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Obstetrics

PROLACTIN SYNTHETIZING CAPACITY OF THE
HUMAN DECIDUA DURING THE FIRST
TRIMESTER OF PREGNANCY

Klara H orvath, Gy Falkay, M. Sas
DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY, SZEGED UNIVERSITY MEDICAL SCHOOL, HUNGARY

(Received May 17, 1982)

In vitro prolactin (PRL) synthesis by human decidua of early pregnancy (5—
12 weeks gestation) was investigated. Tissues obtained during therapeutic abortions
were incubated in oxygenated Gey’s buffer supplemented with 20% fetal calf serum
at 37 °C for 24 h. PRL production increased rapidly to 42.3 mU PRL/100 mg tissue
wet weight until 8 weeks gestation and then slightly declined but these differences
were not significant. There was no PRL production when chorion was incubated under
similar conditions. A significant correlation was found when the initial PRL content
in the decidua prior to incubation and the capacity of decidua to synthesize PRL
were compared (r = 0.76, P < 0.001). These data provide further evidence that human
decidua can produce PRL in vitro. The finding that the rate of the PRL synthesis
increases progressively in early pregnancy is in correlation with the intensive decidual-
ization of the endometrium.

Keywords: prolactin synthesis, decidua, early pregnancy

Introduction

Human decidua from term pregnancies has been reported to synthesize
PRL in vitro [14]. This hormone was indistinguishable from pituitary PRL
by immunologic, electrophoretic, chromatographic and receptor-assay tech-
niques [5]. When chorion, amnion and fetal membranes were incubated, no
significant amount of PRL accumulated in either the medium or the tissue
[6, 13].

Since the endometrium undergoes decidualization during the late secre-
tory phase even in the absence of conception, the decidualized endometrium
was supposed to synthesize PRL. It has been proved that the ability of endo-
metrium to produce PRL increases as the decidual reaction spreads throughout
the endometrial stroma [10, 40].

As in early pregnancy (5—2 weeks gestation) there are data for the initial
content of PRL in decidua [8], the purpose of the present study was to inves-
tigate the capacity of the human decidua to synthesize PRL in vitro during
the first trimester of pregnancy.

Send offprint requests to Klara Horvath, Department of Obstetrics and Gynaecology,
Szeged University Medical School, H-6725 Szeged, Semmelweis u. 1, Hungary
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2 KLARA HORVATH et al.

Materials and methods

Human decidua and chorion were obtained by curettage during therapeutic abortions
from 5—12 weeks gestation, as calculated from the last menstrual period. A portion of each
tissue was fixed in 4% formalin for histological examination, then embedded in paraffin
wax, sectioned to 5 fini and stained with hematoxylin and eosin. Only those experiments
were included in statistical analysis in which the decidual expiants contained only decidual
tissue and the chorionic expiants contained only chorionic tissue. The specimens were washed
in sterile, cold normal saline, minced and 500 mg aliquots were placed into Erlenmayer flasks
containing 20 ml Gey’s buffer [11] pH 7.4, supplemented with 20% fetal calf serum (Biological
Research Centre, Szeged), penicillin 100 IU/ml, and streptomycin 100 [ig/ml. Some flasks
were frozen for determining later the preincubation PRL content in the decidua. The remain-
ing flasks were bubbled with 95% oxygen and 5% carbon dioxide and incubated at 37 °C
for 24 h. Flasks were sampled and regassed at 3, 6 and 20 h. Finally the incubated tissues
were homogenized in the remaining buffer and the supernatants were assayed for PRL.

PRL concentration in the samples and tissue homogenates was determined by radio-
immunoassay with double antibody separation. Human hypophysis PRL (National Institute
for Biological Standards and Control, London), 123—PRL, rabbit antisera and anti-rabbit
y-globulin were received from the World Health Organization. The sensitivity of the assay
was 65 mU/1. The intraassay coefficient of variation was 6.2; the interassay coefficient of
variation was 12.9. Cross-reaction with HCG was 0.05% at B/BOof 50%. The PRL content
of Gey’s buffer containing 20% fetal calf serum was below 65 mU/1. Mean PRL production,
i.e. the PRL concentration of the tissue and medium after incubation minus the PRL concen-
tration of the tissue before incubation, was calculated for each group. Differences between these
means were tested by Student’s t test, with the significance defined as P < 0.05.

Results

PRL content in the incubation medium was progressively increasing
during 24 h incubation at 37 °C. The accumulation of PRL in the incubated
decidua specimens obtained from 6 weeks pregnancies is shown in Fig. 1.

Examining the PRL synthesis of 69 decidual specimens from 5-12
weeks gestation it was found that the capacity of the decidua to produce PRL
increased till the 8th week of pregnancy reaching a maximum level of 42.3 mU
PRL/100 mg tissue wet weight. PRL production did not change significantly

Fig. 1. Increase of PRL concentration in medium during 24 h incubation. Decidual tissue was
obtained from patients of 6 weeks gestation. Values represent mean AS.E.M.

Acta Medica Hungarica 40, 1983



PROLACTIN SYNTHETIZING CAPACITY OF HUMAN DECIDUA 3

Fig. 2. In vitro PRL production by decidua throughout the first trimester of pregnancy.
Values represent mean —S.E.M. The number of decidual specimens in each week is shown
in parentheses

Fig. 3. Amount of PRL in incubation medium and tissue before (empty blocks) and after
(striated blocks) 24 h incubation. The number of decidual specimens in each week is shown
in parentheses. Each bar represents the mean PRL concentration + S.E.M.

beyond that point. The amount of PRL produced by the decidua in vitro in
the first trimester of gestation is presented in Fig. 2.

The initial PRL content in the decidua and the amount of hormone
accumulated in the incubation medium plus tissue during 24 h incubation
showed a similar pattern. Figure 3 shows the PRL concentrations in tissue
homogenates before and after incubation at different stages of pregnancy.

Correlation between the preincubation content of PRL in decidual tissue
and the capacity of the decidua to synthesize PRL was investigated. The
linear regression is shown in Fig. 4; the correlation was 0.76 (P < 0.001).

When chorion was incubated, no significant amount of PRL accumulated
in either the medium or the tissue. Both the initial content and in vitro produc-
tion of PRL by chorion samples were considerably lower than that in decidua

Ada Medica Hungarica 40, 1983



4 KLARA HORVATH et al.

Initial prolactin content,
mU/100 mg tissue wet weight

Fig. 4. Correlation of initial PRL content in decidual tissue and the ability of the decidua to
synthesize PRL in vitro. Broken lines give the 95% confidence limit for the regression line
(y= 1.34* + 37.1); r = 0.76, P < 0.001)

specimens. The chorion contained PRL in concentrations ranging from 0.26
to 0.66 mU/100 mg tissue wet weight prior to incubation and from 0.05 to
1.51 mU/100 mg tissue wet weight after incubation as determined in 10 ex-
periments.

Discussion

Maternal serum PRL concentration rises steadily throughout gestation
and reaches a ten times higher peak value than that in nonpregnant state.
PRL level in amniotic fluid is 100 times higher in early pregnancy and 5 to
10 times higher at term than the corresponding maternal and fetal serum
levels [7, 16]. The amniotic fluid PRL proved to be identical to pituitary
PRL when judged by several physicochemical, biological and immunological
criteria [1, 2, 12] but its origin and physiologic role was unknown until quite
recently. An extrapituitary source of PRL was suggested by experiments in
pregnant Rhesus monkeys demonstrating that maternal hypophysectomy or
fetal death did not affect the concentration of PRL in amniotic fluid [17].
This hypothesis was supported by the observation that the PRL level was
elevated in amniotic fluid but was suppressed in the maternal and fetal circula-
tion during bromocriptine therapy [3].

Riddick et al. reported de novo PRL production by human decidua
from term pregnancies and concluded that sufficient PRL was present in the
decidua to account for that found in amniotic fluid [13]. PRL production in
vitro could be blocked by protein synthesis inhibitors [6, 14].

A high correlation was found between the concentration of PRL in
amniotic fluid and the capacity of the decidua to synthesize PRL during late

Acta Medica Hungarica 40, 1983



PROLACTIN SYNTHETIZING CAPACITY OF HUMAN DECIDUA 5

gestation. A similar correlation was seen when the amniotic fluid PRL levels
and the initial hormone content of the decidua were compared [15].

Maslar and Riddick investigated the ability of the endometrium unassoci-
ated with pregnancy to produce PRL in vitro. They concluded that PRL
was synthesized by the endometrium during the normal menstrual cycle and
found a relation between the appearance and degree of synthesis and the
decidualization of the stroma [10].

Endometrial tissue specimens from very early pregnancies contained
and produced PRL in concentrations comparable to that released by the
iOnpregnant endometrium. Both the initial PRL content of the endometrium
from 2 to 6 weeks gestation and the total hormone concentration measured
in the tissue and medium after incubation increased rapidly as implantation
progressed [9].

The immunoreactive PRL content of the decidua and the villi was
determined in early pregnancy and the highest amount of PRL was found in
decidual specimens of 8 weeks gestation. In one incubation experiment only
the PRL release and not its production was observed during 2 h incubation [8].
De novo hormone synthesis was not examined.

In the present study, the ability of the decidua to synthesize PRL in
vitro was investigated throughout the first trimester of pregnancy. The
concentration of PRL produced by the decidua during 24 h incubation increased
progressively from 5 to 8 weeks gestation; beyond that time no significant
differences were noted. Chorion specimens did not produce PRL in vitro
under identical conditions and the initial hormone content in these tissues
was considerably lower than in the decidua. A significant correlation was
found between the preincubation PRL concentration in the decidua and the
ability of these tissues to synthesize PRL.

These data provide an additional evidence that the human decidua is
capable of producing PRL in vitro and might be the source of amniotic fluid
PRL. The rapid increase in hormone synthesis is related to the intensive
decidual changes during the early stage of gestation. The possible role of this
extrapituitary PRL remains open to further studies.
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COMPARISON OF CARDIOTOCOGRAMS PREPARED
BY ABDOMINAL ELECTROCARDIOGRAPHY AND
BY ULTRASOUND CARDIOGRAPHY

(Recording and evaluation difficulties in the antepartum period)

Gy. Bartfai, L. Thurzé, L. Kovacs,1 Krisztina Boda

DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY, AND ‘COMPUTATION CENTRE,
SZEGED UNIVERSITY MEDICAL SCHOOL, HUNGARY
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Cardiotocograms were prepared in 127 cases on 120 pregnant women, first by
abdominal electrocardiography, and immediately afterwards by ultrasound cardiog-
raphy. A study was made to ascertain which method yielded recordings of higher
quality, and which factors influenced the quality of the cardiotocogram. It was found
that the proportion of good-quality recordings was higher with ultrasound cardiography
than with abdominal electrocardiography. The higher information content of the latter
technique allows a more accurate assessment of the cardiotocograms. The recording
quality is affected by numerous factors, the most important of which are adiposity
and the duration of pregnancy. The use of abdominal electrocardiography is preferred
in case of a thick abdominal wall, whereas the ultrasound technique is recommended
between the 28th and 36th weeks of pregnancy.

Keywords: cardiotocogram, abdominal electrocardiography, ultrasound cardiog-
raphy, antepartum period.

Introduction

A procedure widely used in antenatal diagnostics to assess the state of
the foetus is the non-stress test (NST), based on the simultaneous examination
of foetal heart function, uterine activity and foetal movements.

The foetal heart activity can be recorded by means of phonocardiography,
ultrasound cardiography (uCG) and abdominal electrocardiography (aECG).

Owing to its disadvantages compared to the other two methods, phono-
cardiography is now rarely used in clinical practice [15]. uCG is a moie con-

Abbreviations:

NST = non-stress test

uCG = ultrasound cardiography

aECG = abdominal electrocardiography

FHR = foetal heart rate

tr = transducer

EPH gestosis = toxemic manifestation of pregnancy
R = reactive

NR = non-reactive

Send offprint requests to G. Bartfai, Department of Obstetrics and Gynaecology, Szeged
University Medical School, H-6725 Szeged, Semmelweis u. 1, Hungary
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venient and simpler method, and it is therefore applied more widely than
aECG. As regards the reliability of these procedures, few data are available
on the simultaneous examination of the two methods on the same patient [1,
9, 15]. We have therefore made a comparative study of aECG and uCG record-
ings made consecutively on the same patient.

We sought answers to the following questions: Which method gives
tracings of better quality ? What are the factors influencing the quality of the
cardiotocograms ? Is there a difference in the evaluation of tracings of the
same quality, depending on which method has been used?

Materials and methods

The NST was carried out on 127 occasions on 120 patients. For a given pregnant woman,
the foetal heart rate (FHR) was recorded first by aECG, and immediately afterwards by
uCG. The reason why the examinations had to be made in immediate succession is that it was
not always possible to apply the ultrasound head, the transducer (tr) and the abdominal wall
ECG electrodes to the best site simultaneously. A Kranzbichler FM-5000 cardiotocograph
was used, with a paper speed of 1 cm/min.

In aECG, ARBO disposable silver electrodes were used. The skin of the abdominal
wall was first cleaned with alcohol, the upper layer of the epithelium was rubbed off with a
Peerless device, Redux cream was rubbed into the skin to ensure good electrical conductance
conditions, and the electrodes were located as shown in Fig. 1.

In uCG, the ultrasound tr was placed on the site corresponding to the maximum in the
foetal heart sounds, and a conducting medium free of air bubbles was ensured with Aquasonic

el.

g The positions of the electrodes and tr were varied until an appropriate signal was
observed on the scope, or until the monitor sound detector revealed a rhythmic foetal heart
function. The positions of the electrodes and the tr were not changed subsequently, even in
the quality of the record deteriorated.

The mother-to-be indicated foetal movement by turning on a switch, and this was
marked as a point in the upper part of the cardiotocogram.

Cardiotocograms were evaluated on the basis of criteria described earlier [2].

In the assessment of the quality of the recordings, we modified the original classification
of Ruttgers and Kibli [14] by combining the groups of excellent and good quality. If the non-
evaluable section did not exceed 15% of the length of the overall tracing,the quality was taken
as good; for a ratio of 16-50%, the quality was considered satisfactory; and for values
above 50%, the quality was regarded as non-evaluable.

The quality of the recording might be influenced by numerous factors, among which
the following were examined: adiposity, duration of pregnancy, location of the placenta,
quantity of the amniotic fluid, and number of foetal movements.

Maternal electrode

Reference electrode

Fetal electrode

Fig. 1. Standard configuration of abdominal electrodes
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Adiposity was calculated by the following formula: (I0OOXbody weight in kg)/(height
in cm — 100). For values in the range 100+25% the body weight was considered normal,
while higher values indicated obesity [10].

The duration of pregnancy was calculated on the basis of the last normal menstruation.

The location of the placenta was established by echography based on a Vidoson 635 B
picture procedure. Three groups were distinguished: (i) placenta on anterior wall, (ii) placenta
on posterior wall, (iii) measurement not performed, or placenta located elsewhere. In the
case of placenta praevia, the patient was excluded from the comparative study.

The quantity of amniotic fluid was similarly determined by ultrasound echography.
Two groups were differentiated: a normal quantity of amniotic fluid, or an elevated quantity
of amniotic fluid (oligohydramnios did not occur in this study).

The number of foetal novements during the examination was counted by the patient;
this number was considered enhanced if it was more than 30 in 30 min.

Various methods were used in the course of the statistical processing. In the groups
of recordings of different qualities, the number of foetal movements was analysed using the
W ilcoxon test.

The two-dimensional tables were examined with the %®2test; in the case of 2X 2 tables,
the Fisher test, too, was carried out since, mainly for low frequencies, this is a more suitable
method.

Multivariant correlation — regression analysis m was performed to investigate how
the quality of the uCG and aECG recordings, and their success rates, correlated with the
other factors considered.

Results

The NST was carried out in 127 cases with aECG and then uCG immedi-
ately afterwards. Some of the examinations involved enhanced-risk pregnancies
(EPH gestosis, postponed labour, and the suspicion of intrauterine growth
retardation), while others were performed as screening examinations between
the 28th and 36th weeks of pregnancy.

The recordings were classed into three groups using the criteria of Riittgers
and Kubli [14] as modified by us. These were: “good”, “moderate” and “non-
evaluable”. Cardiotocograms of good quality could be obtained in 86% of
the cases with uCG, and in 67% with aECG. The proportions for the recordings
of moderate quality were 12% and 14%, respectively. A non-evaluable record-
ing was obtained wdth the ultrasound technique in only one case, but on 24
occasions (19%) with aECG.

Obesity considerably influenced the quality of the recording for uCG.
A similar correlation with aECG was not observed (Table ).

The duration of pregnancy did not affect the quality of the cardiotoco-
gram in the case of uCG recordings, but when aECG was used the proportions
of lecordings of moderate or poor quality were significantly higher for the
28th-36tli weeks than for the 37th-41st weeks (Table I1).

Statistical methods did not reveal any influence of a placenta on the
anterior wall on the quality of the cardiotocogram (Table I11).

When analysing the role of the number of foetal movements, the Wil-
coxon test did not demonstrate a significant difference between the numbers
of foetal movements for the groups of recordings of moderate and of poor
quality.
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Table 1

Correlation between obesity and quality of cardiolocogram prepared with uCG or aECG

good

Normal body
weight* 88
Adipose* 23
Total 111

Fischer test:

uCG quality

moderate + poor

8( 8+0)
8(7+1)

16 (15+ 1)

P < 0.05, P > 0.05

* Based on Broca index. For details, see text

Table 11

aECG quality

good

64
21

85

moderate + poor

32 (14+18)
10 ( 4+ 6)

42 (18+24)

Correlation between duration ofpregnancy and quality of recording

Duration of

pregnancy
(weeks) good
28-36 36
37-40 57
41-43 18
Total 111

Significance: P > 0.05, P <

uCG quality

moderate -j- poor

5(5+0)
8 (8+0)
3(2+1)
16 (15+1)

0.05

X2 test (Yates correction): yf 0.061, jf26.015

Degrees of freedom: 2

Table 111

aECG quality

good

23
50
12

85

moderate + poor

18 (4+14)

15 (8+
9 (6+

7
3)

42 (18+24)

Correlation between location ofplacenta and quality of recording

Location of platenta

Anterior wall
Posterior wall
Other, or localization not performed

Total

Significance: P > 0.05, P >
yrtest: X20.339, x23.782
Degrees of freedom: 2
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uCG quality
good moderate -j- poor good
48 8( 7+ 1) 38
35 4(4+0) 22
28 4( 4+0) 25
111 16 (15+ 1) 85

0.05

aECG quality

moderate + poor

18 ( 9+ 9)
17 ( 7+10)
7(2+5)

42 (18+24)



CARDIOTOCOCRAMS PREPARED BY ELECTROCARDIOGRAPHY AND ULTRASOUND 1

The influencing role of hydramnios was not analyzed by statistical
methods owing to the small number of cases. In 5 of the 8 pregnancies compli-
cated by hydramnios the quality of the aECG recording was moderate or poor,
whereas uCG led to 5 recordings of good quality and 3 of moderate quality.

Multivariant regression analysis revealed a correlation between the
quality of the recording and the factors influencing the quality of the cardio-
tocogram, with multiple correlation coefficients of 0.66 and 0.48 for aECG
and uCG, respectively. In both analyses the significance level of the regression
was high (P <C0.001).

To analyse the combined effects of the factors affecting quality, a table
was prepared in which a study was made of whether the cases possessing O,
1, 2 and 3 pathological parameters occurred in the same frequency for record-
ings of good quality and of moderate and poor quality. For both uCG (P <7 0.01)
and aECG (P <7 0.05), the test gave a significant result, i.e. the quality of
the cardiotocogram depends on the number of the pathological parameters.
The detailed data are presented in Table IV.

In the evaluation of the NST, three groups were formed: reactive (R),
non-reactive (NR) and non-evaluahle. Table V shows the distribution accord-
ing to this classification.

It emerges from the tabulated data that the frequencies of the NR
tests were almost the same with the two procedures. However, there were
appreciable differences in the distribution of the reactive and non-evaluable
tests; the explanation of this was sought by further analysis of the data.
W ithin the group of cardiotocograms of the same quality, a study was made of
the recording technique. It was found that for 79 recordings which were of
good quality with both methods, the same classification was obtained in 61
cases (77%), whereas the test proved R with one method and NR with the
other in 18 cases (23%). In 61% of these latter 18 cases, the uCG was considered
to be R, while the aECG was NR. In the group of recording of moderate qual-

Table 1V

Correlation betweenfrequency of disturbing factors influencing the quality of the
recording and the quality of the recording

Frequency of factors

Quality aECG uCG
0 1 2 3 0 1 2 3
Good 19 40 19 6 23 41 42
Moderate and poor 5 16 16 6 2 2 9

Significance: P < 0.05, P < 0.01
X2test 1y2= 8.48, -12.71
Degrees of freedom: 3
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Table V

Clinical evaluation of recordings

Procedure applied

Evaluation
uCG aECG
Reactive (R) 102 (80%) 76 (60%)
Non-reactive (NR) 24 (19%) 27 (21%)
Non-evaluable 1(1%) 24 (19%)
Total 127 127

ity, statistical analysis was not possible because of the low number (4) of
cases. In 14 cases, aECG resulted in a cardiotocogram of moderate quality,
while uCG on the same patients gave a tocogram of good quality; the reverse
situation was observed in 6 cases. The clinical classifications were not subjected
to comparison in these 20 cases, similarly as for the 24 recordings that could
not be evaluated due to their poor quality.

Discussion

The clinical evaluation of cardiotocograms is fundamentally influenced
by their quality. Repeated recording in case of non-evaluable tracings is a
costly procedure. The additional costs caused by recording for a longer period
because of moderate quality tracings must also be given consideration. We
therefore first investigated how frequently cardiotocograms of good quality
may be obtained by means of uCG and akECG.

Our experience is in agreement with the data of Solum [15] who obtained
a result of good quality with uCG in 85% of the cases; our corresponding value
was 87%. Using aECG, Solum produced recordings of good quality in 55.2%
of the cases, compared with 67% in our study.

Of the factors adversely influencing the quality of the recording, obesity
is of importance in the cases of uCG. Views differ concerning the role of a thick
abdominal wall: Breuker et al, [4] and Ruttgers and Knbli [14] have proposed
further investigations for clarification of the question, while Solum [15] main-
tains that the thickness of the abdominal wall does not influence the qual-
ity of the recordings. In our experience, a thick abdominal wall proved to
be an impeding factor mainly for the ultrasound technique; with aECG there
was no substantial difference.

It has been reported [14] that an anterior placenta impairs the quality
of the recording, however this has not been confirmed by others. Our own
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observations support the data of Solum [15]: we failed to find a significant
correlation between the anterior location of the placenta and the poor quality
of the recordings for either method, although the level of significance was
almost reached for aECG.

The view is unanimous in the literature that aECG does nod yield a record-
ing of suitable quality in the 28th to 34th week of pregnancy [3, 5, 8, 15].
Our observations indicate that it is more difficult to produce a recording of
good quality with aECG in the 28th to 36th weeks of pregnancy. This was
not the case when uCG was used. The quality of a cardiotocogram obtained
with aECG may be improved by careful selection of the electrode sites. Howev-
er, variation of the position of the electrode does not lead to a further essential
improvement [5]. The quality of the recording is not affected by uterine
contractions [5].

Hydramnios and the number of foetal movements are factors which
were not studied in earlier publications. We assumed that these factors might
have an unfavourable influence on the quality of the recording. The small
number of cases does not permit us to draw any far-reaching conclusion as
concerns hydramnios. It appears from our data that this disturbs the aECG
technique more than the uCG recording. Clinical experience indicates that the
quality of the recording frequently deteriorates at the time of intensive foetal
movements. Using statistical methods we could not find a significant difference
between the number of foetal movements measured in the group of recordings
of good quality and in the group of moderate or poor quality; however, the
average number of foetal movements was higher in the latter group.

Recording of the number of foetal movements may be rather unreliable:
the attention of the patient may be affected by a recording of poor quality,
while the number of foetal movements cannot be checked from the tocogram
because of the poor quality [12].

Individual disturbing factors did not have a fundamental effect on the
quality of the recordings, however several factors acting simultaneously
did so. This was confirmed by multivariant correlation-regression analysis.

Indirect cardiotocography does not provide such an accurate picture
as a recording obtained with a direct scalp electrode on the foetus [7]. Of the
indirect methods, aECG has the highest information content and it better
reflects the actual situation than uCG when using the direct method [15].
External monitoring “overestimates” the FHR variability [6, 13]. Paul and
Keegan [11] reported that the uCG recording contained some accelerations
which in fact did not exist, but Keirse et al. [7] could not confirm this.

Our own results were independent of the technique employed in 77%
of the cases. Analysis of the 18 cases (a frequency of 23%) in which the results
did not agree revealed that 61% of the cases classified as R by uCG proved
NR on aECG. This fact supports the conclusions of Kierse et al. [7] referring
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to the frequency of the accelerations and the erroneously recorded acceler-
ations with the ultrasound technique. If different techniques are used, only
recordings of the same quality may he compared.

Conclusions

1. The proportion of recordings of good quality is higher for uCG (86%)
than for aECG (67%).

2. The quality of cardiotocograms obtained by aECG can be improved
by careful selection of the site of the electrode; aECG is a more laborious
method than uCG.

3. Because of its more accurate information content, aECG permits
a differentiated assessment of the cardiotocograms, and it is therefore a useful
method in antepartum cardiotocography. Its use is of benefit in all cases when
accurate assessment of the oscillation is necessary, and thus when accurate
assessment of the oscillation is necessary, and thus when an erroneously good
oscillation (jitter) or oscillation constriction has been observed with uCG.

4. The quality of the recording is adversely affected by the thickness of
the abdominal wall mainly with uCG, while the duration of pregnancy (28th-
36th weeks) affects mainly the aECG; hence, the use of aECG is recommended
in cases of adiposity, and the ultrasound technique in the early stages of
pregnancy.
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Thirty-six patients with biopsy-proved chronic active hepatitis (CAH) were
randomized. Of these 18 patients, 15 of them HBsAg and/or anti-HBc positive, re-
ceived (-) )-cyanidanol-3 (Catergen®, Zyma) in doses of 1.5 g daily for 6 months
in addition to the previously started low dose (10—5 mg/day) prednisolone. The other
18 patients, 16 of them HBsAg and/or anti-HBc positive, continued on the former
corticosteroid treatment exclusively. After 6 months an overall clinical-biochemical
improvement was noted in 10 cyanidanol-treated and in 6 control patients, while the
condition deteriorated in 4 drug-treated and 8 control subjects. Serum GPT activity
decreased to less than twice the normal in 12/16 drug-treated and in 7/13 control sub-
jects, gamma-GT fell to normal in 7/16 cyanidanol-treated and in 1/10 control patients,
1gG fell to normal in 4/8 drug-treated and in 1/9 control patients who all had initially
elevated values. The percentage of “active” E-rosette forming cells fell in both groups
but the decrease was significant only in the control cases, i.e. cyanidanol inhibited the
progressive fall in circulating T cells during the course of the disease. Lymphocyte
proliferative response to phytohaemagglutinin stimulation, as measured by 3H-thymid-
ine incorporation, significantly increased in the cyanidanol group. Anti-HBs titres were
markedly raised in 7/15 drug-treated and in 2/16 control patients.

Thus, cyanidanol had some slight beneficial effect on biochemical liver function
tests and the immunological activity in CAH patients. Its use may be recommended
as an adjuvant constituent of the complex therapy of the disease.

Keywords: (-(-)-cyanidanol-3, chronic active hepatitis

Introduction

The treatment of chronic active hepatitis, particularly of HBsAg-
positive chronic active liver disease, presents many unresolved questions and
contradictions despite the extensive use of corticosteroids. It has been shown
that the flavonoid substance (+ )-cyanidanol-3 (CY) (Fig. 1) is able to exert
a variety of hepatoprotective actions in different types of Ever damage [1]
and may even accelerate the disappearance of HBsSAg from the blood in

Send offprint requests to A. Par, First Department of Medicine, University Medical School,
H-7643 Pecs, Ifjosdg Gtja 13, Hungary

Acta Medica llungariea 40, 1983



18 A. PAR et al.

(+) -CYANIDANOL-3

Chemical structure;

/0.

(+3}-3,4,5,7 -tetrahydroxyf lavan-3-ol
Empirical formula; CisH-j"Og
Molecular weight: 290.28

Fig. 1

patients with acute and prolonged viral B hepatitis [2, 6]. Up to recent years
only few data were reported on CY in chronic active hepatitis. In order to
establish its value in that condition, aprospective controlled trial was performed
in the years 1979 to 1981.

Patients and methods

Thirty-six patients with biopsy-proven chronic active hepatitis [3] previously treated
with low doses prednisolone, 15 mg daily, were randomized into two groups: 18 patients,
15 of them HBsAg and/or anti-H Be positive, received CY in a dose of 1.5 g daily for 6 months,
maintaining the previously started prednisolone therapy (CY group), while the other 18 pa-
tients, 16 of them HBsAg and/or anti-HBc positive, continued exclusively on the former pred-
nisolone treatment (control group).

In every case the diagnosis was based on the findings of liver biopsy performed in 21
cases at the beginning of the study and at the end of the 6-month follow-up period.

Patients were checked at two-month intervals when beside a complete clinical examina-
tion several biochemical and immunological tests were performed.

Clinical symptoms and signs were anorexia, asthenia, abdominal pain, nausea, arthralgia,
fatigue, hepatomegaly, splenomegaly, ascites, oedema and loss of body weight.

Laboratory studies consisted of white blood cell and platelet counts, and tests for serum
bilirubin, aminotransferases (SGOT, SGPT), lactate dehydrogenase (LDH), alkaline phos-
phatase (ALP), gamma-glutamyl transpeptidase (GGT), pseudocholinesterase (PsCh), albumin,
prothrombin activity, protein electrophoresis, quantitative 1gG, IgA and IgM determination,
antinuclear antibody (ANA), anti-smooth muscle antibody (SMA), hepatitis B surface antigen
(HBsAg), anti-HBs and anti-HBc antibodies (measured by radioimmuno-assay AUSRIA,
AUSAB, CORAB-Abbott), proportion of rapid (active) and late (total) E-rosette forming
T cells as well as of EAC-rosette forming B cells, proliferative response of lymphocytes to
phytohaemagglutinin (PHA) stimulation determined by 3H-thymidine incorporation [9].

Histological changes were assessed by comparing the two liver biopsies in each subject
who agreed to a repeated biopsy; 10 patients in the CY group and 11 in the control group
were rebiopsied. The specimens were studied by the same pathologist who did not know of
the nature of treatment. The histological features of the disease observed at the end of the
trial were compared with the initial ones and classified as improved, unchanged or deteriorated.

All findings were evaluated after 6 months of treatment by comparing the initial and
the final data in the two groups.

Statistical analysis was performed using Student’s t test and chi-square analysis with
Y ate’s correction.
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Results

The overall course of the disease after 6 months was evaluated individu-
ally in each patient on the basis of the clinical signs and liver function tests.
They revealed some differences between the two groups as regards improve-
ment or deterioration, in favour of the CY group (Table I).

Table 1

Overall clinical and biochemical condition
(judged from physical signs and liverfunction tests)

No. of patients

Total Improved Unchanged Deteriorated
CY group 18 10 4
Control group 18 6 4
Total 36 16 8 12
Table 11

Mean values + S.E. 17. of laboratory parameters before and after treatment

CcYy Control
(n=18) (n=18)
before after before after
Leukocytes, 1091 5.0+0.4 5.6+0.4 5.3+0.4 5.1+0.3
GPT, W/1 140+21 50£7** 139+24 46+T7**
GGT 270+47 185+42 188+56 133+36
PsCh, U/I 255+25 283+30 283+32 248 +30
Albumin, g/1 39+2 40+1 40+1 401
Prothrombin, % 72+4 80 & 83+4 78+3
y-globulin, g/1 22+2 197zb1 23+2 23+2
1gG g/l 21+2 17+1%* 20%2 20+2
1gA, g/1 3.1+0.3 3.3+0.7 3.0£0.3 3.3+0.2
IgM, g/1 2.7+0.3 3.2+0.5 1.8+ 0.2 1.9+0.2
Total T cells, % 6414 58+9 59+4 57+4
Active T cells, % 47+6 44+5 41+5 28+£3**
B cells, % 16+3 102 27+3 16+3**
PHA stimulation index 32+9 90+14°* 33110 54+17

**= P < 0.05 *= P< 010
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Table Il shows the mean values *"S.E.M. of some important laboratory
variables obtained before and after treatment in the two groups. Table Il
presents the incidence of patients with pathological values at the beginning

A. PAR et al.

and at the end of the study.
No changes were noted in the serum bilirubin level in either group.

