time (days). Loading on 4th and 5th days

Day

Controls

Hypertension

Sclerotic hypertension |

Sclerotic hypertension Il

Noradrenaline positive

Noradrenaline negative

3.21
+1.01
3.27
+0.89
3.18
+0.69
2.55
+0.24
2.96
+0.45
3.79
+0.58

3.49
+1.02
3.64
+0.95
3.67
+0.83
2.93
+0.26
3.70
+0.62
3.91
+0.30

3.67
+0.79
3.62
+0.85
3.95
+0.49
3.23
+0.57
3.63
+0.42
3.93
+0.45

7.56
+0.97
11.13
+2.09
10.25
+1.42
6.33
+0.38
12.78
+1.23
9.59
+0.46

8.49
+1.30
1L.72
+2.08
10.83
+2.36
6.03
+0.39
13.23
+1.12
8.24
+0.58

6.15
+1.15
7.63
+1.55
7.20
+1.49
3.70
+0.42
8.97
+1.51
6.57
+1.01

5.21
+1.21
6.05
+1.39
5.88
+1.22
3.23
+0.50
5.63
+0.87
5.30
+0.60

8

4.55
+1.11
4.61
+1.08
4.97
+0.93
3.15
+0.26
4.36
+0.83
3.87
+0.71

4/3 day ratio

2.17
+0.59
3.19
+0.72
2.64
+0.57
2.00
+0.28
3.56
+0.53
2.46
+0.27

N

30

51

14

1€

‘e 18 ¥y910d 3
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the three days subsequent to loading. The average hypertensive response to
NaCl-loading was 21.1 mmHg systolic and 36.1 diastolic in the 14 subjects of
this group (see Fig. 7, Group I11). Headaches, dryness of mouth were reported
after the loading tests by the majority of patients; 8 patients complained of
weekness in the limbs, 6 of mild oppression.

Fig. 5. NaCl excretion in response to NaCl Fig. 6. NaCl excretion in response to NaCl-
loading in 14 normotensive noradrenaline- loading in 7 normotensive, noradrenaline-
positive subjects (reactors) negative subjects with vegetative dystonia

Group IV. In the 7 noradrenaline-negative cases, the reaction to the
loading was similar as in the normal controls (Table I, Fig. 6). The hypertensive
response too, was basically the same as in the controls (see Fig. 7, Column 1V).

Discussion

It is some 70 years ago that French authors have first pointed to the
hypotensive effect of a low salt diet: restriction of dietary sodium intake or
administration of saluretic agents is usually followed by a fall in blood pressure.
There is extensive experimental evidence suggestive of the existence of con-
nections between hypertensive disease and sodium. Arterial hypertension can
be induced by massive amounts of sodium administered together with desoxy-
corticosterone and Sarre (1944) showed this effect to be associated with an in-
crease in peripheral resistance. These findings stimulated further studies;
interpretation of the results was, however, difficult as Hollaender and
Judson (1957) obtained similar results with isotonic, some other authors with
hypertonic saline solutions, again others, e.g. Brodsky and Gradbarth (1953),
with mannitol infusion.
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Fig. 7. Systolic and diastolic pressure in response to NaCl loading
I: mean of 30 normal controls
Il: 51 hypertensive'subjects
I11: 14 noradrenaline-positive normotensive subjects with vegeta-
tive dystonia
IV: 7 noradrenaline-negative normotensive subjects with vegeta-
tive dystonia

Green et al. (1952) induced an increase in diuresis and natriuresis in 6
subjects by infusing hypertonic (5%) saline; blood pressure increased parallel
with natriuresis. Thompson et al. (1954) infused 2.5% saline to hypertensive
subjects; NaCl was excreted in larger amounts and at a higher rate than in
normal controls. Baldwin et al. (1958) noted an excessive natriuresis not only
after infusions of 5% saline but also after those of glucose, inulin and PAH in
20 subjects with essential hypertension; tubular sodium reabsorption re-
mained normal in these patients.

Cottier et al. (1958), examining the response to 2.5% saline of hyperten-
sive and normotensive individuals, found the maximum increase in natriuresis
in the hypertensive patients in the first 3 hours of loading.

Subsequently, Cottier (1960), Dahl et al. (1960, 1961), Mertz and
Sarre (1964), and others have shown that hypertensive disease is marked by
a paradoxical response to hypertonic saline infusion, as more of the load is
excreted and at a higher rate than in normal subjects.

These studies of fluid and salt balance were mostly confined to patients
with manifest hypertension and to normal contros. Cottier et ah, examined
the natriuretic responses in 8 patients with labile hypertension in the normo-
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tensive period, and found a response similar to that given by most normotensive
subjects. In contrast, Aviram et al. noted a hypertensive pattern of diuretic
and saluretic response in 25 subjects with “potential hypertension”, i.e. in 10
patients with earlier toxaemia of pregnancy and in 15 with labile hypertension.

In most of the clinical observations and animal experiments it was
attempted to correlate the naturiuretie response with changes in renal haemo-
dynamics. Various theories were advanced, but none was supported by ad-
equate experimental evidence. Recent findings (Mroczek et al. 1970) have
connected the hypertensive type of natriuretic response to a salt load with a
sympathetic reaction since it could he inhibited by betalytic agents such as
propranolol.

It seems to be new in the present observations that normotensive
hyperreactors to noradrenaline, i.e. those in whom the drug elicits a hyper-
tensive reaction, exhibit a paradoxical sodium excretory pattern similar to
that observed in hypertensive subjects. Our findings indicate that a disturb-
ance of renal sodium and water excretion is present in the early phase of hyper-
tensive disease already and asserts itself in an increasing degree with the
progress of the process but tends to be normalized in the sclerotic phase. In our
sclerotic patients over 60 years of age, sodium excretion declined parallel with
the decrease in diastolic blood pressure and diminished gradually below the
control values with the advance of the process (Figs 3, 4).

For statistical evaluation, the 4/3-day ratio, i.e. that of the values found
prior to loading on the 3rd day and on the first day of the test (4th day) was
calculated for each group. A significant difference was found between the
controls and the hypertensive, as well as the noradrenaline-positive normo-
tensive subjects, whereas the difference between the controls and the nor-
adrenaline-negative normotensive individuals was not significant. Parallel with
the advance of age (and of the process) the difference in natriuresis windles
and the patients with low diastolic pressure show again no significant difference
from the controls in respect of salt excretion (Table I1).

Table 11
Statistical evaluation of the 4/3-day ratio

Groups Value Significance level
Control-Hypertension 7.70 < 0.1% significant
Control-Sclerotic Hypertension |I. 1.77 > 5.0% not significant
Control-noradrenaline positive 7.48 < 0.1% significant
Control-noradrenaline negative 1.25 >30% not significant
Noradrenaline negative positive 5.03 < 0.1% significant
Hypertension noradrenaline negative 2.87 < 1.0% significant
Hypertension noradrenaline positive 1.81 > 5.0% not significant
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GUINEA PIGS IMMUNIZED WITH XENOGENEIC CELLS:
SKIN TEST, IN VITRO STIMULATION, MIGRATION,
CYTOTOXICITY OF LYMPH NODE CELLS
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(Received August 1, 1973)

The lymphocyte response in three in vitro tests: blast transformation, inhibi-
tion of migration and cytotoxicity was compared with the cutaneous test in the early
period of delayed type hypersensitivity. Guinea pigs were immunized with cells of
human lymphoid line in Freund’s adjuvant. Non-sensitized lymph node cells did not
react with the xenogeneic cells in either test. High thymidine incorporation of the
immune lymphocyte population and a relative faster migration without added antigen
in vitro was recorded with maximum values on day 6. In the presence of the im-
munizing cells all the in vitro test were negative 2 days after immunization and maxi-
mum activity was found at day 6. These responses went parallel with the degree of
positivity of the skin test. In spite of the fact that skin test and lymphocyte cyto-
toxicity could be evoked, the mixed lymphocyte target cell test was negative with
mouse cells used as antigen (YCAB) or target cells (A9).

Introduction

In a number of in vitro systems designed to study delayed hyper-
sensitivity, the performance of lymphoid cells correlate well with the animal’s
immune status. E.g. the extent of the skin reaction elicited by antigens went
parallel with the induction of blast transformation of lymphocytes [3, 28, 32,
34], inhibition of migration of macrophage-lymphocyte mixtures [4, 5, 12, 16],
and with the toxic effect of lymphocytes on the antigen carrying target cells
[1,6,26,33,38,40].

It seems thus that each function of the immunopotent cells studied by
these in vitro techniques correlate well with skin reactivity and thus probably
also with each other. Experiments performed with tuberculin sensitized
guinea pigs pointed however to certain discrepancies while a good correlation
between skin test and transformation of lymphocytes was found, the migration
inhibition test did not correlate with them [5, 32]. Similarly, kinetic studies on
skin test, migration inhibition and antibody production in the course of the
development of delayed hypersensitivity also showed discrepancies [15, 20, 33].

1Recipient of WHO fellowship. Present address: National Institute of Haematology
and Blood Transfusion, 1113 Budapest Dar6czi ut 24, Hungary

2 Peel Medical Research Trust Travelling Fellow. Present address: University Depart-
ment of Pathology, Western Infirmary, Glasgow, Scotland.
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As these experiments involve several variable factors and relate to different
antigens, the parameters of the immune response also seem to be variable [24].
The divergences are mainly seen in the early stage of delayed hypersensitivity,
as in the late stage there is a good correlation between the in vitro test and the
state of immune reactivity [18, 20, 34, 43].

These considerations have motivated us to study the stimulation of DNA
synthesis, the migration inhibition, and the cytotoxic effect of lymph node
cells in comparison to the skin test in the early stage ofdelayed hypersensitivity.
As antigen, xenogeneic lymphoblastoid cell cultures were used.