SGOT, LDH and ALP values showed no significant changes during the
follow-up period, SGTP levels however, fell markedly in both groups. Although

Pathological values of biochemical and immunological indexes at the beginning

Table 111

and at the end of the study

No. of patientsswith pathological values

(CY (n=18) Control (n= 18)

before after before after
Leukopenia (<4.000) 7 | 5 4
GPT (>60 W) 15 4 13 6
GGT (>50 IU) 16 9 10 9
PsCh (<220 U) 5/15 4/15 4/11 5/11
Albumin (<35 g/1) 7 4 5 4
Prothrombin (<75%) 1 7 8 7
y-globulin (>25%) 1 7 1 13
19G (>20.0 g/1) 8 4 9 10
AN A-positivity 9 8 9 8
SMA-positivity 7 6 8 6
Low active T cell ratio (<34% ) 6/15 5/15 3/15 12/15
HBsAg-positivity 11 8 16 14
Anti-HBc positivity 13 10 12 11

Table IV

CY group
Control group

Histological changes after treatment

No. of patients

Total .
examined Improved Unchanged Deteriorated
10 1 5
11 0 7
Total 21 1 12
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the post-treatment mean values did not differ, SGPT activity decreased from
a pathological value to less than twice the normal in 12/16 CY and in 7/13
control patients. Similarly, GGT from an initially elevated level fell to normal
in 7/16 CY and only in 1/10 control cases.

While the albumin level did not change, PsCh and prothrombin slightly
decreased in the control and increased in the CY group, but these changes
were not significant.

Serum 1gG concentration fell from a pathological value to normal in
4/8 CY and 1/9 control cases. Furthermore, a marked (>4.0 g/1) decrease of
the 1gG level occurred in 7/18 CY and only in 2/18 control patients.

The percentage of “active” E-rosette forming T cells fell in both groups
but the decrease was significant only in the control cases. Thus, CY seemed
to inhibit the progressive fall in “active” T cells.

Lymphocyte proliferation in response to PHA-stimulation as measured
by 3H-thymidine incorporation significantly increased in the CY group.

HBV markers: serum HBsAg became negative in 3/11 CY and in 1/16
control cases, while the titre of anti-HBs antibody increased significantly in
7/15 CY but only in 2/16 control patients. Anti-HBc antibody titres became
negative in 3/13 CY and in 1/12 control subjects. Anti-HBc titres increased
in 2 CY and 4 control patients.

Histology revealed no significant difference between the two groups,
as shown in Table 1Y.

During the trial we did not register any serious untoward effect. Mild
gastrointestinal discomfort occurred in two CY patients but this did not
necessitate the discontinuation of treatment.

After the end of the controlled study, two women with HBsAg-negative
chronic active hepatitis who had not been involved in the trial, developed
a Coombs-positive immune haemolysis. After prednisolone treatment and
discontinuation of CY both became symptom-free.

Discussion

Our findings clearly reflect the contradictions concerning the therapeutic
effect of CY in chronic hepatitis. The present results suggested a favourable
action of the drug, although most of our data showed only trends and few
statistically significant differences. Piazza et al. [10] reported on a marked
difference between placebo and CY in chronic persistent hepatitis but not in
chronic active hepatitis. Their persistent hepatitis patients who received the
drug showed asignificantly greater decrease in SGPT, GOT and gamma globu-
lin levels than the patients on placebo, but this could not be observed in patients
with active hepatitis.
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Demeulenaere et al. [4] performed a controlled trial similar to our study;
to chronic active hepatitis patients they administered prednisolone and either
CY or placebo, according to a randomized table on a double-blind basis.

Unfortunately, we had no information about their work before starting
the present study. While we estimate their sophisticated design as a good
example of a therapeutic trial in chronic active liver disease, we agree with
their view that it is ethically unacceptable to leave active hepatitis patients
without any potentially effective treatment.

Demeulenaere et al. [4] found no difference between the two groups in
the clinical and laboratory findings but noted asignificant histological improve-
ment as measured by the analysis of anumber of parameters and by a quanti-
tative evaluation of histological findings. On the other hand, we could observe
some laboratory changes but no histological differences. This lack of correla-
tion between the clinical-biochemical and the histological findings is not un-
common in chronic hepatitis.

In view of the reported mild therapeutic effect it should be emphasized
that most of our patients involved in the study had been treated previously
with low doses of prednisolone and so at the beginning of the study they were
in a comparatively stable condition although not in complete remission.

An other problem is that of the dosage. While Piazza et al. [10] achieved
good results in persistent hepatitis using CY in a daily dose of 3.0 g, as did also
Di Nola [6] in prolonged viral B hepatitis. Demeulenaere et al. [4] and we
ourselves administered daily doses of 1.5 g.

Most of our patients were HBsAg and/or anti-HBc positive — in other
words their disease was related to HBY infection — while the data of the
Belgian—rench study [4] concerned mainly HBsAg-negative cases.

Our data failed to confirm the favourable effect of CY on the elimination
of HBsAg. Although Kafkias et al. [7] and Di Nola [6] described such an
action in acute or prolonged hepatitis B, Schomerus et al. [11] and others [13,
15] recently failed to support the pertaining observation of Blum et al. [2].

It may be relevant that we noted an increase in anti-HBs antibody
titres more frequently in the CY than in the contiol group. This finding may
reflect a favourable change in immune response against HBsAg due to the drug.

Some alterations in non-antigen-specific immunological reactivity also
occurred, such as the more frequent decrease in serum 1gG concentration, the
inhibition of the progressive decrease in the proportion of circulating active
T cells, and the significant increase in the proliferative response of lymphocytes
to PHA stimulation in patients treated with CY.

All these immunological effects were in accordance with the in vitro
results of Sipos et al. [12], Yamamoto et al. [16], Despont and Brdgger [5],
Vallotton and Frei [14], and similar to our findings obtained during levamisole
therapy in HBsAg-positive acute and chronic active hepatitis [9].

Acta Medica Hungarica 40, 1983



EFFECT OF CATERGEN IN CHRONIC ACTIVE HEPATITIS 23

Our experience agrees with those stating that CY is a non-toxic, well-
tolerated drug. Yet, though not in this study, we observed two patients with
CY induced immune haemolysis as did earlier Neftel et al. [8]. These cases
will be reported in detail elsewhere.

In conclusion, CY has a slight beneficial effect on liver function tests
and immunological activity in patients with chronic active hepatitis, although
most of our findings mean rather trends than statistically significant differences.
Definite proof concerning the real value of CY may be expected from further
well-designed, properly controlled clinical trials and detailed immunological
studies.

We do not believe that CY by itself could solve the question of treatment
of HBsAg-positive chronic active hepatitis but we recommend its use as an
adjuvant in the complex hepatoprotective, immunostimulant and antiviral
chemotherapy of mild HBsAg-positive liver disease. In severe chronic active
hepatitis it may also be valuable in combination with corticosteroid treatment.
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AUTONOMIC SINUS NODE DYSFUNCTION
DOCUMENTED BY HOLTER MONITORING
STUDIES IN 21 PATIENTS
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Holter recordings were carried out in 21 patients with presupposed sinus node
dysfunction (SND). All the patients were evaluated also by complex electrophysiolo-
gical examinations (overdrive and premature atrial stimulation) before and after phar-
macologic autonomic blockade (AB) with propranolol 0.2 mg/kg and atropine 0.04 mg/kg
body weight intravenously. Groups of normal and abnormal intrinsic heart rate (IHR)
were compared. In patients with normal IHR (n=13) the prolonged recovery time
(5/13), postpacing SA-block (1/13) and chaotic postextrasystolic patterns (4/13) ceased
after AB. Intrinsic recovery time became normal with a gradual return to the stable
sinus cycle length, and we obtained normal biphasic postextrasystolic intrinsic return
responses. In all cases of pathological IHR (n=8), abnormal intrinsic rhythmicity was
verified by electrophysiological means. Holter monitoring revealed significant differ-
ences (P < 0.001) between the minimal HR during sleeping and also in the HR averaged
for 24 h between the two groups. In patients with abnormal IHR, the 24 h rhythm
recording revealed positive ECG data for SND. In patients with normal intrinsic
electrophysiological properties, Holter monitoring revealed severe sinus bradycardia
(1 case), SA-arrest (1 case), SA-block (1 case), tachy-brady syndrome (1 case), and
atrial fibrillation with AV-block (1 case). For appreciating the role and significance of
the autonomic neuro-vegetative tone in SND, continuous rhythm monitoring is neces-
sary.

Keywords: autonomic sinus node dysfunction, autonomic blockade, continuous
ECG monitoring

Abbreviations:

SND: sinus node dysfunction

AB: autonomie blockade

IHR: intrinsic heart rate

PPC!: first postpacing cycle (recovery time)
CPPCi: corrected PPCj

PPC 2-10: postpacing cycles 2—10 (secondary cycles)
SACT: sinoatrial conduction time

SCL: sinus cycle length

bpm: beats/min

Send offprint requests to L. Szatmary, Department of Cardiovascular Surgery, Semmelweis
University Medical School, H-1122 Budapest, Varosmajor u. 68, Hungary
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Introduction

This report presents data concerning sinus node activity in patients with
suspected sick sinus syndrome. The electrophysiological and continuous ECG
monitoring data were compared to investigate the real usefulness of these
criteria in order to gain a better recognition of concealed autonomic SND.

Patients and methods

Criteria for inclusion in this study were (1) history of sick sinus syndrome; (2) ECG
manifestations referring to SND; (3) no history of heart failure, glaucoma, severe pulmonary
disease. Twenty-one patients aged between 21 and 72 years (11 males and 10 females) were
studied. Cardioactive drugs were discontinued for an interval exceeding three drug half-lives.
Overdrive pacing was carried out for 30 s at 90, 120, 150 and 180 bpm. The duration of each
of the ten postpacing cycles (PPC 1—0) was measured [16]. Sinoatrial conduction time (SACT)
was estimated by Strauss methodology [13]; normal values for the sum total of SACT was
<[ 200 ms [1]. After control measurements and determination of the intrinsic heart rate (IHR),
overdrive and premature stimulation were repeated in less than 25 min of pharmacological
autonomic blockade. Autonomic blockade (AB) was determined as proposed by Jose [9]
and modified by Jordan et al. [8]. Holter recording was carried out partly on hospitalized
patients and partly under ambulatory conditions. The tapes were analysed with Oxford
Medilog ECG system. A Hewlett Packard ECG arrhythmia evaluating instrument connected
to the equipment indicated hourly minimal and maximal heart rate (HR), and average sinus
cycle length (SCL/ms). Groups of normal and pathological IHR patients were compared.
Results are expressed as mean = SD. Statistical analysis was performed by Student’s t test.

Results

In group I, the IHR was normal, it fell within the 95% confidence limit
of the predicted heart rate. All the 13 patients had symptoms. The average
age was 4376 years. In 6 patients the routine ECG referred to SND. Group 11
with abnormal IHR included 8 patients who had clinical and ECG marks
indicating SND. Their mean age was 6773.5 years.

Atrial postpacing responses. In group | the CPPCXwas 3207270 ms;
it was pathological (>325 ms) in five patients. Secondary abnormalities
(SA-block) were observed in one patient. After AB the stability of SCL was
striking, the maximal CPPCr was 190756 ms, while the return to the basic
intrinsic SCL was gradual, following the pattern of an exponential curve.
In group Il the maximal CPPCX (5207310 ms) was normal in 3 patients.
In PPC 210 severe bradycardia appeared in 1 case. After AB, stabilization
of the intrinsic SCL was observed in 2 of 8 patients, mild sinus arrhythmias
occurred in 6 of 8 patients, while the CPPCj was significantly prolonged,
224872850 ms, markedly longer than 240 ms, considered as upper normal
limit after the drug test [1]. The postpacing cycles failed to show a gradual
exponential return to the intrinsic SCL.

SACT was estimated in 7 patients in group | (mean 206, range 100 to
242 ms) and chaotic pattern was observed in 6 patients because the duration
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of the return cycle was inconsistent. After AB we could estimate the intrinsic
SACT in all 13 cases (mean: 160 ms, range 86 to 238 ms). In group I, prolonged
SACT was observed in 4 patients and chaotic in 1 patient. After AB an ab-
normal postextrasystolic pattern was found in 7 patients (4 chaotic and 3
prolonged intrinsic SACT).

25 mm/sec

a a

Fig. 1. Continuous Holter monitoring (25 mm/s). Autonomic bradycardia 24 bpm heart rate
and SA-arrest (6500 ms) in a 26-year-old male with history of frequent dizziness. The intrinsic
electrophysiologieal properties of the sinus node were normal

25 mm/sec

4+ .L — - otL

—*1n— e
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Fig. 2. Continuous ECG recording (25 mm/s) showed SA block in a patient with weakness
and frequent dizzy episodes, normal IHR and normal electrophysiologieal postpacing data

25 mm/sec

Fig. 3. Continuous rhythm recording (25 mm/s) carried out during a typical syncopal attack
in a patient with normal intrinsic rhythmicity. Sinus rhythm has stopped, a high degree
AV-block with complete SA-block appeared resulting in cardiac arrest
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Holter recording. Total recording time for one patient was 14367102 min
in 24 h. In group I minimal waking HR was 5379 bpm, the maximal 100"
52 bpm, while minimal sleeping HR was 46722 and the maximal 102738 bpm.
In group II, the value of minimal HR was 40J;10 bpm, and the maximal 102"
26 bpm during the waking period, while in the sleeping period the minimal
HR was 3476 bpm and the maximal HR was 86732 bpm. There was no
significant difference in the HR of the two groups concerning the maximal
waking and sleeping period, but in the waking period concerning the lowest
HR the P was <C0.05. A more significant difference was observed between the
minimal HR during sleep (P < 0.001) and the mean SCL for 24 h (P < 0.001).

25 mm/sec
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Fig. 4. Holter monitoring during tachy-bradycardia syndrome occurring both in daytime
and at nigbt

25 mm/sec

Fig. 5. Atrial fibrillation on continuous strip, with slow ventricular responses and frequent

appearance of AY-block (the longest pause was 6000 ms) in a 42-year-old patient without

any organic heart disease, with normal intrinsic electrophysiological properties of the sinus
node and conduction structures of the heart
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In group I, Holter recording revealed severe bradycardia (1 case, Fig. 1),
SA-block (1 case, Fig. 2), SA-arrest (1 case, Fig. 3), tachy-brady syndrome
(1 case, Fig. 4), atrial fibrillation and 11° AY-block (1 case, Fig. 5). In group I,
intermittent severe bradycardia was found in all examined patients, tachy-
brady arrhythmia was alternating in four patients. Pauses ranging from
2760 ms to 8000 ms were observed in 4 patients.

Discussion

Prolonged rhythm monitoring may give more help in the diagnosis of
sick sinus syndrome than the standard electrocardiogiam [4, 6, 10, 12], but
multiple diagnostic procedures are often necessary to reveal this heterogeneous
and complex dysrhythmic entity [6, 12, 14].

Combined autonomic blockade and electrophysiological studies have
increased the understanding of the normal and pathological sinus node activ-
ity [1, 2, 11, 14-22]. By autonomic blockade, however, we eliminate from the
examination the functional neuro-vegetative factor which is of importance in
the genesis of dysrhythmias and symptoms.

The present study suggested that in patients with abnormal IHR the
intrinsic rhythmicity was always affected. In these cases the electrophysiolog-
ical parameters were found to be abnormal in every patient, as described
previously [8, 11, 16]. In addition the results of Holter monitoring showed
positive ECG signs for SND in all cases.

If the IHR is normal the diagnosis of SND is more difficult. In these
cases we eliminated by electrophysiological studies the intrinsic injuries of the
pacemaker cells (normal IHR, stable SCL, normal intrinsic recovery time,
exponential return to basic stable intrinsic sinus cycles, biphasic intrinsic
postextrasystolic return patterns), but we found ECG’s of severe sinoatrial
dysrhythmia (Figs 1-5) concomitant with symptoms in the waking period
patients. Holter monitoring carried out in healthy individuals proved that
bradycardia without symptoms (lowest HR: 3774 bpm) and sinus pauses
(the longest P-P interval was 2760 ms) may occur in different ages, predom-
inantly during the vagotonic sleeping period [3, 5, 7, 23]. Normal intrinsic
electrophysiological properties and positive Holter monitoring data suggested
that the severe SND was caused by an imbalance in neuro-vegetative tone.
In these cases of autonomic sinus node dysfunction, pharmacological denerva-
tion eliminated the most important pathogenetic factor from our electro-
physiological examinations. If for the causation of the SND a pure vegetative
factor is responsible, the properties of the pacemaker cells are physiological.
Therefore continuous rhythm monitoring is of utmost importance in the
diagnosis of autonomic SND.
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EVENT-RELATED NON-SPECIFIC RESPONSES
(K-COMPLEXES) DURING SLEEP
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EEG responses to sensory stimuli were obtained by averaging. In averages
representing the reactivity of the approx. 5 min sleep period, the fluctuation of the
amplitude of the obligatory part was evaluated. The deepening of sleep was reliably
indicated by the increase in amplitude while the lightening of sleep by a decrease in
amplitude within stage 2. In longer sleep periods beside the above tendency a micro-
fluctuation occurred as evidence of the fine fluctuations of the sleep level within the
phases. The synchronization response could be followed by this method even in the
deep sleep stages and the above behaviour of the amplitudes of averages remained
unchanged. This shows that the synchronization response to areousal stimuli is a uniform
phenomenon during the whole slow-wave sleep. Our results support the assumption
that the spontaneous or evoked synchronization phenomena in sleep are the products
of the dynamic balance in the sleep-arousal system. An increase of amplitude may
indicate an increase in the tonus of the sleep system while its decrease an opposite
process. The present observations, similarly to our earlier results, may be adapted well
to the sleep model based on the phasic activation and reciprocal induction theory.

Keywords: sleep, K-complexes, EEG

Introduction

It has been shown earlier that the characteristics of the electric param-
eteis in sleep stages depend on the position of the sleep stages within the
sleep cycle [3]. During these examinations it was attempted to interpret the
dynamics of certain phasic events in the framework of the reciprocal induction
model of the sleep process [8]. According to this concept the synchronization
reactions were interpreted as the rebound of the sleep system, the electro-
dermographic discharges as phasic activation of the reticular arousal system [5]
as well as the microarousals as a bieaking through of awakening during the
sleep process [4]. Another important phasic event, the sleep spindles, have not
been investigated by us but the majority of authors attribute to them a sleep
defending function [6, 13].

In the course of slow-wave sleep (SWS) the synchronization tendency is
obvious; proceeding from superficial sleep towards deep sleep the amplitude

Send offprint requests to P. Rajna, National Institute for Nervous and Mental
Diseases H-1281 Budapest 27, P.O.Box 1, Hungary
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is increasing while the frequency is decieasing. This is realized by the increasing
appearance of phasic activity such as vertex sharp waves, K-complexes, slow-
wave groups. A challenging feature of these phenomena is their ambiguous
character: while they are standard elements of spontaneous sleep, the same
phenomena may be evoked by sensory stimuli. There is some evidence of the
connection of so-called spontaneous K-complexes and visceral events [9, 10].

We assumed that under the influence of arousal stimuli as well as in
the spontaneous sleep process the EEG responses are caused by clashes be-
tween the sleep promoting and the arousal system. A paradoxical fact fits
in well with this assumption namely that the so-called arousal response phe-
nomena elicited in different stages of sleep are usually synchronization re-
sponses, hence they seem to be sleep responses. According to our interpretation,
under prolonged dominance of sleep system only the “rebound” of sleep system
is manifest from the “clash” of the two systems. (In contrast, in the waking
state, i.e. under opposite conditions of dominance, the arousal stimuli entail
desynchronization response phenomena.) The interaction of sleep and arousal
system is working in sleep according to the reciprocal induction regulating
principle. Therefore, with increasing activity of one “half system”, the activity
of the other “half system” of opposite function is also increasing and vice
versa.

In the present work two problems have been studied:

1. Whether in certain sleep phases the synchionization responses to
arousal stimuli are different or not. If they are, are the observed differences
connected with the progress of sleep and with the changing balance in the
sleep-arousal system? Would, for example, the differences between responses
within the same sleep stage show opposite tendencies depending on the place
of the given sleep stage in the sleep cycle, since in the descending part of the
cycle the given phase is followed by a deeper, whereas in the ascending part
by a more superficial phase of sleep?

2. It has also been studied whether the synchronization response may be
followed even in the deep phases of slow-wave sleep (stages 3, 4) because it
is so intermingled with the slow EEG waves that it practically cannot be
evaluated visually. This question is of special importance because if the same
responses occurred during deep slow-wave sleep, the concept of the rebound
synchronization response would be valid for the whole SWS process.

The event-related responses of the sleep EEG were first approached by
the averaging technique by Williams et al. [12] and Weitzmann and Kremen
[11]. The obtained averages in the whole SWS were quite compatible with K-
complexes.
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Subjects and methods

All-night sleep recordings were obtained under standard laboratory circumstances from
6 healthy subjects, 3 males and 3 females of 21 years mean age. With the exception of the
occasional waking states during sleep, combined auditory and light stimuli were presented
in a quasi random rate with 20 s average intervals. The stimulus was delivered by a stimulator
located 30 cm above the sleeping subject’s head. The auditory stimulus was a click of 2000 Hz

Fig. 1. Superimposed 39 averaged responses recorded during a whole night. The obligatory
negative-positive biphasic component appears clearly

Fig. 2. Averaged responses recorded during a whole night. The first negative peak appears
between 450-600 ms (vertical lines)
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of 10 W intensity and 10 ms duration; the light stimulus was a white flash of 0.045 Ws. Sleep
phases were scored by the criteria of Rechtschaffen and Kales [7]. 2.5 s EEG periods following
the stimuli were processed by an averager with 60 point resolution. The sample rate was 16.
On the basis of the stimulation frequency, the average of 16 patterns reflected the reactivity
of an about 5 min sleep period. Averages containing a sample series overlapping two or more
sleep stages were omitted. The highest amplitude of the obligatory components of the averages
was measured and considering the rough resolution capacity owing to the low sampling fre-
quency and the long sleep time, the latency time hasnot been analysed. Analysis ofthe pattern
morphology was made merely to test the presence of the nearly time constant obligatory
elements of the averages (Fig. 1).

All averages of an all-night sleep are presented in Fig. 2 to demonstrate these obligatory
components in detail. It is obvious that the obligatory part was an asymmetrical biphasic
wave with a negative-positive sequence situated between 450—1500 ms and an about 150 ms
deviation could be observed in the first negative peak. This obligatory part agreed completely
with the components of the signal used by Bremer et al. for automatic pattern recognition
of the K-complexes [1].

The amplitude fluctuation of the averages may have resulted from different influences.
For example, a decrease of the amplitude could be attributed equally to a real decrease in
the amplitude of the samples, to a change in the phase relationships of the response or to an
increase in the number of ineffective stimuli. Such a qualitative analysis of the averages has
not been aimed at because the biological significance of the three factors is not known and
their separate estimation would have had technical limitations. Therefore, not even the absolute
numerical values of the amplitudes have been studied, only the trend of amplitude fluctuations
was analysed within the given sleep periods.

The hypnograms of the stimulated sleeps did not show any serious differences from the
normal nocturnal sleep structure.

Total sleeping time (Mean S.1).) was 460.7+42.33 min

Stage 1 (-f- intermediate sleep) 19.4+13.02%
Stage 2 39.5+13.6 %
Stage 3 12.3+ 4.57%
Stage 4 52+ 3.32%
REM 18.4+x 4.42%
Awake 52+11.12%

The depth of sleep was somewhat decreased, but from the point of view of the studied
problem this change as well as the so-called first night effect was quite indifferent.

Results

In the descending and ascending limbs of sleep cycles in 69% (18 from
26 cases) of the examined sleep stages (minimum 3 averages), and in stage 2
in 74% (14 from 19 cases) there appeared a definite tendency in the amplitude
fluctuations, i.e. an increase in amplitude on the descending while a decrease
in the ascending limb. Tendencies of fluctuations in the opposite direction were
not observed in any of the cases. Figure 3 shows the averages of stage 2 accord-
ing to the two behaviour types. Beside the averages the part of the hypnogram
is also shown.

W ithin the long deep stages beside the afore-mentioned tendency a micro-
fluctuation was also detectable. In stage 2 shown in Fig. 4 within the global
increase of amplitude further fluctuations can be observed. The amplitude
maximum situated in the middle indicates that the phase shown falls to the
deepest pait of the cycle.
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The synchronization, response seemed to be unambiguous even in the
deep stages of sleep. Figure 5 shows the averages of a stage 3 and a stage 4
sleep. Apparently in stage 3, inserted between the phases of stage 4, the first
and last amplitudes, while in stage 4, forming the deepest part of the cycle,
the middle amplitude were representing the peak.

B.Gy. 1st sleep cycle
K.l Ath sleep cycle

1 /AEyA/ *I

»

«
«

N

2500ms » 10=d

b)

Fig. 3. Averaged responses measured in stage 2. In the descending (a) and ascending (b)

limb of the sleep cycle. On the right part averaged responses, on the left the hypnogram. The

arrows in the middle show the part of the hypnogram (about 300 s) in which the average

was measured. The arrows on the hypnogram show the actual tendencies of the sleep process.
The opposite tendencies can be followed in the change of the amplitudes

Fig. 4. Averaged responses of a long stage 2. The hypnogram on the left was outlined in detail
by an extrapolation from the amplitude values of the averaged responses. Intensive micro-
fluctuation of sleep depth during this stage 2. Notations as in Fig. 3
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KJ. 2nd sleep cycle

Fig. 5. Averaged responses in stage 3(a) and 4(6) Notations as in Fig. 3
Fig. 6. Set of averaged responses during a total sleep cycle. Notations as in Fig. 3

AOOpvd

Fig. 7. Averaged responses during a whole night. Notations as in Fig. 3

Figure 6 shows the averages of a comparatively short sleep cycle. Ob-
viously, during the whole SWS the above tendencies of the amplitudes of
averages can be followed and the fluctuation seems to be continuous. Figure 7
shows the same in the course of a whole sleep process.

Discussion

The behavour of the averaged synchronization reaction being the result
of a combination of qualitative and/or quantitative electrophysiological
changes, it is difficult to find a biological interpretation of the obtained
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averages. Church et al. [2] reported on averaging the EEG changes elicited
by auditoiy stimuli in the sleep stages 2 and 3-4. They obtained consequent
negative-positive biphasic obligatory averages, corresponding well to our
findings. They neglected to discuss the origin of the averages but evaluated
the obtained patterns as averaged K-complexes even in the stages of deep
sleep (cf. the observations of eitzmann). The difference between the averages
recorded in deep level and those recoided during stage 2 was that beside un-
changed obligatory components the averages became tri- or polyphasic.
Figures 5a, 6b and 7 show that the same has been observed in our material.
Therefore, the averaged evoked responses of SWS seem to show a continuous
transition from the K-complex toward slow-wave groups. The regularity of the
obligatory component in the whole SWS is a further evidence of the continuity
of the synchronization reaction. In the report of Church et al. the amplitudes
of averages seem to be almost equal in stages 2 and 3+4. This is apparently
contradictory to the increase of amplitudes parallel to the deepening of sleep,
as stressed by us. A detailed analysis of the correlation of amplitudes in differ-
ent sleep stages shows that the absolute amplitude values were independent of
the sleep stages and were dependent only the position of the given sleep stage
within the cycle. For example, the amplitudes in stages 2 and 4 could be
identical if the given sleep stages had formed the deepest part of its own cycle.
(See Fig. 7 showing the amplitudes of stages forming the deepest part of their
cycles.)

To sum up, the amplitudes of averages seem to show a uniform behaviour
in the whole SWS. The fact that the increase in amplitude implying the deepen-
ing of sleep may be followed in the averages of the phasic synchronization
reactions elicited by arousal stimuli supports the view that the influence of
the arousal system is an essential component of the spontaneous SWS. Con-
sequently, the whole SWS may be based on the response phenomena released
by stimuli foimed by the reciprocal induction interplay of the sleep-arousal
system.
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Con A-induced cytotoxic activity of human lymphocyte subpopulations obtained
by cell fractionation procedures was studied in a test system using human epipharynx
carcinoma cells (HEp 2) as targets. Only T lymphocytes were cytotoxic, non-T cells
exerted no cytotoxic activity, but enhanced the adherence of the tumour cells. Tn)n-()
lymphocytes (Fc-receptor negative T cells) were more active than Tq cells (Fc-receptor-
positive T cells) in mediating the Con A-induced cytotoxic reaction.

Keywords : Con A-induced cytotoxicity, human T cells as effector cells, hu-
man epipharynx carcinoma (HEp 2) target cells

Introduction

Mitogen-induced cellular cytotoxicity (MICC) has been described as
an in vitro model of cell-mediated cytotoxicity [14]. The effector cells lyse
their targets in the presence of mitogenic or non-mitogenic lectins [1, 8, 12,
18]. The type of effector cell involved in the process is defined by the origin
of target cells (tumour cells, erythrocytes, other cell lines) [1, 7, 16, 18]. There-
fore the cells active in different systems are heterogeneous. Only T lymphocytes
are capable of mediating PHA- and Con A-induced cytotoxicity against
certain tumour targets in the mouse [3, 20, 25] and in man [21, 22, 24]. In
addition to T lymphocytes the role of B cells, monocytes, macrophages and
polymoiphonuclear leucocytes has also been characterized using various
sources of erythrocyte targets [4, 5, 7, 20-22, 28, 29].

In man the exact nature of the cell subpopulations paiticipating in the
PHA- and Con A-induced cytotoxic reactions remains controversial. Only
Fey receptor-positive lymphocytes are active in MICC on red blood cells and
certain tumour targets [4, 6, 28, 30] in contrast to MICC against other taigets
where mainly Fey receptor-negative cells are the effectors [13, 21]. There is
also disagreement concerning the participation of TMand To subpopulations
(T lymphocytes/bearing Fc receptors for IgM and 1gG) in MICC [17, 24].

Send offprint requests to Eva Pécsik, Second Department of Medicine, Semmelweis Uni-
versity Medical School, H-1088 Budapest, Szentkirdlyi u. 46, Hungary
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In the present study we have investigated the effector activity of various
human peripheral blood mononuclear cell populations in the Con A-induced
cytotoxic reaction using human epipharynx carcinoma (HEp 2) target cells.

Materials and methods

Separation of lymphocytes

Peripheral blood mononuclear cells (PBMC) from heparinized venous blood of healthy
donors were separated on Ficoll-romiro gradient [2]. Viability was checked by trypan blue
exclusion.

Fractionation of cells

Phagocytic cells were depleted by carbonyl iron (GAF, USA) treatment. T cells and non-
T cells were separated by E-rosette buoyant density gradient centrifugation [10]. Prior to
rosette formation, sheep erythrocytes were treated with aminoethylisothiouronium bromide-
HBr (Sigma, USA) [15]. After centrifugation, erythrocytes were lysed with distilled water.
T cells were further fractionated into Fey receptor-positive (Tq) and -negative (Tnon.0) subsets
on EAox-rosette gradient. Details of the method have been described earlier [11].

Table 1

Composition of lymphocyte fractions
(positive cells in per cent; mean +SEM)

Markers
y|_|_p E-rosettes EA-rosettes B cells Phagocytes
" 74.5+4.3 16.9+3.2 8.1+ 1.0 13.1+2.1
T cells 94.1+1.02 21.0+ 2.8 1.0+0.4 1.3+x0.5
TO n.d. 71.5+£2.2* n.d. 6.0£2.5
Anon-G n.d. 1.9+0.7 n.d. 1.4+0.7
Non-T 4.3+1.1 33.0£3.7 55.7+8.8 12.2+3.2

U, unfractionated cells after Ficoll separation; T, E-rosette forming cells in the
pellet; T q, Fey receptor-positive T cells; Tnon_Q, Fey receptor-negative T cells; Non-T, interface
of rosette gradient

* Directly counted in the pellet

Purity of lymphocyte fractions was assessed by surface marker studies. T cells were
detected by spontaneous (E) rosette formation, Fey receptor-positive cells by EAox-rosette
formation, B cells by membrane immunofluorescence, and phagocytic cells by latex particle
(Dow Latex, Serva) ingestion as described earlier [11]. The results of cell fractionations are
shown in Table I.

Cytotoxic ily assay

Cincinnati HEp 2 adherent human epipharynx carcinoma target cells (National Public
Health Institute, Budapest, Hungary) were cultured in TC 199 medium supplemented with
10% heat-inactivated calf serum, antibiotics and 25 mM HEPES (Serva, GFR). 24 h prior
to the cytotoxicity assay the cells were detached from the plastic surface by 1% trypsin,
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washed twice and resuspended in the medium. 100 /<L of the suspension containing 2500 viable
cells was placed into flat-bottomed microtitration plates (Greiner, GFR) and 0.4 juCi 3H-
thymidine (Chemapol, Czechoslovakia) was added. The cultures were then incubated in
humidified atmosphere in 5% CO02at 37 °C for 24 h to allow adherence of tumour cells to the
bottom of the wells. After 24 h incubation, the cells were washed three times with 37 °C medium
and 200 g\ of the effector cell suspension containing 2.5 X104 or 5.0x10* cells were added
giving a 10 : 1or 50 : 1 effector-target ratio, respectively. Concanavallin A (Con A, Calbiochem,
USA) was applied at a final concentration of 25 /tg/ml. After a further incubation for 24 h
the cultures were washed twice and the remaining cells were frozen at —20 °C. After thawing
the cells were harvested using an automated sample harvester (Dynatech, GFR) and the
radioactivity of the cells (cpm) was measured. Results were expressed as cytotoxic indices
(C.l1.) calculated according to the formula:

C.l. = (Ccona  CO)
r __ cPmeffektor + target + Con A cPmtarget+ cona
ACon A = T T s X AoU
cPm target+Con A
£ __ cPmeffector + target cPmtarget y jaq
cPmtarget

Using this formula positive values represent cytotoxicity, whereas negative ones “stimula-
tion”, i.e. enhancement of the adherence of target cells to the plastic surface [26].

Statistical evaluation

Significances were calculated by Student’s t test.

Results
Role of lymphocyte subpopulations in Con A -induced cytotoxicity

The Con A-induced cytotoxic activity of various human lymphocyte
subpopulations on Hep 2 cells is shown in Fig. 1. Ficoll-Uromiro separated
human lymphocytes (fraction U) exerted a marked cytotoxic activity (range

Fig. 1. Con A-induced cytotoxicity of various human lymphocyte subpopulations (mean-
+SEM; n=9) Empty columns: 10 :1 effector-target cell ratio, hatched columns: 50 : 1 effector
target cell ratio. Upj, phagocyte-depleted unfractionated cells. For other abbreviations
see Table I. Significances: (50 :1 effector-target cellratio). U vs T P < 0.05, U vsnon-T P <0.02,
U vsTnon QP < 0.002, U vs Tq and Upd not significant, T vs non-T P < 0.002, TQvs Tnon Q

P<0.01
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—9.8—102% C.1.). Removal of phagocytic cells (fraction UPd) had no significant
effect on the cytotoxicity suggesting that monocytes did not play an important
role in this system. Only T cells (fraction T) were cytotoxic, whereas the T
cell-depleted lymphocyte subpopulation (fraction non-T) had no activity.
Furthermore, this subpopulation promoted survival of the target cells (“nega-
tive” cytotoxic index). TnonQcells were more cytotoxic than the TQ fraction.

Discussion

In spite of extensive studies the nature of the effector cells mediating
PHA- and Con A-induced cytotoxicity in man is still a matter of controversy.
The purpose of the present study was to investigate the participation of various
human effector cell (sub)populations in Con A-induced cytotoxicity, using
human HEp 2 target cells.

The results presented suggest that only T lymphocytes are responsible
for mediating Con A-induced cytotoxicity against HEp 2 targets. Phagocytic
cells and non-T lymphocytes not only lack cytotoxic activity in this system,
but they even promote the survival (adherence) of tumour cells. Hence the
actual cytotoxic activity of unfractionated mononuclear cells seems to he
determined by the counteractions of the cytotoxic T and the tumour cell
survival-promoting non-T lymphocytes. TnonGlymphocytes are more cytotoxic
than TQ cells.

Our findings concerning the exclusive iole of human T lymphocytes in
Con A-induced cytotoxicity against HEp 2 target cells are in good agreement
with the data of other authors obtained on tumour targets (P815, EL-4, LP 3,
Chang cells) in man [13, 21, 22, 24] and in the mouse [3, 20, 25] as well as on
various red blood cell targets [18]. In contrast to systems using other targets
in man [6, 7, 21, 22, 29, 30] and in animals [5, 20], non-T lymphocytes and
phagocytic cells have no effector activity in the HEp 2 assay. Although carbonyl
iron treatment removed more than 98% of phagocytic cells, their possible
effector activity cannot be excluded in this system [20].

The mechanism by which non-T cells promote the survival (adherence)
of HEp 2 cells is not clear. The phenomenon is similar to the “feeder layer”
effect described in connection with the mitogenic or allogeneic stimulation
exerted by accessory cells or mercaptoethanol [9, 19, 23]. Similar observations
were made by Umetsu et al. on lymphoma cell growth in vitro [27] and by the
in PHA-induced cytotoxicity system [26].

Studying the occurrence of Fey receptors within the effector cell sub-
populations we found that the majority of effector cells was Tnon Glymphocytes
in this system. Similar results were obtained by Hersey et al. [13] and Nelson
et al. [21] using Chang target cells. Although it is possible that the cytotoxic
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activity of the TQ fraction in our experiments was due to contamination with
Thon-G ceUs, the effector activity of TQ lymphocytes themselves cannot be
excluded. Other authors found that only Fey receptor-bearing cells mediated
PHA- and Con A-induced cellular cytotoxicity [4, 6, 28, 30]. Only TQ cells
are the effectors against chicken erythrocytes [17], whereas both TO and TM
lymphocytes are capable of lysing P815 and Chang target cells [24].

It is concluded that only T cells have Con A-induced cytotoxic activity
against HEp 2 target cells. Fc-receptor-negative T cells aie more cytotoxic
than Fc-receptor-positive cells.
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A NEW METHOD FOR MEASUREMENT OF H2 IN
EXHALED AIR IN THE PRESENCE OF
PERMANENT GAS MIXTURES

T. Past, Zsuzsanna Tapsonyi, T. Bero, Gy. Mézsik, T. Javor

FIRST DEPARTMENT OF MEDICINE, PECS UNIVERSITY MEDICAL SCHOOL, HUNGARY

(Received June 14, 1982)

A new instrument has been devised for the measurement of H 2in human expired
air. The device is simple in construction and can substitute gas chromatography (GC)
in differential diagnosis, clinical dietetics, pharmacological research, environmental
and labour safety analysis etc., at low cost.

Keywords ! measurement of H2 exhaled air, permanent gas mixtures, malab-
sorption syndrome, labour safety, soda-lime filter

Introduction

An increase in the quantity of H2in expired air is a sensitive parameter
in some gastrointestinal diseases and/or malfunction of enzymatic systems.
Exact knowledge of the amount of H2in expired air offers important infor-
mation concerning differential diagnosis, clinical research, monitoring the
recovery of patients with malabsorption syndromes, etc. [2].

Today, gas chromatography is the most widespread method for the
measurement of H2concentration in permanent gas mixtures [1, 2, 3, 4].

For this special purpose some chromatographic detector systems have
been developed, hut at high price and high operating costs. This fact has made
us to devise a new and cheap instrument for measuring H 2 content in human
expired air.

Materials and methods

The patients breathe during 1 to 5 min in a 5 1closed system where the 02: N, ratio
is 5 :3 at zero time. The C02gas is removed by a soda-lime filter. The device is calibrated in
a simple way was using different quantities of standard H 2. Figure 1 shows the device schemat-
ically and Fig. 2 the detector sign in relation to the calibrating H2.

Send offprint request to T. Past, First Department of Medicine, University Medical
School, H-7643 Pécs, Ifjusdg utja 13, Hungary
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Fig. 1. Schematic picture of the instrument for the measurement of H 2gas. 1 = hydrodynamic
shock absorbers; 2= pneumatic shock absorbers; 3= CO02 absorber; 4 = H2 inlet (St);
5 = shunt; 6 = converter—detector system; 7= power supply; 8 = recorder

Fig. 2. Detector signs versus H 2(breathing time 5 min). Sensitivity: 500 p.p.b. 5 min-1 51-1.

Reproducibility (five measurements) = 5% it depends on the reproducibility of volume

measurements and methods of integration. Linearity: the detector signs are linear against H2
concentrations from 100 p.p.b. to 40 p.p.m. min-1

Results and discussion

The advantages of the device against those of GC are its simple structure,
and low operating and original cost, the last one being less than 1% of that of
GC. The sensitivity of measurement is shown in Fig. 2 where H2 of less than
20—30 /N has no biological importance. Another advantage is that 0 2and other
gases must not be removed while GC analysis depending on detectors and
columns requires total removal of 0 2and C02 and sometimes of water, too.

Our studies revealed that the instrument is able to measure other gases
(hydrocarbons and other organic vapours) too, in intermittent or continuous
operation after adequate development of the converter and detector.
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EFFECT OF TRITON X-100 ON THE ELECTROPHORETIC
MOBILITY OF THE CREATINE KINASE ISOENZYMES
OF SERUM AND TISSUES
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(Received December 10, 1981)

The distribution of creatine kinase isoenzymes was studied in homogenates of
human skeletal muscle, myocardium and brain tissue, and in sera.

For the study of the cytosolar isoenzymes (MM, MB, BB) the tissues were
homogenized with a Ca++- and Mg++-containing buffer. The membrane-associated
isoenzymes were solubilized with buffer containing 1% Triton X-100. The isoenzymes
were separated on polyacrylamide gel slabs.

After treatment with Triton X-100 a membrane-associated isoenzyme of high
activity, corresponding in mobility to cytosolar MM, was identified in brain tissue. No
similar fraction was demonstrable in muscle tissue. The difference in the results is
attributed to differences in the sensitivity of the creatine kinase isoenzymes of muscle
and brain tissues.

The cytosolar MM fraction of human sera is of more anodal mobility than that
of tissue homogenates, and in the MM region subfractions have been demonstrated
in some cases. Triton X-100 did not affect the electrophoretic mobility of the creatine
kinase isoenzymes of the sera, or of the tissue homogenates.

Keywords: creatine kinase, isoenzymes, electrophoresis

Introduction

According to earlier studies [5], the non-iouic detergent Triton X-100
affects the creatine kinase (CK) activity of homogenized human muscle brain
tissue and of sera in different ways. The CK activity of skeletal muscle was
found to decrease, this effect being less distinct in the case of heart muscle.
On the other hand, the activity of brain tissue showed a significant increase.
None of the sera activities showed changes of this kind.

The changes in activity under the effect of the detergent were attributed
to differences in composition and sensitivity of the isoenzymes of the individual
tissues. It is under this aspect that the cytosolar and membrane-associated
isoenzymes of these tissues have been studied.

According to our studies, Triton X-100 has not modified the electro-
phoretic mobility of these isoenzymes. The type MM isoenzyme was character-

Send offprint requests to Eva Feledi, Department of Clinical Chemistry, University
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istic of muscle tissue and serum, but its electrophoretic mobility and homogene-
ity greatly differed in muscle and serum and the latter revealed more MM
subfractions.

Materials and methods

Human tissues. Specimens were taken from the rectus abdominis muscle, the left
ventricular myocardium and the cerebral cortex within 36 h post mortem. The tissues were
stored at -)-4 °C and processed within 2 h. The studies were aimed at the demonstration of
cytosolar (MM, MB, BB) and of membrane-associated (mitochondrial, synaptosomal, myosin-
bound, etc.) isoenzymes. The tissues were therefore processed parallel in two different buffers.
The firstisolating medium was an isotonic Ca++ and Mg++-containing Tris-NaCl buffer pH 7.2
(TNCM) [1]; by its use it was thought to minimize damage to the intracellular organelles
and thus to study prevalently cytosolar CK. The other buffer (11) contained 1% Triton X-100
in addition to the components of buffer 1. On the evidence of earlier data [5] and later results,
1% Triton X-100 is capable of solubilizing membrane-associated proteins, while leaving the
CK activity unaffected. This allowed to measure cytosolar and membrane-associated activities
together in Triton X-100-containing samples. The method has been described in detail earlier

5].
(5] Supernatants of the tissue specimens obtained at 30,000 g were used for studies of CK
activity, the measurement of proteins, and for polyacrylamide gel electrophoresis.

Human sera. Normal sera and sera with abnormally increased activity were studied for
CK isoenzymes, in all cases within 24 h of withdrawal. Before electrophoresis the total protein
content of the sera was also determined.

Measurement of proteins was done in detergent-free supernatants by the method of
Lowry et al. [15],in Triton X-100-containing samples according to Chi-Sun Wang and Smith [4]
by the use of Na-lauryl sulphate, and in the sera by the biuret method.

Measurement of CK activity. CK activity was estimated on the basis of the method of
Oliver [19] and Rosalki [20] by means of the UV test with glutathione as —SH activator, as
prescribed by the manufacturers (CPK-activated test, Boehringer—Mannheim Co. Cat. No.
124174).

Separation of CK isoenzymes. For the separation of the isoenzymes from the super-
natants and the sera stored at +4 °C polyacrylamide gel electrophoresis was performed on the
first and third day after isolation (ORTEC Electrophoresis System, Model 4100).

The polyacrylamide gel slabs were prepared according to Blomberg and Burke [2].

Sample-free pre-electrophoresis. Mesurement of CK activity [19, 20] requires the auxil-
iary enzymes hexokinase and glucose-6-phosphate dehydrogenase (G-6-PDH). These auxiliary
enzymes reach by diffusion only the superficial layer of the gel therefore, Sjiivall and Jergil
used electrophoresis to bring them into the gel [23]. Since these auxiliary enzymes move
slower than does the most mobile CK (BB), they require sample-free electrophoresis to gain
access to the gel. For this purpose the Tris buffer (Reanal, Budapest), pH 8.5, 0.01 mol/1
(jU-0.075) and glycine (Reanal, Budapest) 0.05 mol/1, were used as solvents.

To the cathode buffer 500 U/l hexokinase and 100 U/l G-6-PDH (both Boehringer,
Mannheim) were added. Electrophoresis was done at 100 ¥ and 25 mA per plate, for 30 min.
Subsequently the cathode buffer was poured off and set aside.

The anode buffer contained no auxiliary enzymes.

Preparation of samples. Before electrophoresis the samples were mixed with 40%
saccharose 1:1,s0 as to make the contact zone with the cathode buffer sharper and to avoid
mixing of the samples. The 20—40 ft\ aliquots transferred from the samples contained 0.8 to
20 fig protein, the serum samples 120 to 160 fig protein.

Electrophoresis of samples. CK isoenzyme electrophoresis was carried out in the cathode
and anode buffers described under pre-electrophoresis. Separation was started at 100 V and
25 mA and continued 10 min later at 200 V and 50 m A/plate for 1 h. The conditions of electro-
phoresis were modified in some cases, the run being prolonged for 4 to 6 h (70-80 V, 15 mA/
plate). This provided for a sharper separation in some of the isoenzyme zones. Electrophoresis
was performed at room temperature, but the initial temperature of the buffer was +4 °C.
In view ofthe light sensitivity of CK the electrophoresis dish was covered with a dark cloth [26].
On completion of separation the gel plates were removed from the cells and placed into Tris
HCI buffer (0.01 mol/1, pH 7.0, +4 °C). In this manner optimal reduction of the pH of the
plates, which had been imbided with the buffer of pH 8.5, was attained prior to detection.
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Detection of CK activity. The gel plates were transferred into glutathione-activated CK
test solution, prepared according to the instructions of the manufacturers (Boehringer—Mann-
heim), and incubated at 37 °C for 45 to 60 min.

CK activity was detected partly photographically on the basis of the fluorescence of
NADPH2formed during the reaction, partly by subjecting the gel to a histochemical reaction
with p-nitrotetrazolium blue.

Results

Isoenzymes of MM mobility were detected by polyacrylamide electro-
phoresis in skeletal muscle homogenates of MM and MB mobilities in heart
muscle, and of BB and MM mobilities in brain tissue (Fig. 1). The isoenzyme
patterns and staining intensities of the skeletal muscle and myocardial tissues,
whether treated with TNCM (1) or with Triton X-100-containing TNCM (I1),
were found to be identical. On the other hand, the fraction of MM mobility
of brain tissue treated with Triton X-100 showed a more intensive fluorescence
and staining than the same fraction of the sample treated with Triton-free
TNCM. Addition of Triton X-100 prior to electrophoresis to the supernatants
of the muscle and brain tissues treated with Triton-free buffer, failed to affect
the intensity of fluorescence and staining. The isoenzyme activities were not
guantified.

In normal sera exclusively isoenzymes of MM mobility were found.
The MM band of the sera was more anodal in mobility than that of the tissue
homogenates (Fig. 1) moreover, it was not invariably homogeneous. CK-MM
entering the circulation in vivo (i.e. endogenous CK) was more than once
found to be inhomogeneous after the first 60 min of electrophoresis (Fig. 1),

Fig. 1
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a b c d

Fig. 2

but if it was run for 4 to 6 hours, subfractions were as a rule demonstrable and
the findings reproducible (Fig. 2). In this case the CK-MM region generally
showed 2 to 3isoenzyme bands. The individual sera differed in the number and
staining intensity ofthe subfractions. The pathological sera of high CK activity
usually contained 3 subfractions in the MM region (Fig. 2). Triton X-100 left
the distribution, mobility and staining intensity of these isoenzymes unchanged.

If for the separation of the isoenzymes a gel containing 0.01% Triton
X-100 had been used, the isoenzymes, regardless of the detergent content of
the samples, stained more intensively with tétrazolium blue. On the other
hand, the detergent-containing gel failed to intensify the NADPH"fluores-
cence.

Discussion

According to the present findings, Triton X-100 did not affect the qualita-
tive CK isoenzyme pattern of muscle tissue. In skeletal muscle cytosolar
isoenzymes of MM mobility in heart muscle isoenzymes of MM and MB mobil-
ities were found. On the other hand, in the cerebral tissue not only CK-BB,
regarded as the only cytosolar fraction, could be demonstrated, but also a
cerebral isoenzyme of MM mobility which, in samples treated with Triton,
showed an increased staining and fluorescence (Fig. 1). Mitochondrial CK
was observed cathodally from cytoplasmic MM by Sax et al. [22] and Somer
et al. [25] and anodally by Jacobs et al. [10]. Friedhoff and Lemer [6] and
Wevers et al. [32], on the other hand, described membrane-associated iso-
enzymes having the same mobility as cytoplasmic MM. Since in brain tissue
treated with Triton X-100 we have also found a significant CK-MM fraction,
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we are justified in regarding it to be membrane-associated. This may account
for the increased CK activity of the Triton-treated brain samples.

The MM region of the muscle specimens processed with Triton showed
no significant difference in intensity; it only contained isoenzymes of cyto-
plasmic mobility (MM, MB). We thus failed to confirm thepresence of membrane-
associated isoenzymes in homogenized muscle tissue. The present results
seem to be consistent with our earlier observations [5] according to which
the tissue homogenates treated with Triton X-100 showed an increased protein
concentration and little, if any, change in CK activity, whereas in brain tissue
treated in the same manner the increase in protein concentration was accom-
panied by a considerably increased enzyme activity.

The present findings thus suggest that the CK isoenzymes of the two
different tissue homogenates are different in sensitivity [6, 7, 12, 17, 24, 27]
and this would account for our failure to demonstrate membrane-associated
isoenzymes in the Triton treated muscle tissue in contrast with the similarly
tieated brain tissue [3, 6, 10, 11, 21, 30]. Inactivation in the course of Triton
treatment is practically irreversible. In our earlier studies we were indeed
unable to increase the CK activity of muscle tissue homogenates, in opposition
to brain tissue homogenates, to any significant extent by the use of -SH-acti-
vators [5].

CK activity and electrophoretic mobility of the human sera remained
unaffected by Triton X-100 [22]. On the other hand, the MM band of the sera
was of faster mobility than that of the tissue homogenates, regardless of the
use of Triton, and in some cases it was inhomogeneous (Figs 1, 2). CK serum
isoenzymes of “atypical electrophoretic mobility” have been described by
other authois as well [8, 14, 22, 34]. Sjovall and Jergil [23] and Smith [24]
have also found 2 to 3 subfractiou-1in the MM region of some pathologic
sera. Wevers et al. [31, 32] attributed these findings to postsynthetic modifica-
tions of the M subunit. The electrophoretic mobility of CK isoenzymes may
be modified as a result of its linkage to /3-lipoproteins [29] or to immunoglobu-
lins [13,16, 28] in vivo, but changes in vitro may also be produced in the course
of storage for several days [1, 9, 33]. We have also noted such changes in some
instances. The postsynthetic modifications of CK are not merely of theoretical
interest. The frequency of their occurrence on the one hand, and the increasing
use ofisoenzyme studies, on the other, may involve major diagnostic problems
[18, 28].
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Banoéczy, Jolan: Oral Leukoplakia. Akadémiai Kiad6, Budapest and Martinus Nijhoff Publish-
ers. The Hague—Boston—ondon 1982. 231 pp. with 125 figures -f- 17 colour photos, 62 tables,
Ft. 200.—

A very timely topic is dealt with in this monograph by Professor Bandczy who has
been engaged in the study of lesions of the oral mucous membranes for nearly thirty years
at the Oral Medicine Clinic of the Department of Stomatology and Oral Surgery, University
Medical School in Budapest, headed for the most time by L. Sugar who was the initiator in
Hungary of systemic follow-up studies in these patients. In these decades Bandczy became
an expert of this topic, well-known over the world, having been elected to membership in
the WHO Collaborating Centre for Oral Precancerous Lesions.

Oral leukoplakia is the term to describe a white patch of the oral mucosa that cannot
be removed by rubbing, and is not classifiable as any other oral disease. Accordingly, in the
monograph, besides leukoplakia all other mucosal lesions are thoroughly elucidated that are
to be excluded when diagnosing leukoplakia; such as oral lichen, leukoedema (white sponge
naevus), Candida infection, morsicatio buccarum et labiorum. These lesions are dealth with
first of all in reliance on clinical experience but the discussions are duly supported by conven-
tional histological, exfoliative cytological, electron microscopical-ultrastructural, and even
morphometric stereological studies. Patients observed at any time, in whatever stage of the
condition were followed up more or less regularly through as many years as proved feasible;
mostly through an interval long enough to assess changes in appearance, micromorphological
features and/or other accessible parameters. Having considered the anamnestic data as well
as all information obtained from the patients as to their actual and former habits, diet, bever-
ages, preceding dental treatment, other systemic and infectious diseases, factors responsible
aetiologically were unequivocally shown, first of all smoking, mechanical irritation, addition-
ally “hard drinks” electric potential differences, and finally inflammatory and atrophic
changes of the oral mucous membranes including syphilis. The clinical studies allowed to
differentiate between three distinct types of leukoplakia, viz. simple, verrucous, and erosive,
that were shown to differ micromorphologically and to be of quite different proneness to turn
into carcinoma. It was shown unequivocally that the lesions of leukoplakia are capable of
changing both as to extent and to type, ad melius as well as ad peius. Improvements can be
induced by eliminating the exciting factor(s), and occasionally by proper conservative treat-
ment. Nonetheless, as a last resort of therapy, surgical excision of the lesions is advocated,
particularly in types markedly prone to change to carcinoma. — As the central problem of
clinical relevance, the conversion of leukoplakia (and other white lesions) into cancer is strongly
emphasized through the whole treatise, practically non-existent in the simple type, and fre-
quent with the erosive form. The author also demonstrates her profound acquaintance with
the pertinent international literature as well as her ability of assessing critically the reported
results of studies by others. Under these circumstances, it was justifiedly expected from both
the medico-dental community and the publisher that the result be a first class reference
monograph.
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If one tries, however, to delve deeper into the study of the book, some shortcomings
of different importance are obvious. Some are probably due to a lack of proper editing. So in
Figs 43—45 one cannot see the arrows that are mentioned in the explanatory texts; in Figs
54, 56, 88 characters are shown in the illustrations without explaining what they mean; in
Figs 113 and 117 arrows are seen that are not mentioned in the legends. The construction
of some tables is objectionable. In Table 35, some column heads are erroneous; what is printed
as “Totals/Men” really shows the sum of female patients in the different age groups, whereas
what is presented as “Totals/Women” are really the summed counts of male plus female
patients. In Table 45, the headings “ Cytological findings” and “Histology” are interchanged.
In the lowest row of the column “Normal leukoplakia” (?) instead of 3 observations, Figure 2
is correct. Table 30 is misconstructed: the subheading “Type change” under “Improved
cases” should be completed to “Type change from”, and accordingly, under “Spread” the
subheading should be changed to “Progressive type change into”. Then, in column 2 of “Im -
proved cases” instead of 47 in the first horizontal row, 7 should stay in the second, and 40
in the third one, in agreement with the text. That the cipher 8 is a misprint in the 1st row of
the 4th column, the correct one being 4, is easily detected. — A more logical order of the
columns in Table 31 would considerably facilitate its understanding, viz. “Total No. of leuko-
plakia (1), Total No. of lesions showing type change (2), Type change in % (3), Regressive
lesions (4), and Progressive lesions (5)”.

The usual form of presenting statistical significance figures is not always adhered to.
In Table 12, the explanations are correct but the p values for females are shown without
preceding < signs as 0.05, and 0.02, respectively, such signs standing correctly in the lower
part of the Table before the analogous p values for men. On p. 21, 0.6 < p > 0.3 is printed,
but if p > 0.6, it is necessarily > 0.3. On p. 36, the lacking statistical significance of a differ-
ence is shown by p > 0.5. In Tables 5 and 36, including the explanatory text on p. 76, instead
of generally accepted terms (expected and observed values), other ones are used. As to dem-

observed
onstrating statistical significance of the age dependences, the quotients------------- are tabulated
e

instead of having used the common x2test.

Of more concern to the reviewer were inconsistencies of the numerical figures, both as
to base numbers and as to percentages, differences being obvious in some instances between
the tabulated figures and those relied upon in the discussions. A few examples: in Table 7,
12 carcinomas of the tongue are shown, and in Table 6, 44 patients with lingual leukoplakia;
the text on p. 23 states, however, that of 31 cases of lingual leukoplakia 12 turned into cancer.
No mention is made what happened to the other 13 patients of Table 6. — Similarly, 30 cases
of leukoplakia are tabulated in the floor of the mouth, and 3 cases of carcinoma at this location,
but the rate of malignant transformation of the former into the latter is given as 9.7% in the
text on p.27. — In the caption of Table 11, “Counts of keratinized cells. . .” is printed, the
summarized numbers being exactly 100 in 10 boxes, but 82 and 125, respectively, in the remain-
ing two ones. It cannot be understood that exactly 100 was the average cell count in 10 in-
stances, but deviant numbers in two.— The sex distribution of patientswith migratory glossitis
is given as 24:46 in Tables 23 and 24, but as 25:45 in Table 25.

Serious objections are to raised against the presentation of the results of exfoliative-
cytology in the diagnosis of oral carcinoma (Tables 45 and 46, pp. 93-97). As a non-invasive
method it was enthusiastically welcomed by clinicians but was soon proven — as in this
monograph too — to be unreliable, but this conclusion is neglected in the text. The figures
of Table 45 indicate that of 24 cases classified as “malignant” by cytology, 4 were false posi-
tive findings (after correction of a misprinted figure), i.e. 16.67% (although not more than
1.99% of all 201 examinations). In contrast, of 25 invasive and 4 in situ carcinomas demon-
strated histologically, 5 were classified by cytology as plain leukoplakia and 4 additional ones
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as “atypic” (suspect of carcinoma). The 9 cytologically misdiagnosed cases are 31% false
negative results, and excluding the atypic cases, more than 17% remain. In relation to the
total number of cytological findings the frequency figures were 4.43, and 2.49%. The fre-
quency figures of false cytological diagnosis to be relied upon in assessing the usefulness of the
method in the diagnosis of oral carcinoma are 17 and 31 (17) per cent far higher than tolerable.
Hereupon no impactis exerted from percentage frequencies of coinciding cytological and histo-
logical findings referred to on p.94. Breaking up the comparison of the two methods according
to the clinical type of leukoplakia, shown in Table 46, has no additional informational value
either; in contrast to 82 tabulated findings in erosive leukoplakia, in the text 81 cases are
referred to; apparently the tabulated figure being correct.

The reviewer was perplexed by the different size of the population mentioned in differ-
ent places of the hook; 520 leukoplakia patients are referred to on p. 15, with 31 conversions
to malignancy; in contrast to 500 leukoplakias diagnosed clinically, 48 having been shown
histologically as carcinoma, on p. 72.

Having shown some defects of the monograph, some of its merits should be emphasized.
One is the quality of the illustrations. Of a total of 142, only one was found of poor quality
(Fig. 46 on p. 95); it is too dark to show what should be seen. Another merit is the clarity in
expression and style. As to this item, only two objections are raised. In the column heads of
Tables 45 and 46, and in the text on p. 143 “normal leukoplakia” is written what in itself is
a contradiction. With some phantasy, the reader with be aware of that here simple leuko-
plakia and normal oral mucous membrane are meant, respectively. — Contradictory opinion
is expressed as regards the turning into carcinoma of median rhomboid glossitis on p. 59 to
the statement of p. 57 that in the author’slongitudinal studies such a change was not observed
in any case. — Chapter IX is an excellent summary — suitable as a reliable guide for the dentist
how to proceed with lesions of the oral mucous membranes.

Counterbalancing the merits of the monograph and its shortcomings, paying due atten-
tion to the author’shigh international reputation, in spite of its defects the book may turn
to a success with the perspective of a second edition. In this, the inconsistencies should, and
could be avoided probably easily.

t P. Adler

Z. Antaloczy, |. Préda (eds): Electrocardiology '81. Akadémiai Kiadé, Budapest 1982.
620 pp. Ft 560

The steady progress in every field of medicine brings forth a profusion of clinical and
experimental evidence. The progress in cardiology due to rapid advance in heart surgery
and in cardiodiagnostic methods is a case in point. It is hardly possible to keep abreast with
the steadily accumulating information. Textbooks of cardiology are more or less obsolete
by the time of their publication, and the literature is too vast to be kept in evidence. The
best help is to have in print the subject-matter of congresses or meetings on various topics
of cardiology. The success of such hooks depends on two questions: whether they are published
in good time and whether they contain really up-to-date material. By these standards this
book may be regarded as a success and it fills a real need. It is based on the proceedings of the
8 International Congress of Electrocardiology held in Budapest 1-4 September 1981. Its main
subject is the progress of electrocardiology but fortunately various other aspects of cardiology
also receive excellent coverage. Remarkable papers were read on electrophysiology, in particu-
lar on the development and problems of cellular microelectrophysiology and on recent methods
of investigation. The experimental and clinical studies of cardiac arrhytmias also belong to
the main subjects of the Congress. We find several essays of high interest on arrhythmias
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consequent upon heart surgery, caused by lymph retention in the heart and on the arrhythmic
property of the heart. Drug therapy of arrhythmia was also on the agenda. Within the central
subject, i.e. the progress of electrocardiology, computerization, mathematical models, experi-
mental modelling of the electric field of the heart received particular attention. Lectures were
given on the recent methods of ECG-recording such as surface potential mapping, electro-
vector cardiography, etc. as well. The extensive use of echocardiography in association with
other special methods is brought into due prominence.

Electrocardiology 81 is arich source ofup-to-date information. Its layout and production
are faultless. It will be of value to heart surgeons, physiologists and pharmacologists. Those
who have special interest in electrocardiography, cardiac arrhythmias, and experimental
cardiology will find it indispensable.

F. Solti

L. Surjan, Gy. Bodoé (eds): Borderline Problems in Otorhinolaryngology. Proceedings of the
X Ilth World Congress of Otorhinolaryngology, Budapest, Hungary, 21-27 June 1981.
Akadémiai Kiad6, Budapest 1982

The view that international congresses are out of date has been finding strong support
lately. In fact, the representatives of the various specialities are steadily increasing in number
and there is a relentless process of subspecialization in all branches of medicine. For attendants
of a world congress with thousands of participants even personal meeting with colleagues, let
alone fruitful exchanges of ideas, may be impossible. Organization of meetings confined to
some sphere of lesser scope may be found more convenient. Though this is certainly true, yet,
in the words of Professor Surjan, president of IFOS, we have to do our best to prevent the
science of otorhinolaryngology (ORL) from falling apart. It is, therefore, desirable to take
stock of its current status from time to time.

Though the world congresses may fall short of this ideal, we have no better alternative.
There is nothing that can make up for personal contact, even if it means renouncing of a parallel
program. But then, anyone can have the material in print, provided it is published in good
time. It is, therefore, to be welcome that the proceedings of the round-table conferences of the
last World Congress of ORL have appeared with little delay.

In accordance with the borderline problems of ORL on which the discussions of all
conferences had been centred, the material is arranged into chapters as follows. Ophthalmolog-
ical and neurological aspects of rhinology; oncological problems of ORL; current problems of
paediatric ORL; immunological aspects; traumatology and ORL; present possibilities of
diagnosis; management and prevention of hearing defects; advances in phoniatrics. In two
further chapters we find remarkable accounts of current trends and of recent results concern-
ing the pathophysiology of ORL. The closing chapter deals with education and qualification,
questions which have thus far failed to receive due attention.

It is to be regretted that some of the reports, having arrived after the deadline, could
not be inserted.

The production of the book does credit to the book publishers but the printing technique
fails to reproduce all shades of the photographs, particularly of the micrographs, with the
usual fidelity.

For the obvious limitation of the number of participants and the missing views of
some authorities, the book offers the compensation of collecting information from all parts
of the world. The volume will not fail to achieve its aim to serve as a source of information
stimulating further studies and thus to contribute to the progress of ORL.