Methods

Animals. Adult guinea pigs of both sexed, weighing 250 to 400 g, were used.

Cell lines. The human lymphoid cell line derived from Burkitt lymphoma (Daudi)
was maintained in stationary suspension culture. The mouse line YCAB is a murine Moloney
virus induced leukaemia cell line originating from ACA X AT, mice was also carried in sus-
pension. The MGB cell line was derived from a mouse methylcholantrene induced sarcoma
in a CBA mouse. The A 9 mouse fibroblast line was derived from the L cell line by selection
for 8-asaguanine resistance.

All cell lines were cultured and the tests were performed in MEM supplemented with
10% foetal calf serum.

Immunization. 0.5 ml 107 washed Daudi cells were mixed with equal quantities of
complete Freund’s adjuvant (Difco Laboratories, Michigan, USA) and injected into the
rear footpads. In the control groups, the same amount of Freund’sadjuvant was injected alone.

Skin test. The animals were injected intradermally in a shaved area on both sides of
the abdomen with 0.1 ml containing 106, 105 104, 103 washed cells in balanced salt solution
(BSS). As a control, 0.1 ml of culture medium or complete Freund’s adjuvant was used.
The reaction was read 40 hr later and the diameter of erythema and infiltration was recorded.

Harvesting of lymph node cells. The guinea pigs were bled by heart puncture and killed
by air embolisation. The inguinal and exillary lymph nodes from 3—5 guinea pigs were pooled
2, 4, 6, 8, 10, 12 days after sensitization. The whole protocol was repeated twice.

The lymph nodes were collected and the suspensions were prepared under sterile
conditions. The nodes were cut in small pieces and suspended by gentle suction in 1 ml plastic
syringe. After a few minutes, the sedimented cells in the supernatant were washed twice
with MEM. Cell viability was assessed by trypan blue exclusion. Only cell suspensions which
contained less than 15% of stained cells were used in the tests.

The lymph node suspension of individual animals was employed separately in the blast
transformation study. For migration and cytotoxicity tests, the suspensions from different
animals were pooled, divided and diluted according to the requirements of each test.

Induction of DNA synthesis. The stimulator cells Daudi, YCAB and CBA spleen cells
were irradiated with 6,000 t (150 kW, 20 mA, 2 mm Al filter). The cells were washed before
and after irradiation and suspended in culture medium.

The mixed cultures containing guinea pig lymph node cells and 10s Daudi, YCAB or
MGB c¢ 11Is, or 5x105 CBA spleen cells, were set up in a total volume of 2 ml. Lymph node
lymphocytes were incubated alone or with PHA (The Wellcome Foundation Ltd., London)
at a final concentration of 0.5% v/v. Tubes containing different irradiated stimulator cells
alone or PHA or media were set up as controls. The tubes were incubated at 37 °C in humidi-
fied atmosphere containing 5% CO02 for periods from 1.5 to 5.5 days. 24 hr before harvesting
the culture 1 pCi of 3H thymidine (2Ci) mM (Tradiochemical Centre, Amersham) was added.
The tubes were centrifuged at 2,000 r.p.m. for 5 minutes, the supernatant was discarded,
the cell pellet was washed with 4.0 ml of DNA and precipitated twice with 4.0 ml of cold
trichloroacetic acid. The precipitates were dissolved in 0.5 ml Hyamine (dimethylbenzyl-
ammonium hydroxide, Packard Instrument Co., Inc., Growe | 11) and the tubes were kept
in darkness at room temperature for at least 5 hr. After addition of 0.8 ml methanol, the
contents of the tubes were transferred to Packard counting vials containing 15 ml of scintilla-
tion fluid [15.2 g 2,5-diphenyloxazole (PPO), 0.380 g 4-bis-2-(5-phenyloxazolyl)-benzene
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(POPOP), 30% Triton X-100, made up with toluol to 3.8 1]. Radioactivity of the vials was
measured at 4°C in a model 500 D Packard scintillation counter.

Inhibition of migration. The cell migration technique used has been described in détail
by Cochran (1971). 10° lymph node cells alone or mixed with Daudi or YCAB cells in 100 : 1
and 10 : 1 ratio were pelleted in capillary tubes. The tubes were fixed to the base of 19 mm
clear plastic planchettes filled with the culture medium and sealed with a coverslip. The
chambers were incubated at 37 °C for 18—24 hr. The areas were assessed by planimetry and
expressed by the migration index,

Lymph node cell/test cell mix
Lymph node cell alone X 1.5

Factor 1.5 is based on the observation that a mixture of non-immune lymph node
cells and cells from the lymphoblastoid lines covers an area which was on the average 150%
that of the lymph node cells alone.

Lymphocylotoxicity. The in vitro lymphocytotoxicity test was performed in the micro-
cytotoxic assay [39]. A 9 and MBG target cells were incubated in humidified 5% CO02 at-
mosphera. After 24 hr the culture medium was changed and immunized, control Freund’s
adjuvant sensitized, and normal cells were added, resulting in different target cell: lympho-
cyte ratios (1 : 50, 1:25, 1:12.5, 1:6.25 1:3.12). After 48 hr incubation, the lympho-
cytes were gently washed with BSS and the live adhering target ceils were fixed in methanol,
dehydrated with 5 N HC1, and stained with diluted Giemsa’s dye. In this way only the nuclei
were stained, which facilitated counting. Lymphocyte activity was expressed as percentage
of the remaining adhering target cells compared to the cell number of target cells without
added lymphocytes. For each point, 6 —12 parallel wells were set up. As the survival of target
cells are sensitive to the environment during cultivation, each test was set up on parallel
plates and they were plated differently in the incubator box. In each plate, normal and
immune lymphocytes were present.

For detecting lymphocytotoxicity, the 5ICr release technique was performed on Micro-
test plate Il (Falcon Plastics, Los Angeles). Daudi and YCAB target cells were labelled with
51Cr (Sodium chromate, 1 mCi/mMol, The Radiochemical Centre, Amersham). The labelled
target cell suspension was set up at a concentration of 5x104 0.1 ml in culture medium).
Lymph node lymphocytes from immune and normal guinea pigs were suspended in con-
centrations of 2.5x10°; 1.25x10°. .. till 0.15x1030.1 ml medium. 0.1 ml of different dilu-
tions of lymphocytes with 0.1 ml of target cells was added into each well. The plates were
incubated in 5% CO02 at 37 °C for 24 hr. For determination of the lymphocytotoxic effect,
the cell suspension was obtained by rinsing each well with 0.6 ml BSS. After centrifugation,
activity of supernatant and pellet was counted in a Packard autogamma spectrometer. sICr
release was calculated from the total c.p.m. of samples and expressed in percentual values.

Serum antibodies. Antibodies reacting with Daudi cells were detected using the indirect
immunofluorescence method.

The serum was tested for cytotoxicity using A 9 cells. The cells were therefore incubated
with inactivated serum without complement in 5% CO02 atmosphere at 37 °C for 48 hr.

Enhancing antibody or factor was investigated in two different ways.

1. In 37 °C water bath for 30 min. From this suspension, Ix1O 5 Daudi cells were in-
jected intracutaneously into immunized guinea pigs. A control lest was done at the same
time with the same number of Daudi cells but without incubation with the serum dilution.

2. The blocking activity of the serum of immunized guinea pigs was investigated by
means of the Takasugi and Klein method, described in detail elsewhere [39].

Results

Skin test. Tests were carried out on different animals on the day of sen-
sitization and 2, 4, 6, 8 and 10 days later. Intensity of the reaction was de-
pendent on the number of cells injected and the time which had elapsed since
immunization. 1X 10° cells produced the strongest result, whereas 1X 10: cells
induced a weak reaction solely on day 4.
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W ith 1 X 106human cells (Daudi) the skin test became positive on the 4th
day and showed a maximum on the 6th day (Fig. 1). The skin test was not
specific for the human cells since positive reactions were obtained with mouse
cells also (YCAB). A skin reaction did not appear in animals which had re-
ceived MEM of Freund’s adjuvant alone. Control tests involving the intra-
cutaneous injection of Freund’s adjuvant, MEM or FCS alone, were essentially
negative in immunized animals, although occasional tests showed a mild
(5 mm 0 ) reaction.

0 mm

Fig. 1. Cutaneous test in guinea pigs immunized with human lymphoblastoid cells at dif-
ferent times after sensitization. The test was performed with 106 human (Daudi) O and
mouse (YCAB) H cells. Scores of reaction are indicated by the diameter of erythema and
induration. The time indicates the injection. Evaluation was made two days later.
cutaneous test performed with culture medium (MEM), FCS, in sensitized animals
and performed with Daudi and YCAB cells in control animals injected with Freund’s adjuvant

The intensity of the reaction to human and mouse cells was similar
except after 10 days when the mouse cells induced no reaction but reactivity
to the Daudi cells persisted.

Antigenic stimulation of lymphocytes. On the 6th, 8th and 10th days after
immunization the lymph nodes were enlarged and firm. This was apparent
also in the guinea pigs stimulated with Freund’s adjuvant.

Thymidine incorporation of cells from sensitized lymph nodes, in the
absence of added specific stimulant cells, increased from day 2 to day 6 (Fig. 2).
This is obvious from the values observed on the 3rd and 4th days of incubation.
The values were of the same magnitude as those for PHA stimulated control
cells. On the 10th day, thymidine incorporation returned to normal levels.

The PHA effect on cells from immunized animals was stronger than in
the controls; the difference was not significant statistically (Fig. 3).