M. Bauer
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H. D. Kaufman (ed.): The Haemorrhoid Syndrome. Abacus Press, Kent, England 1981. 157 pp.
£ 175

The interest of the book lies in the fact that more than 50% of the world’s population
over 50 years is more or less severely affected by haemorrhoids. This book, written by a distin-
guished team of authors, provides relevant information on the subject to proctologists, general
surgeons, and also to physicians interested in this branch of medicine.

The chapter by W. H. F. Thomson sums up traditional knowledge and recent evidence
relating to the morphology and pathology of haemorrhoids. He gives particular attention to
the anal pads enclosing arterio-venous shunts. These are actually physiological structures,
hut knowledge of their changes is essential to modern therapeutic approach. All this also
applies to the chapter on anal physiology (B. D. Haucock) which provides important clues to
the selection of the appropriate intervention. The next chapter, written by the Editor is of
prime clinical relevance; it discusses the history and the clinical symptomalogy. The distin-
guishing features of mucosal and vascular type haemorrhoids are pointed out and the complica-
tions (thrombosis, strangulation, ulceration, infections) determining the lines of therapy are
discussed. A separate chapter (J. L. Carven) is devoted to high-residue diets which, though
certainly no panacea, are none the less important factors of prevention and therapy. A further
chapter by the Editor is on injection therapy, which accounts for 50 to 70% of the first inter-
ventions in his country. It is primarily recommended for vascular type haemorrhoids in stage
I—1. In the chapter on the indications and technique of strangulation with the rubber ring
according to Barron (M. R. B. Keighley) the procedure is claimed to be rewarding as it has
cured 62% of the patients. In the chapters on forced dilatation aimed at overcoming the hyper-
fnnction of the sphincter regarded as an aetiological factor, and on lateral sphincterotomy, the
authors, D. B. Haucock and M. R. B. Keighley, formulate the indication of these interventions
with some caution, and fail to convince the reader of the justification for their routine use.
In the sections on surgical management and its details H. D. Kaufman describes the technique
of cryosurgery and emphasizes its benefits, but points to its failure in cases of any major pro-
lapse. In the next chapter P. Schofield states that the aims of a successful operation, whether
of open or closed type are, in addition to mobilization of the internal haemorrhoids from the
sphincter, a high ligation of the vessels with maximal preservation of the mucosa and removal
of the involved skin.

Haemorrhoids of mucosal type associated with skin tags cause circular prolapse and
call for elective surgery. Acute interventions may be successful in case of thrombosed, strangu-
lated haemorrhoids. Proper selection of the cases and adequate familiarity of the surgeon with
the technique being taken for granted, minor interventions are highly gratifying and allow
to avoid major surgery in a fair proportion of the cases.

The book provides an authoritative and up-to-date account of the current surgical
methods and on the general lines of therapy. In the reviewer’s opinion it isunsurpassed by any
other work published on the subject in recent years.

M. Kun

Vaccination Certification Requirements for International Travel and Health Advice to Travellers
1981. WHO, Geneva 1981. 65 pp., 2 tables, 1 appendix, 3 maps, Sw. Fr. 18.—

These annual publications of identical title and layout are very useful. The present
volume provides information essential to international travel.

The first part deals with three important and timely issues subjected to WHO regula-
tions. In theseyears no internationalvaccination certificate ought to be required in any country,
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with the exception of one for yellow fever. Regrettably, the WHO regulations to this effect
are disregarded in many countries. For instance, preventive vaccination against cholera is
required in various parts of the world. This has harmful consequences since cholera vaccina-
tions are of limited value and may, therefore, give the vaccinated person a false sense of safety
from infection, which may interfere with the necessary epidemiological measures including
early diagnosis, observation, isolation, etc. Some countries still require immunization against
smallpox, though this has been abolished. On the other hand vaccination against yellow fever
has to be strictly observed where it is justified. The vaccination remains effective for 10 years
from the 10 day of its application. Revaccination should be undertaken still within this time
before immunity provided by the previous vaccination has vanished. The vaccination certif-
icate is valid for 10years. A smallpox vaccination certificate is acceptable only if it is in compli-
ance with the international form found in the Appendix of the book.There exists no vaccina-
tion against malaria, only regular preventive antimalarial medication. This alone provides
safety to the individual, but it has to be borne in mind that, despite continuous attempts
at eradication, malaria under given circumstances may be of utmost gravity, even fatal. WHO
must, therefore, have reports from the respective countries on the prevailing malaria situation
in good time, with a view to preparing a collective account intended for publication.

Section 2 lists alphabetically the vaccination certificate requirements and the malaria
situation in the individual countries; 63 of the 195 listed here have no such requirements.
In the remaining countries a vaccination certificate is required for the following diseases:
yellow fever 96, yellow fever -j- cholera 31 countries, yellow fever -f- cholera -j- smallpox
1 country, yellow fever + poliomyelitis 1 country, cholera 2 countries. Malaria risk and/or
occurrence has been reported from 102 of the 195 countries.

Section 3 groups the travellers’ health hazards on the basis of the following categories:
environmental (climatic and meteorological) factors and ill-effects; food and drinking water;
arthropodes and hazards of other kinds. The section closes with an outline of the medical tasks
after the traveller’s return. The physician finds here very useful tabulated recommendations
on his tasks if a patient seeks his advice for fever, diarrhoea, etc. after return from a foreign
country.

Section 4 groups the hazards according to continents and countries, but in closer detail
than the former section.

Section 5 points to the possibilities of prevention, starting with the basic principles
of personal and specific prevention. The excellent text directed at the essentials is backed by
two useful tables. The first presents the antimalarial drugs (name, dosage, use and adverse
effects), the second the diseases related to food and drinking water (name, pathogenic agent,
route of transmission, geographic prevalence). The names, regions and countries are indexed
at the end of the hook.

The appendices include a printed vaccination certificate form and 3 maps on the malaria
situation and the prevalence of yellow fever in Africa and South America.

L. Cselko

Vaccination Certificate Requirements for International Travel and Health Advice to Travellers
1982. WHO, Geneva 1982. 70 pp., 2 tables, 1 appendix, 3 maps, Sw. Fr. 12.—

This volume is similar in layout to the previous one published in 1981. Here, too, in-
formation on the international vaccination certificates and the pertaining questions are
centred on the following issues: requirements in various countries; risk factors; grouping of
risks according to continents and countries; suggestions for prevention. The present publica-
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tion, much to its advantage, has five more pages, for the greatest part on prevention. Moreover
it is cheaper than its predecessor.

In the list of vaccination certificate requirements 195 countries are represented; 61
countries have no such requirements as opposed to the other 134. On the basis of diseases we
find the following distribution: yellow fever 97 countries, yellow fever + cholera 31 countries,
yellow fever + cholera -f- smallpox 1 country, yellow fever -f- poliomyelitis 1 country, yellow
fever -f- typhoid 1 country, cholera 2 countries. Since the previous year vaccination certificate
requirements had thus come into force in two more countries (vaccination for yellow fever
and for yellow fever -f- typhoid, respectively). The booklet contains, in addition, accounts
of the malaria situation from 102 countries.

L. Cselko

G. Edwards, A. Arif: Drug Problems in the Sociocultural Context. Public Health Papers
No. 73. WHO, Geneva 1980. 258 pp., 9 figures, Sw. Fr. 18.—

This study has two major and closely related aims. The first is to review the sociocultural
aspects of drug-taking. The second is to present guidelines for the formulation of policy and
the planning of programmes.

Chapter 1 gives an account of the activities which are pursued by the international
agencies in close cooperation with WHO all over the world in relation to the drug problems.
Chapter 2 on sociocultural patterns of drug use, gives a long series of dramatic images in the
form of case-studies from Thailand, Malaysia, India, Pakistan, Burma, Andean region of
South America, Mexico, USA, Jamaica, Egypt and Kenya. It provides information on the
most widely used drugs such as opiates, heroine, cannabis, coca, marijuana, etc. and on the
distribution of users by age, sex, occupation and geographic region. The differences and
similarities of drug use in the various countries are dealt with in Chapter 3. In this context
the use of LSD and of other types of drug-dependence are considered and problems of multiple-
drug use are discussed.

It is likewise on the basis of case studies and examples that Chapter 4 entitled “Variety
in Health Care Approaches”, illustrates the withdrawal practices in the different countries,
for instance withdrawal programmes for addicts on a voluntary basis in Hong Kong with-
drawal treatment on a religious basis in Buddhist temples in Thailand (against a compensation
corresponding to $ 1.0 a day), detoxification of opium addicts in Sri Lanka, activities of with-
drawal treatment in emergency hospital units (!) in London, withdrawal therapy for alcocholics
based on the traditional religious and cultural background in Japan. The role of the general
practitioner is given due prominence in this chapter.

Chapter 5 shows in what way countries differ in their treatment of drug problems. It
takes a sober look at the situation and admits with praiseworthy sincerity that certain problems
involved by cultural influences have remained unsolved to the present day.

Chapter 6 gives a survey of the strategies for reducing demand for drugs, on the basis
of case reports. In the first part the world-wide problems posed by psychotropic drugs in
particular by diazepine-derivatives are pointed out under their general aspects. This is followed
by a detailed account of the situation in those countries in which abuse of alcohol and smok-
ing add to the problems of drug-dependence.

Chapter 7 discusses the “Prevention and the Balance of Strategies”; it provides a con-
ceptual framework and offers practical guidelines. Chapter 8 sets down the basis for policy
design, programme planning and points to the sociocultural perspectives in the first place
at a nation-wide, governmental level. Chapter 9 entitled “The Sense of the Future”, though
not the longest, but certainly one of the most interesting parts of the book, points to future

5* Acta Medica Hungarica 40, 1983



66 BOOK REVIEWS

trends on the ground of estimates, predictions, taking into consideration changes in socio-
cultural patterns, drug problems and relevant measures, specific and nonspecific treatment,
prevention, studies of the background and international cooperation. Though this chapter is
oriented somewhat theoretically, its approach is realistic and sober, therefore, it is likely to
be of help in the planning of projects aimed at the solution of the drug problem.

L. Cselko

Assessment of Public Health and Social Problems Associated with the Use of Psychotropic Drugs.
Technical Report Series No. 656. WHO, Geneva 1981. 54 pp., Sw. Fr. 4.0

A WHO Expert Committee meeting was held in Geneva, on 15-20 September 1980,
with the purpose ofexamining and evaluating the implementation of the Convention on Psycho-
tropic Substances (1971). The subject-matter of the meeting is presented in this booklet.

Chapter lintroduces the subject by a survey of the problems posed by the psychotropic
substances and of the regulations concerning their use. Chapter 2 on the technology for assess-
ment of extent ofuse of psychotropic substances discloses remarkable facts. While in the U.S.A.
the consumption of stimulants and barbiturates has been found to decline, minor tranquillizers
and/or sedatives exceed in consumption all other drug classes. While the overwhelming major-
ity of users of tranquillizers, hipnotics and sedatives on medical prescription are females,
those of the same drugs dispensing without medical prescription are males. In Europe, too,
conpsumption of barbitures and stimulants has been declining in parallel with increasing
demands for nonbarbiturate hypnotics, particularly for benzoiapines. In the U.K. 5% of the
female and 3% of the male population used tranquillizers for more than 6 months in the last
year. In other countries of W estern Europe too, the use of psychotropic drug has been increas-
ing. In Australia old-age pensioners accounting for 9% of the general population consume
approximately 45% of the marketed psychotropic substances. In the Philippines, Thailand
and Malaysia stimulants, sedatives of hallucinogens are being used by 4 to 8% ofthe secondary
school students. In the same chapter useful guidelines are offered for the assessment and
quantification of consumption of psychotrophic substances. Some particular aspects are
pointed out and recommendations are given.

Chapter 3 on the techniques for the assessment drug-related health problems, outlines
these methods, evaluates their practicability, points out the relationships between the con-
sumption of psychotrophic substances and morbidity and mortality, emphasizes the role of
toxicological analysis, and gives some recommendations on this issue.

The techniques for the assessment of drug-related social problems form the subject
of Chapter 4. Here, too, the present situation is regarded as the practicability of the methods,
consideration being given to behavioural problems, criminal behaviour and to socioeconomic
effects.

Chapter 5 sums up the conclusions and gives general recommendations.

There ar three annexes: (i) WHO’s activities in relation to its international treaty
obligations; (ii) the role of nongovernmental organizations; and (iii) proposed mechanisms
for the monitoring of psychotrophic drugs.

The book ends with a comprehensive list of reference.

L. Cselko
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P. Hornby, D. K. Ray, P. I. Shipp, T. L. Hat1: Guidelines for Health Manpower Planning,
WHO, Geneva 1980. 368 pp., Sw. Fr. 26.—

This volume covers the subject-matter of a course on health manpower-planning. The
course consisted of 12 sessions, accordingly it is presented in 12 chapters: 1. Health Manpower
Planning; 2. Ten Steps to Health Manpower Planning; 3. Health Manpower Situation Report
on Existing Manpower and Services; 4. Future Supply of Manpower; 5. Manpower Require-
ments — Quantity, Quality and Distribution; 6. Mismatches Between Supply and Require-
ments; 7. Solving Mismatches; 8. Organizational and Management Problems; 9. Manpower
Strategy and Outline Plan; 10. Detailed Health Manpower Development Plan; 11. Implemen-
tation and Monitoring; 12. Concluding Session.

The actual subject-matter is introduced by general information on the course itself.
There are two printed forms, one for the particulars of the student (name, age, education,
employment, sphere of activity), the other for the opinion he has formed on the course (evalua-
tion, comments, suggestions, etc.).

A clear arrangement, an excellent formulation of the text, instructive tables and illustra-
tive diagrams belong to them erits of the book. Workers in developing as well as in industrial-
ized contries will find it a reliable source of practically rather than theoretically oriented

information.
L. Cselko

M. Schaefer: Intersectoral Coordination and Health in Environmental Management; Public
Health Papers No. 75. WHO, Geneva 1981. 122 pages, 5 tables, 4 figures, Sw. Fr. 9.—

The two decades elapsed between 1950 and 1970 witnessed a definite orientation of the
public mind all over the world toward human environment and its impact on health and on
socioeconomic values. Environmental preservation began to rank with economic and social
development as a major objective of public policy. The first chapter of the booklet “Background
to the Study”, gives definitions, historic facts and points to various aspects. At the end of
this chapter we find a country report as a preliminary model and comments on it. The 11
conditions or provisions that should characterize such a model are specified in full detail.

The “model” consists of statements specifying 11 conditions or provisions that should
characterize a proper or adequate national system of coordination, recognizing that no country
has yet fully developed such conditions and provisions. In summary terms, the 11 provisions
are, (a) active concern for health and environmental values on the part of the politically effec-
tive segment of the population; (b) reflection of such concern among political and managerial,
leaders; (c) institutionalized arrangements for intersectoral study, communication and decision-
making at policy and technical levels; (d) mechanisms for the development, enunciation, and
dissemination of guiding policies, laws, and norms; (e) linkage of these mechanisms with the
organs of political power; (f) systematized and updated information on problems, solution
technology, policies, and programmes; (5) coordinated scientific/technical capacity for deter-
mining and forecasting conditions and risks.

Chapter 2 gives a “Description and Comparison of National Structures and Processes”;
it summarizes information on the structures and major processes in 21 countries or territories
at the time of reporting in 1978. 19 of the 21 countries — the two exceptions being Iran and
Irag — may be classed on the basis of geographic, demographic and socioeconomic features
to the following 5 clusters: 1. Canada, Federal Republic of Germany, Japan, United States of
America; 2. China, Czechoslovakia, Poland, Yugoslavia; 3. Denmark, Hong Kong, New Zealand;
4. Chile, Egypt, Mexico, Turkey; 5. India, Nepal, Pakistan, Sri Lanka.
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Chapter 3 bears the title “Factors Influencing Intersectoral Coordination”. It develops
the former lines further by evaluating the various factors in the operational and monoperational
systems and by giving detailed directives on intergovernmental coordination and on the role
of the public health system.

The conclusions are found in Chapter 4 the results achieved in intersectoral coordination
are surveyed further requirements are pointed out and an account is given of the active meas-
ures which have been taken.

Appendix 1 contains information on each of the 21 countries, Appendix 2 presents an
analysis of explanatory variables.

L. Cselko

R McMahon, E. Barton, M. Piot: On being in Charge. WHO, Geneva 1980. 366 pp., Sw. Fr.
12—

The joint WHO-UNICEF Committee has provided invaluable help by this book for
the solution of the urgent problems posed by the organization of primary health care first
of all in the developing countries.

Chapter 1, an introduction, outlines the background, objectives, methods and design
of the study. It also provides brief information of comparative character on the countries
participating in these activities.

Chapter 2 is entitled “Decision-Making for PHC: Evolution of the Approach as a Proc-
ess”, it discusses questions of theoretical orientation, taking certain countries as models.
In conclusion it states that the primary health care approach has evolved as a process in
response to a continuing need, exemplified by the historical evolution in the study countries.
From the present analysis of the events decision-making has emerged as a process operating
under the influence of interacting factors which may be grouped into four types: internal
political commitment; external influences; non-governmental initiatives; and health sector
and government planning processes. Some of these factors are dealt with in subsequent chap-
ters.

Chapter 3, “Politics, Government and Planning”, is of very wide scope, pointing to
important fundamental aspects, considerations, and providing practical guidelines relating
to the strategy of public health development. It also gives recommendations concerning
economic tasks, suprastructural decisions, the decentralization of these activities, on bureauc-
racy, etc.

In Chapter 4 the possibilities of community involvement and of intersectional coopera-
tion are dealth with. Chapter 5 deals with the question how decisions on primary health care
turn out in practice. The substance of Chapter 6 is implied in its appropriate title, “Decisions
on Health Sector Resources: a Litmus-test of Commitment”. Finally, Chapter 7 sets down
the recommandations of the Joint Committee on Health Policy in eight points.

Though the booklet has been primarily intended for use in developing countries, the
practical information it offers will be helpful to organizations of any other country having
to cope with primary health care tasks.

L. Cselko

National Decision-Making for Primary Health Care. WHO, Geneva 1981. 69 pp., Sw. Fr. 12.—
This is a most appropriate guide for middle-level management in primary health care.

It lends itself to teaching as well as to learning purposes. Its style is clear, unambiguous. From
the didactic point of view it also deserves every praise. Its logical arrangement, its illustrations
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and sketches make even intricate subjects accessible to the learner. Its line-drawing and
diagrams are very instructive. There are 5 sections.

Section 1 provides an answer to the question: W hat is management? Here we find
definitions and descriptions of the various functions of management. This part closes with
exercises of prevalently test character.

Section 2 is entitled “Working with People in the Health-Team Approach”. The subject
of basic importance is discussed under the following aspects: What is a health team? How
to lead a health team activities and controlling and assessing work. This is likewise followed
by exercises.

Section 3 “Managing Resources” deals with managing equipment, drugs, money, time
space paperwork and closes with exercises. This is one of the most extensive, but at the same
time one of the most interesting chapters with illustrations, tables and sketches of high didactic
value written in a clear, easy style.

Section 4 on “Planning Primary Health Care Services” fallsinto 3 chapters on planning,
implementing and evaluating health activities, respectively. This is the other most successful
section of the book with a masterful formulation of the tasks. It also ends with exercises.

The Glossary at the end of the book is most useful. Its definitions are concise and

accurate.
L. CselkO

International Digest of Health Legislation. Yol. 31. No. 4. WHO, Geneva 1981. 312 pp.

This is one of the quarterly publications of WHO in which the regulations, instructions
and decrees issued by the health legislation of each Member State are currently registered.

The regulations of drug abuse in developing countries is the subject of Section 1. It
offers information of high interest, derived from the situation in 32 countries. It registers the
regulations which have been hitherto in force, relating to the compounds classified as drugs,
to the definition of drug dependence, to treatment, rehabilitation and to ways and means of
international cooperation.

Section 2 contains the regulations issued by the national government of 16 countries
(Bermuda, Bulgaria, Canada, Chile, Denmark, Ecuador, Greece, Hong Kong, Hungary,
Lesotho, Libyan Arab Yamahiriya, Luxemburg, New Zealand, Turkey, United Republic
of Tanzania, U.S.A.). Accurate title, finding list and brief summary of the regulations are given
for each country.

In Section 3 we find statutory provisions, measures and declarations which have come
into force by the association of several countries, on a strictly regional basis (Association of
South East Asian Nations, European Communities, Mediterranean Coastal States, Mexico
and the United States of America, South America, United Nations Economic Commission
for Europe.)

Section 4 covers some recent problems concerning practically all continents. We find
here succint information concerning smoking, alcoholism, environmental protection, sanitary
problems of food and drinking water.

From this book it emerges that the health regulations of various countries are directed
mainly at drugs, smoking, occupational hazards, environmental pollution, epidemiological
questions and vaccination, though more than fifty other health aspects are also considered.

L. Cselko
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Bechtel, R. M.: Low-Cost Rural Health Care and Health Manpower Training. Yol. 7. An
annotated bibliography with special emphasis on developing: International Development
Research Centre, Ottawa 1981. 142 pp.

This book, the 7th volume of the widely known, useful series, is of similar outlay and
extent as its precedessors and contains 700 items of information on five main issues in a con-
densed form.

Section 1 lists the basic sources, the reference works, Section 2 (perhaps the most
interesting part), covers questions of organization and planning. In the latter part the summa-
ries of the studies on staffing, organization and management projects, cultural and financial
aspects, geographic distribution of services, epidemiology, family planning, mother and child
welfare and nutrition are arranged into 7 chapters. Section 3 on primary health care implemen-
tation, is shorter. It falls into 4 chapters covering the following topics: rural patient care,
mobile units and services, community health education. Section 4 on primary health manpower
training and utilization, gives sources of definitely practical orientation, those relating to
professional and nonprofessional workers being on the whole grouped apart. In this section
teaching aids are also referred to. Section 5 includes formal evaluative studies.

There are very good lists of abbreviations and of acronyms. The terms and geographic
names are indexed.

L. Cselko

Drinking-W ater and Sanitation, 1981-1990. WHO, Geneva, 56 pp., 2 tables, Sw. Fr. 9.—-

In order to improve the health of the populations a programme of the International
Drinking W ater Supply and Sanitation Decade (to be referred to as Decade) has been elabo-
rated by WHO and is presented in this book.

Chapter 1 gives a survey of the Decade targets and global coverage, subsequently it
outlines the factors of the Decade approach. These are, at the national level: 1. complementary
sanitation and water-supply development; 2. strategies that give precedence to underserved
populations, both rural and urban: 3. programmes that will serve as a model for self-reliant,
self-sustaining action; 4. use of socially relevant system that people can afford; 5. association
of communities in all stages of projects; coordination of water supply and sanitation pro-
grammes with those in other sectors; 7. association of water supply and sanitation with
health improvement.

At the international level emphasis is laid on 1. promoting and supporting national
programmes for the Decade through technical cooperation; 2. concentrating technical coopera-
tion on building up national capacities and generating dynamic, self-sustaining programmes;
3. promoting technical cooperation among developing countries; and 4. encouraging the external
financing of the national Decade activities.

Chapter 2 on community-water supply and sanitation in the Decade, raises a diversity
of problems, mainly on a conceptual basis (shortcomings of governmental strategies and of
international support; pertinent conferences, resolutions and conventions; WHO policy).
This chapter also deals with topics of more practical orientation relating to the essential
elements of Decade (complementary water supply and sanitation development, conditions in
urban and rural areas, practicable programmes, participation of the community). Chapter 3,
the most homogeneous of all, gives recommendations to the governments of the individual
countries in a framework for national action: coordinating and action committees should be
brought into existence for the duration of the Decade; planning should be of continuous
character and social participation should be secured for the entire plan from its very design
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to its execution. Strategic seminars, educative work and good connections are essential. In
the practical guidelines for the programmes, emphasis is laid on the questions of the coverage
programmes, the programmes and of their equilibrium. In this context the programmes for
the rural areas, urban-fringe areas, small- and medium-sized towns and for areas of regional
scope also receive thorough consideration. Questions of manpower, mass communication media,
health education, participation of the community, technology, information and supervision
are also discussed.
There are two appendixes: 1. Resolutions and action programme of the United Nations
W ater Conference (Mar del Plata, 14-15 March 1977); 2. Resolution 35/18 of the General
Assembly of the United Nations.
L. Cselko

Disability Prevention and Rehabilitation. WHO, Geneva 1981. 40 pp., Sw. Fr. 3.—

This booklet gives an account of the Expert Committee Meeting on Disability Preven-
tion and Rehabilitation held in Geneva on 17-23 February 1981, in the from ofa lucid, informa-
tive summary directed at the essentials.

Chapter lis of introductory character. Chapter 2 gives definitions of terms and concepts
related to the disability process and its rehabilitation. Though each definition is clear and ex-
plicit, there are three which deserve particular notice, owing to their practical importance. In
the context of health experience, an impairment is any loss or abnormality of psychological,
physiological or anatomical structure or function; a disability is any restriction or lack (result-
ing from an impairment) of ability to perform an activity in the manner or within the range
considered normal for a human being; and handicap is a disadvantage for a given individual,
resulting from an impairment or a disability, that limits or prevents the fulfilment of a role
that is normal for that individual depending on his age, sex and social and cultural factors.
This chapter gives the main lines of approach to disability prevention and rehabilitation at
a social level and to the Social integration of the disabled. The interest of the issues raised in
Chapter 3 is implied in its title: “Review of Prevalence of Disability, Quality of Life among
the Disabled and Future Trends in Prevalence”, but the situation revealed by its figures is
anything rather than favourable. On the evidence of statistics from 1976, the proportion of
disabled, handicapped, underprivileged persons in the world was estimated at 10%, the number
of disabled children at 60 to 70 million in 1970. Should the existing preventive facilities not
be exploited and further developed, this number may attain 135 to 150 million by the year
2000. Chapter 4 deals with the approach to the problem of disability and its strategy. The
specific strategy may be summed up as follows, (i) Prevention of disability through all types
of measure within and without the health sector, that contribute to a reduction in the incidence
of impairment. If an impairment is present, measures should be taken to reduce its severity or
to postpone the occurrence of disability and handicap, (ii) Provision of rehabilitation, using
the primary health care approach. Community-based rehabilitation services with an appropri-
ate system of supervision and referai should be provided, with the aim of total coverage of all
populations. These services deliver at least the most essential care, and form an integral part
of the national socioeconomic development programme. The necessity for the earliest possible
general approach and specific strategy is emphasized.

Chapter 5 deals with the prevention of disability, separately for the developing and for
the industrialized countries. In the developing countries, at the first level of prevention, the
prime objectives are to promote socioeconomic development and to provide improved health
conditions for the 800 million human beings who are living in extreme poverty. Within these
general measures, fight against malnutrition and infectious diseases prevention and more
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efficient management of accidents and improvement of perinatal care belong to the primary
tasks. The second level of prevention implies provision for the necessary drugs against leprosy,
tuberculosis, ear infections, epilepsy, psychoses, hypertensive disease, diabetes and trachoma
and for the necessary surgical interventions such as treatment of wounds, fractures and of
other injuries to the limbs, operations for cataract etc., and as far as possible for rehabilitation.
In the industrialized countries prevention has to be directed first of all at traffic accidents and
occupational and domestic injuries. Early diagnosis and therapy of chronic organic diseases
such as rheumatism, diseases of the heart and circulation, respiratory and mental diseases,
genetic defects, etc. are also major fields of prevention.

Chapter 6 reviews the situation of rehabilitation in the industrialized countries. Some
questions of organization, provision for specialized manpower, management and supervision
are discussed and recommendations are given. Chapter 7 relating to the developing countries
is of the same context as the former, but the recommendations are covered by Chapter 8.
This is an exhaustive chapter providing a great deal of factual information. Cooperation with
WHO and coordinated work of other organizations and agencies are outlined in Chapter 9.
Chapter 10 contains general recommendations for the governments of the individual countries.

There is a list of references and an appendix with examples of provisions and measures.

L. Cselko

Medical certification of cause of death. WHO, Geneva, 1979. pp. 27, Sw. Fr. 2.—

This booklet now inits fourth edition has the aim, to give the physician clear instructions
on the international standards he has to comply with on issuing a medical certificate of the
cause of death.

The introduction points out the significance of certification and discusses the historical
backgrounds of the present recommendations. A separate chapter offers a basis for the identifi-
cation of the causes of death and recommends a printed form for this purpose. Then the main
causes of death are listed in detail. The remaining part of the booklet is a collection of case
records. We find here 21 models for death certificates, with one or more different disease as
the cause of death in each case. These models are useful as they cover practically the entire
international list of causes of death.

As a guide for international standardization the booklet will be useful to the practi-

tioner.
L. Cselko
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THE YAMAGIWA-YOSHIDA MEMORIAL
INTERNATIONAL CANCER STUDY GRANTS

The Yamagiwa-Yoshida Memorial International Cancer Study Grants
are funded by the Japan National Committee for the LLUCC which receives
support from the Olympus Optical Company. These Study Grants are adminis-
tered by the International Union Against Cancer.

They are designed to enable investigators of any nationality to gain
experience in, or make comparative studies of, special techniques in both the
biological and clinical aspects of cancer research.

The study grants will not be awarded for the purpose of visiting a number
of institutes or of solely participating in congresses, conferences, and symposia.

They will be awarded for periods not exceeding 90 days.

Each grantee will receive a travel allowance towards the cost of a tourist/
economy air fare, and a living allowance towards the cost of board and lodging.
No allowance will be paid for dependents.

The closing dates for receipt applications will be 30 June or 31 December
of each year.

Successful applicants will be notified within 90 days of each closing date.
Study Grants must be activated within 180 days of the date of notification.

Application forms and additional information may be obtained from:

INTERNATIONAL UNION AGAINST CANCER

Rue du Conseil-Général 3
1205 Geneva
Switzerland



CANCER RESEARCH CAMPAIGN
INTERNATIONAL FELLOWSHIPS

The International Union Against Cancer, with funds provided by the
Cancer Research Campaign (UK), will award fellowships for research on cancer.
These are designed to enable investigators to work abroad to gain new experi-
ence in clinical or basic research in cancer. These fellowships are also open to
investigators in the behavioural or social sciences relevant to cancer.

Fellowships will be granted only to persons on the staff of universities,
teaching hospitals, research laboratoires or similar institutions. Applicants
must have between two and ten years’ post-doctoral experience (Ph. D.,
M. D., DYM) or equivalent.

A fellowship will not be granted to a person who wishes to perfect his
training or who wishes to visit briefly several institutions abroad. The duration
of the fellowships ordinarily will be one year but this period may be longer or
shorter in special circumstances.

The stipend will be fixed on the basis of £ 9.000 per annum adjusted to
the cost of living in the host country.

The fellow will receive a travel allowance towards the cost of a tourist/
economy class air fare. A similar allowance will be granted to the spouse who
wishes to join a fellow for six months or more.

The deadline for receiving applications and supporting documents is 1
October. Successful applicants may begin their Fellowship at any time during
the twelve months period beginning 1 May

Application forms and additional information may be obtained from:

INTERNATIONAL UNION AGAINST CANCER

rue du Conseil-Général, 3
1205 Geneva
Switzerland



INTERNATIONAL CANCER RESEARCH
TECHNOLOGY TRANSFER PROGRAMME

(ICRETT)

The International Union Against Cancer, with funds partly provided
by the International Cancer Research Data Bank (ICRDB) of the National
Cancer Institute of the United States of America, and partly by the Internatio-
nal Union Against Cancer, will award “International Cancer Research Techno-
logy Transfer” grants for research on cancer.

The purpose of this programme is to promote direct and rapid personto-
person transfer of information about new or improved techniques or methods
between investigators located in different countries who are working in areas
of basic, clinical or behavioural research in order to further the progress of
cancer research.

The available funds are designed to permit investigators of any natio-
nality* to visit a research centre or centres abroad for a period not exceeding
28 days. The grant will be allocated towards travel and living expenses.

The selection of applicants will he on a continuous basis and the results
will be communicated as rapidly as possible.

Additional information and applications forms may be obtained from:

INTERNATIONAL UNION AGAINST CANCER

rue du Conseil-Général 3, 1205 Geneva
Switzerland

*In accordance with US Federal Regulations, this Programme is not open to em-
ployees of US Government Agencies.



ARERICAN CANCER SOCIETY
ELEANOR ROOSEVELT
INTERNATIONAL CANCER FELLOWSHIPS

The International Union Against Cancer, with funds provided by the
American Cancer Society, will award fellowships for research on cancer.

The awards will be granted to experienced investigators who have
demonstrated their ability for independent research and who wish to broaden
their experience by a period of study at a single institution in another country.

Fellowships will be granted only to persons on the staff of universities,
teaching hospitals, research laboratories or similar institutions.

Awards will be made to investigators who are devoting themselves either
to the experimental or the clinical aspects of cancer research.

Fellowships will not be granted to persons who wish to perfect their
training in methods of cancer detection or in therapeutic techniques, or who
wish to visit briefly several institutions abroad.

The duration of fellowships will be one year but in special circumstances
this period may be longer or shorter.

The stipend will be based on the current salary of the applicant and the
salary of an investigator of comparable experience in the place where the
applicant expects to study.

An allowance will be made towards the cost of travel of the fellow and of
those dependants who will accompany him.

The deadline for receiving applications and supporting documents is
1 October. Successful applicants may begin their Fellowship at any time during
the twelve months’ period beginning 1 May.

Application forms and additional information may be obtained from:

INTERNATIONAL UNION AGAINST CANCER

rue du Conseil-Général, 3
1205 Geneva
Switzerland



2ND INTERNATIONAL COURSE OF RENAL
TRANSPLANTATION

RENAL TRANSPLANTATION UNIT « CHAIR OF UROLOGY ¢ IMMUNOLOGY DEPARTMENT
HOSPITAL CLINICO

Barcelona, December 12th, 13th, 14th and 15th 1983

The 2nd International Course of Renal Transplantation will be held in
Barcelona (Spain) at the Palacio de Congresos on the 12th, 13th, 14th and 15th
of December, 1983 directed by Drs. Jose Ma Gil-Vernet, Antonio Caralps,
J. Vives, J. Andreu and A. Brulles.

The Course will address the most significant medical and immunological
aspects of renal transplantation. The Course will offer scientific lectures,
practical courses in immunology and actual surgical operations broadcasted in
colour T. V.

Secretary: F. Oppenheimer. Unidad de Transplante Renal. Hospital
Clinico. Casanova 143. Barcelona-36. (Spain).
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Immunology

THE OTHER SIDE OF IMMUNOLOGY:
IMMUNOPLASIA

TROPHIC (PLASTIC) FUNCTION OF THE
IMMUNE SYSTEM*

Gy. Petranyi
SECOND DEPARTMENT OF MEDICINE, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST,
HUNGARY

(Received December 28, 1982)

Destruction of non-self antigens for the preservation of the unique indilidual
antigenic composition independently of the consequences (protection, allergy, death
by anaphylactic shock, autoaggression) and serving the higher law of phylogenetic
differentiation, is only one side ofimmune function. There is an equally important other
side, the building, plastic or trophic function (immunoplasia, immunotrophy) which
helps to produce this unique antigenicity throughout life, gives the initiating signal
to regeneration after cell losses and controls cell proliferation until normal shape and
size are regained. Failing or overfunctioning immunoplasia may be the cause of organ
atrophy or hyperplasia with appropriate diseases as manifesting consequences. To many
of the “idiopathic” organ atrophies and hypofunctions immuno-hypoplasia is a better
explanation then the supposed autoimmune aggression. Based partly on the author’s
own experience the data and arguments are summarized which support and reinforce
the theory of immunoplasia.

Keywords: immune physiology, immune pathology, immunoplasia, immuno-
trophy, morphostasis, phylogenetic differentiation

Immunology started with observations of contagious diseases and even
before the era of microbiology vaccinations proved their right (Jenner, 1798).
The next important step was the production of antisera with specific antibodies
(Behring, 1890) and later the detection of immunoglobulins. From the Latin
“immunis” and “immunitas” the term immune, immunity and immunology
have been coined, meaning protection against diseases and the science dealing
with this protection. A revolutionary breakthrough brought forth the discovery
that immunity and hypersensitivity have a common basis, an altered reactiv-
ity to a secondary antigenic stimulus acquired from a primary stimulus by
the very same antigen: the doctrine of allergy (Pirquet, 1906) with its immediate
(humoral, antibody-mediated) and delayed (cell-mediated) reaction types. So
it has become evident that the immune system is not always beneficial but
may be harmful as well.

* Opening lecture of the IV. Symposium Allergologicum et Clinico-Immunologicum.
Budapest, 15 September, 1982
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The malefactor role of the immune system has been completed in our
days when it became clear that the theory of “horror autotoxicus” is no more
tenable and autoimmune aggression explains the pathogenesis of many,
hitherto “idiopathic” destructive inflammatory diseases.

For the sake of later considerations it is necessary to stress that allergy,
even the lethal anaphylactic shock, is in many respects a physiological reac-
tion of the immune system, which ceases if the system has become defective.
Immunopathology thus has two meanings, viz. pathologic phenomena caused
by the immune system, i.e. allergy and autoimmune aggression; and diseases
of the system itself (defects or diseases such as tumours, etc.).

It is hard to understand why a system aimed at protection should be
prepared to threaten or destroy life (lethal shock, destruction of a transplanted
organ ofvital importance or an embryo) with its allergic reaction. My explana-
tion is that the immune system obeys a higher law of life than the safety of
the individual. It acts for the higher law of phylogenetic differentiation, pro-
tecting by every means the unique antigenic construction of the individuals
even at the expense of their destruction [24].

In medical practice we necessarily differentiate between protective (bene-
ficial) and pathogenic (harmful) immune responses, but after all desantigenisa-
tion, destruction of the specified macromolecules perceived as antigens is the
ultimate aim and task of the immune system, irrespective of the consequences.

This definition however is not complete any more. By and by sufficient
disturbing data have emerged to show that antigen destruction (elimination)
is only one side of immune function and there is another side as well, an
opposite side which completes it to a biologic entity, namely a trophic or plastic
function, controlling cell proliferations, mitoses, the size of the tissues and the
shape of the organs (euplasia, metrostasis).

As far as | know the story, immunoplasia, immune control of cell growth,
has begun in 1922 when Carrel [9], the greatest name associated with tissue
culture, observed that lymphocytes promote the growth of other cells. Since
then many investigations have been carried out to clarify the interactions of
lymphocytes with other cells [4, 14, 15, 16, 19, 20, 21, 30, 31].

Altough | use alternatively the greek words trophy (trophe = nutrition) or plasia
(plasis = developing, moulding, forming) there is some difference between them. Hyperplasia
means larger size due to cell proliferation (i.e. more cells) while hypertrophy means larger
size due to the cells growing larger but their number remaining the same. So euplasia and
eutrophy are perhaps synonims, but as to the function of the immune system, as we shall see,
the expression “plasia” is more adequate.

The most primitive method of physiology to examine what an organ is
good for is its excision and to see what happens. There have never been doubts
about the function of muscle, bone, eye, the trophic action of nerves, some
hormones, etc., but just the opposite is the case with the immune system.
It is so dispersed throughout the body that it cannot be excised as a whole
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and its isolated total destruction by other means is quite impossible. Only
lately have we learned about the functions of the spleen, thymus, bursa
Fabricii, lymphnodes, B-T-K cells, lymphokines, interleukins, etc., but our
knowledge is yet incomplete and in many respects quite uncertain. The field
is rather hazy but it begins to brighten.

The existence of immunoplasia, the plastic function of the immune
system has to be proven from all sides, namely that in cases of hypoplasia-
aplasia a failing, in cases of hyperplasia a hyperfunctioning, organ-specific
immunoplasia may be the cause, and that immunoplasia has a lifelong contin-
uous action in maintaining the normal shape and size of the organs and
tissues constantly losing cells and is ready to induce and control the restoration
of tissues losses, regeneration, and wound healing.

Although we have no means to remove the immune system in order to
prove the existence of immunohypoplasia, there are fortunately some natural
models. In humans to many “idiopathic” organ atrophies (aplasias) a failing
organ-specific immunoplasia seems to be a cause more plausible than an auto-
immune aggression, and in animals marasmus develops if their lymphoid
tissues are hypoplastic.

There is no doubt that an antibody can destroy a cell by attacking a
vitally important antigen of its surface. Yet most of the autoantibodies react
with antigens not represented on the cell surface (thyreoglobulin, mitochondria,
microsomes, DNA, etc.) and therefore can only form immune complexes with
non-immune-specific consequences. It is well known that most of the autoanti-
bodies are not pathogenic and occur even in healthy persons [23]. It follows
that in most “organ-specific” autoimmune diseases leading to hypoplasia
(atrophy) and hypofunction there is no real proof of an autoimmune aggres-
sion. Autoantibodies non-pathogenic in themselves prove only that something
is wrong with antibody production [22]. The “shower” of different, directly
non-pathogenic, non-cell-surface directed antibodies in SLE, the prototype
of autoimmune diseases, show in the same direction, to derailment of immune
regulation, but beyond the non-specific immune complex depositions we have
no proof of autoimmune aggression as the real background of the disease.
We know that in animals severe lymphoplasia of the lymphoid tissues goes
in hand with wasting (runt disease, secondary disease). The fact that in sterile
surroundings some of these animals survive allows the conclusion that a resist-
ant lymphoid cell population must be responsible for the immunoplasia. The
main problem is that for the moment we have no simple means to quantitate
the actual immunoplastic capacities. While we have no direct evidence of
their failure as the cause of these hypoplasias, at the same time there is no
evidence against it.

Let us continue our considerations with the hyperfunction of immuno-
plasia. We have to look after transferable circulating factors. The first impetus
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came from the discovery that the long acting thyroid stimulator (LATS) is
a gamma globulin, a thyroid stimulating immunoglobulin [1, 2, 18] and so
Graves’ disease had to be classified into the group of autoimmune diseases.
The essence, however, is that an immune stimulation instead of destructive
inflammation causes hyperplasia and hyperfunction [12]. If there is one
example in human pathology, there should be others too. We ourselves tried
to search stimulating immunoglobulins in other hyperplasias and have shown
that the blood of peptic ulcer patients contains a stimulating immunoglobulin
which is transferable to rats causing in them after a time peptic ulcer mediated
by the hyperplasia of the acid secreting parietal cell mass [11, 25]. We have
preliminary data [26], and there is also a paper in the literature too [3] show-
ing that a stimulating immunoglobulin may be the promoter of the bilateral
adrenal hyperplasia with the clinical consequences of Cushing’s syndrome.
I think it is wortwhile to follow this line looking for other hyperplasias. Seek
and you will find. Since these hyperplasias are mostly organ-specific, occurring
at a time only in one organ, immunoplasia too must be organ-specific. This,
however, does not exclude the possibility that at the same time several organs
or endocrine glands may be involved in immunoplastic disparity, causing for
instance multiple endocrinopathy. There are of course many problems with
the research of immunohyperplasia, the most important being the lack of
suitable animal models.

To prove the existence of the lifelong acting and ever ready normal
immunoplasia (immunoeuplasia) seemed at first difficult but soon it has
become clear that we have suitable animal and human models for its investiga-
tion in the processes of regeneration.

Probably every kind of regeneration could be an equally good method
for diagnosing the effectivity of immunoplasia but until now the greatest bulk
of experience has been furnished by partial hepatectomy and unilateral
nephrectomy. The question is what compels the cells to proliferate, what is
the first stimulus, the initiating signal and later what is the limiting factor
when the organ loss has been recovered and the normal size and shape has
been regained. I am convinced that only immunoplasia can give the cor-
rect answer.

A 2/3 liver loss by hepatectomy sets in motion an immediate burst of
astonishingly rapid reparative cell proliferation in the remaining lobes. The
growth is precisely regulated and ceases when the deficit has been restored.
Not only the rate, degree and shape of the restoration is peculiar but the fact
too that function lags far behind the cell proliferation, the compensation of
work-load being not the cause but the consequence of the hyperplasia [6].

Another good model for the investigation of immunoplasia is the so-
called “compensatory” hypertrophy of the remaining kidney after uni-
lateral nephrectomy. Although this phenomenon has been known since the end
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of the last century [28], the connection of its mechanism with the immune sys-
tem is relatively new. The quick response is very similar to that of an immune
reaction [8, 13]. In contrast to the liver some investigators think that this is
rather a hypertrophy (hence the name). It is true that no new glomeruli are
formed, but the enlargement of the nephrons is established by cell prolif-
eration.

Many details of the immunological and trophic function of lymphocytes
have been studied by Kellsall and Crabb [17]. The role of the lymphoid tissue
in morphostatis has been suggested by Burwell [8].

Burch and Burwell [7] supposed that the organs release “tissue coding
factors” (TCF) into the extracellular fluid and the rate is related to their size
and cellularity. These factors pass via the efferent lymphatics into the regional
lymph nodes where they act as afferent signals to the controlling lymphoid
tissue which sends small effector lymphocytes with mitotic control proteins
to the target tissue and so promote cell proliferation. After tissue loss the
reduction of the quantity of the factors would be the stimulus and hyperplasia
would go on until an equilibrium has been created, the debt has been acquitted.
Burch and Burwell presented in detail their theory as a unified biological
concept of emhryogenesis, cellular differentiation, mitotic and growth control,
autoimmunity, carcinogenesis and ageing. They postulated that the primary
and intrinsic function of the complex lymphoid system is the control of the
growth and size of target tissues throughout the body. They opposed Burnet’s
clonal selection theory with clonal induction, self recognition having a positive
relationship between the specific elements of the lymphatic system and the
antigenic determinants of other tissues. In contrast with the previous theory
that the immune system carries out purely police actions, they suggested that
defence function is a secondary concomitant with the primary regulation of
tissue size.

Based on many dispersed data, observations in the literature and our
own clinical and experimental experiences, | think that the plastic action of
the immune system is neither selected nor induced, hut predetermined by a
rather fixed germ-line number of organ-specific lymphoid trophocytes, their
number being in equilibrium with the number of cells they care for. They
recirculate between their homing target and regional lymph nodes regularly
for refuelling, the lymph nodes serving like naval bases, or aircraft carrier
nurse ships. If the organ-specific trophocytes are in excess, they induce prolif-
eration until the equilibrium has been restored, whereas their insufficiency
in number or function leads to hypoplasia or atrophy.

Other regeneration models are available as well for the investigation of
the morphostatic function of the immune system, such as wound healing in
vivo (especially of standardized skin and mucous membrane wounds), the
epidermal growth factor [10] and the erythroid burst forming units [27, 29,
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32] in vitro. A basic question is, how the information carried and produced
by the specific feeder cells reaches the cells in a proliferating tissue. The in-
vestigation of “lymphocyte induced angiogenesis” gives the answer [5, 16].

In a few pages it is impossible to give a whole account of an evolving
new science which completes the biology of the immune system. Being at
the beginning of exploring the other side ofimmune function, ofimmunoplasia,
many open questions and doubts remain. Much work awaits the researchers
to prove or disprove allegations.
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AUTOLOGOUS ROSETTE FORMATION
IN SYSTEMIC LUPUS ERYTHEMATOSUS
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The number of autologous rosette forming cells was studied in patients with
SLE. The effect of steroid hormones and of sera derived from SLE patients and normal
controls on autologous rosette formation by lymphocytes of SLE patients and of
normal controls was examined. The number of T lymphocytes capable of recognizing
autologous red cells was found to be significantly lower in the SLE patients than in the
group of normal controls. Steroid hormones, whether applied in vivo or in vitro, dis-
played an inhibitory effect on autologous rosette formation in SLE patients and normal
controls alike. The effect in vitro was dose-related, and there was no difference in sen-
sitivity between normal and SLE lymphocytes. Pooled sera of high immunocomplex
content obtained from SLE patients were also found to reduce the number of auto-
rosettes. Since the lymphocytes capable of recognizing autologous red cells are known
to be post-thymic precursor cells equally subject to differentiation in helper and sup-
pression direction and play an important role in the regulatory mechanism, reduction
in their number or disturbances in their function and differentiation may well provide
one of the factors accounting for the impairment of immune regulation in SLE.

Keywords: autologous rosette forming T cells, steroid hormones, pooled
sera, immune regulation

Introduction

One of the properties of human T lymphocytes is to form rosettes with
erythrocytes of various species. Rosette formation may even occur with the
subject’s own erythrocytes [10, 17, 34].

30 to 40% of human thymocytes and approximately 25% of peripheral
lymphocytes of normal subjects are capable of binding autologous erythro-
cytes [3, 5, 26, 30]. The lymphocytes capable of rosette formation with auto-
logous erythrocytes represent a precursor T cell population in which func-
tionally still non-committed lymphocytes are also represented [25, 26, 27].
These cells are sensitive to steroid hormones in vivo and in vitro, they are
resistant to theophylline and they lack an 1gG or IgM binding Fc receptor
structure. These T cells play an important part in the maintenance of feed-
back inhibition [21, 25]. Recently it has been shown that a number of these
cells has already the capacity of reacting with the monoclonal antibodies

Send offprint requests to Dr. Edit Bodolay, Third Department of Medicine, University
Medical School, H-4004 Debrecen, P.O. Box 3, Hungary
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OKT 4 and OKT 8 [12, 32]. Differentiation of the post-thymic precursor
autologous rosette forming cells (ARFC) to effector cells may be induced by
thymic hormones and by pretreatment with nonspecific mitogens [2, 30].

The aetiology of SLE is attributed to disturbances in immune regulation.
Reduction in the number of the suppressor precursor T cells or an inadequacy
of their differentiation, may provide one of the contributing factors.

The present study has been concerned with the autologous rosette-
forming capacity of peripheral lymphocytes of SLE patients. Autologous
rosette formation by lymphocytes of normal donors and of SLE patients under
the effect of sera of normal subjects and of SLE patients was studied. Finally,
it was examined to what extent the ability of normal and SLE lymphocytes
to recognize autologous erythrocytes is affected by steroid treatment in vitro
and in vivo.

Patients and methods

The peripheral lymphocytes of 30 normal control subjects of 36.5 years mean age and
of 43 patients with SLE (5 males and 38 females, of 45.6 years mean age) were examined.
Diagnosis of SLE was based on the ARA criteria [4]. 20 patients were in an active, 23 in a
inactive period at the time of study. A sedimentation rate over 40 mm/h, LE-positivity,
impairment of renal function, aggravation of muscle and joint pains, progression of existing
skin changes’ appearance of serositis were regarded as signs of activity. Nine of the patients
with active SLE had histological evidence of lupus nephritis. The patients were given 15 to
30 mg prednisolone daily, the average duration of treatment was 3.5 years. Cytostatic therapy
forreducing the dose of the steroid was applied in five cases because of the progressing nephritis.

Drug therapy was withheld during the last 24 hours before the studies.

For the separation of lymphocytes the method of Béyum [1] was used. After the last
washing the lymphocytes were taken up in (Ca- and Mg-free) Hank’s solution pH 7.4, and
the cell count was adjusted to 2X 107ml.

The autologous erythrocytes were washed in Hank’s solution free from Ca and Mg, and
a cell suspension of 3X 108m| was prepared.

Autologous rosette lest. To a mixture of 0.1 ml lymphocytes (2x106) and 0.1 ml au-
tologous erythrocytes (3x107, 0.1 ml fetal calf serum (FCS) exhausted with group AB human
erythrocytes was added in a test tube. Centrifugation at 200 g at room temperature for 5 min
was followed by incubation for 24 h at +4 °C. Two min before resuspension the lymphocytes
were stained with a drop of 0.2% toluidine blue in Ca- and Mg-free Hank’s solution counted.
The autologous rosette-forming capacity was expressed in the number of rosettes with at
least 3 erythrocytes per 200 lymphocytes.

Effect of steroid treatment on autologous rosette formation in vitro. The lymphocytes of
10 normal controls and 5 SLE patients (2XHK 7 per ml) were incubated with prednisolone
dissolved in PBS buffer of 2x10~3mmol/1 and 1X10 2mmol/1, respectively, at 37 °C for 1 h,
then the lymphocytes were incubated with autologous erythrocytes and with FCS exhausted
with human group AB erythrocytes and resetting was examined.

The lymphocytes of two control subjects and of four SLE patients who had received
steroids sporadically were studied for steroid effect in vivo. 100 mg prednisolone was ad-
ministered by the venous route blood was withdrawn prior to, treatment and at 4 and 24 h lat-
er, and the rosettes were counted in each sample.

Prelreatment of lymphocytes with the serum of normal and of active SLE patients. To the
lymphocytes of ten normal controls and of ten SLE patients, separated on Ficoll, inactivated
pooled sera of five normal controls and inactivated pooled sera of five patients with active
SLE, were added.

The normal and the SLE lymphocytes (2x107ml) were incubated with 250 /N1 inacti-
vated normal and SLE serum, respectively, at 37 °C for 30 min. After three washings the test
for autologous rosettes was performed as described above. The number of autologous rosettes
thus obtained was compared with the rosette count of the untreated controls and SLE patients.
For statistical analysis, Student’s t test was used.
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Results

The proportion of ARFC in the lymphocyte population of the 43 SLE
patients was considerably lower than in the normal controls (Table I). The
fall in the number of ARFC of the active SLE patients was still more marked
in the group of lupus nephritis (active SLE 10.8% +5.7; lupus nephritis
7.7 +2.1% P < 0.001).

Under the effect of steroid hormones in vitro the number of ARFC of
both normal controls and SLE patients was found to decline. Elevation of the

Table |

Number of autologous rosettes in normal controls and SLE patients

Mean number of autologous
rosettes, per cent

mean + S.D.
Normal controls n= 30 204 + 3.1
. . P < 0.001
Patients with SLE n= 43 11.3 + 4.9
Patients with active SLE n= 20 10.8 + 5.7 NS
Patients with inactive SLE n= 23 11.7 + 4.0 o
Table 11

Effect ofglucocorticoids in vitro on autologous rosette formation, mean + S.D.

Prednisolone
Initial value
2x 10- *mmol/1 1x 10~* mmol/1
Controls n = 10 23.0 £ 2.7 16.0 + 1.44** 8.8 £ 1.1***

SLE n= 5 98 + 14 4.8 £ 1.1** 3.8 £ 1.4***

I+

Values obtained after incubation of the lymphocytes with prednisolone at 37 °C for 1 h
** = P < 001
*** = P < 0.001

Table 111

Effect ofglucocorticoids in vivo on autologous rosette formation, mean d: S.D.

Initial value At 4h At 24h
Controls n= 2 220+ 1.0 14.0 £ 1.0 19.5 ér E5
SLE n= 4 94 + 11 50+ 0.7 8.7+ 0.8

Number of autologous rosettes in blood withdrawn at 4 and 24 h after i.v. administration
of 100 mg prednisolone
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n=10 n =10
Controls SLE

XP< 0.001 XXP <0.05
values referred to the initial number of rosettes

Fig. 1. Effect of sera on antologous rosette forming cells (ARFC)

steroid concentration resulted in a still more marked fall in the number of
normal and SLE ARFC alike (Table I1).

At 4 h after administration of 100 mg prednisolone a reduction in the
autologous erythrocyte binding capacity of the lymphocytes of the controls
and the SLE patients was found. By the 24th h the initial values were nearly
restored. (Controls: initial value 22.0 di 1.0%. At 4 h, 14.0 dz 1.0%; at 24 h,
195 + 1.5%. SLE: initial value 9.4 + 1.1%. At 4 h, 5.0+ 0.7%, at 24 h,
8.7+ 0.8%.)

The autologous rosette-forming capacity of normal lymphocytes was
unaffected by normal sera. Pretreatment of both normal and SLE lymphocytes
with active SLE serum resulted, however, in a significant reduction in the
number of ARFC (Fig. 1). The effect of normal serum on normal lymphocytes
caused a change from 20.2 dz 2.4 to 19.6 dz 3.0%; on SLE lympho cytes from
9.3 dt 3.5 to 85 dz 2.9%. Under the effect of serum from patients w ith active
SLE: the change in the controls was from 20.2 dz 2.4 to 8.5 dz 3.0% (P <0.001)
and in SLE from 9.3+ 35to 58+ 1.8% (P < 0.05).

Discussion

The rosette forming lymphocytes in the autologous system, the mech-
anism of rosette formation and the factors likely to influence it have been
extensively studied in laboratory animals, especially in mice [15, 21, 35, 36].

The T lymphocytes capable of collecting autologous erythrocytes have
only received attention in the last two years, when several studies have been
published on their functions and surface marker properties.
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According to present knowledge, the ARFC are precursor cells migrat-
ing from the thymus. Part of these cells hinds peanut agglutinin [22] as a sign
that this subpopulation has not yet achieved full maturation. Another part
already hinds anti-monoclonal OKT 4 and OKT 8 T cell antisera [12, 32].
These are lymphocytes incapable of phagocytosis, carrying no surface lg, giv-
ing a positive reaction with alpha-naphthyl acetate esterase (ANAE), reacting
with suboptimal doses of concanavalin acetate (Con-A) but showing no blast
transformation. Thus they form alymphocyte T precursor population resistant
to phytohaemagglutinin (PHA), pokeweed mitogen (PWM) and theophylline.

The ARFC exhibit a high sensitivity to steroid hormones in vitro as
well as in vivo. The present study has confirmed that steroids applied in vivo
or in vitro reduce the number of ARFC in normal subjects and SLE patients
alike. The in vitro effect is dose-related and there are no differences in sen-
sitivity between the lymphocytes of SLE patients and normal subjects. The
lymphopénie effect of steroids has been shown by Fauci et al. [7]. According
to studies in vivo of these authors, this steroid-induced lymphopenia, which
primarily affects the T-population, reaches its peak 4 to 6 h after steroid
administration and generally ceases by the 24th h. The primary cause of the
reduction in lymphocyte count may be sought in an outpouring from the blood
stream and in a redistribution mainly into the bone marrow, rather than in
a cell destruction [37].

On the other hand, immunologically immature precursor cells and sup-
pressor cells of the thymic cortex are particularly sensitive to steroids in the
early phase of maturation, and exposure to steroids of activated T lympho-
cytes results in their destruction [8]. The mechanism of steroid-induced cytol-
ysis in vitro is still uncertain. What we know is that free fatty acids accu-
mulate, uptake of glucose and nucleotides decreases and ATP production is
inhibited by steroid hormones. It is assumed that the steroid receptor complexes
formed in the cytoplasm gain access to the nucleus and initiate the production
of a specific mRNA, a protein which is thought to play a part in cell de-
struction.

There is mounting evidence that thelymphocytes taking partin ARFC
are actually precursor cells the differentiation of which under the effect of
various mitogens may take the direction to TG or to TM It has been shown
that the ARFC play an essential part in the regulation ofimmune proc-
esses [20, 26].

T cytopenia, in other words, an abnormal shift of the helper/suppressor
balance, in SLE results in the first place from a reduc tion in the number of
ceils considered to he of the suppressor type, and to some degree from a func-
tional damage to the T lymphocytes [6, 33, 38]. We have no satisfactory
explanation for the complex pathomechanism accounting for the shift in the
helper/suppressor proportion.
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There are several data to show that the number of ARFC, regarded as
precursor lymphocytes, is significantly lower in SLE patients than in normal
subjects. Heijnen et al. gave a figure of 4% for autologous rosettes in patients
with active SLE [12]. According to Palacios et al., autologous erythrocyte-
binding lymphocytes are T cells of regulatory function, the absence of which
leads to a B cell hyperfunction by the depression of feedback inhibition [26].
It has been confirmed by Heijnen et al. in vitro that differentiation of the
ARFC from suppressor precursor cells to effector suppressor cells takes place
only under the effect of antigen-pretreated TMcells [12]. It is this TM cell
induced suppressor activity which is deficient in SLE because of the absence
or inadequate number of autologous rosette forming T lymphocytes.

It has been shown by means of T-cell-specific antisera that the ARFC
represent a heterogeneous population. According to the findings of Heijnen,
in the purified fraction 51% give a positive reaction with monoclonal anti-
serum OKT 4, and 34% with OKT 8. In our preliminary studies conducted
in collaboration with Benczlr, positivity with OKT 4 and OKT 8 was found
in 60 and 20%, respectively. It seems that in normal subjects not only the
OKT 8, but also the OKT 4 positive ARFC are capable of differentiation to
cells of suppressor function, and that in SLE this very process of differentia-
tion is at fault. This is in agreement with the observations of Kammer et al.
[16]: while the theophylline resistant OKT 4 lymphocytes of normal individ-
uals assumed OKT 8 surface marker characters in response to adenosine
stimulation in vitro, in SLE lymphocytes adenosine failed to induce maturation
in the suppressor direction [16].

Recent evidence indicates that the thymic hormones applied in vitro
affect primarily the ARFC, and to a lesser degree the TGcells, while leaving
DNA synthesis by the TMcells and B lymphocytes unaffected [27]. Accord-
ing to earlier observations by Horovitz et ah, a7-thymosine applied in vitro
in nanogram quantities restores the deficient suppressor function in SLE [14].
In autologous mixed lymphocyte cultures the ARFC are more responsive than
other T cells. It was, on the other hand, possible to improve the deficient
responsiveness of ARFC by application in vitro of thymic hormones [28].

Antilymphocyte antibodies, demonstrable in large numbers in the blood
of SLE patients, are autoantibodies affecting the functions of lymphocytes.
They are responsible for the deficient responsiveness of lymphocytes to non-
specific mitogens and may also play a part in the loss of T cells of suppressor
type [11, 18, 23, 33, 39, 40]. The cytotoxic IgM antibodies are destructive to
the precursors of the suppressor T cells as well. According to Moretta et al. [24]
and Giacco et al. [9], the antibodies in the serum of patients w'th active SLE
are inhibitory to spontaneous rosette formation, as also to the functional
activity of the Fc-receptors of TGcells. It has been shown by Lang et al. that
sera of high immunocomplex positivity from patients with active SLE are
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inhibitory to the antibody-dependent cytotoxicity of normal human lympho-
cytes [20]. The immunocomplex in the SLE sera not only affect the function
of the K cells but also that of the natural killer (NK) cells [11, 13].

Published data relating to the NK activity of ARFC are inconsistent.
While according to Palacios et al. [29] the ARFC are precursors of the NK
cells, the results of Rucheton et al. are at variance with any NK activity of
this ceil population [32]. According to our results the antibodies in the sera
of patients with active SLE are capable of inhibiting autologous rosette forma-
tion by the precursor T cells. We lack any accurate knowledge about this
inhibitory mechanism. The most likely explanation seems to be that the anti-
bodies alter the surface membrane structure of the T cells, thus causing a loss
of their capacity to recognize autologous erythrocytes. This is assumed to
affect autologous erythrocytes. This is assumed to affect the capacity of dif-
ferentiation of this cell population and to result in further T cell damage.

The disturbed function of T cells in SLE is attributed to multiple factors.
It seems justified to assume a genetically determined functional T cell defici-
ency resulting in an arrest of maturation of the T cells being under way of
differentiation in the suppressor direction. Further qualitative and quantitative
alterations of the T cells result from the presence of autoantibodies charac-
teristic of SLE.

From the results of the present study it emerges that among the very
heterogeneous T cells there exists alymphocyte population capable of recogniz-
ing autologous antigenic structures. This population which reacts sensitively
to autoantibodies of SLE serais quantitatively affected in SLE and is assumed
to play a part in the abnormal shift of the helper—suppressor balance associated
with this disease.
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THYROID ANTIBODIES IN GRAVES’ DISEASE.
AN IMMUNOFLUORESCENCE STUDY
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The sera of fifty patients suffering from Graves’ disease were analysed by indirect
immunofluorescence. Normal human thyroid tissue was used as antigen. Antibodies
against four different thyroid antigens were detected i.e. follicular cell microsoma,
thyroglobulin, follicular basement membrane and follicular cell nuclei. Two types of
antibodies binding to the basement membrane were described. Antibodies against the
first and second colloid antigens could also be detected. The results suggest that by
indirect immunofluorescence four thyroid antibodies, more than known in the litera-
ture, are detectable.

Keywords: Graves’ disease, indirect immunofluorescence

Introduction

Thyroid stimulating antibodies distinct from thyrotropin (TSH) were
first observed more than twenty years ago and Graves’ disease itself is believed
to have an autoimmune basis [9, 10, 13]. Five main antigen-antibody systems
have been identified, involving different constituents of the thyroid gland:
thyroglobulin, microsomal antigen, second antigen of colloid, cell surface anti-
gen and antigen related to the TSH receptor [4]. Furthermore, antibodies
reacting with thyroxine and triiodothyronine have also been detected in some
cases of Hashimoto’s thyroiditis, Graves’ disease and idiopathic myx-
oedema [6, 14].

Antibodies directed against thyroid structures can be detected by differ-
ent means; among these immunofluorescence seems to be the most sensitive
method [3, 11]. As summarized recently by Pinchera et al. [11] the only anti-
body which can be detected in unfixed thyroid sections by immunofluorescence,
is the anti-microsomal one. Antibodies binding to the cell surface antigen
are detectable by immunofluorescence on viable cells. Antibodies against
thyroglobulin and second colloid antigen could be detected by this method
only on fixed sections [11].

Send offprint requests to Dr. J. Szabo, First Department of Medicine, University Medical
School, H-4012 Debrecen, P.O. Box 19, Hungary
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Up to now there are few data in the literature regarding the immuno-
fluorescent aspects of Graves’ disease [1, 4, 15]. The aim of the recent work
was to study the detectability of antibodies in the sera of Graves’ patients by
applying indirect immunofluorescence.

Materials and methods

Diagnosis of Graves’ disease was based on triiodothyronine uptake, triiodothyronine
LW A, thyroxine RIA, TSH RIA, 131l scintiscan and the triiodothyronine suppression test.

Normal human thyroid tissue was used as antigen. Normal thyroid tissue obtained
from patients undergoing surgery for thyroid cyst or neoplasm was immediately frozen in
liquid nitrogen. Five micron thick sections were cut at — 20 °C.