Lymph node cells from normal guinea pigs were not influenced by the
presence of Daudi, YCAB or CBA cells (Fig. 4). The cells from immunized
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GPM /106 LY

Fig. 2. 3H-thymidine incorporation during 24 hours by the lymph node cell population, at

different times after immunization in absence of antigen. The isotope was added; 1 O - -,

2 *--,3 4 -- 4" - days incubation. ------ c.p.m. of lymph of cells of guinea

pigs immunized with Freund’s adjuvant. The values are corrected to the c.p.m. obtained for
non-immune guinea pig lymphocytes

CPM /10B1Y

1x105 -

6x10° - a
il

2x104-

Fig. 3. PHA induced incorporation of 3H-thymidine of lymph node cell populations. The
values represent the increase of incorporation above the controls. Lymph node cells from
immunized ¢, untreated O, Freund’s adjuvant treated 4, guinea pigs

guinea pigs were stimulated by exposure to Daudi cells. This effect showed a
peak 4 and 6 days after immunization and after 4—5 days of mixed culture.
An indication of stimulation was apparent after 1 day and rather strong after
2 days of incubation. Stimulation of these cell populations is thus effected
more rapidly than of cells removed before or after that period.
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324
Fig. 4. Incorporation of 3H-thymidine of lymph node cells attributed to the presence of
Daudi Ma, or YCAB, CBA mouse cells aM, related to the time after immunization with

Daudi cells. 3H-thymidine was added during 24 hours and after different times of incubation.
The c.p.m. values represent the difference of incorporation between the mixed cultures and
the lymphocyte cultures. Columns “A” represent the c.p.m. values of sensitized lymph node
cells after immunization. In each test, lymphocytes from non-immunized animals were
included; the mean results are indicated in columns “B”. The c.p.m. columns “C” are the
values for lymphocytes obtained from animals treated with Freund’s adjuvant

Fig. 5. Migration areas and migration indices of 3xW 6 lymph node cells from immunized

guinea pigs. Mean migration area of lymph node cells from animals treated with Freund’s

adjuvant Gt, Migration area of lymph node cells from immunized animals — O —-+ Mean

migration area of cells from non-immunized anim als---------- . Migration index of lymph node

cells of immunized animals mixed with Daudi cells in 10 : 1 lymphocyte: Daudi cell ratio
— e+ —. Vertical bars and covered areas indicate standard error of the mean
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The lymph node cells of the 4th day were only stimulated by YCAB or
CBA spleen cells after 3—4 days subsequent incubation (Fig. 4), but the peak
effect amounted to not more than 0.8—1.4 X 104 c.p.m.

The cells harvested 8 days after treatment with Freund’s adjuvant
responded weakly to the presence of Daudi cells. The peak response occurred
after 4 days mixed culture (c.p.m.: 1.1 X tO4; Fig. 4).

Migration studies. Cells from non-immunized guinea pigs migrated poorly
(mean area, 11 ~ 5.6; range 3—21). Those from immunized animals, were
more active (mean migration area, 39 i 22.2; range 20—27). Maximum values
were obtained with cells collected 4 days after immunization (Fig. 5). Motility
then declined but 12 days after immunization the migration areas were still
significantly greater than those of non-stimulated lymph nodes (P < 0.01).
Animals immunized with Freund’s adjuvant alone yielded lymph node popu-
lations on the 6th day after immunization which had a significantly greater
migratory capacity than that of untreated animals (P < 0.01), but inter-
mediate between the immune and untreated groups (mean migration, 20 ~ 1.9;
range 19—23).

Contact with the antigens used for immunization (Daudi cells) was
inhibitory at 1 : 100 and 1:10 and to an extent which varied with the interval
between immunization and examination. Maximum depression was found on
the 6th day after immunization.

Contact with mouse cells (YCAB) was alone inhibitory but only on days
6 and 8.

Lymphocyte cytotoxicity. Registration of specific cytotoxic activity was
attempted against 51Cr labelled Daudi cells. Acitivity was first detected on the
4th day after immunization. It increased in strength on the 6th day (Table I).

Table |

Lymph node cell cytotoxicity on human (Daudi) and mouse (YCAB) target cell lines
from immunized guinea pigs on different days after sensitization
with human lymphoblastoid cells measured by the 5xChromium release technique

Target cell lines

Days after Daudi YCAB
tion
1:12+ 1:25 1:12 1:25
2 n.t.“ n. t. n. t. n. t.
4 0.12* 0.27 0.00 0.00
6 0.34 0.30 0.00 0.08
8 0.04 0.00 0.07 0.05

+ Target cell: lymphocyte ratios.
Not tested.
* Cytotoxic index (Brunner et al. 1968). Each index represents the values of lymph
node cells pooled from 4 immune or 3 normal guinea pigs. In this experiment, spontaneous 6ICr
release was less than 40%.
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On the 8th day it decreased. Cytotoxicity was exerted at 1 : 1,25 : 1 lympho-
cyte target cells. Unfortunately, later the target cells had a high spontaneous
release and therefore no data are available concerning the subsequent events.

The cytotoxic effect of immune lymphocytes on non-specific target cells
(A9 and MBG) using the Takasugi—Klein method, was different. In the case
of A9 target cells a significant lymphotoxic activity was demonstrable from
day 4, but this did not appear with MBG target cells (Table 11).

Table 11

Lymph node cell cytotoxicity on A9 and MBG mouse target cell lines from normal and
immunized guinea pigs on different days after sensitization with human lymphoblastoid cells

Percentage survival of target cells+

Days
after
e 1:50= 1:25 1:125 1:62 1:31
A9 target cells
normal* ' — 42.1+ 8.8** 59.8+ 12.3 65.5+ 10.7 72.2+ 13.8 749+ 13.2
Immunized 2 36.8+ 8.0 59.5+ 9.8 75.0+ 14.9 79.5+ 11.8 82.0+ 19.4
4 16.8+ 9.1 30.6+ 10.2 47.7+ 10.3 60.8+ 15.4 - .
6 19.8+ 3.8 345+ 7.2 57.5+ 7.2 68.3+ 11.6 83.4+10.6
8 16.3+ 5.2 32.3x 59 41.0+ 8.1 66.5+ 15.2 73.5+ 81
10 8.4+2.5 34.6+12.1 69.1+ 13.2 72.9+ 22.7 85.3+ 13.2
12 0.2+0.5 247+ 17.0 41.3+ 10.7 55.8+ 9.5 —
MBG target
cells normal* — 86.6+ 7.8 90.3+10.7 94.0+ 5.6 97.6+ 11.2 103.3+ 8.6
Immunized 4 78.2+9.2 69.1+ 12.3 88.3+ 7.2 102.4+ 6.8 105.8+ 8.2
6 85.2+6.6 88.7+ 7.3 90.1+ 8.1 94.4+10.7 103.4+ 7.2
10 84.9+8.3 97.2+ 5.8 98.0+ 8.6 92.6+ 7.2 102.3+ 6.0

+ 100% survival = the number of target cells after 48 hours incubation without
lymphocytes.

= Target cell: lymphocyte ratios.

* Unimmunized.

** Standard error of the mean.

Serum antibodies and enhancing factor. Using the indirect immunofluo-
rescence technique, antibodies reacting with Daudi cells were detected on day 6
after immunization. 12 days after immunization the serum too agglutinated
the Daudi cells. The sera were tested for complement-independent cytotoxicity.
Normal serum at 1:10 dilution reduced the survival of target cells to 60%.
Serum was toxic only from day 10 and 12 and reduced the survival of target
cells to 40%. In the same serum samples, enhancing or protective antibodies
were not revealed by either method (blocking of in vivo cutaneous test or
blocking in vitro lymphocytotoxicity).

Discussion

Contrasting allogeneic systems mixed xenogeneic lymphocyte culture do
not show stimulation when non-primed lymphocytes are used [22, 27, 29, 41,
42]. Some species combination are exceptional, e.g. rabbit lymphocytes react
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better to xenogeneic (human) than to allogeneic cells [11, 24]. No induction of
DNA synthesis was obtained in our mixed culture system when human or
mouse lymphoblastoid lines were used as stimulators for guinea pig lymph
node cells unless they had originated from immunized animals.

The lack of stimulation by both the mouse and human cells lines is of
interest because in several reported experiments cells of lymphoblastoid line
were capable of inducing DNA synthesis in the peripheral lymphocytes of the
cell line donor [17, 25]. This is believed to reflect an antigenic disparity between
the cultured and the autologous cells. No evidence was found for the presence
of a soluble blastogénie factor. The lack of such an effect in the xenogeneic
combination in our experiment would also indicate that the mechanism does
not operate through non-specific factors.

After immunization the lymph node cells responded with high DNA
synthesis when confronted with the antigenic cells. Reactivity was highest in
the cultures set up on days 4 and 6 after immunization. Thereafter, the stimul-
ability of sensitized lymphocytes decreased but was still marked on day 10.
Similarly to other systems, the Kkinetics of lymphocyte transformability
paralleled that of the skin test |3, 23, 28, 30, 36, 45].

Induction of DNA synthesis was highly specific, as it was not possible to
stimulate with mouse cells, except slightly at maximum reactivity. This is in
accordance with results obtained with liapten-protein conjugates [21, 34, 37,
and indicatesithat receptor site of the lymphocytes triggering for DNA syn-
thesis is extremely sensitive for antigenic determinants.

The skin test, since it could be elicited with mouse cells, too, did not
show this high degree of specificity.

After immunization the lymph nodes were enlarged and their cells
migrated more actively. A number of lymph node cells were transformed, as
shown by both an elevated DNA synthesis in vitro and by the greater pro-
portion of blast cells [9, 10]. This reflected the effect of antigen in vivo and
could be maintained by carrying over the antigen in some form into the culture.
Similar results were reported for ovalbumin-immunized guinea pigs [21]. As
guinea pig lymphocytes have a low spontaneous transformation rate [8], the
effect is certainly the consequence of immunization. We also found that cell
populations with a high spontaneous transformation rate were stimulated
more efficiently by PHA. Similar results were reported for guinea pigs immun-
ized with PPD in Freund’s adjuvant [14]. These results may indicate that in
the early stage of the immune response, a population of activated lymphocytes
may be present in the lymph nodes, which can be easily be triggered for further
proliferation even by non-specific mitogens.