Sera of 50 untreated patients suffering from Graves’ disease were diluted 1 :10, 1:20
and 1 :40. Cases of Hashimoto’s thyroiditis and toxic adenoma were excluded.

Indirect immunofluorescence was carried out according to Roitt and Doniach [12].
The second incubation was made with FITC labelled anti human 1gG (Hyland).

Localization of fluorescence, (microsomal, colloidal, nuclear, basement membrane) its
features (finely granular, roughly granular, linear, confluent, homogeneous, patchy) and inten-
sity were evaluated in every case.

As controls, cryostat sections from the same surgical material were incubated with
FITC labelled antihuman 1gG. If any kind of fluorescence was detected, the material was
not processed forindirect immunofluorescence. Parallel to the indirect fluorescence with Graves’
patients’ sera, the same procedure was carried out with control sera from patients with
ischaemic heart disease with normal thyroid function. If control sera proved to show fluorescent
positivity, the material was rejected.

Results

Antibodies against thyroid structures were detected in every case. Most
frequently, in 29 out of 50 cases, anti-microsomal antibodies were seen. The
fluorescent picture was characterized by a finely granular positivity in the
cytoplasm of follicular cells (Fig. 1). There was no antibody deposition in other
thyroid structures or in the nuclei of follicular cells.

Antibodies binding to thyroglobulin were detected in 15 cases. In the
majority, 13 out of 15 antibodies against the second colloid were identified,
but in one case antibodies against the first and second colloid antigen were
also observed (Fig. 2).

Antibodies binding solely to the first antigen of colloid appeared in a
single case (Fig. 3).

The fluorescent pattern of the second colloid antigen-antibody reaction
was homogeneous, sometimes patchy filling out completely the follicular lumina
(Fig. 2). The first colloid antigen had different characteristics, a roughly
granular, partly patchy fluorescence, mainly in the central area of the folli-
culus (Fig. 3). At other sites there was no fluorescence in these cases.

Antibody binding to the basement membrane of the folliculi was detected
in five cases. Two types of fluorescence could be identified: a finely granular,
in some places linear, mostly confluent one in four cases (Fig. 4), and a roughly
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Fig. 1. Anti-microsomal antibody deposition in the cytoplasm of follicular cells. Original
magnification, X 400

Fig. 2. Antibodies directed against the first (arrow) and second (arrowhead) colloid antigen.
Original magnification, X 160

granular, partly linear but not confluent one in one case (Fig. 5). Antibody
localized at other sites was not detected in these cases.

Antibody deposition in the nuclei of the follicular cells was seen in a
single case. Its pattern was characteristic. The fluorescence was located
exclusively in the nuclei of the follicular cells; other structures including the
cytoplasm of follicular cells, proved to he negative (Fig. 6). Strangely enough,
the dilution rate of the sera had no effect on the intensity of fluorescence.
Except three sera which had anti-microsomal and one having anti-basement
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Fig. 3. Antibody directed against the first colloid antigen. Original magnification, X 160

Fig. 4. Antibody deposition in the follicular basement membrane. Finely granular at sites
linear, mostly confluent pattern. Original magnification, X 160

membrane antibodies, the intensity did not diminish on further dilution.
Even in these cases, only a slight diminution was observed and the positivity
remained unambiguous.

Discussion

Indirect immunofluorescence is a sensitive and reliable method for detect-
ing antibodies [4, 7, 16].

In Graves’ disease, stimulating antibodies might play a pathogenetic
role. According to the data of Doniach [4], five main antigen-antibody systems
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are operating in the thyroid gland involving the thryoglobulin, microsoma,
colloid, cell surface and TSH receptors. If these systems are really active in
the thyroid gland, there is no theoretical hindrance to detect them by indirect
immunofluorescence.

The purpose of our work was to describe the different immunofluorescent
pictures of the thyroid, using sera of untreated Graves’ patients. Immuno-
fluorescent positivity was observed in all of the 50 cases. Microsomal anti-
bodies were the most frequent. Antibodies against the second colloid antigen
were less frequent. In 5 out of the 50 investigated sera, antibodies binding To
the basement membrane of thyroid folliculi were detected. Two types of
deposition could be separated morphologically.

Fig. 5. Antibody deposition in the follicular basement membrane. Roughly granular, partly
linear but not confluent pattern. Original magnification, X 160

Hg. 6. Antibody deposition in the nuclei of follicular cells. Original magnification, X160.
Inset, X 400
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Antibodies binding to the first colloid antigen were seen in a single case
and antibodies against both colloid antigens were identifiable in another case.
Also, in one case only, antibodies deposited in the nuclei of the follicular
cells were detected.

It is difficult to explain our results. It is well known that anti-micro-
somal and anti-colloidal antibodies are involved in the pathogenesis of Graves’
disease [3, 4, 8, 10, 12, 15]. Anti-microsomal and anti-colloidal antibodies
were observed in the majority of patients. Taking into consideration the above
data the results appear logical.

We have found no data in the literature regarding the detectability of
antibodies directed against the follicular basement membrane and the nuclei
of follicular cells by applying indirect immunofluorescence. It seems possible
that in cases of basement membrane-antibody deposition, thyroid stimulating
antibodies which exert their effect on the follicular cell membrane, had been
detected. The results of Beall et al. [2] and those of Fagraeus et al. [5] are
against this possibility. Khoury et al. [8] observed by indirect immuno-
fluorescence microsomal antigen on the surface of human thyroid cells in
culture. It does not seem likely that anti-microsomal antibody binding to the
surface of follicular cells was detected in our cases. Namely, anti-microsomal
antibodies having a characteristic morphological pattern were identified in
the follicular cells.

We could not find any data on the presence and detectability by immuno-
fluorescence of antibodies directed against the follicular cell nuclei in Graves’
disease. In this case, too, all the clinical and laboratory findings were indi-
cative of Graves’ disease and the possibility of any kind of systemic disorder
could be excluded.

Our results thus suggest that by indirect immunofluorescence at least
four types of antibody are detectable in the sera of Graves’ patients. To explain
the clinical and pathogenetical role of these antibodies will be the task of
further immunological and clinical investigations.
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The mineral content of the radius was found to be lower in thyrotoxic than in
euthyroid women, particularly in the case of elevated serum triiodothyronine levels.
On examining the hormones influencing bone metabolism, the basal serum calcitonin
level of thyrotoxic patients was identical with that of the controls. The Ca and cal-
citonin responses to i.v. Ca loading (3.64 mg CaCl2kg/3 min) were identical in the
euthyroid and hyperthyroid subjects.

The results suggest that the calcitonin reserves in Graves’ disease are normal
and that the bone abnormalities typical of this disease are unrelated to any change in
calcitonin secretion.

The serum calcitonin levels of patients with subacute thyroiditis were identical
with those of the controls. An acute fall in the serum calcitonin level occurred in hyper-
thyroidism, after radioiodine therapy a finding which might be connected with the high
radiosensitivity of the parafollicular cells and with a consecutive impairment of cal-
citonin production.

Keywords: Graves’ disease, subacute thyroiditis, calcitonin, Ca loading test, bone
mineral content

Introduction

Graves’ disease is associated with an increased rate of bone metabolism
and with a hyperfunction of osteoblasts and osteoclasts. The hone metabolism
is thus shifted towards the resorption processes and results finally in thyro-
toxic osteodystrophy [29].

The primary cause of thyrotoxic osteodystrophy may be sought in a
direct effect of the thyroid hormones produced in increased amounts [25].
As a result of the enhanced mineral absorption, the serum Ca level increases
[21], and this results in depression of parathyroid hormone (PTH) secretion
[7, 22], while leaving the sensitivity of the tissues to PTH unaffected [12].
These changes go hand in hand with a fall in the serum-1,25-dihydroxy-vita-
min D3 concentration, which accounts for the impairment of Ca absorption
from the intestine in thyrotoxicosis [18]. All this contributes to the reduction
of the cancellous and cortical bone mass [23].

The question how calcitonin (Ct) behaves in thyrotoxicosis has yet to
be studied. While according to earlier data the basal level is within the normal

Send offprint requests to Dr. J. Foldes, First Department of Medicine, Semmelweis
University Medical School, H-1083 Budapest, Koranyi u. 2/a, Hungary
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range [1, 14], our studies are suggestive of a Ct hypersensitivity of the tissues
in this disease [13] which may result from an increased rate of bone metab-
olism [3].

The present study has been concerned with the following questions:
[1] Is there any relationship between the fall in bone mineral content and the
serum thyroid hormone levels in thyrotoxicosis? [2] To what degree is the
serum Ct level affected in the various types of thyrotoxicosis (Graves’ disease,
destructive hyperthyroidism). [3] In acute thyroid damage consecutive to
radioiodine therapy is Ct released from the thyroid in sufficient amounts to
modify the serum Ct and Ca levels? [4] Are the Ca and Ct responses to
Ca loading different in euthyroid and hyperthyroid sub]ects?

Materials and methods

Euthyroid and hyperthyroid females aged between 20 and 50 years were studied. The
clinical diagnosis was confirmed on the basis of the serum thyroxine (T4) and triiodothyronine
(Ts)level. For T4measurement the RK 12 kit, for that of T3the RK 11 kit (Isotope Institute,
Hungarian Academy of Sciences) was used. Bone mineral content was measured with a Nor-
land-Cameron BMA 178 type instrument, operating on the Cameron-Sorensen principle. The
measurements were done on the non-dominant side of the radius, between the middle and
distal third. Four parallel measurements were done on each occasion and the values were
averaged. The instrument gives the mineral content in g/cm and the width of the bone in
cm [16, 27].

Se total Ca was estimated with the Unicam SP 190 atomic absorption spectrophotom -
eter. Since hyperthyroid subjects are liable to hypoalbuminaemia [8], the basal se Ca values
(mmol/l) were corrected in each case for se albumin (mmol/l) individually, according to Mose-
kilde et al. [24]. (Corrected se Ca = 1.2x(0.700-se albumin) total se Ca.) Though the basal
se Ca levels in the thyrotoxic cases were found between normal limits (2.25—2.65 mmol/1),
the corrected se Ca value was higher in the hyperthyroid than in the euthyroid group.

For the measurement of serum Ct, the Immune Nuclear Corporation’s calcitonin 11
human radioimmunoassay kit was used (ref. standard: W.H.O. 70/234). The sensitivity of the
procedure was 15 pg/ml, intraassay variation coefficient was 5%.

Eight euthyroid and seven thyrotoxic female patients kept on a low Ca diet, were
subjected to Caloading in the morning after an overnight fast; 3.64 mg/kg (0.2 ml/kg) of a 10%
solution of CaCl2was administered i.v. in 3 min. Blood was withdrawn for Ca and Ct studies
prior to and at 5, 10 and 60 min after the injection. From six patients with Graves’ disease
blood was withdrawn also for Ca and Ct studies prior to and at 24 and 120 h after radioiodine
therapy (190-300 MBq 131l). The sera were stored at —20 °C until study.

For statistical analysis Student’s two sample t test was used. In the Tables the mean
values dtS.E.M. are represented.

Results

e Table | shows the mean mineral content of the radius in 24 euthyroid
cases and in 28 patients with Graves’ disease. The values were significantly
lower in the patients with Graves’ disease than in those with a normal thyroid
(P < 0.05). On examining the patients with thyroid disease individually, 12
of 28 women with Graves’ disease (43%) were found to have reduced ostéo-
densitométrie values. Grouped od the basis of the T3level, in the group marked
by a significant T3 elevation (4.6-7.0 nmol/l) the mineral content of radius
was significantly lower than in the euthyroid cases (P <C0.01). On the other
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hand, no difference in mineral content of the radius was found between the
patients with minor hyperthyroidism and the euthyroid group (Table I1).
No typical relationship was, however, found between the mineral content of
the radius and the serum T4level in Graves’ disease.

The basal Ca value corrected for albumin, and the Ct value in the
euthyroid subjects and the patients with Graves’ disease and subacute thy-

Table 1

Mineral content of radius (mean + SEM) infernales aged 20-50 years with normal thyroidfunction
and with Graves' disease

Mineral content of

radius
Euthyroidism 0.859 + 0.014
(n = 24)
Graves’ disease 0.797 £ 0.020
(n = 28)
P < 0.05

Table 11

Mean bone mineral content and serum triiodothyronine level in females with eulhyroidism and with
Graves’ disease (mean + SEM)

Hyperthyroidism Euthyroidism Hyperthyroidism
T, :31—45 p T,:12—3.0 p T, :4.6—7.0
nmol/1 nmol/1 nmol/1
n= 15 n= 24 n- 13
Mineral content of
radius g/cm 0.820 £ 0.024 N.S. 0.859 + 0.014 < 0.01 0.772 £ 0.032
N.S. = non-significant
Table 111

Basal serum Ca (corrected, see text) and calcitonin concentration infernales with euthyroidism.
Graves’ disease and subacute thyroiditis (mean + SEM)

Serum Ca Basal serum

mmol/1 calcitonin
(corrected) pg/ml

Euthyroidism 2.58 95.71
(n- 17) +0.031 +8.56

P < 0.01

Graves’ disease 2.731 97.73
(n = 15) +0.03 +8.91
Subacute thyroiditis 2.60 99.81
(n= 86) +0.02 +9.98
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Table IV

Sérum calcium and calcitonin level in response to i.v. CaCl2loading (3.64 mglkg/3 min) infernales
with euthyroidism and Graves' disease (mean + SEM)

Serum calcitonin, pg/ml

0 min 5 min 10 min 30 min 60 min
Euthyroidism 86.6 129.1 118.6 105.2 96.0
(n= 8) +7-75 +11.29 +10.10 +6.10 +6.57
Graves’ disease 87.1 125.7 119.1 101.1 91.4
(n=7) +7.22 +11.46 +8.91 +8.92 +8.37

Serum calcium, mmol/1

0 min 5 min 10 min 30 min 60 min

Euthyroidism 2.35 2.88 2.80 2.74 2.61

(n= 8) +0.05 +0.08 +0.07 +0.03 +0.05

Graves’ disease 2.44 2.89 2.80 2.73 2.68

(n—7) +0.01 +0.07 +0.07 +0.06 +0.03
Table V

Serum calcitonin and Ca concentration after radioiodine therapy (n — 6) (mean + SEM)

Time Serum calcitonin Serum Ca
h pg/ml mmol/1
0 97.33 + 6.30" 2.47 + 0.059
24 9420 + 699 P < 001 2.48 + 0.061
120 70.30 + 5.58 2.50 + 0.094
roiditis are shown in Table IlIl. The se Ca level corrected for the albumin

content was significantly higher in Graves’ disease than in the case of normal
thyroid function (P < 0.01). The basal serum Ct concentration was identical
in all the three groups.

Table IV shows the results of calcium loading. The response of the se Ca
and Ct concentration was identical in the euthyroid and the thyrotoxic groups.

Table ¥ presents the se Ca and Ct values prior to and at 24 and 120 h
after radioiodine therapy in the thyrotoxic patients. At 120 h after 131l therapy
the se Ct concentration was significantly lower than the initial value (P < 0.01)
while the se Ca level was unchanged.
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Discussion

The observations relating to the frequency and degree of bone mineral
loss in hyperthyroidism are inconsistent. While Frazer et al. [15] and lIkkos
et al. [19] found a loss mainly in women of advanced age other authors reported
on mineral loss in a higher proportion of patients [5, 18], regardless of age
and sex. Photon absorption over the radius indicates not only the mineral
mass of the forearm bones, but also of the entire skeletal system [11]. Our
results agree well with those of Linde and Friis [20] according to which the
mean mineral content of the radius is lower in hyperthyroid than in euthyroid
subjects. Bone abnormalities of this type were found in 42.8% of hyperthyroid
females between 20 and 50 years of age, particularly if the se T3 level was in
excess of 4.6 nmol/l. This again is consistent with the observation that the
disturbed mineral metabolism in hyperthyroidism correlates well with the
severity of the disease, reflected in the serum T3level [21].

PTH secretion is known to be depressed in thyrotoxicosis [7, 22]. The
other hormone involved in bone metabolism, calcitonin, has been studied
less extensively although its physiological role in humans is still controversial
[3], though it has been ascertained that in pharmacological doses it inhibits
osteoclast active bone absorption, that it interferes with the reabsorption of
Ca and P in the kidney and that it acts on the intestines, liver and pancreas.

The parafollicular cells of the thyroid form the main site of Ct production
in man. Thyroid agenesis, congenital nongoitrous cretinism [10] and post-
thyroidectomy state [26] are associated with a reduction of the se Ct level.
Yet hypocalcaemia remains absent and the organism readily adapts itself to
the Ct deficiency. In Graves’ disease the basal se Ct level was found to be
normal [14] in contrast to destructive hyperthyroidism (Hashimoto’s thyroid-
itis, subacute thyroiditis), in which an elevation of the se Ct level due to
excessive release was observed [1]. Our studies have failed to demonstrate
any significant difference in the se Ct level between thyrotoxic patients with
Graves’ disease, those with subacute thyroiditis and the normal controls.

In hyperthyroidism even a minor hypercalcaemia is sufficient for the
depression of PTH secretion [8]. On the other hand, a minor increase in the
Ca level does not seem to be sufficient to increase Ct secretion. It is well
within the possibilities that in this disease the parafollicular cells fail to respond
adequately to minor variations of the serum Ca level. Finally, in hyperthyroid-
ism an accelerated breakdown may perhaps account for the normal basal
Ct level. It seemed, therefore justified to examine these possibilities by study-
ing the Ct and Ca response to Ca loading, the more so as no such studies have
been performed in Graves’ disease, while in nongoitrous cretinism and in
thyroidectomized subjects Ca loading was followed by a delayed clearance
of Ca from the blood [10, 17]. On the evidence of the present study, Ca loading
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was followed by an equal increase and subsequent decline of the serum Ca
and Ct in hyperthyroid and euthyroid cases alike. The Ct reserves thus proved
to be identical in both groups. The parafollicular cells of thyrotoxic patients
thus respond to variations in the se Ca level in the same manner as do those
of normal subjects.

Our results in subacute thyroiditis are at variance with the recent
observations reported by Amino et al. [1]. In order to find out whether or
not an acute damage to the thyroid is associated with an increased liberation
of Ct sufficient to cause transitory changes in the serum Ca and Ct levels, we
have studied them prior to and at 24 and 120 h after radioiodine therapy. The
study was prompted by the following considerations. The transitory hypo-
calcaemia consequent upon subtotal thyroidectomy has been connected with
manipulations on the gland resulting in an enhanced release of Ct [30]; and
there is experimental evidence to suggest that the parafollicular cells are more
sensitive to radiation than are the epithelial cells [28]. According to our studies,
after irradiation of the thyroid with approx. 7000 rad (70 Gy), the gland not
only fails to release an increased amount of Ct but on the 5th day after 131l
treatment the Ctlevel was below the initial value. Though subacute thyroiditis
and radioiodine therapy do not produce the same type of thyroid injury, our
results make it none the less unlikely that in subacute thyroiditis the destruc-
tive lesion should produce a Ct release sufficient to increase the serum Ct level.
We have no explanation for this fall in serum Ct but it might he attributed
to the high radiosensitivity of the parafollicular cells [28], as a result of which
the production of Ct might be affected by radiation. It also emerged from
our results that despite the acute fall in the serum Ct level, the serum Ca
concentration was unaffected. This leaves us with the questions whether the
depression of Ct secretion after radioiodine therapy is persistent, whether the
responsiveness of the parafollicular cells is affected and, if so, whether the
changes involve late consequences to the skeletal system. Further studies
will have to throw light on these questions.
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Experience with 22 patients with pituitary microadenoma is discussed. The
diagnosis was based on examination of the contour of the normally sized sella turcica
by multidirectional thin-layer tomography, and measurement of the pituitary hormone
reserve capacity. Of the patients 13 had a microprolactinoma and 9 a microsomato-
tropinoma; 13 were subjected to trans-sphenoidal microadenomectomy and 14 received
drug treatment. The problems of diagnostics and the choice of therapy are discussed.

Keywords: pituitary microadenomus, bromocriptine therapy

Abbreviations

ACTH = adrenocorticotrophin, FSH = follicle-stimulating hormone, hGH =
= human growth hormone, LH = luteinizing hormone, LH-RH = luteinizing hor-
mone-releasing hormone, PRL = prolactin, T3= triiodothyronine, T4= thyroxine,
TSH = thyrotropin, TRH = thyrotropin-releasing hormone

Introduction

Hormone-secreting pituitary adenomas are discrete nodules of the adeno-
hypophysis; they are called microadenoma when they are less than 10 mm in
diameter [24]. Post mortem examinations have shown that the prevalence
of microadenomas lies in the range of 2.7—22.5% [12, 24]. Active microadeno-
mas produce increased amounts of one or several pituitary hormones, which
cause clinical symptoms of acromegaly, amenorrhoea-galactorrhoea syndrome
and Cushing’s or Nelson’s syndrome [13, 38, 42]. The tumours are named
according to the hormone produced. Radioimmunoassay for human growth
hormone (hGH), prolactin (PRL) and adrenocorticotrophin (ACTH) can he
used to evaluate pituitary secretory function in patients with these clinical
symptoms; adenomas that secrete thyrotropin (TSH) or gonadotropin are
extremely rare. Endocrine assessment requires exact documentation of hor-
monal hypersecretion and determination of the pituitary reserve capacity of
the other hormones. Endocrine-inactive microadenomas do not show symptoms
of hormone secretion on either clinical examination or endocrine testing.

Send offprint requests to L. Gaspar, Endocrine Unit, First Dept, of Med., University
Medical School, H-6701 Szeged, Koranyi fasor 8 Hungary
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Of the non-invasive radiological investigations available, a plain lateral
skull X ray cannot be considered conclusive by itself. While the finding of
an abnormal sella does not exclude other conditions, its most likely cause is
an expanding pituitary tumour. Similarly, a normal fossa in a patient with
clinical and hormonal evidence of a pituitary adenoma may well harbour a
microadenoma. In the latter case, multiple thin-layer multidirectional tomog-
raphy of the sella has been advocated in an attempt to identify such a lesion.
The asymmetrical bulging of the sella floor in these patients, is revealed only
by this method [52].

For the treatment of pituitary microadenomas, three kinds of therapy
are available, viz. surgery, irradiation and drugs.

Trans-sphenoidal approach to the sella turcica has supplanted intra-
cranial exploration for pituitary adenomas [21] except when the tumour had
invaded the brain substance [22, 43]. With the use of the operating microscope
and image amplification, this approach permits easy access to the sphenoid
sinus and the floor of the sella [25, 53]. Recent reports show that removal
of microadenomas by a neurosurgeon experienced in microsurgery may produce
improvement of the clinical and hormonal abnormalities in most patients [45].

Conventional external irradiation of the pituitary has frequently received
criticism for its delayed effect in controlling the growth of pituitary adenoma;
in addition, it has been associated with unacceptable and unpredictable side-
effects [33]. Proton or other heavy-particle irradiation is advocated as initial
therapy by some authors because it allows to deliver high doses to confined
intrasellar tumours, with reduction of hypersecretion, preservation of other
pituitary functions, and minimal risk of hypothalamic damage [32]. Radiation
treatment continues to be important when surgical removal is incomplete or
the tumour recurs.

Of major importance in recent years has been the development of effec-
tive drugs that suppress hormone secretion [5, 6, 7, 9, 10, 14, 28, 30, 36, 37,
50]. A reasonably well-defined field of indication of the medical treatment of
pituitary microadenomas has lately emerged: such treatment is necessary if
[1] a selective pituitary effect is required (e.g. for the maintenance of follicle
stimulating hormone (FSH) and luteinizing hormone (LH) production in
patients of fertile age); [2] there is a need for postoperative or postirradiation
decrease of hormone production; [3] it is desired to attain a preoperative anti-
proliferative effect; and [4] in the case of pituitary diseases of assumed hypo-
thalamic origin [19].

Endocrine-active microadenomas may grow and become endocrine macro-
adenomas. Because of this possibility the early diagnosis of pituitary tumours
is important. In the following, a review will be given of the endocrine, radio-
logical and therapeutic advances in the management of pituitary microade-
nomas on the basis of our clinical and laboratory experience.
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Patients and methods

In the period 1978-82, 22 patients were observed, 18 patients were female, and 4 male;
their age ranged from 22 to 60 years. The duration of the disease was from 2 to 24 years. Of
these patients, 13 were subjected to trans-sphenoidal adenomectomy.

Of the patients, 13 had hypogonadism (raromenorrhoea, amenorrhoea, sterility) and
galactorrhoea. One male patient (patient 1) had gynaecomastia, and a female patient (patient 2)
complained of dry skin and bradycardia. Nine patients showed acromegaly with excessive
sweating and headaches (Table I).

Table |

Clinical data of patients with microadenoma

Age o Duration Sella Visual
No. (years) Sex Clinical symptoms of disease field
(year) mm* shape
i 28 M  hypogonadism, gynaecomastia, 8 90 bulging enlarged
obesity blind spot
2 35 F amenorrhoea, dry skin, 8 110 sloping enlarged
bradycardia blind spot
3 28 F amenorrhoea, dwarfism 6 110 sloping normal
4 31 F amenorrhoea, galactorrhoea 4 90 bulging normal
5 30 F galactorrhoea 3 70 bulging normal
6 22 F galactorrhoea 3 90 erosion normal
7 34 F amenorrhoea 4 100 sloping normal
8 31 F infertility 3 80 bulging normal
9 30 F raromenorrhoea, galactorrhoea, 5 70 sloping normal
infertility
10 25 F amenorrhoea, galactorrhoea 4 80 bulging normal
11 31 F amenorrhoea, galactorrhoea 7 90 bulging normal
12 31 F raromenorrhoea 3 120 erosion normal
13 29 F infertility 3 80 bulging normal
14 47 M  acromegaly, hyperhydrosis, 24 90 bulging normal
headache
15 35 F acromegaly, headache 7 110 sloping normal
16 47 M acromegaly, 14 110 bulging normal
17 53 M acromegaly, hyperhydrosis, 20 110 erosion normal
headache
18 43 F acromegaly 2 70 bulging normal
19 46 F acromegaly, hyperhydrosis, 6 80 erosion normal
headache
20 60 F acromegaly, headache 20 80 sloping normal
21 56 F acromegaly, headache 3 80 sloping normal
hyperhydrosis
22 54 F acromegaly, headache, 3 110 erosion normal

hyperhydrosis
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Diagnostic procedures

Radiological investigation. A plain skull radiograph was made in every case. After
evaluation of the size and contours of the sella turcica, double-directional and multi-level
thin-layer tomography (2 mm) was performed. In acromegalic patients, X-rays of the hands
and legs were made.

Endocrinologie investigation. Basal hormone measurements alone provide insufficient
evidence to diagnose anterior pituitary disease (hyper- and hyposecretion). A differential
diagnosis may be possible between primary and secondary (hypothalamic) pituitary failure
on a theoretical basis. TSH and PRL were measured 0, 30, 60, 90 and 120 min after intravenous
administration of 200 ftg synthetic TSH-releasing hormone (TRH, Relefact, Hoechst). LH and
FSH were measured 0, 30, 60, 90 and 120 min after intravenous administration of 25 fig
synthetic LH-releasing hormone (LH-RH, Relisorm, Serono). The serum hGH was measured
in acromegalic patients during an oral glucose tolerance test. hGH, PRL, FSH and LH were
determined by radioimmunoassay using Serono-Biodata Kits.

Blood glucose was determined with the o-toluidine technique, serum cortisol by a
fluorometric method. Hormone measurements were performed before and 1-2 weeks after
surgery and during medical treatment.

Treatment

Surgery. Of the trans-sphenoidal approaches to the sella we used a variant of the lower
nasal form [44], the transnasal-trans-septal-trans-sphenoidal approach. Operations were per-
formed using microsurgical instruments and microscope.

Irradiation. Patients received fractional telecobalt irradiation to the hypophyseal area
in a dose of 40 Gy.

Medical treatment. Hyperprolactinaemic patients received bromocriptine (Parlodel,

Sandoz) in a dose of 7.5 mg daily for 4-6 months. Acromegalic patients received the same drug
in a dose of 10 mg daily for 4-12 months.

Histological examination. Electron microscopic examination was performed after adenom -
ectomy in all of the operated patients. In three patients an immunocytochemical light mi-
crograph was made.

Results

All 22 patients with pituitary adenoma had a sella of normal area (130
mm?2). Thin-layer tomograms of the sella demonstrated abnormal configura-
tions. These changes were in 16 cases noted in lateral tomograms: bulging or
localized erosion of the sella was usually present along the anterior or antero-
inferior margin. On frontal tomograms the floor of the sella was straight or
slightly convex inferiorly. Microadenomas depress the floor on one side, which
is called the “sloping” sign; this could be observed in seven patients (Figs 1, 2).

X-rays of the hands showed marked thickening of soft tissues, widened
bones, periosteal reaction, small osteophytes, tufting and mushrooming of the
terminal phalanges.

The visual field was normal in all but two patients. In these latter cases
an enlarged blind spot could be observed (Table I). Tables Il and 11l show the
laboratory data; the values a are basal values, while the b values were measured
after various stimulations.
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Fig. 1. Lateral skull X-rays and sagittal tomogram of the sella of patient 3. a The lateral film
of the sella shows no abnormality, b Localized bulging (arrow) of the sella floor is visible

An elevated serum PRL level could be detected in 13 patients, one of
whom (patient 17) had acromegaly. A female patient with galactorrhoea
(patient 5) had a normal hasal serum PRL level, but a pathological reserve
capacity was shown during the TRH test. The serum hasal FSH and LH were
highly elevated in a male patient with gynaecomastia (patient 1); chromosome
analysis showed a karyogram of the mosaic Klinefelter’s syndrome: 46 XY/47
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Fig. 2. Lateral skull X-ray and frontal tomogram of the sella of patient 6. a The lateral film
shows a sella of normal size, b Sloping sign on the frontal tomogram
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No.

2a

3a

4a

5a

9a

10
1la

12a

13a

PRL
mu/1

2496

2628

36,980

4492

320
14,520
11,636

1376
5728
7980

18,240
4,865

2,877

3,896

FSH
ur

45

86

5.2

7.2
9.2
15.0

5.7
37.0

7.6
18.6
3.3
2.0
6.0
51
10.0
1.7
4.0

Before treatment

LH

ui
118
460

8.3

116
9.4
25.0

21.0
171

5.3
66
8.2
40.8
66.0
9.1
30.0
115
107.3

Table M

Laboratory data ofpatients with microadenoma, |

TSH

mu/1
4.4

14.5

420

630
2.5
19.8

7.0
22.0

3.3

3.2
1.2
6.5
2.3
4.5
2.2
18.3

Cortisol
nmol/1

474

385

180

238

324

286

328

234

464

435
342

345

453

Treatment

adenomectomy

triiodothyronine
Parlodel
adenomectomy a
b
adenomectomy a
b
adenomectomy a
b
adenomectomy
adenomectomy
Parlodel

Parlodel

Parlodel
adenomectomy
Parlodel
adenomectomy a

b
Parlodel

PRL
mu/1

1173

2430
14,180

786

230
2680
1125

676

604

654

3244
1380
205
831

642

FSH
ur

1.7

5.8

2.3
3.0
3.8
4.9

3.5
13.0
5.5
8.0

After treatment

LH
u/i

4.5
14.0
7.6
9.7

1.6
50.0
5.3
19.0

TSH
mu/1

4.5

14.0

5.3
21.0
4.1
8.5

3.2
7.1
5.6

karyogram
46 XY 4TXXY
Tj 0.2 nmol/l
T4 36 nmol/1
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l4a

15
16a

17a

18a

19a

20a

2la

22a

No.

hGH
pmol/1
674

1646
2790

2325

804

4324

1906

376

1748

FSH
un

10

19

22
2.4
8.5

90

15
30

44
94
88
134

Before treatment

LH
u/i

12

14
7.8

20

110

19
52

65
278
139
530

TSH
mu/1
6.5
20.5
6.5

22

3.3
8.5
2.4
125
2.4
2.7
2.2

8.6

25
12.9

9.8
13

Laboratory data of patients with microadenoma, |1

PRL

mu/1
292

1462

1137
1625
585
2115
136
533

158
849
503
640

Table 111

Cortisol
nmol/l

246

326
345

446

343

346

424

234

423

Treatment

Parlodel
adenomectomy
Parlodel
Parlodel
adenomectomy
irradiation
Parlodel
Parlodel
adenomectomy
irradiation
Parlodel
Parlodel
adenomectomy a
b

Parlodel a

Parlodel
adenomectomy a
b

hGH
pmol/1

395
204
576
860
223
1841
1138
437
97
6324
1367
1534
394

120

2148
423

FSH
un

3.9

16.0
20.0
4.3
6.1

86

48
29
34

After treatment

LH
u/i

3.2

0.6
10

6.5
19.2

101

93
28
61

TSH
mu/1

4.0

1.5
2.4
1.6
14.3

1.6
7.2

3.5
13.6

21
1.7

PRL
mu/1

211

1486
680
37
356
517
982

73
344
324
771

169
344
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XXY. Further 2 patients (patients 21, 22) had slightly elevated FSH and LH
levels due to menopause.