Stimulation in human mixed lymphocyte cultures shows a good corre-
lation with the genetic relationship of the two lymphocyte partners [2, 13].
However, primary sensitization in vitro does not always correspond to the
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genetic background [35]. In view of the results showing a high specificity of
sensitized lymphocyte populations in antigen-induced DNA synthesis and the
quantitative differences seen in the responses to allogeneic or xenogeneic cells,
one has to assume either a substantial difference in the number of antigen
reactive cells or a difference in the events leading to stimulation in vitro.

The development of migration inhibition of lymph node cells by contact
with specific antigens closely paralleled the development of the cutaneous
reaction. The basis of this agreement may partly be determined by the humoral
migration inhibition factor which, when injected separately, was shown to
cause hyperaemia and induration [5]. The skin test migration inhibition was
not entirely specific on days 6 and 8, since contact with mouse cells (YCAB)
also caused an inhibition of migration. There was a slight discrepancy between
our results and those of other authors using other antigens in which migration
inhibition was recorded with some delay when compared to the skin test [32].
Non-specific effects in the migration inhibition test were also seen by Henney
and Nordin using BSA and HSG—DNP antigens in the early stage of delayed
hypersensitivity [20].

The cytotoxic effect of lymphocytes was also apparent on day 4 as
compared to the other in vitro test and to the skin reaction. Using soluble
antigens (picric conjugates of ovalbumin), Ruddle and Waksman found a good
correlation between the skin test and in vitro lymphocyte cytotoxicity [33].
It may be of interest that non-specific cytotoxicity was evident against A9

)

human mouse

Fig. 6. Kinetics of changes in reactivity of skin test (- - --x ST), in vitro blast transforma-

tion (-0 BT), migration inhibition (------- O MI), lymphocyte cytotoxicity (-------- 0 LT)

elicited by HUMAN (Daudi) and MOUSE (YCAB, A9, MBG) antigens during the early

phase after immunization with human cells in guinea pigs. The different parameters are on

arbitrary scale. The highest value for each parameter was designated arbitrarily as 10 and
the other values were expressed in relation to this
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target cells, and not against the MBG cells. This fact may suggest that the
effect is not strictly cell-mediated as A9 cells are standard targets on which the
cytotoxicity of the humoral factors produced by immunoactive or stimulated
lymphocytes are demonstrated [19, 40]. This was supported by our finding of
cytotoxic antibody or factor in the serum of immunized animals which effected
growth of A9 cells. The serum containing specific antibodies had no detectable
antibodies or factor which woxdd have protected the target cells against
lymphocyte activity.

The strict specificity of the in vitro stimulation of DNA synthesis con-
fined only to the immunizing antigen (human cells), contrasted thus the skin
reaction in vivo and the migration inhibition or cytotoxicity in vitro when
mouse cells were used (Fig. 6). The positive reaction in the latter case was
thus not necessarily coupled to the stimulatory effect of their antigen (cross
reacting ?) but may have been determined by the behaviour of the transformed
lymphocytes in the population upon confrontation with the mouse cells. As
mentioned before, this population responded slightly better even to PHA.

Thus, in the early period after immunization, “non-specific” reactions
were recorded which were not accompanied by further lymphocyte proli-
feration. These reactions may be elicited by humoral factors released after
confrontation ofthe lymphocytes with the “non-speficic” antigenic target cells.

These investigations were conducted under Contract Nr. NIH-69-2005 within the
Special Virus-Cancer Program of the National Cancer Institute, NIH, VSPHS.
Grants were also received from the Swedish Cancer Society.
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Thirty patients with the diagnosis of tropical splenomegaly syndrome were
investigated in Ghana. The patients had low haematocrit and low WBC and platelet
counts and the number of reticulocytes and indirect bilirubin were slightly increased.
Red cell survival and radioiron studies showed slight haemolysis. IgM immunoglobulin
was increased. RBC volume measured with 51Cr tagged erythrocytes was normal but
plasma volume assayed with 125l labelled serum albumin was increased. Heat-damaged
and 5ICr labelled red cells were used to study microcirculation in the spleen. It was
concluded that the low haematocrit was due to the increased plasma volume and the
temporary RBC sequestration in the large spleen. In addition, there is a compensated
haemolysis.

Tropical splenomegaly syndrome or “big spleen disease” refers to a
symptom complex consisting of massive splenomegaly, anaemia and no under-
lying disease or direct agent which could explain the splenic enlargement.
Recently, an increased IgM concentration has been found in peripheral blood
and there is a strong support forthe view that tropical splenomegaly syndrome
is an abnormal and unusual reaction to malarial infection. The relevant facts
and theories about the syndrome have been summarized [24] and most of the
cases have been reported from areas where malaria is endemic, thus from
Senegal [5], Madagascar and Ivory Coast [6], Uganda [19, 29, 13], Zambia [18],
Ghana [27, 30] New Guinea [25], Nigeria [8, 36, 31] and in Rwandans living
in Uganda [40].

This and other findings point to the important role of malaria in the
development of splenomegaly. In this study we are presenting data on the
patomechanism of anaemia in the tropical splenomegaly snydrome.

Material and Methods

Thirty patients with tropical splenomegaly syndrome were selected at the Depart-
ment of Medicine, Korle Bu Teaching Hospital, Accra. The criteria of diagnosis were a very
large spleen and no primary cause of the splenomegaly. Falciparum malaria parasites were

* Present address: Second Department of Medicine, Semmelweis Medical University,
Budapest, Hungary

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



332 B. RINGELHANN et al.

occasionally found in the blood of both the controls and the patients. This is not, however,
an unusual finding in individuals living in a hyperendemic area and does not imply clinical
malaria. Malaria, like other protozoan diseases, differs from bacterial infections in that the
causative parasites do not disappear, but remain in the body where a balance is established
between the resistance of the organism and the inherent tendency of the parasites to increase
[18a]. All patients were hospitalized and subjected to clinical and laboratory investigations.
To serve as controls, patients were selected who had normal haematological values, a spleen
of normal size and no disease which would have affected splenic function.

Routine haematological investigation included PCY, Hb estimation, WBC, platelet
and reticulocyte counts, and tests for direct and indirect bilirubin [16], plasma volume with
1351 tagged serum albumin and RBC volume with 51Cr tagged red cells [21] was performed.
Red cell survival was determined following RBC volume estimation. Radioiron studies were
carried out [17], and radioactivity over the spleen, liver, heart and sacrum was measured
with a 2.54x17.4 cm sodium iodide crystal. Heat treatment and labelling of red cells were
carried out according to a method described previously [30]. To summarize the technique
briefly, blood was taken into heparin and tagged with 5ICr, this was followed by incuba-
tion of the red cells in a water bath (49.5 °C 0.5) for 30 minutes. After incubation the
cells were washed twice in saline and resuspended in the patient’s own plasma. The suspen-
sion was reinjected within 30 seconds; the reinjected volume varied between 5 and 8 ml.
Blood was taken from the opposite cubital vein at 3, 10, 20 and 40 minutes for measure-
ment of radioactivity.

Radioactivity over the spleen and liver was recorded continuously using a twin probe
detector which was used also for isotope renography. One detector was placed over the spleen
between the mammillary and anterior axillary lines, the other over the liver, in the anterior
axillary line. Care was taken to place the detectors on those parts of these organs where
vascularization is maximal, i.e. to avoid the edges. A forearm counter was used for measure-
ments of the circulating radioactivity in the arm without venipuncture.

IgM immunoglobulin was measured by radial immunodiffusion using immunoplates
(Behringwerke) and Standard Human Serum (Behringwerke) for calibration.

Results

Splenomegaly. In the majority of the patients, the lower end of the
spleen could be found at the umbilicus or lower, not infrequently near the
symphisis. The liver was enlarged in almost every case; distended veins over
the abdomen were not present in any of the patients.

Age and sex distribution (Table I). The incidence was almost equal in
both sexes and mean age was around 36 years in both groups, indicating that
predominantly young adults were affected.

PCV, WBC, reticulocytes and platelets (Fig. 1).

Anaemia was present in almost every case. The majority of the patients
had PCY values between 20 and 30%. The number of WBC was decreased in
two thirds ofthe cases whereas the platelet count gave low values in every case

Table |
e, mean e,
sex oo Gy e
M 17 36.9 15—67
F 13 35.9 18—55
Total 30 36.4 15—67
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Fig. 2. Indirect bilirubin, RBC volume, plasma volume, and IgM in patients

where it has been estimated. The reticulocyte count showed a moderate
increase.

Indirect bilirubin, RBC and plasma volume and IgM concentration (Fig. 2).

Indirect bilirubin was elevated in about half of the patients. In ten cases
where the RBC volume was measured, the results fell within the normal range.
However, there was a striking increase of plasma volume, the average being
61.4 ml/kg, whereas none of our controls had a value higher than 50 ml/kg.

IgM was increased in more than half of the cases investigated. In some
patients it was four to five times higher than the upper limit of healthy young
Ghanaians (Ringelhann, unpublished).
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TISSUE
ACTIMTY

Fig. 3/a. In vivo uptake of radioiron in the normal subject. Radioactivity™after five days
is highest over the heart. There is a rapid and efficient utilization of radioiron forJHhJpro-
duction

TISSUE
ACTIMTY

Fig. 3/b. In vivo uptake of radioiron in a patient with tropical splenomegaly syndrome.
Utilization of radioiron is less efficient, and iron is deposited in the spleen and liver

Red cell survival and uptake of radioiron in vivo (Figs 3a and 3b).

Red cell survival was measured in four patients; the half life values were
20 days (2 patients), 21 and 25 days. The normal range in our laboratory is
26— 35 days.

In vivo estimation of activity after injection of %Fe labelled plasma
transferrin was done in five patients. In four cases the count over the spleen
was highest after the 6th day; in the controls, the heart count was highest at
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this time. Utilization of iron for Hb production was slightly below 80% , which
is the lower limit of the normal range.
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Fig. 4/a. Continuous recording of radioactivity uptake in spleen and liver of a normal subject
following injection of Cr5l labelled heat-damaged cells

Fig. 4jb. Recording of radioactive uptake over spleen and liver in a patient with tropical
splenomegaly. Note the difference in splenic uptake. (Heat-treated cells)
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Fig. 5. Continuous recording over liver and the large spleen in a patient with chronic lym-
phatic leukaemia. (Heat-damaged cells)

Radioactivity over the spleen and in peripheral blood (Figs 4a, 4b and 5)

In the normal control individual the injected heat-damaged and 5ICr
labelled red cells disappear soon from the circulation and radioactivity over
the spleen increases parallel with the disappearance of these cells. In tropical
splenomegaly syndrome the disappearance was fast with an increased splenic
uptake. The increase of radioactivity over the liver in controls lasted about 3
minutes, then the curve levelled off. In contrast, uptake over the spleen showed
a fast increase lasting for about 4 minutes, and this was followed by a slower
but continuous rise up to 40 minutes. In tropical splenomegaly syndrome the
uptake curve overthe liver was similar to that of the controls, and the shape of
the splenic curve was also similar, but much greater uptake is rated. In the
normal controls, the ratio of splenic and liver count rates was 1.0 while in
tropical splenomegaly syndrome the ratio was 3.0. Nevertheless, in one healthy
individual selected as a control case we found a fast disappearance of the heat-
treated 51Cr tagged red cells, and the spleen-liver ratio was 2.0.

An uptake curve over the spleen and liver in a patient with chronic
lymphoid leukaemia resembled that observed in the controls, though the
patient had a very large spleen.

Analysis of the uptake curves (Figs 6 and 7). Plotting on log linear plot
the difference between the uptake at any given time and the final equilibrium
value for the uptake showed two exponential components which could be
separated by simple graphical curve peeling. The two components had half
times of approximately 1.2 and 6.1 minutes, respectively.
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EA
SPLEEN CURVES

Fig. 6. Radioactivity in spleen of a patient with tropical splenomegaly plotted on a semi-
logarithmic paper, showing two phases of the uptake. (Heat-damaged cells)

E.A.

Fig. 7. Radioactivity in the arm of a patient with tropical splenomegaly syndrome, plotted
on semilogarithmic paper, showing two phases of the uptake. (Heat-damaged cells)
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The half-life of the fast component on the arm curve was about 2.2 min,
representing 32% of the total radioactivity. Although there was a reasonable
agreement for the short half times in splenic uptake and the disappearance of
radioactivity in the arm, there was no agreement for the long ones, the slow
component in the arm curve having been 30 minutes, so this figure which
represents 68% of the total radioactivity did not agree well with the splenic
uptake curve.

Discussion

The haematocrit was low in all but three of our patients and its degree
varied between moderate and slight. A similar degree of anaemia was found by
other workers [29, 22, 25, 27]. Reticulocytosis, raised indirect bilirubin,
shortened RBC survival and the pattern of organ 59Fe uptake implied some
premature lysis and increased red cell production, pointing to an anaemia of
haemolytic character. Reticulocytosis and a shortened red cell life span were
found in tropical splenomegaly syndrome in New Guinea [25], although not in
the cases investigated by French authors [22], nor in Uganda where the reti-
culocyte count ranged between 1 and 4% in 15 patients except one [29].
Despite the low haematocrit and the laboratory findings indicating haemolysis,
the red cell volume was normal, and in 8 out of 10 patients the plasma volume
was expanded. From the normal red cell volume we may infer that the haemo-
lysis was compensated. This compensated haemolysis may have accounted for
the increased medullary erythropoiesis which we have seen in some patients. No
thorough morphological investigation of erythropoiesis was carried out in this
study. The mechanism which could account for the low haematocrit is haemo-
dilution and this has been found in splenomegalies of various origin [12, 20, 23,
3, 34, 4, 37, 25, 1]. Splenectomy leads to a complete or partial reduction of the
blood volume [20, 1, 25, 37, 7, 29, 14]. The origin of the expanded plasma
volume has not been clarified. Extension of the vascular bed and a compen-
satory increase of plasma volume has been suggested [1, 4]. According to
another explanation, changes in oncotic pressure [37] and hypervolaemia
related to hyperimmunity against malaria could provoke changes in the
plasma volume [25]. Indeed, in our patients the concentration of IgM was
elevated, similarly as found by other authors [6, 31, 39, 38, 40]. It is note-
worthy that the large spleen in tropical splenomegaly syndrome decreases in
patients on long term malaria prophylaxis [36, 31] and the blood IgM level
also decreases [31]. It is unlikely, however, that the elevated IgM would have
caused a hypervolaemia because this latter also occurs in non-tropical spleno-
megalies without an increase in IgM.

The normal red cell volume and the low haematocrit associated with
decreased WBC and platelet count in our patients implicate an enlarged
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spleen for pooling of part of the circulating red cells [23, 15, 9, 10, 1, 2, 28].
The spleen after splenectomy may contain 16—30% of the total red cell mass
[1]. The prolonged half clearance time of heat damaged red cells after splen-
ectomy in our previous study [30] adds further support to the theory of se-
questration in the spleen.

The continuous recording of radioactivity over the spleen and the
frequent measurements over the arm in our experiments offered some insight
into the mechanism of splenic sequestration. The first phase of the splenic
uptake curve (Fig. 6) had a halftime of 1.2 min. and the slower phase, 6.1 min.
This type of curve mirrors the entry of 51Cr labelled cells into a two compart-
inental system [12, 15, 23, 28, 33, 9, 10, 11, 3]. The rapid first phase with a
rapid outflow rate corresponds to the direct or ‘closed’ circulatory system of the
red cell pulp in the spleen [35, 26] which is a direct arterio-venous shunt. The
second phase with a longer TY, and a less steep slope signals a slow inflow rate
and the entry of red cells into the ‘open’ circulation existing parallel to the
closed or direct system. Anatomically the open circulatory system is located
in the lymphatic cords (Billroth’s cord) and forms a loose filter system com-
posed of macrophages and apertures between them of 3 fi in diameter. The
environment of this system puts strain on the cells (hypoxia, lower pH) and
the old and faulty cells will he removed [15]. In the normal spleen, a small
proportion of the cells is diverted toward the slow compartment, in tropical
splenomegaly syndrome (and in some other splenomegalies) this proportion
increases and the red cells due to a longer stay amidst hyperactive macro-
phages are prone to untimely lysis.

The 6.1 min half time of the second phase of the splenic uptake curve
indicates a gradual build-up of radioactivity in the spleen, in other words a
slow inflow of cells into the open circulation. Owing to the slow outflow rate,
circulation in the cords slows down and the cells are trapped there temporarily.
One third or one fourth of the circulating red cell mass may be sequestred in
the large spleen. The activity curve over the arm shows that 32% of the radio-
activity is bound to the first phase, and 68% to the second, slow phase.

Not every large spleen can be assumed to be capable of sequestering red
cells. Fig. 5 shows the splenic uptake curve of a patient with chronic lymphatic
leukaemia, who had a very large spleen. In this case the malignant growth of
the lymphatic tissue probably prevented the expansion of the second com-
partment. In this context we mention that sometimes itis difficult to differen-
tiate between the tropical splenomegaly syndrome and chronic lymphatic
leukaemia in those cases where in the peripheral circulation the percentage of
lymphocytes is high [31]. The splenic uptake curve after injection of heat-
damaged 5ICr labelled cells may help in establishing the diagnosis.

Finally we have to comment on the slow disappearance of radioactivity
on the arm curve in the second phase (Fig. 7). In our experience, after 10

7* Acta Medica Acadcmiae Scientiarum Hungaricac 30 1973



340 B. RINGELHANN et al.

minutes there is no close agreement between forearm count and blood count
the former mostly being higher. This is in contradiction to the finding of
Fischer et al. [10] who found closely corresponding results and on account of
this they omitted blood sampling and measure radioactivity only in the arm.
At a later stage of the postinjection period, some damaged cells and/or cell
fragments may, however, be withheld in the capillaries and this excess radio-
activity causes unduly higher arm counts.
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ACTA MEDICA
TOM 30 - BbIN. 4
PE3IOME

N3YUYEHWE CBA3bIBAHNA MOUYEBOW KWC/IOTbl MAASMEHHbIMW
BENKAMW MPUW MOJAIPE

E. XONNEHAEP

ABTOp MpOBOAWNA OTAE/IeHNE CBSA3aHHOM MNasMeHHbIMW 6enkamMu 1M CBOGOAHOIM MOYeBOWA
KNCMOTbI METOAOM (hUNbTPOBaHMA Ha rene Cechagekc. B KoHTponbHOM rpynne 20,3%, a B rpynne
60nbHbIX nogarpoii 16,9% 06Liero KoanMyecTBa MOYEBOM KMCNOTbl OKasaMCb CBA3aHHbLIMM.
Mpy npyMmeHeHUn 14 C-2-MO4YeBOV KUCMOTbl B HOPMasIbHOW Mnasme 6bl1o HalfgeHo CBs3blBaHWE
MOYEBOW KMCNOTbl 6Genikamu NOAO6HOro Mnopsaka BenvuuHbl. pu nojarpmyeckom apTpute
cBfizaHHas 6enKamy aKTUBHOCTb MEYEHHO MOYEBOI KUC/I0TbI COCTaBUAA TONbKO 46% aKTUBHOCTU
B HopMe. Mnasma 60/bHbIX MOAArpon, He Mony4YaBLUMX NeYeHWUs, CNocobHa CBA3bIBaTb 60MbLLe
MOYEBOM KUCNOTbI, YeM MnasMa 60/bHbIX, EYNBLUMXCA MpenapaTom 3UIopuK.