The serum TSH level was within the normal range in 16 patients. Patient
2 had a highly elevated TSH level due to primary hypothyroidism; this was
proved also by measurement of the T3 and T4 levels.

The serum hGH level could not be suppressed below 232 pmol/l1: during
glucose loading the acromegalic patients were all in the active stage of the
disease. The serum cortisol level proved to be normal in all patients. X rays
and hormone determinations led to a diagnosis of microprolactinoma in Cases
143 and hGH-producing microadenoma in Cases 14-22.

Five patients with prolactinoma received preoperative bromocriptine
treatment. In three of these cases (patients 3, 9, 10) regular menstrual bleed-
ing occurred and the galactorrhoea diminished. The serum PRL level was
lowered in two (patients 3, 10) and normalized in three cases (patients 8, 9,
13). The serum PRL decrease appeared within one week after the beginning
of bromocriptine therapy. Eight patients with prolactinoma underwent trans-
sphenoidal microsurgery. In two cases (patients 4, 5) the galactorrhoea ceased,
while in further two cases (patients 6, 11) it diminished markedly. In four
operated cases regular menstrual bleedings were elicited by bromocriptine
treatment (patients 2, 7, 11 and 12). The serum PRL level normalized in four
(patients 4, 5, 7, 12) and greatly diminished in the remaining four cases (patients
2, 3, 6, 11). In patient 11, postoperative bromocriptine treatment normalized
the serum PRL level; the remaining three patients with moderately elevated
PRL levels are candidates for postoperative drug treatment (Fig. 3).

The serum TSH level of patient 2 could be lowered by triiodothyronine
substitution after the operation. The TSH reserve capacity and serum cortisol
were normal in all of the acromegalic patients before treatment.

surgery

o before
treatment
o after

N:normal

Fig. 3. Effect of bromocriptine and surgical treatment on the PRL level of patients with
microprolactinoma
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Seven acromegalic patients received bromocriptine treatment for 4—2
months. Under its effect, five patients reported on improvement of their
general condition, in four patients the headaches had diminished and in four
cases the digital circumference decreased while 6 patients complained of
constipation as a side-effect and in one case was aggravated the anaemia.
The serum hGH level was lowered in six patients and had normalized in a

bromocriptine surgery

4000 - o before
treatment
o after

N :normal

Fig. 4. Effects of bromocriptine and surgical treatment on the hGH level of acromegalic patients

— m8~

E

=F

a>
o

Fig. 5. Anterior pituitary hormone reserve capacity of patient 3 before and after surgical
treatment
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single case. The decrease appeared 2-3 weeks after the beginning of treatment
while in one patient (patient 22) a moderate hGH elevation was seen during
bromocriptine therapy. Two patients who had refused surgical treatment
received telecobalt irradiation of the pituitary. The elevated serum hGH
persisted 2—3 months after the irradiation and bromocriptine treatment was
required. Five acromegalics were subjected to trans-sphenoidal adenomectomy,
which was followed by clinical improvement. In three of them (patients 14,
16, 18) a normal hGH level could be measured after removal of the micro-
adenoma; the remaining two patients showed a marked decrease of the hGH
level (Fig. 4). Drug treatment,surgical intervention or irradiation could im-
prove the gonadotropin and TSH reserves in only two of the patients. The
TSH reserve capacity even deteriorated in patient 17 after telecobalt irradia-
tion, and the same could be observed after adenomectomy in patient 22 (Fig. 5).

Postoperative complications. There was no postoperative complication in
this series of patients.

Histological findings

Electron microscopic examination was performed on all removed adeno-
mas. The findings supported the clinical diagnosis in all cases: eight of the
adenomas proved to be PRL, four of them GH cell and one of them a mixed
GH—PRL cell pituitary adenoma. In three of the operated cases light micro-
scopic immunohistochemical examination was also performed (Figs 6, 7, 8).

Discussion

Pituitary adenoma is a benign neoplasm with autonomous growth or
autonomous function, or both. The autonomy need not be absolute; a certain
degree of hypothalamic influence may persist for a time, but the dependence
is lost gradually during the evolution of the proliferative process [31]. Micro-
adenomas are able to produce pituitary hormones in excess which may cause
clinical symptoms and may be detected in the blood. In 13 of our cases the
microprolactinoma led to galactorrhoea-amenorrhoea and hypogonadism, and
in nine patients the microsomatotropinoma caused acromegaly. By the defini-
tion of Hardy, microadenomas measure 10 mm or less in diameter and are
usually located within the sella [24].

The normal pituitary may undergo a number of structural changes.
The aetiology of these processes is mostly unknown, but recent observations
have shown that hormonal changes e.g. pregnancy, oestrogen treatment or
hypothyroidism, by a direct or indirect (hypothalamic) action may elicit a
diffuse hyperplasia of a particular cell type in the anterior pituitary. The
endocrine-active microadenoma may be caused by peripheral hormone dis-
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Fig. 6. Electron micrograph of the adenoma of patient 5: densely granulated prolactinoma.
X 8000

X 8000

turbances, for example in prolonged high-dosage oestrogen treatment of rats
or in the course of chronic thyroid insufficiency. Pituitary hypertrophy or
tumours have been noted in gonadal failure in experimental animals as well
as in humans, and after total adrenalectomy a pituitary tumour has been seen
to appear in Cushing’s disease [1, 9, 15, 16, 26, 34, 35, 39, 42, 47, 49, 51].
One of our male patients (patient 1) had peripheral hypogonadism due to
chromosomal aberration, while one female patient (patient 2) had multiple
pregnancies and long-lasting primary hypothyroidism. Two other female
(patients 7, 11) had taken contraceptive pills for several years. These factors
may have played an important role in initiating the proliferative process.
Endocrine-active microadenomas do not necessarily produce lesser
amounts of hormone than do macroadenomas. In the majority of microadeno-
mas no relation exists between their size and the observed hormone level.
Symptomatic microadenomas may develop into endocrine macroadenomas,
while some remain stable over long periods and a few regress spontaneously.
The majority of endocrine-active microadenomas reach the stage of macro-
adenoma. This growth may be stimulated by endocrine factors such as oestro-
gen administration or pregnancy in the case of prolactinomas, or adrenal-
ectRa Yl th Gase0fogorticotropic adenomas [31]. In our experience no such
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progression was observed during a follow-up period of4 to 16 months. Pituitary
adenomas usually grow expansively and only a few show an invasive tendency.
The adenoma and the normal gland are usually sharply demarcated in acro-
megaly and not so sharply in prolactinomas [29].

Fig. 7. Electron micrograph of the adenoma of patient 16: densely granulated GH cell adenoma.
X 5000
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Fig. 8. Light micrograph of the adenoma of patient 3: immunoreactive PRL is evident in the
cytoplasm. Immunoperoxidase technique

In contrast with the histologic techniques of Benda [3] and Erdheim
[17] the introduction of immunocytology and electron microscopy allowed to
divide the pituitary adenomas into well-defined entities [29].

The diagnosis of pituitary microadenoma is sometimes a complex task.
The clinical symptoms (amenorrhoea, glactorrhoea, hypogonadism, infertility,
impaired sexual performance, acromegaly, Cushing’s and Nelson’s syndromes)
call for detailed radiological examinations. An enlarged pituitary fossa may
he diagnosed from a plain skull radiograph. Angiograms have to be done
when an aneurysm must he excluded and pneumo- or metrizamide encephalo-
grams when there is a possibility of an “empty” sella [20, 41]. A CT scan will
detect a microadenoma larger than 6-8 mm which reaches the entrance of
the sella [4]. Frontal and sagittal thin-layer tomography of the sella is a use-

Acta Medica Hungarica 40, 1983



MANAGEMENT OF PITUITARY MICROADENOMAS 121

ful method for detecting small pituitary adenomas [52]. In all of our patients
the sella was normal in size, but tomography then revealed its bulging, ero-
sion or a sloping sign.

If the pituitary adenoma extends into the suprasellar region, compres-
sion of the optic pathways may occur with visual field defects. Microadenomas
do not usually cause visual field defects or other symptoms of parasellar
extension, but ophthalmic examination is of great importance in the follow-up
of these patients.

Measurement of the anterior pituitary hormones is the other important
method in the diagnosis of a functioning microadenoma. The elevated serum
PRL level with the radiological signs mentioned above is usually a satisfactory
proof of a pituitary adenoma. However, especially when a normal basal PRL
level is accompanied by positive radiological and clinical symptoms, examina-
tion of the hormone reserve capacity is obligatory. Hypothalamic diseases
and certain drugs, dopamine antagonists (neuroleptics, phenothiazines and
metoclopramide) and catecholamine depletants (alpha-methyldopa and Rau-
wolfia alkaloids) may cause hyperprolactinaemia. When these factors have
been excluded, 20-40% of the patients with hyperprolactinaemia show X-ray
evidence of a pituitary adenoma [48]. Without any radiological suspicion of
a microadenoma it is sometimes difficult to exclude the presence of a tumour.
Recent investigations of PRL secretion have suggested that it is of question-
able value to attempt to discriminate between microadenoma and dysfunc-
tional hyperprolactinaemia [8, 27, 40, 46]. A raised basal hGH level which is
not suppressed by oral glucose is diagnostic, but since hGH is released also
during stress, a single basal hormone value is insufficient. In addition, derange-
ment of carbohydrate tolerance can he determined by the oral glucose tolerance
test. Inappropriate stimulation of the hGH level by TRH is found in 70%,
and LH—RH in 30% of all acromegalic patients.

Two surgical approaches to the sella turcica exist. The trans-sphenoidal
approach is used in nearly 90% of the patients, when the tumour is located
within the sella or when there is a symmetrical extension into the suprasellar
space. The transfrontal approach is selected for large presellar and laterally
growing adenomas. In some patients, both trans-sphenoidal and transfrontal
surgery must be done. Selective microadenomectomy is leading in most cases
to a decrease of the hormone excess and the preservation of pituitary function
[25, 45, 53]. In 50% of our operated prolactinoma patients, the serum PRL
level decreased to the normal range while 60% of the acromegalic patients
who underwent microadenomectomy showed a normal hGH level on glucose
loading after the operation. The FSH, LH and TSH reserves were not sig-
nificantly affected by the surgical intervention.

Irradiation treatment with heavy particles is possible in only a few
centres in the world [32]. An alternative is conventional radiotherapy [33].
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In this case, normalization of elevated hormone levels cannot be expected,
and usually the hormone excess persists.

The implication of dopamine agonists in the treatment of hyperprolactin-
aemia and acromegaly has provided an alternative to surgery and irradiation
[2, 11, 18]. For hyperprolactinaemic patients with a microadenoma but with-
out evidence of suprasellar extension the drug of choice is bromocriptine.
Bromocriptine was able to normalize the serum PRL level in 60% of our
patients. Our suggested therapeutic scheme includes preoperative bromo-
criptine treatment for a 4-6 month period because of the beneficial effect of
the drug on hormone production, and on the proliferation and demarcation
of the tumour. A dramatic increase in size of the prolactinoma may sometimes
occur during pregnancy. Primary bromocriptine treatment of hyperprolactin-
aemic women without examination of the sella is contraindicated. Bromo-
criptine is effective in some but not all cases of acromegaly, and some authors
recommend an initial trial with the drug [23]. Doses of 10 to 60 mg per day
are usually required. Normal levels of hGH can be restored in about 20%
of the patients [18, 23]. In our experience low-dose bromocriptine treatment
has a beneficial effect on the clinical symptoms of acromegaly [19], but this
regimen achieved normalization of the serum hGH level in only 17% of our
patients with acromegaly caused by pituitary microadenoma. A close correla-
tion has not been found between the changes in the clinical symptoms and the
decrease of the hGH level. In the cases of acromegaly caused by pituitary
microadenoma, surgical treatment is preferable to bromocriptine.
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ADRENOCORTICAL FUNCTION IN BRONCHIAL
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Female patients with “intrinsic” bronchial asthma without corticosteroid therapy
for at least 3 months revealed low blood concentration of total (protein-unbound {=
protein-bound) and free (biologically active, protein-unbound) cortisol, déhydroépi-
androstérone and dehydroepiandrosterone sulphate, as also a low urinary excretion
of dehydroepiandrosterone metabolites.

The results suggest that bronchial asthma is associated with hypadrenia due to
an impaired production not only of cortisol, but also of adrenocortical androgens
resulting in an insufficient hormone supply of the target organs. These seem note-
worthy, since recent observations showed relationships between the immune re-
sponsiveness and sex hormones.

Keywords: Bronchial asthma, cortisol, dehydroepiandrosterone, free and protein-
bound hormones, hypadrenia

Introduction

Pathologic processes involving abnormal immune reactions have long
been known to respond favourably to corticosteroids. Bronchial asthma is a
disease of this kind. The mechanism by which glucocorticoids exert their
therapeutic effect is still unknown [2], and although corticoid metabolism in
this disease has been widely studied, the results are unsatisfactory or con-
flicting [3, 11, 14]. On the evidence of our earlier studies, in “intrinsic” bron-
chial asthma both the basal serum cortisol level and the urinary excretion of
this hormone decreased [7]. Further studies indicated that the adrenocortical
responsiveness of patients with bronchial asthma to exogenous ACTH is
inferior to that of normals, even in those without corticoid therapy [15].

In the present study the metabolic processes of cortisol and dehydro-
epiandrosterone, and their interaction with carrier proteins were examined.
Since these are quantitatively the most important hormones in respect of the
glandular production and their blood level, a comparative analysis of their
function in bronchial asthma seemed justified.

Send offprint requests to Dr. Katalin G. Fehér, National Institute of Rheumatism and
Physiotherapy, H-1025 Budapest, Frankel Leé u. 17— 19, Hungary
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Patients and methods

Twenty healthy females with no endocrine abnormality aged from 21 to 65 years and
15 female patients aged from 18 to 65 years with “intrinsic” bronchial asthma were studied.
The disease had a history of 3 to 30 years. The patients had been on steroids for 3 to 7 years,
mostly in the form of maintenance therapy, occasionally as short-term, massive-dose courses.
Before study, steroids were withdrawn for at least 3 months and bronchodilatators were given
only. The patients were without endocrine, liver, renal disease and at the time of study they
were free of symptoms.

The total (free and protein-bound) plasma cortisol levels (TOTALp) were measured
by the spectrofluorimetric method of Mattingly [12] in blood samples taken at 8 a.m. For
measurement a Hitachi Model 204 spectrofluorimeter was used. Since no separation technique
was employed, the cortisol values included small amounts of other fluorogens.

Plasma total dehydroepiandrosterone (TOTALD) was measured by radioimmunoassay
according to Abraham et al. [1].

The antiserum was raised against dehydroepiandrosterone-hemisuccinate-BSA in rab-
bits (BIODATA, England). An intraassay coefficient of variation was 9.1% and the interassay
coefficient of variation 16.2%.

For the measurement of plasma total (bound -f- free) dehydroepiandrosterone sulphate
(TOTALds) and of androsterone sulphate (TOTAbpgg) our gas chromatographic method [9]
was used.

For separation of “free” (protein-unbound) hormones equilibrium dialysis by means
of radioactive steroids, after dilution of plasma to 1:5, according to the method of W estphal
[17] was used. The specifically to globulin bound fraction (“binding globulin”, BG) and the
aspecifically to albumin bound (BA) fractions were separated by the thermoinactivation method
of Daughaday [5]. For the radioactivity measurements Beckman Model LS 100 liquid-scintil-
lation spectrometer was used. From the given total amount of the hormone (TOTAL) and the
degree of protein-binding, the “actual” free (apparent free, AFHC) hormone concentration of
the plasma could be calculated [5, 17].

Urinary excretion of the metabolites of the quantitatively most significant adreno-
cortical “androgenic” hormone, dehydroepiandrosterone, was determined by the method of
Fehér [8] combining fractional hydrolysis, paper chromatography and spectrophotometry.
These metabolites are:

dehydroepiandrosterone sulphate (DS),

androsterone sulphate (AS),

etiocholanolone sulphate (ES),

dehydroepiandrosterone glucuronate (DG),

androsterone glucuronate (AG),

etiocholanolone glucuronate (EG)

For the measurement of plasma total protein the biuret method of Weichselbaum, and
for separation, paper electrophoresis was used.

The results were evaluated, if age had to be taken into consideration in two groups
(18-45 years: functioning ovaries; 45-65 years; menopause). If no age-related differences
were demonstrable, the results were evaluated in a single group. The control subjects were
age-matched in each group. For statistical evaluation Student’s two sample t test was used
with the aid of a programmed Hewlett-Packard Model 97 calculator.

Results

Results are summed up in Tables | —I1V, where the number of cases (n),
the mean values (x) with standard deviations (S.D.) and the results of statisti-
cal evaluation (P) have been given. The blood values comprise the total
amount (free -{- bound: TOTAL), the specifically globulin-bound (e.g. trans-
cortin, sex hormone binding globulin: BG) and the protein-unbound (i.e. the
apparent free hormone concentrations: AFCH) fractions. From these figures
the nonspecific hormone binding to albumin can be calculated.
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Table I lists the results of plasma protein analysis. The plasma albumin
concentration was significantly below the normal. Total globulin was normal,
the <t and a2 fractions were above the normal values. The albumin/globulin
ratio was, therefore, below that of the controls, the differences being statisti-
cally significant.

Table |

Distribution ofplasma protein fractions in bronchial asthma (mean + S.D.)

Protein fractions Normal values Bronchial asthma
(n- 14) (a- 6)

Albumin
Total value, g/1 41.0 + 3.0 35.0 + 5.0 P < 0.0005
Relative value 0.582 + 0.020 0.556 + 0.031 P < 0.025
Globulin
Total value, g/1 30.0 + 3.0 29.0 £+ 2.0
Fractions o 0.040 + 0.000 0.048 + 0.008 P < 0.0025
(relative values) a2 0.080 = 0.006 0.093 + 0.021 P < 0.025

R 0.098 + 0.013 0.107 + 0.011

vV 0.200 + 0.021 0.197 + 0.038
Albumin/globulin 14+ 0.1 1.2+ 01 P < 0.01

n: number of cases
Table M

Distribution ofplasma cortisol and dehydroepiandroslerone fractions (mean : S.D.)

Unconjugated steroids Normal values Bronchial asthma
in plasma
Cortisol (F) fractions n= 27 n= 10
TOTALp, nmol/l1 425.0 =+ 113.2 218.0 + 115.9 P < 0.0005
AFHCp, nmol/l1 524 + 11.0 27.6 £8.3 P < 0.0005
AFHCp, per cent 12.0 + 4.2 126 + 4.2
BGp, per cent 475+ 43 48.7 + 7.3

Dehydroepiandrosterone

(D) fractions n= 25 n= 15

TOTALp, nmol/l 20.7 + 8.1 11.9+9.8 P < 0.005
AFHCq, nmol/1 21+ 07 1.4 +0.4 P < 0.01

AFHCq, per cent 101 £ 25 12.7 £4.0 P < 0.01

BGd, per cent 6.9 + 4.2 6.8 £ 4.2

n: number of cases, TOTAL: protein-bound + free, AFIIC: apparent free hormone con-
centration, BG: globulin-bound
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In Table Il the distribution of the cortisol (F) and déhydroépiandros-
térone (D) fractions is shown. In bronchial asthma the TOTALF was sig-
nificantly below the normal. Though the percentual proportion of the BGF
and AFCH f values were normal, as a result of the low TOTALF, the absolute
level of AFCHTf was also below normal. Under basal conditions the blood
cortisol level is thus abnormally low in bronchial asthma.

Unconjugated D was similar in quantity and distribution to F, both
TOTALd and AFCHd were below the normal values. Since in the case of this
steroid no age-related differences were demonstrable, the results were evaluated
together.

Table 111 shows the distribution of the blood DS and AS concentration
in age groups of 18-45 and 45-65 years. This grouping was substantiated by
the marked age-related decline of the DS value. In bronchial asthma the
values for TOTALDS and TOTALas were considerably lower than in the
controls. Despite a fairly wide individual fluctuation of values, the differences
were particulary marked in the age group of 18-45 years. It is noteworthy
that the specific binding of DS to the globulin fractions, relative to that of
F, was strikingly poor under both normal and pathological conditions (Tables
I, 111). On the other hand in bronchial asthma a higher proportion of the
decreased TOTALDS amounts occurred in the free (AFHCDS) than in the bound

Table 111

Distribution in plasma ofdehydroepiandrosterone sulphate and androsterone sulphate (mean + S.D.)

Conjugated steroids Normal values Bronchial asthma

Dehydroepiandrosterone
sulphate (DS) fractions:

Totalis, /wwll 41 + 1.5* 1.3 + 1.0* P < 0.01
1.8 + 0.7** 0.9 £0.6** P < 0.01
AFHCgs, /imol/1 0.26 £+ 0.07 0.16 = 0.07
0.11 + 0.04 0.08 + 0.03
AFHCgs, per cent 6.4+ 1.8 12.0 + 5.6 P < 0.05
6.1+ 1.9 8.6 + 3.2 P < 0.05
BGds, per cent 18+ 14 1.7 + 1.8
4.4+ 29 43+ 15
Androsterone sulphate
(AS) fractions:
TotalAs, /tmol/1 14+ 0.7* 0.5 + 0.5* P < 0.0025
1.2 + 0.5** 0.6 + 0.5** P < 0.05

* age 18-45 years (14 normal, 8 asthmatic)
** age over 45 years (8 normal, 8 asthmatic)
TOTAL: protein-bound + free, AFHC: apparent free hormone concentration, BG: globu-
lin-bound
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Table IV

Urinary excretion of dehydroepiandrosterone and its metabolites (mean + S.D.)

Steroids in urine Normal values Bronchial asthma

Totalj), jionol/24 h 42 + 3.1* 0.4 + 0.3* P < 0.01
11+ 0.7*%* 01+ 12 P < 0.005

TotalQ+E+pa jUmol/24 h 22.4 + 8.8 42+ 21 P < 0.0005
126 + 4.9 28+ 21 P < 0.0005

DS, /imol/24 li 25+ 24 0.3+ 01 P < 0.05
0.7 £ 1.0 01+ 0.2

DS + ES + AS, /miol/24 li 42+ 39 1.1+ 0.7 P < 0.05
11+ 14 0.4 + 0.7

DG, /imol/24 h 04+ 04 01+ 01 P < 0.05

DG + EG + AG, /miol/24 h 95+ 3.9 46 + 2.8 P < 0.02
53+ 4.2 18+ 25 P < 0.05

*aged 18-45 (12 normal, 6 asthmatic)
**aged over 45 (11 normal, 9 asthmatic)
TOTAL: free -+~ sulphate + glucuronate, D: dehydroepiandrosterone, E: etiocholanolone,
A: androsterone, S: sulphate, G: glucuronate

(BGds) form, nevertheless as a result of the marked TOTALDS deficit, the
absolute amounts of the free hormone were below the normal range. Thus
not only cortisol but also the other quantitatively most significant hormone,
dehydroepiandrosterone, had an abnormally low blood level in bronchial
asthma.

Table 1V shows the urinary excretion of total dehydroepiandrosterone
and its metabolites (non-esterified -)- sulphate -(- glucuronate) and of the
simultaneously measured sulphate and glucuronate fractions. In spite of wide
individual variations, it is clearly seen that in bronchial asthma renal elimina-
tion of metabolites of adrenocortical “androgens” is considerably lower than
in the control group. The decrease was significant for almost every metabolite.

The finding of a reduced metabolite excretion has lent support to our
earlier supposition that the cortisol and sex hormone deficiency in the blood
of patients with bronchial asthma results from an impairment of glandular
hormone production.

Discussion

Bronchial asthma is a disease caused by a variety of factors. The role
of corticosteroids in the management of some of its types and the involve-
ment of certain molecular processes of the neuroendocrine system in its patho-
mechaniem are well known [3, 10, 11, 14, 15].
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In order to gain further information on the steroid metabolism in this
complex disease we extended our study in addition to cortisol to adrenocortical
sex hormones.

Immune reactions are to play an essential role in many cases of bronchial
asthma. There is, on the other hand, mounting evidence that the sex hormones
may affect the immune reactions and influence autoimmune processes at the
molecular level [4, 16]. The male sex hormones have a suppressive effect on
antibody production which is believed to account for the sex differences in
the immune responses [4].

These considerations prompted us to study the metabolic processes of
the other main adrenal steroid, dehydroepiandrosterone. This seemed the more
justified since no pertaining data for this androgen have been found in the
literature.

Our observation that patients with bronchial asthma under long-term
treatment with corticoids have an abnormally low blood cortisol level (TOTALF)
is consistent with the findings of other authors. Low cortisol level has been
demonstrated also in patients who had never received corticoids [6, 10, 13],
a finding suggestive of some degree of hypadrenia in bronchial asthma [10,
13]. We have been able to demonstrate that the impaired adrenocortical func-
tion in this disease involves the adrenocortical “androgens” as well, since the
blood levels of TOTALD, TOTALDS, TOTALas, and the urinary excretion of
the metabolites of these hormones were found below the normal values.

It is generally accepted that the protein-unbound (unconjugated) hor-
mone fraction in the blood comprises the biological activity and the availability
of a hormone to the subcellular receptors, in many case independent of the
production rate. Therefore the apparent free hormone concentration (AFHC)
has a value to assess the hormone supply. In the present study we have esti-
mated the AFHCp, AFHCd and AFHCEDS levels as also their reversibly in-
activated (specifically to carrier protein hound) fractions, the BGF, BGD and
BGDs levels. From these hormone fractions those bound nonspecifically to
albumin can also be calculated.

According to our observation in bronchial asthma the plasma protein
spectrum differs from the normal pattern, the albumin level being below,
and that of the acland a2 globulin fractions above the normal value.

In the cases of bronchial asthma not only the total (TOTAL) hormones
but also those circulating in an active form (AFHCf, AFHCd and AFHCDS)
failed to attain the values of the normal controls, which points to an inade-
guate hormone supply of the target organs.

It is further point of interest that the percentual proportion of AFHCD
and of AFHCds thus were significantly above the normal range, which would
seem to indicate that in bronchial asthma the protein spectrum is shifted
towards a proportional increase of active (i.e. protein-unbound) D and DS.
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However this shift seems not to he operative in the case of F, and appears
to be insufficient for adrenocortical androgens, presumably as a result of
decreased glandular hormone production.

The present findings suggest that the endocrine defect in bronchial
asthma is not confined to corticoid metabolism, but also affects certain meta-
bolic processes of the sex hormones. The relationships between the sex hor-
mones and the immune system indicated by recent studies [4, 16], make it
justified to persue the studies of the endocrine system in the bronchial asthma.

It has to be mentioned that in preliminary trials additional déhydro-
épiandrostérone therapy seemed to be beneficial, it allowed to reduce the doses
and thus to attenuate the side-effects in patients who responded only to
massive-dose corticoid therapy.
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The HDL-cholesterol level was found to decrease during the first week of
therapeutic starvation in hyperlipoproteinaemic (hypcrtriglyceridaemic), diabetic (non-
insulin dependent) patients. The possible causes of the finding are discussed, and the
view is expressed that the fall in IIDL gives no cause for discontinuing the caloric
restriction or starvation as the therapeutic measures in obesity.

Keywords: HDL-cholesterol, hypertriglyceridaemia, obesity, non-insulin depend-
ent diabetes mellitus, total energy restriction

Introduction

Total starvation for rapid loss of weight has been resorted to for years
in the management of obesity, particularly in non-insulin dependent diabetes
mellitus (NIDDM) in the interest of metabolic control. A fall in the total
cholesterol (CHOL) and triglyceride (TG) levels has been demonstrated in
earlier studies [6, 8]. The relationship between the CHOL concentration of
certain lipoprotein (LP) fractions with ischaemic heart disease and with other
processes of atherosclerotic origin have become known in recent years. While
high-density lipoprotein (HDL) CHOL is claimed to display a protective effect
against atherosclerosis, an atherogenous effect is attributed to low-density
lipoprotein (LDL) CHOL [4, 10]. It seemed therefore justified to study the
changes in the serum CHOL and TG levels and the LP fractions in starved
patients, in order to find out whether starvation causes an atherogenous shift
in the LP.

Patients and methods

Nine patients were studied, 4 males of 51 (42-56) years and 5 females of 36.2 (33-42)
years age average. ldeal body weight was calculated on the basis of Broca’s formula. Over-
weight before starvation averaged 33.2% (23.3-43.4%) for the males and 59% (23.5-121.4%)
for the females. Seven of the 9 patients were hyperlipoproteinaemic; the classification of hyper-
lipoproteinaemia (HLP) was based on the criteria recommended by WHO [3]. HLP was of

Send offprint requests to Dr. |. Balazsi, Third Department of Medicine, Semmelweis
University Medical School, H-1121 Budapest, E6tvos u. 12, Hungary
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Table |

Data ofpatients

Serial . . HLP-  Height Weight Overweight Duration  Weight
No. Sex Age Diagnosis type cm 4 K of starva- loss
g tion weeks kg
| M 56 NIDDM v 187 112 +25 | —5
Obesity and HLP
2 M 52 NIDDM v 174 106 + 32 2 —6
Obesity and HLP
3 M 54 NIDDM v 160 74 + 14 1 —3
Obesity and HLP
4 F 36 Obesity — 165 112 +47 3 —9
5 F 42 Obesity and HLP v 156 124 +68 2 —9
6 M 42 NIDDM 11/B 161 85 + 24 1 —4
Obesity and HLP
7 F 37 NIDDM v 155 83 + 28 2 —9
Obesity and HLP
8 F 33 NIDDM — 168 84 + 16 1 —4
Obesity
9 F 33 Obesity and HLP v 174 94 +20 3 —12

type 11/B in one case, and of type IV in the other 6 cases. Six patients had NIDDM, in one of
them HLP oftype Il/B, in four HLP of type IV was present. The duration of complete starva-
tion was 1 week in 4 cases, 2 weeks in 3 cases and 3 weeks in 2 cases. The data of the patients
are shown in Table I.

The CHOL level in the sera and the LP fractions were measured by an enzymatic
method (CHOD-PAP Boehringer), the TG concentration by the method of Grafnetter [5].
For LP electrophoresis agarose was used. CHOL and TG in the LP classes were estimated as
follows: very-low-density (VLD) and low-density (LD) LP were precipitated in polyethylene
glycol [1], centrifuged and the HDL-CHOL concentrations were measured in the supernatant.
The LDL -(- HDL-CHOL and TG concentrations were estimated according to Wilson and
Spiger [14]: after precipitation of the YLDL and centrifuging CHOL and TG were measured
in the subnatant. Subtraction of the known HDL-CHOL value from LDL ¢« HDL-CHOL
gave the concentration of LDL-CHOL. From these VLDL-CHOL = serum CHOL-(LDL +
+ HDL-CHOL). The VLDL-TG concentrations were calculated by subtraction of LDL-TG +
+ HDL-TG from the total TG. For analysis of the results the one sample t test was used.

Results

Weight loss of the patients during starvation was in conformity with
published results, including our earlier observations [2]. Mean weight loss
during the first week was 4.6 (3—6 kg). The patients continuing on this therapy
lost another 4 kg during the second, and 2 kg during the third week.

The serum lipids were checked weekly. The data for serum total CHOL
and, within this for LDL, YLDL and HDL-CHOL, are shown in Table II.
Table 11l shows the data relating to HDL-CHOL in detail.

The fall of the CHOL level amounted to 7.6% at the end of first and
to 13.1% during the second week. The individual classes of CHOL showed
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the following changes. VLDL-CHOL declined continously at the highest
rate, LDL-CHOL increased slightly during the first week and decreased from
the second week onward. HDL-CHOL declined during the first week, but
remained unchanged from the second week onward. The LDL-CHOL/

Table 11

Serum cholesterol level during starvation (mean + S.D.)

Week n Total-CHOL VLDL-CHOL LDL-CHOL HDL-CHOL LDL-CHOL mmalil
mmol/l mmol/Il mmol/l mmol/l HDL-CHOL mmol/l
0 9) 5.48 113 118 + 047 2091 0.82 1.39 + 0.26 215 0.72
| 9) 516 + 0.86 094 + 044 296+ 0.77 125+ 046 265+ 1.13 P < 0.05
2 (5) 436 + 090 0.69+ 0.15 243+ 0.62 124+ 034 1.97+ 0.53

+
+
+
+
+

+
+

Table 111

Response of HDL-CHOL (mmol/l) to starvation

Serial Week

No. 0 1 2

1 1.57 2.12 -
2 1.10 1.21 0.97
3 1.20 1.08 —
4 1.31 1.21 1.28
5 1.12 0.82 1.20
6 1.20 0.90 —
7 141 0.98 0.97
8 1.44 0.98 e
9 2.19 1.97 1.80

mean ~ S.D. 139+ 0.26 125+ 0.46 124+ 0.34
Table IV

Serum triglyceride concentrations (mmol/l) during starvation (mean + S.D.