Bonpekun 6051ee HU3KOMY COOTHOLLEHWIO CBA3bIBAHWA MPU TUMNEPYPUKEMUYECKNX COCTOS-
HUAX abCOMOTHOE KO/IMYECTBO CBA3AHHOW, HEAKTUBHOM MOYEBOW KWUC/IOTbI LOCTOBEPHO 6O/bLLE,
YeM Yy KOHTPOSbHbIX NnL. HopmanbHble NiasMeHHble 6e/1KN BCNeACTBUE CMOCOOHOCTU K CBA3bI-
BaHVIO MOYEBOW KUC/MOTbI O W3BECTHOM CTENeHU CrnoCo6HbI TakXXe TOPMO3UTb TKaHeBOE BbiMnaje-
HVMe MO4YeBOI KUCMOTbI.

N3 thpakumin nnasmeHHbIX 6eNIKOB, OTAENEHHbIX 3/1eKTPoope3oM Ha Gymare, Me4eHHas
MOYeBas KMCOTbI CBA3bIBaeTcA az v [-rnobynnHamm.

K/IMHNYECKOE W TMCTOMATO/IOMMYECKOE U3YYEHWE 3ABOJIEBAHUN
NMOYEK ¥ YE/IOBEKA

V. [UCToNornyeckue, MMMYHOMATONOMMYECKME U 3NEKTPOHHOMHKPOCKOMMYECKME [aHHble
peburoncumn

3. BEPETV n N. BAPTA

Coo6LLATCA  TUCTOMOrMYECKMEe, VMMYHOTUCTOOMMYECKME U 3/1EKTPOHHOMUKPOCKOMNU-
YecKue faHHble peGuoncuu, nposefeHHoN y 70 60/MbHbIX 3a60/1eBaHMSIMM MoYeK. 3MeHeHus,
Ha6nogaBLUVeCss MPW MOBTOPHOW 6UOMCUK, 06CYXAAOTCA B pacnpefeneHuyd Ha 3 rpynnbl:
1 M3neuMBLLIMECS C/lyYau, 2. HEM3MEHHO CYLLLECTBYHOLLME MPOLIECChI, NOA06HbIE NpoLeccy, Hab/o-
AaBLUEMYCSl NPW NePBOiA 6roncuK, 3. caydam yXyaLeHUs. Y U3NeumBLUKMXCS 60NbHbIX MO OnTy-
YeCKMM MUKPOCKOMOM B KOPELLKax MecTamMu yAasiocb BbISIBUTb HE3HAUMTE/IbHOE PasMHOXEHWe
Me3aHIMa/ibHbIX KMETOK M Me3aHrasbHoro MaTpuKca, YKasbiBatolliee Ha NMpoTeKaBLLUMWA rnome-
pynoHepuT. OpYrux M3MeHeHUid He 6bl10 HailgeHo. VIMMYHOrMCTONOTMYECKOe McCefoBaHue
npuBeno K oTpuuaTeNibHOMy pe3ynbTaTy. B 3MeKTPOHHOM MMKPOCKOME Y€ Ha HecKoMbKUX
MecTax elle YAanocb A0Kas3aTb C/MSAHME OTPOCTKOB K/YGOUKOBbIX KMETOK, B 3NUTeNMabHbIX
KneTkax Habnoganuncb NMNUAHbIE Kanau, a B sHAOTeNMaNbHbIX KeTKax — Bakyonu. B rpynne
60MbHBLIX C HEM3MEHHbIM MPOLIECCOM MpY PEGUONCUMMN MOA ONTUYECKM MUKPOCKOMOM KapTuHA
6blNa WMOEHTUYHOrO XapakTepa, Kak v Mnpu nepsoit 6uoncumn. Mpyv MMMYHOFUCTONOMMYECKOM
UccnesoBaHUM B YacTW Cly4aeB HabMOfaNoCh MCUE3HOBEHME WU YMEHbLUeHWE VIMMYHHOIO
[eno3nTa, 1 BTO e BPeMsl Ha OCHOBHOI NepenoHKe U B Me3aHTUW 6Gbln HaliaeH OUGpUH. ABTOpbI
06CYXK/Al0T CBA3b MEXAY Hanmuvem (puGpuHa 1 rnoMepyioHepuToM. B 3/1eKTPOHHOM MUKPO-
CKOMe Ha MHOTOYMC/IEHHbIX MECTax Ha YTO/ILLEHHOV OCHOBHOW MeperoHKe, Hapsay ¢ UMMYHHbIM
[eno3nToM, BUAHbI NPOTOYMHKM. B rpynne 60MbHbIX C yXyALleHMeM npouecca B Xof4e peGuoncum
MoJ, ONTMYECKMM MUKPOCKOMOM 6bI10 BbISIB/IEHO NPUKPEN/eHWe U rMasMHoBoe npeo6pasoBaHue



KﬂyﬁOHKOBbIX netenb. IMMYHOrMCToN0r M4ecKnm €noco6om 6b1/10 BbISIB/IEHO TAKOE XXe N3MEHEHMe,
Kak n B nepBoﬁ rpynne. 91eKTPOHHOMUKPOCKOMNYECKOE NCCefoBaHMe NoKasaio pasmMHOXeHNe
Me3aHIrmasibHOro MmaTpukca un pacunpeHue OCHOBHOWA nepernoHKN, n, Hapagy ¢ aTuM, Ha OCHOBHOM
NepenoHKe M B Me3aHIrnn Haﬁmo,qancn VIMMyHHbIVI [enosnT, N Ha OCHOBHOWA nepernoHke —
NMPOTOYUNHKWN.

OENCTBUME CbIBOPOTOYHOIO a-AHTUTPUMCUHA HA
MPOTEO/INTUYECKYHOD AKTUBHOCTb MTHOMHOW MOKPOTbI

3. TAPbAH un N. TONTHAN

ABTOpammu 6bIN Mn3y4yeH BOMnpoc o Tom, B KaKoi Mepe MO>XHO TOPMO3NTb NPOTEO/TUTUYHECKYHO
aKTMBHOCTb THOIAHOW MOKPOTbI BBe€fleH/EM Hopmaanoﬁ Yesl0BEYECKON CbIBOPOTKN N TaKUX
CbIBOPOTOK, B KOTOPbLIX B pasanHoﬁ Mepe NOHWXXEHO KOJZINYeCTBO a,-aHTUTpUncuHa.

Bbino yctaHOBEHO, YTO NOC/eLHUE CbIBOPOTKU MOYTU WN COBEPLLUEHHO HE MOHWMXAaKT
NPOTEOTNTUYECKYH) aKTUBHOCTb MOKPOTbI, U YTO CTEMEHb VIHFVI6I/IpOBaHVIF| CopasMepHa coaeprka-
HUIO (Ij-aHTVITpI/II'ICI/IHa B CbIBOPOTKE.

MPECCOPHAA AKTMBHOCTb HATMBHOW MIA3Mbl MOYEYHOW BEHbI
N. AEBPELLEHWN n B. CEKAY

B Uensx M3yuyeHMst AMArHOCTUUYECKOM LeHHOCTU OMpeaesieHnst NpeccopHoi akTUBHOCTM
HaTVBHOW MNa3Mbl NOYEUHOK BeHbl aBTOPbI MPOBOANN CPABHEHWE CepPUIHBIX HepOaHrorpaMm
M aKTUBHOCTU PEHMHA B MN/asMe NMoYeuHol BeHbl GOMbHLIX TMMEePTOHMe. HecMoTpsl Ha TO, UTO
NPOMNopLUOHANIbHO I0rapudMy aKTUBHOCTYA PeHWMHA B M/1asMe MOoYeYHol BeHbl, B HATWUBHOW
naasme MoYeYHoO BeHbl 6bia BbisiBfeHa MOBbILLIEHHAs! NPECCOPHAs aKTUBHOCTb, /I0XHOTMOM0XKM-
Te/lbHble PesyNbTaTbl aBTOPOB YKasblBalOT HAa TO, UTO B MHAMBWAYa/bHbLIX Cy4Yasix U3MepeHue
NPEeCCOPHOM aKTUBHOCTM HATMBHOW MNa3Mbl MOYEUHOW BeHbI HE MOXET 3aMeHUTb M3MepeHue
aKTMBHOCTM pPeHMHa B M/asMe MoYeuHOi BeHbl B 06/1aCTU 0Ka3aTe/lbcTBa MPUUMHHOM CBSI3M
MEXAY CY>eHMWEM MOYeUHON apTepumn 1 FUMNepTOHNYECKO 60ME3HbLIO.

TOPMOXEHWE OBPA3OBAHUA MMMYHHOW PO3ETKWN B KNETKAX
CENE3EHKW MbIWENA PAONOKOBANLTHLIM OBNYYEHVEM
METO/ ON9 W3MEPEHUA MMMYHOCYTMMPECCUBHOIO AENCTBUA
FTAMMAWN3INYYEHWNA

BE. ®EKETE, Ab. CETEAW, 1O. NETPAHbW, M. TEPTEW, I'. CABO n 3. LEXMU

ABTOpamu 06bII0 YCTAHOB/IEHO, 4YTO 00My4YeHMe BCero Tena Mblleid wramva Banbb/c
pagnoKTUBHbIM KobanbToM B fo3e 1/5/11-,, npeActasnseT coboi 3(hPeKTUBHBIA WHIM6UTOP
06pa3oBaHUss MMMYHHOM po3eTKW. V3nyyeHne pafMoaKTUBHOIO KobasibTa C OAHOM CTOPOHbI
YMeHbLLAeT YKC/IO0 NMMAOLMTOB Cefle3eHKM, 06pasytoLLnX Po3eTKY, a C ApYroi — 3afep>KmMBaeT
06pasoBaHMe PO3ETKU OCT/IbHbIMU MMAQOLUTaMMU.

Hawn6onee 4yBCTBUTENbHbIMK K Uppagvaummn siBASOTCS T-NMMGOLUTLI.

MprMeHeHVe 061y4YeHMs 40 fayY UK B ileHb BBEAEHUS aHTUTeHa NPUBEO K YCUTEHHOMY
TOPMOXEHMWI0 06pa3oBaHUSi PO3eTKM MO CPABHEHMIO C 06/1yUYeHMEM NOC/e aHTUIEHOBOMo CTUMY/A.

PesynbTaTtbl, JOCTUIHYTble METOAOM TOPMOXEHUS UMMYHHOM pO3eTKW, MpefocTaBnsioT
HOBble jlaHHble 06 MHIMOUTOPHOM [e/ACTBMMN 06/TyUYeHNS HA MMMYHOLUTBI.

N3YUEHWE TYMOPAJ/IbHOIO MMMYHUTETA MPU XPOHUYECKUX
3ABOJIEBAHNAX MEYEHWU

K. WNMOH, A MATAK®A/bBU, A. MAP n X. MAUC/NAN

ABTOpaMmn 6bI10 MPOBEAEHO CPaBHEHME MOBEAEHUSI TYMOPASbHOr0 MMMYHHOrO OTBETa
NpU PasiUUHbIX TUMNAxX XPOHWYECKMX 3a60/eBaHUil NeueHW. OHW onpedensinn y 69 60/bHbIX
XPOHMYECKMUMI 3a60/1eBAHUSMIA MeYeHN (XPOHWYECKWIA aKTUBHbIWA renartut, XPOHWYECKuin nep-
CUCTUPYIOLLMI FenaTuT, LMppo3 NeYeHu, XpoBas neveHb) BeIMUUHY COAepXKaHUA rammarnoby-
NHOB, PO3, TUMON M KOHLEHTPALWMIO TPeX FMaBHbIX MMMYHOT06Y/IMHOB, TUTPbl aHTUGaKTepW-



anbHbIX NPOTUBOTEN. OHM M3ydanu TakKXe BCTPEYaeMOCTb ayTOMPOTMBOTENONOA06HbLIX (aK-
TOPOB.

P CornacHo noslyyYeHHbIM pe3ynbTaTam, NPU XPOHUYECKMX 3a60MeBaHMsAX MeyeHun, Conps-
YKEHHbIX peakuueli Me3eHXMMbI, MOBbILIEHHbIA TYMOpPasibHbI VMMYHHbI OTBET NpeAcTaBnsieT
co6oii o6Luee sABNeHMe. Ha OCHOBe BbilleyKasaHHbIX N1a6opaTopHbIX MoKasaTenein u usyyeHus
VMMYHOT106Y/IMHOB 1 NPOTUBOTEN MOXHO AeNaThb 3aK/I0UEHNE 0 HAMUUM UN OTCYTCTBUW peak-
UMW Me3eHXVMbI. [1pn XPOHWMUECKMX 3a60/1eBaHMSX NeYeH, CONPOBOXK/IEHHbIX peakLuei Me3eH-
XUMbl, Ha61t0aN10Ch NPEX e BCEro MOBbILLIEHWE KOMIMUYECTBA aHTUTEN MPOTUB KMLLEUYHbIX 6aK-
Tepwid, Torja Kak npoTUBOTENa NPOTUB HEKMLLIEYHbIX 6AKTEPUIA He NOKa3aI XapaKTepHOro us-
MeHeHWs. BbisiBNieHMe aBTOMPOTMBOTENONOA06HbIX (DAKTOPOB B CbIBOPOTKE MOXET OKasaTb Mo-
MOLLb NPU OTKPLITUN aBTOUMMYHHbIX MEXaHU3MOB.

BJIMAHWNE BETA-AOPEHEPITMYECKOIO BO3BYXXAEHNA HA KOPOHAPHOE
KPOBOOBPALLEHWE MPN CEFMEHTAPHOW WLLEMWN MUOKAPLA

. 0 XAC-HAAb v Ab. TPOC

ABTOpbI UCCNEA0BaNN Y HAPKOTU3MPOBaHHbIX COBaK C OTKPbITOM FPYAHOW KNETKOWN peak-
LM KOPOHApPHOro KpoBOoGpallleHMs1 Ha fadvy msonpoTepeHona (0,1 /r Ha Kr-1 MuH-1—16 ar
Ha Kr-1MUH-1) B HOpMe U NpY ULLEMUM MUOKAapAa, BbI3BaHHOM C)XaTueM NepefHei HUcxoasLei
BeTBU (RD). KopoHapHoe KpoBooGpalLlieHVie aBTOpbl M3MEPSI/IN 0THACTM CNOCO6OM OnpeaeneHuns
BEHO3HOr0 OTTOKA M3 BEHEYHOr0 CMHYyca CepAua M 0THYacTV MeTOLOM TemnsioBOro K/uMpeHca B Cer-
MEHTE JXenyfouka, cHabXkaemom RD. Bblfo YCTaHOB/IEHO, YTO GeTa-afjpeHepruyeckoe cocyno-
pacluvpsitolLiee AeiicTBME, OKasaHHOe Ha 06Llee KOpPOHapHOe KPoBOOGpaLleHWe, nocne cxaTus
RD [0 HEKOTOPOI CTemeHW CHWXKaeTcsl, MPUYEM, OfHAKO, KPYTOCTb KPUBbIX ANIATALMMN BeHeu-
HOli apTepun B 3aBMCMMOCTM OT [03bl He MoKasana 3HauuTe/IbHOro M3MeHeHUs. 13o0npoTepeHon
BbI3Ba/1 TaKXXe B MECTHOM KPOBOOGPALLEHUN ULLIEMUYECKON 30HbI paclUMpeHne COCYAO0B, pasmep
KOTOPOro 6bI/10 NPYMEPHO MOMOBUHON AWNATALUN, M3MEPSIEMOM Ha TOM >Xe MecTe [0 CKaTus
RD. V3 nonyyeHHbIX pe3ynbTaToB aBTOPbI CAeNann BbIBOj, YTO 6eTa-afjpeHepruyeckoe Bo36yx-
[leHVe BbI3bIBaeT, NOAO6GHO PacLUMPEHNO HOPMaJIbHbIX BEHEUHbIX apTepuid, TAKXe W pacllmpeHune
Konnatepanen.

ABCOPELIIA U TPAHCMOPT BE/IKOB W3 BPIOLLHOM MOJIOCTU

r. CABO u 3. MAAbAP

Abcopbumna meveHHoro J1BlanbbymuHa c gvagparmasibHol CTOPOHbI GPHOLLNHbBI, CEPO3HOIA
060/104KM NMEYEHN M KULLOK Gblia M3yyeHa aBTopaMu Ha cobakax. C MOBEPXHOCTW MeyveHn abeo-
péums anbbymmnHa 6blna NpPUMEPHO B 4YeTbipe pasa 60see ObICTPON, YeM C MOBEPXHOCTM Ana-
(hparmbl.3 cepo3HOM 060/104KUN KMLLOK abcopbumn 6enka He npomcxoanT.OKono40%ab6copbumpo-
BaHHbIX 6e/IKOB MPOHMKAeT HEeMocpeACTBEHHO B Kanuansipbl. JlMMdaTuyeckue coCcyfbl, COe-
OVHSIIOLLME KPYMHble KPOBEHOCHbIE COCYAbl Ha MpaBoli CTOPOHE LUeW, TPaHCMopTUPYT B ABa
pasa 6onblie abcopbupoBaHHOro 6esKa, YeM FPyAHON MPOTOK.

N3YYEHWE BbIAENEHNA HATPUA Y 340POBbLIX /NL N'Y BOJIbHbIX
B PA3NINYHbBLIX CTAAMNAX TMMNEPTOHWYECKOW BOME3HU B/IMBAHWEM
PACTBOPA MOBAPEHHOW CO/MN

3. NMONTAP, 6. KAHbAP, ®. LLOMOPbHAN u K. KOMOP

Coo6lLUaeTcsi pe3ynbTaT McciefoBaHWiA, MPOBOAMBLUMXCS Y 112 60/bHbIX] BAMBaHWEM
5%-0ro rvnepTOHNYECKOro pacTBopa NMOBApPEHHOMN CoMu.

B akcnepuMeHTax C OCTPOM Harpyskoi Conbl HabnoAanncb [OCTOBEPHbIE PasHULbI
MeXAYy HaTPUype3oM KOHTPO/IbHbIX 340POBbIX /ML, U GOMbHbIX TMNEPTOHUENA.

[ocToBepHas pasHuUa 6blna BbIsiB/IeHA TakKXe MeXJy MNOKasaTensiMu KOHTPOSbHOW
rpynnbl M HOPMOTEH3MBHOI runeppeakTopHoin (NAT-N0M0XKUTENLHOR) TPyNMbl.

Mexay peakuMsiMW TMNePTOHMYECKON W FMMeppeakToOpHOl rpynn He yaanochb BbISIBUTb
CYLLLECTBEHHON pasHuLbI.



OTOANEHHAA YPESMEPHAA YYBCTBUTEJ/IbHOCTb MOPCKMX CBUHOK,
BbISBBAHHAA KCEHOIMEHHbIMW KJ/IETKAMW; PA3BUTUE B/IACTO3HOIO
MPEOBPA3OBAHNA, MUTPALIMN N ULMNTOTOKCNHYHOCTU KIETOK
NVM®OATUYECKNX Y310B, A TAK)XXE KOXHOW PEAKLWW in vitro

r. Ab. NMETPAHbW, E. KNEWH, A. I. KOXPAH, 3. CBEAMMWP n X. AKOBCOH

ABTOpamun 6bIN0 M3y4YeHO B paHHel (hase OTAA/IEHHOW YpPe3MEepPHO YyBCTBUTE/TbHOCTY,
BbI3BaHHOW Y MOPCKUX CBWHOK BBEfEHWEM YeI0BEYECKUX JMMGOUAHBIX K/ETOK, pasBuTue
aKTUBHOCTU NMMMOLMTOB in vitro (611acTo3Has TpaHchopmaLms, TOPMOXKeHNe MUTrpaLmMm 1 LMTo-
TOKCUYHOCTb) M BO3HUMKHOBEHMWE KOXHOU peakuumn. B pervoHapHbIX num@aTnyeckmx ysnax
MMMYHU3MPOBAHHbIX XXUBOTHbLIX MOr/oLlieHe 3H-TUMUANHA NMMQOLMTAMU U aKTUBHOCTb MUT-
pauun okasanucb, faxke 6e3 HaIM4MA aHTUreHa, NoBbILLIEHHbIMKW, B YaCTHOCTW Ha LUECTON AeHb
nocsne UMMyHM3auuMn. B MpuUCYTCTBUM >Ke aHTUreHa NMMGOLMTbI MOKasaiM aKTUBHOCTb YXKe
HauvHas ¢ BTOPOro [HSi noc/ie UMMyHM3aumn. KuHeTuKa aKTUBHOCTW NIMMQOLMTOB, BbISB/IEH-
HOI B onbITax in vitro, 6bl1a NapansenbHOW ¢ NPOTEKAHNEM KOXHOU peakuuy 1 nokasana Mak-
CUMasIbHYIO0 aKTMBHOCTb Ha LUECTOl AeHb. HecrneumguyecKUM aHTUreHoM (OmnyxosieBble KIeTKU
MbILLEN) KOXHAs peakumsi M UMTOTOKCUYHOCTb in vitro gaBanu nonoXuTenbHbIi, a 6n1acTo3Has
TpaHchopMaunsa — oTpuLaTenbHblli pesynbTar. JIMMAOUUTLI KOHTPOSIbHbIX, HEUMMYHU3POBaH-
HbIX MOPCKUX CBUHOK HW B OfHOM OMbITe He fasin MOMOXUTEIbHOIO pe3ynbrara.

MNATOMEHE3 AHEMWW NMPW CUHAPOME TPOMWYECKOW CMJIEHOMEMANN
B. PUHTENXAHH, X. MUNEP u o. N. KOHOTEN-AYIbY

ABTOpbI uccnefoBanu B MaHe 30 60/bHbLIX AMArHO30M CMHAPOMA TPOMUYECKOIA CreHo-
meranmu. OHW HaLM HU3KME NapameTpbl reMaToKpuTa, Yucna fIeMKOLMTOB U TPOMGOLIMTOB,
TOrfa Kak uncio PeTUKY/OUMTOB M Be/MUMHA HENpsIMOro 6uUMpy6rHa OKasaiMcb HECKO/bKO
MNOBbILEHHLIMW. V13yUyeHne BbKMBAHWS 3PUTPOLMTOB M PaAMOaKTUBHOIO Xefe3a TaKxKe MoKa-
3a/10 NOHWXeHNe remonmsa. dpakums IgM MMMYHOTI06yNMHOB 6blna yBenuyeHa. Mpyu nomoLuy
3pPUTPOLIMTOB, MeueHHbIX Crsl Yncno apUTPOLUTOB He 6bII0 MOBLILLIEHHLIM, 0JHAKO 06BLEM M/1asMbl,
onpefe/neHHbIil CbIBOPOTOUHLIM anlbByMUHOM, MeueHHbIM J 15 0Kasascsi Bbille HOpMbl. [15 W3y-
YeHUs MUKPOLMPKY/SILMN Cee3eHKW, aBTopbl MPUMEHSINM Tenaoy6uTble 1 MedeHHble CralapuT-
poLMTLI. OHM MPULLAY K 3aK/THOYEHUIO, YTO HU3KMIA NoKasaTe/lb reMaToKpuTa 06ycnaBnvnBaeTcs
COBMECTHbIM 9p(heKTOM YBEIMUEHHOro 06bema Na3Mbl M BPEMEHHOM CEeKBECTpaLMK Yucna apu-
TPOLMTOB B YBEIMUEHHOM ceneseHKe. Kpome TOro MMeeTcst TakxKe KOMMEHCUPOBaHHbIV reMosna.
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BIER/BRAUN/KUMMELL

Chirurgische Operationslehre

8. Auflage

Herausgegeben von Prof. Dr. Dr. h. e. Dr. h. 0. E. DERRA,
Dusseldorf, Prof. Dr. P. HUBER, Innsbruck, und Prof. Dr. W.
SCHMITT, Rostock. 6 Bénde

Band 2/1: Operationen an Kopf, Nervensystem und Wirbelsaule
1973. XV I1II, 605 Seiten mit 541 Abbildungen

Leder 100,— M. Bestell-Nr. 793 321 1

Der BIER /BRAUN/ KUMMELL ist das unentbehrliche Nachschlagewerk,
das weder in der Krankenhausbibliothek noch im Bicherschrank des
Chirurgen fehlen darf. Der erfahrene Fachmann wird es gern konsultieren,
dem jungeren Chirurgen vermittelt es als Lernbuch die ganze Fulle der
modernen operativen Medizin.

Der Bezug eines Bandes verpflichtet zur Abnahme des Gesamtwerkes.
Die Bénde 1, 3/1 und 4/1 sind bereits erschienen und werden bei Neubestel-
lung des Bandes 2/1 mitgeliefert. Mit der Fertigstellung des Gesamtwerkes
ist — wie geplant —- bis 1976 zu rechnen.

Bestellungen an den Buchhandel erbeten

JOHANN AMBROSIUS BARTH LEIPZIG



127

TUBERCULOSIS IN OLD AGE

by L. Haranghy and K. Szemenyei

Old-age tuberculosis frequently takes an atypic course. Consequently the
disease often escapes detection by the immediate environment and even by
the attending physician. On the basis of long-standing pathological experience
the authors discuss the most important pulmonary and extrapulmonary forms
of appearance of tuberculosis. The relatively frequent incidence of tuberculous
infection in old age is stressed and means of prevention are discussed. The
monograph will be a valuable tool for all practicing physicians because it calls

attention to the symptom-poor forms of the disease.

In English « 210 pages e« 66 photographs « 17 tables <« Cloth
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ACTA MICROBIOLOGICA

ACADEMIAE SCIENTIARUM HUNGARICAE

will submit papers based exclusively on original researches from the field of micro
biology (and within it from bacteriology, virology, mycology and protozoology).
Papers of immunological subject will only be accepted for publication if microbio-
logical aspects are also involved. The main object of Acta Microbiologica is to make
the results of Hungarian microbiological researches known to readers abroad.

ACTA MICROBIOLOGICA is published mainly in English, but also in French,
German and Russian. Four issues make up a volume of some 400 to 500 pages
yearly.

Subscription rate per volume: US $32.00

AKADEMIAI KIADO
Publishing House of the Hungarian Academy of Sciences
BUDAPEST
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chemistry and biophysics : proteins (structure and synthesis), enzymes, nucleic acids,
regulatory and transport processes, bioenergetics, excitation, muscular contraction,
radiobiology, biocybernetics, functional structure and ultrastructure, etc., mainly
in English.

ACTA BIOCHIMICA ET BIOPHYSICA is published in four issues, making up a
volume of some 400 to 500 pages yearly.

Subscription rate per volume: US $32.00
Contributions to all scientific periodicals of the Hungarian Academy of Sciences
are regularly abstracted and indexed in all international reference journals.
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The Acta Medico publish papers on medical science in English, German, French and
Russian.

The Acta Medico appear in parts of varying size, making up volumes.

Manuscripts should be addressed to:

Acta Medica
1083 Budapest, Szigony u. 43. 9 P.O.B. 67

Correspondence with the editors and publishers should be sent to the same address

The rate of subscription is $ 24.00 a volume.

Orders may he placed with “ Kultira” Foreign Trade Company for Books and News-
papers (1389 Budapest 62, P.O.B. 149, Account No. 218-10990) or with representatives abroad.

Les Acta Medica paraissent en francais, allemand, anglais et russe et publient des
mémoires du domaine des sciences médicales.

Les Acta Medica sont publiés sous forme des fascicules qui seront réunis en volumes.
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Acta Medica
1083 Budapest, Szigony wu. 43. 9 P.O.B. 67

Toute correspondance doit étre envoyée a cette méme adresse.
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On peut s'abonner a I’Entreprise du Commerce Extérieur de Livres et Journaux
»Kultira» (1389 Budapest 62, P.O.B. 149. — Compte-courant No. 218-10990) ou a I’étranger
chez tous les représentants ou dépositaires.

»Acta Medica» Ny6NUKYIOT TpaKTaTbl M3 06/1aCTM MEAMLMHCKMX HAyK Ha PYCCKOM
HEMEL|KOM, aHI/IMACKOM W (IPaHLy3CKOM Si3blKax.

«Acta Medica» BbIXOAAT OTAe/bHBLIMM BbIMyCKamMn pasHoro o6bema. HeckonbKo BbiMy-
CKOB COCTaB/ISIIOT OAWH TOM.

MpeaHasHaueHHble AN Ny6AMKaLMW PYKOMUCK CriefyeT HanpaensTb Mo agpecy:

Acta Medica
1083 Budapest, Szigony u. 43. 9 P.O.B. 67

Mo aTomy e aapecy HanpaBAATb BCAKYI KOPPECMOHAEHUMIO ANA pejakumnm v agmu-
HucTpauymn. MognucHas ueHa — $ 24.00 3a Tom.
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(1389 Budapest 62, P.O.B. 149 Tekywmin cdeT Ne 218-10990) wmnm ero 3arpaHuMyHble nNpea-
CTaBUTENbCTBA WM YMOSTHOMOYEHHbIE.
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