Week n Total TG VLDL-TG (LDL-TG) +
+ (HDL-TG)
0 (9) 346+ 195 153 129 1.94 + 0.92
| (9) 2.50 + 1.35* 1.25 + 0.91 1.30 £+ 0.51*
2 (5) 1.77 + 0.61* 0.87 £ 0.39 0.90 £ 0.32*

*referred to the initial value (0) P < 0.05
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Table V

CHOL and TG concentrations of VLDL during starvation (mean)

Week n VLDL-TG VLDL-CHOL mmol/1 VLDL CL((?)L
0 ©) 1.53 118 1.29
| ©) 1.25 0.94 1.33
2 ) 0.87 0.69 1.28

HDL-CHOL quotient increased significantly during the first week, but
fell below the initial values during the second week.

During starvation a continuous fall in total TG was noted. Within this
the decline of TG on the LP classes was slightly more marked than of those
of VLD (Table 1Y).

Our studies of VLDL, which are delivered by the liver into the circula-
tion, provided information on the proportion of decline of both VLDL-CHOL
and TG. Calculation of the quotients of the mean YLDL-TG/YLDL-CHOL
concentrations showed that the proportion of CHOL and TG within the
declining concentrations of VLDL remained practically stable (Table V).

Discussion

In agreement with earlier findings, a decrease in serum total CHOL and
TG was noted during starvation therapy of our prevalently hyperlipaemic
obese patients with NIDDM. The changes in the individual LP classes in the
course of starvation were, however, divergent. In the VLDL, released for the
greatest part by the liver into the circulation, a proportional decline of the
CHOL and TG concentrations was found. The equal fall in the CHOL and
TG concentrations may be attributed to a diminished production of total
VLDL. Direct proof of this has been furnished by Mancini et al. [9] by deter-
mination of the protein moiety of the VLDL molecule.

During the first week of starvation, the obese patients displayed a
decrease in HDL-CHOL and minor increase in LDL-CHOL, parallel with a
decrease in the total CHOL level. Changes in LDL and HDL-CHOL of a
similar direction have been reported by Mancini et al. [9] in the course of
starvation of prevalently normolipaemic obese patients, with the difference
that during the first week the total CHOL concentration was also found to
increase. A decrease in HDL-CHOL was noted by Jungmann et al. [7] during
the first week of starvation, and by Taskinen and Nikkila [12] in the case
of a diet supplying 400 cal/day. Thompson et al. [13] studying the joint effect
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of low-energy intake and increased physical exercise in non-diabetic and non-
HLP obese subjects, also found a decrease in HDL-CHOL, parallel with the
loss of weight. Considering the formation and catabolism of HDL, it is well
within the possibilities that in the first week of starvation either the rate of
conversion of YLDL to LDL is increased, or the biological half-life of LDL is
prolonged. For the second alternative possible modifications of the binding
properties of the LDL-receptors, or a depression of the intracellular metabolism
of LDL might provide a basis.

Taskinen and Nikkild, examining the response of the LDL-CHOL/
HDL-CHOL ratio to caloric restriction in normal subjects, as well as in obese
normolipaemic and hypertriglyceridaemic patients being on 400 calories/day,
attribute the reduction of HDL-CHOL to a depression of lipoprotein lipase
activity in skeletal muscle [11, 12], in view of the fact that the conversion of
TG-rich LP to HDL requires a normal LP lipase activity. A depression of
intestinal apoLPA-I and A-11 synthesis under the effect of starvation has also
to be taken into account.

A fall in the HDL-CHOL level has been noted in the present study
during the first week of starvation, prevalently in patients with NIDDM and
HL. In our view this finding may be interpreted as a transitory sign of meta-
bolic adaptation to starvation. Even in consideration of the possible role of
HDL-CHOL, the biochemical alterations resulting from their decline provide,
in our view, no justification for discontinuing the caloric restriction or starva-
tion in the management of obesity.
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STEROIDS EXCRETED BY HUMAN SKIN
I. Cl19steroids in axillary hair
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Seven free androgen steroids and four C19-steroid sulphates were isolated and
determined from the axillary hair of sexually mature healthy males and females. In 1g
axillary hair the free 5-androstene-3/?, 17/3-diol, testosterone, 5a-dihydrotestosterone,
dehydroepiandrosterone, androsterone, 4-androstene-3,17-dione and 5a-androstane-
-3,17-dione occurred in nanomol amounts, whereas dehydroepiandrosterone sulphate,
androsterone sulphate and 5-androst.ene-3/?,17/?-diol-3-sulphate were found in approxi-
mately 1000 times these amounts. The quantity of testosterone sulphate lies among
the values for the free steroids. The free steroids present in hair are regarded as products
of the sebaceous glands, and the sulphate ester steroids as products of the sweat glands.

Keywords: axillary hair, C19-steroids, human skin

Abbreviations

Androstanedione (A-ane-dione) = 5a-androstane-3,17-dione, Androstenedione
(/14-dione) = 4-androstene-3,17-dione, Androsterone (And) = 3a-hydroxy-50c-andro-
stan-17-one, Androstenediol (z15diol) = 5-androstene-3/?,17/?-diol, Dehydroepiandros-
terone (DHA)=3/?-hydroxy-5-androsten-17-one, Dihydrotestosterone (DHT) = 17/?-hy-
droxy-5a-androstan-3-one,Testosterone (Test) = 17/?-hydroxy-4-androsten-3-one, Dehy-
droepiandrosterone sulphate (DHA-S)= 3/?-sulphooxy-5-androsten-17-one, Androstene-
diol sulphate (.15diol-S) = 5-androstene-3/?,17/?-diol-3-sulphate, Androsterone sulphate
(And-S) = 3a-sulphooxy-5a-androstan-17-one, Testosterone sulphate (Test-S) = 17/?-
sulphooxy-4-androsten-3-one

Introduction

Investigations during the past 15 years have revealed that the most
important biochemical processes in androgen metabolism take place in the
human skin [1-5]. In spite of this, few data are available on the steroids
excreted by the skin [6, 7]. The present studies were centred on the hair where
the substances excreted by the skin are enriched [7].

It was shown earlier that axillary hair, the type of hair richest in steroids,
contains an appreciable quantity of 17-ketosteroid sulphates [7]. Of these,
the main component is dehydroepiandrosterone sulphate (DHA-S), with a
smaller amount of androsterone sulphate (And-S). In addition to these water-
soluble steroid sulphates, certain free 17-ketosteroids (17-Ks) were isolated

Send offprint requests to Dr. I. T6th, Dr. I. Faredin, Endocrine Unit, First Department
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and identified from lipids coating the axillary hair [7]: 5a-androstane-3,17-
-dione (A-ane-dione), 4-androstene-3,17-dione(d4-dione), déhydroépiandros-
térone (DHA) and androsterone (And).

An account is now presented of the quantitative determination of C19-
steroids in axillary hair by colour reactions and protein-binding assay (PBA).

Materials and methods

1. The chemicals and solutions employed were of analytical purity. Organic solvents
were purified and then distilled in a fractionating column [7].

2. Radioactive steroids. The following labelled steroids, products of the Radiochemical
Centre (Amersham, England) or the New England Nuclear (USA), were used:

[1/S,2/S(n)-3H] testosterone (S.A.: 44.6 Ci/mmol);

[1,2(n)-3H] dihydrotestosterone (S.A.: 44 Ci/mmol);

[1,2-3H(N)] androsterone (S.A.: 40 Ci/mmol);

[7-3H(N)] dehydroepiandrosterone sulphate, ammonium salt (S.A.: 24 Ci/mmol);
[7-3H(N)] 5-androstene-3/S,17/?-diol (S.A.: 24 Ci/mmol);

Before use, these steroids were purified by column and thin-layer chromatography [7].
[173,2/S(n)-3H] 4-androstene-3,17-dione (S.A.: 44,6 Ci/mmol) was prepared from |[\B,2B8(n)-:i\\\
testosterone, and [l,2-3H(N)]5a-androstane-3,17-dione (S.A.: 40 Ci/mmol) from [1,2-3H(N)]-
androsterone by Cr20 3 oxidation, while [7-3H(N)]5-androstene-3/3,17/?-diol-3-sulphate (S.A.:
24 Ci/lmmol) was prepared from [7-3H(N)]dehydroepiandrosterone sulphate ammonium salt
by NaBH4reduction. These steroids were purified on an A12 3 column (Brockmann I1I/1V
activity) and by thin-layer chromatography [7].

3. Radioactivity was measured with a Packard Tri-Carb Liquid Scintillation Spectrom-
eter (Model 3255), with correction of the quench effect. The efficiency of the instrument for
3H in the case of free steroids was 45-48%, while in the case of steroid sulphates (where the
scintillation medium contained 1 ml methanol) it was 33-35%.

4. After thin-layer chromatography, localization of the spots of the radioactive steroids
was performed with a Packard Radiochromatogram Scanner (Model 7201).

5. The free and sulphate ester steroids were separated on a florisil column (Florisil
60/100 mesh, Floridin Co., USA) [8]. The free steroids of different polarities were separated on
an A120 3 column with benzene containing an increasing ethanol concentration gradient [7].
The free steroids with similar polarities were* separated on A120 3-G (Stahl, Merck, GFR) thin
layers with the solvent system (n-hexane—ethyl acetate — absolute ethanol — glacial acetic
acid, 120 : 130 :1: 2, v/viviv) [7].

6. Chemical reactions of the CI9-steroids
a. The C3 and Cir-keto groups of the free 17-ketosteroids in axillary hair were reduced to

hydroxy groups with a methanolic solution of NaBH4 under suitable experimental con-
ditions:

4-androstene-3,17-dione -* testosterone;

5a-androstane-3,17-dione — 5a-androstane-3a,17/J-diol;

androsterone —»5a-androstane-3a,17/J-diol;

dehydroepiandrosterone 5-androstene-3/?,17/?-diol;

dehydroepiandrosterone sulphate — 5-androstene-3/?,17/?-diol-3-sulphate

The procedures were detailed previously [7].

b. Solvolysis of the C19steroid sulphates, acetylation of the free steroids, alkaline hydrolysis
of the steroid acetates and oxidation of the hydroxy groups were carried out as described
earlier [7].

7. Axillary hair specimens were obtained from healthy male and female laboratory
workers, whose clothing corresponded to the normal Central European climate. Previous
washing was done with soap and water. Before analysis, the plucked axillary hairs were
weighed in the air-dry state [7].

8. Isolation and determination of C19-steroids from axillary hair: The 200—400 mg of
axillary hair was steeped in a mixture of 2N NH40H and diethyl ether (1 : 1) to extract
the free and sulphate ester steroids without decomposition [7]. The ether phase contained
the free steroids and the aqueous phase the steroid sulphates. The labelled steroids of high
specific activity were then added to both crude extracts to correct the losses occurring during
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isolation. The crude extracts were first chromatographed on florisil columns. The free steroid
fraction and the free steroids obtained after solvolysis of the steroid sulphates were separated
into steroid groups on Al2 3columns. The individual steroids were subsequently isolated on
AlD 3-G thin layer.

The DHA-S and And-S isolated in larger amounts were determined with the Zimmer-
mann and dinitrophenyl-hydrazine colour reactions [9], and the other steroids by PBA [10,
11]. The results were expressed in //mol or nmol per g axillary hair.

Results

Table | presents data on the identification and measurement of steroid
sulphates isolated after consecutive column and thin-layer chromatographic
purification and separation. DHA-S and And-S were found in the axillary
hair in such large amounts that following isolation and solvolysis they could
he determined by the Zimmermann and dinitrophenylhydrazine colour reac-
tions. The quantities of 17-ketosteroid found by means of these two colour
reactions agreed well, and thus the final result was reckoned from the values
given by the two different procedures.

Two separate aliquots were subjected to PBA to determine the amount
of /I5-diol-S (after solvolysis and subsequent thin-layer chromatography) as
free zI5-diol. The residual steroid was acetylated, and the acetylated derivative
was again run in system la0; the zI5diol-diacetate dissolved out of the layer

Table |

Identification and measurement of C19-sleroid sulphates isolatedfrom axillary hairfollowing solvolysis

Corrected according to

Isolated Chemical TLC radioactivity and
steroids reaction Derivatives sys- Methods used calculated for 1 g of hair
tems
values mean
DHA-S free steroid G Zimmermann-r 4.76 /tmol/lg 4.63 /tmol/g
2,4-DNP DHA-24- 6 DHA-2,4- 4.51 /tmol/g
DNPII DNPH
And-S - free steroid G Zimmermann-r 0.43 /unol/g
2,4-DNP  And-2,4-DNPH 6 And-2,4-DNPH 0.44 /tmol/g  0.44 /tmol/g
/P-diol-S - free-steroid G PBA 4.80 /tmol/g
Acetylation  /15diol-diAc la0 PBA 3.42 /unol/g
Hydrolysis /P-diol 4 PBA 3.88 /unol/g  4.03 /tmol/g
Test-S - free steroid G PBA 1.54 nmol/g
PBA 1.60 nmol/g
Oxidation zP-dione G PBA 1.16 nmol/g
Keduction Test G PBA 1.10 nmol/g  1.35 nmol/g

TLC systems: G = Al1208G, n-hexane — ethyl acetate — glacial acetic acid — absolute
ethanol 120 : 130 : 2 : 1 (v/v/viv)

6 = silica gel-G, chloroform — dioxane 95 : 5 (v/v)
la0= silica gel-G, cyclohexane — ethyl acetate 80 : 20 (v/v)
4 = silica gel-G, chloroform — acetone 3 : 2 (v/v)
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was hydrolysed and then again chromatographed in system 4. PBA was like-
wise performed on the various portions of free /I5diol purified in this way,
and here too the final result was taken as the mean of the different mea-
surements.

PBA was also used to measure the Test-S as free Test following solvol-
ysis. The amounts of Test determined on various aliquots after its oxidation
and reduction agreed with one another only within the limits of experimen-
tal error.

As regards the free steroids, identification of the 17-ketosteroids (A-ane-
dione, zl4-dione, DHA and And) was described previously [7]. The free 17/?-
hydroxy-steroids (zI5diol, Test and DHT) were identified as indicated in
Table 1.

The quantities of seven free androgen steroids in the axillary hair of
sexually mature healthy males (6) and females (6) are listed in Table Il. The
Z5-diol, one of the most important precursors of Test, occurs in considerably
higher amounts (females: 6.10 ~ 3.10; males: 9.91 ~ 3.13 nmol/g) than either
Test (females: 0.32 ~ 0.03; males: 0.91 ~ 0.31 nmol/g) or DHT (females:
0.42 ~ 0.07; males: 0.65~ 0.17 nmol/g), each of which displayed high indi-
vidual fluctuations in both sexes.

Of the 17-ketosteroids with weak androgen activity, DHA was found in
the highest concentration in the axillary hair of both females and males (fe-
males: 19.8378.34; males: 31.8279.75 nmol/g). This was followed in order
by H4-dione (females: 1.85 4~ 0.53; males: 17.85 4~ 5.59 nmol/g) and A-ane-
dione (females: 0.91 0.31; males: 9.0675.04 nmol/g). The concentration
of free And was surprisingly low (females: 0.60 ~ 0.16; males: 1.52 ~ 0.58
nmol/g), though the conjugated form of this steroid was found in appreciable
quantities in axillary hair.

Table 11

Amount offree androgenic steroids in axillary hair of healthy women and men (mean *+ SEM)

Women Men
Steroids (21—40 years) (21—41 years)

n=6 n==6
/15-diol (nmol/g) 6.10 + 3.10 9.91 + 3.13
Test (nmol/g) 0.32 + 0.03 091 + 0.31
DHT (nmol/g) 0.42 ¢b 0.07 0.65 + 0.17
DHA (nmol/g) 19.83 + 8.34 31.82 + 9.75
And (nmol/g) 0.60 + 0.16 1.52 + 0.58
/Y¥-dione (nmol/g) 1.85 + 0.53 17.85 + 5.59
A-ane-dione (nmol/g) 0.91 + 0.31 9.06 + 5.04
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Table AT

Amounts of Cta-steroid sulphates in the axillary hair of healthy women and men

. - d- Js-diol- _
SR A Y S <
| female 21 2.39 0.59 0.16 8.44
2 female 30 122 0.11 0.51 1.84
3 female 32 4.83 0.32 0.89 2.88
4 female 36 2.36 0.43 0.48 1.84
5 female 40 5.29 0.70 154 4.18
Limits 122—529 011—0.70 0.16—154 1.84—8.44
mean + SEM 322+ 078 043+ 010 0.72+ 024 383+ 122
6 male 21 1.76 0.43 0.35 0.68
7 male 25 9.91 0.70 2.40 1.55
8 male 34 4.50 0.32 1.35 13.65
9 male 34 1.46 0.30 0.54 1.76
10 male 41 4.61 0.43 4.02 1.36
Limits 146—991 0.30—0.70 0.35—4.02 0.68— 13.65
mean + SEM 445 + 152 043+ 007 173+ 068 3.80+ 247

The difference between males and females was not significant statistically
because of the high individual fluctuations; nevertheless, the mean values for
the individual free steroids were considerably higher for the males.

Table Il presents the quantities of four steroid sulphates in the axillary
hair of sexually mature, healthy males (5) and females (5). Of the water-
soluble Cl19-steroid sulphates, DHA-S was found in the highest amount (fe-
males: 3.22 -J- 0.78; males: 4.45 7j- 1.52 /unol/g) followed by /15diol-S (females:
0.72 0.24; males: 1.73 ~ 0.68 /xmol/g), And-S (females: 0.43 ! 0.10; males:
0.43 ~ 0.07 /tmol/g) and Test-S (females: 3.83 - 1.22; males: 3.80 ~ 2.47
nmol/g).

Discussion

The fact that the free steroids and the steroid sulphates can be extracted
from axillary hair with a mixture of ammonium hydroxide and diethyl ether
proves that the steroids are not incorporated into the substance of the hair.

Although the free steroids were found at low concentration in human
axillary hair, their importance is not negligible, since each of them (particularly
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the 17/?-hydroxysteroids) is androgen active. Since the free steroids are soluble
in fats, it is assumed that they originate from the sebum, a product, of the
sebaceous glands opening into the hair follicles.

In humans, stimulation of the sebaceous glands begins with puberty;
sexually mature males produce more sebum than do females [12, 13]. In both
humans and experimental animals the activity of the sebaceous glands is
enhanced by Test, A 4dione and DHA, andinhibited by a high dose of oestrogen
and cyproterone acetate [14, 15, 16].

The bulk of the steroids determined in axillary hair proved to be water-
soluble steroid sulphates. DHA-S, And-S and ,d5diol-S are present in almost
thousand times the amount of the free androgen steroids. Only the quantity
of Test-S lies among the values for the free steroids. Since the lipoid layer
coating human hair develops from products of the sebaceous and sweat glands,
it may be assumed that the water-soluble steroid sulphates pass into the hair
via the sweat.

With a gas chromatographic method, Karunakaran et al. [17] demon-
strated numerous free and sulphate ester steroids in sebum collected from
various surfaces of the body, and the dorsal and facial skin. They also found
free Cl19-steroids in nanogram quantities, in contrast with the data of Dubovi
[18] and Oertel and Treiber [19], who reported that non-conjugated steroids
are secreted by the sebaceous glands in microgram quantities.

The amounts of free and sulphate ester steroids determined in axillary
hair varied within broad limits from individual to individual. This variability
may be explained primarily by the different numbers and activities of the
sebaceous and sweat glands in different individuals, but it may also be caused
by individual differences in hygiene.

Our studies have shown the human skin excretes all those biologically
active androgens (Test, DHT, And, etc.) which earlier were identified as metab-
olites in incubation experiments. It may be assumed that some of the andro-
gen steroids detected in hair are products of the steroid metabolism occurring
in the skin. The large quantity of Cl9-steroid sulphates found in axillary hair
have confirmed that the sweat glands have a considerably more important
role in steroid excretion in the axillae than do the sebum-producing seba-
ceous glands.
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175 patients with histological evidence of chronic diffuse liver disease, 67 patients
with heart failure, diabetes and atherosclerosis, and 118 healthy adults under 30 years
of age engaged in sports were studied for the prevalence of hepatitis A virus antibody
(anti-HAV) by radioimmunoassay using a HAYAB (Abbott)-kit. Infection with hepa-
titis-A virus is highly prevalent in Hungary, anti-HAY having been demonstrated in
a very high proportion of controls as well as of patients. Over the age of 40 the incidence
is 100% in controls and 98% in patients with chronic liver disease. Infection with hepa-
titis-A virus must have been asymptomatic in the majority, since no more than 11.4%
of the subjects had a history of acute hepatitis. The prevalence of acquired anti-HAV
increases with age until it attains 100% in advanced age. The present results lend no
support to the possibility that hepatitis-A virus infection might be involved in the
production of chronic diffuse liver disease.

Keywords: hepatitis-A, hepatitis A antibody, chronic liver disease

Introduction

Virus A hepatitis is a well-known disease, and its route of transmission
is also known [4]. Yet our knowledge about the responsible virus was very-
limited until research in this field had received new impetus by the immuno
electron microscopic demonstration of the hepatitis-A-virus (HAV) in 1973 [6].
Since that time numerous methods have been developed for the study of HAV
and anti-HAV [7, 9, 13, 14, 16, 19, 20] and it has been shown that the pre-
valence of HAV infection is very high all over the world, anti-HAV having
been demonstrated in 17 to 97% of the populations studied [8, 10, 25, 27].
Data from Hungary have not been available, in the neighbouring countries
Yugoslavia and Austria the figures for anti-HAV positivity were found to
attain 97 and 70%, respectively [22, 27]. In the majority of the cases HAV
infection causes no symptoms, since indications of an acute hepatitis in the
history were confined to 3 to 10% of the anti-HAV-positive subjects [8, 26].
HAYV infection is far more prevalent in poor social classes or in populations

Send offprint requests to Dr. K. D&vid, L. Halmy, Korvin Otté Hospital, H-1121 Buda-
pest, Budakeszi Gt 48/b, Hungary
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living under crowded conditions with inadequate sanitation than those of
high standards [26, 28].

A chronic HAY carrier state has not been ascertained thus far [21, 26],
but recent immunofluorescent studies of liver tissue and radioimmunoassay
for IgM-anti-HAV indicate that HAY infection may persist far longer than
it was believed [7, 14]. In the majority of the cases complete cure of acute
HA ensues, but occasionally the laboratory findings are abnormal several
months after infection, and production of chronic hepatitis after acute HA
has also been described [17, 18, 24].

In view of these observations and of the high frequency of HAV infec-
tion we intended to examine the following questions;

1. Is there any relationship between advancing age and the incidence
of HAV infection ?

2. In what proportion of the various types of chronic diffuse liver disease
has an earlier HAV infection occurred?

3. Is there any connection between chronic diffuse liver disease and
HAV infection?

Patients and methods

One hundred and 75 patients with chronic diffuse liver disease were studied. The
diagnosis was confirmed by biopsy, and the histological features were classified on the basis
of the internationally accepted morphological criteria [1, 3, 5]. In 60 patients fatty degenera-
tion of the liver (FD), in 29, chronic persistent hepatitis (CPH), in 27, chronic active hepatitis
(CAH), in 35, liver cirrhosis (LC) were present and in 24 patients alcoholic liver disease, sub-
acute hepatitis, non-specific reactive hepatitis had been diagnosed. Distribution of the patients
by age and diagnosis is shown in Table I. The controls were 67 inpatients, aged from 30 to

Table |

Distribution ofpatients by age and diagnosis

Diagnosis Under 20 20-29 30-39 40-49 50-59 Over 60 Total No.
Fatty degeneration 0 3 8 29 18 2 60
CPH | | 3 9 11 4 29
CAH 0 | 4 9 8 5 27
Cirrhosis 0 0 2 10 11 12 35
Other* 1 6 7 3 2 24
Total 2 10 23 64 51 25 175
Controls 118 11 11 19 33 192

* Alcoholic hepatitis, subacute hepatitis, non-specific reactive hepatitis
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80 years, being under treatment for heart failure, diabetes, atherosclerosis, etc., and 118
healthy subjects under 30 years of age, engaged in sports. The age distribution of the controls
is seen in Table I.

The anti-HAY was measured in the sera by HAVAB RIA kit made by Abbott
Laboratories.

Results

Results in the controls are shown in Table Il. It can be seen that under
the age of 30 years the proportion of positive cases was low but it increased
considerably with advancing age. Beyond the fourth decade of life 100% of
the subjects studied were anti-HAV positive.

The frequency of anti-HAV positivity in chronic diffuse liver disease is
presented in Table IlIl. Anti-HAV positivity has been demonstrated in 160
out of 175, i.e. 91% of the patients. The proportion of anti-HAV positive sera
was very high in all types of liver disease.

The occurrence of acute hepatitis is seen as Table IV shows. Acute hepa-
titis was mentioned in the history by 11.4% of the 175 cases, the proportion
of patients with previous hepatitis was highest in CAH and LC. None of the
anti-HAV negative patients had a history of acute hepatitis (Table 1V).

Table 11

Age-related prevalence of anti-H A V positivity in controls

Under 30 30-39 40-49 50-59 Over 60
Total No. 118 n n 19 33
Positive, No. 7 7 " 19 33
Per cent 6 64 100 100 100
Table 111

Prevalence of anti-HA V in chronic diffuse liver disease

Positive
Diagnosis

No. %
Fatty degeneration (n = 60) 56 93
CPH (n = 29) 24 83
CPH (n- 27) 25 93
Cirrhosis (n = 35) 35 100
Other (n = 24) 20 83
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Table IV

Proportion of patients with a history of acute hepatitis

Anti-HAV positive Anti-HAV

patients negative patients
Diagnosis (n = 160) (n- 15)
No. %
Fatty degeneration (n = 60) 4 6.7 0
CPH (n = 29) 3 10.3 0
CAH (n= 27) 5 18.5 0
Cirrhosis (n = 35) 6 17.1 0
Other (n = 24) 2 8.3 0
Total (n = 175) 20 11.4 0

Figure 1 shows the age-related distribution of anti-HAV positivity in
liver disease. Under 30 years of age 33%, between 30 and 39 years, 78%;
between 40 and 49 years, 97%; and beyond 50 years, 100% of the patients
were found anti HAY positive.

Discussion

The differences in the figures of anti-HAV positivity, i.e. of earlier HAV
infection, between the patients with chronic diffuse liver disease and the
control group (except group under 30 years of age), as also between the indi-
vidual groups of liver disease, were negligibile. This is consistent with the
results of Lindberg et al. [11] and Renner et al. [22] obtained in patients with
CAH and in blood donors. Our observation that a history of earlier hepatitis
was confined to 11.4% of the patients indicates that a HAJT' infection is
asymptomatic in the majority of cases. The method used in this study for the
demonstration of anti-HAV is unsuited for differentiation between IgG and
IgM antibodies. This is, however, important, since the presence of IgM-anti-
HAYV in the serum reflects a persisting infection, whereas IgG-anti-HAV points
to a past infection [2, 12]. The sensitive IgM-anti-HAV radioimmunoassay
allowed to identify this antibody in a number of cases as late as 6 to 12 months
after infection [7, 23]. Despite this fact it has not been possible to prove the
existence of an actual HAV carrier state, in other words, to furnish evidence
connecting the production of chronic diffuse liver disease with an earlier HAV
infection [15, 21, 29].

In the present material the proportion of anti-HAV positive cases, in
other words, the occurrence of earlier infection, has been found to increase
with advancing age. Similar figures have been reported for European and North-
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American populations, where the living conditions are similar to those in
Hungary [8, 25, 26, 30]. In populations living under crowded conditions with
poor sanitation the figures for anti-HAV positivity are very high even in
young age groups and show no further increase over later years [8, 26, 27, 28].

Fig. 1. Age related prevalence of anti-H AV -positivity in chronic diffuse liver disease

From the present observations the following conclusions may be drawn.

1. The proportion of subjects with evidence of earlier HAV infection
increases parallel with age until it attains 100%.

2. The incidence of HAY infection is high in Hungary, and the course of
the infection is asymptomatic in most cases. The absence of any difference in
the figures of anti-HAV positivity between the patients with liver disease
and the controls indicates that HAV infection plays no part in the production
of chronic diffuse liver disease.
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The serum alpha-fetoprotein level was measured by radioimmunoassay in 20
normal subjects and in 118 patients with chronic liver disease. The highest concentra-
tions were found in the group of hepatocellular carcinoma. Compared with the controls,
higher values were demonstrable in the other groups of liver disease as well. This is
attributed to the more or less marked regeneration of liver tissue, which is never absent
in any type of liver disease studied, and in the case of fatty degeneration, to the alpha-
fetoprotein inducing effect of alcohol. The importance of alpha-fetoprotein estimation
in the diagnosis of hepatocellular carcinoma and monitoring of its therapy, as also in
the assessment of activity and regeneration in other forms of chronic liver disease, are
pointed out. Countercurrent electrophoresis has been found unreliable for the measure-
ment of alpha-fetoprotein.

Keywords! serum alpha-fetoprotein, chronic liver diseases, regeneration of liver
tissue

Abbreviations

AFP = serum alpha-fetoprotein, AP = alkaline phosphatase, CAH = chronic
active hepatitis, CLD - chronic liver disease, CL = cirrhosis of liver, CPH = chronic
persistent hepatitis, ELISA = enzyme-immunoassay, GGT = gamma-glutamyl-trans-
ferase, HBsAg = hepatitis B viral surface antigen, HCC = hepatocellular carcino-
ma, LD = liver disease, LM = extrahepatic tumour with liver métastasés, SGOT =
= serum-aspartate-aminotransferase, FD = alcoholic, non-inflammatory fatty dege-
neration of liver, RIA = radioimmunoassay

Introduction

Embryonal antigens are tumour antigens present during fetal develop-
ment, but occurring at low concentrations also in normal adult sera. Certain
diseases may be associated with significantly increased serum levels, therefore
their demonstration may have a diagnostic value [15].

Alpha-fetoprotein (AFP) is a fetal antigen of alpha-globulin nature, the
postnatal production of which is practically confined to the hepatocytes [16,
17, 18]. The serum level is high during intrauterine life, but falls rapidly after
birth. In healthy adults the serum AFP level is under 10 /ig/1, with the excep-
tion of the second and third trimesters of pregnancy, when its concentration
in the maternal blood increases, owing to fetal production [16, 19, 26].

Send offprint requests to Dr. G. Weisz, Second Department of Medicine, University
Medical School, H-4012 Debrecen, Nagyerdei Gt 98, Hungary
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Production of AFP by cells of certain embryonal tumours such as hepato-
cellular carcinoma (HCC) or ovarian and testicular teratoma was first reported
by Abelev [1] and Tatarinov [46], and confirmed later by other authors [7, 8,
28, 29, 32, 38, 51]. Occasionally cells of other tumours, first of all those of the
digestive tract, pancreas and bronchi, display an AFP producing capacity
[28, 47, 51].

Measurement of the AFP level in maternal serum is indispensable today
for the early detection of certain anomalies, in the first place of neural tube
defects [5, 11, 14, 36, 48].

Production of AFP is, however, not confined to fetal and malighant
cells, as confirmed by immunofluorescent assays, the oval and intermediate
cells formed in the course of liver tissue regeneration also have this capacity
[31, 33, 41, 49]. High serum AFP levels in chronic non-malignant liver disease
have been reported by numerous authors [7, 12, 13].

Experimental proof that certain agents may stimulate mature liver cells
to AFP production as a result of activation of the AFP-specific gene, has
been furnished by Taketa et al. [45] and Watanabe et al. [52].

Measurement of AFP as a tumour marker or as a diagnostic aid in non-
malignant liver disease associated with AFP production is therefore of practical
value. There are various methods for this purpose: immuno electrophoresis,
radioimmunoassay (RIA), enzyme-immunoassay (ELISA) or micro-ELISA.
AFP can be visualized in living tissues by means of 113l-labelled anti-AFP
antibodies of the IgG type by means of a gamma camera [20, 21, 34, 35, 36].

In the present study we have measured AFP in the sera of patients with
chronic liver disease (CLD) in order to find out whether countercurrent
electrophoresis was suitable for the replacement of RIA in screening of HCC,
generally associated with a high serum AFP level and whether this assay
lends itself to the assessment of regeneration and of the activity of liver
disease (LD).

Patients and methods

In normal controls (10 females and 10 males, aged 24-42 years) and 118 patients with
LD (54 females females and 64 males, aged 27—¥3 years) the serum AFP concentration
was estimated by RIA, using an Amersham Kkit. The sera of 4 controls and 40 patients were
studied by countercurrent electrophoresis as well, using the electrophoresis equipment and
Radiophor kit of IMMUNO.

All patients had chronic, diffuse LD. Distribution according to diagnosis was as follows.
Alcoholic, non-inflammatory fatty degeneration (FD) in 10, chronic persistent hepatitis
(CPH) in 6, chronic active hepatitis (CAH), treated and in an inactive period all throughout,
in 12, cirrhosis of liver (CL) in 55, hepatocellular carcinoma (HCC) in 6 and extrahepatic tumour
with liver métastasés (LM) in 29 cases. In the last group there had been clinical signs of liver
deposits, and evidence of diffuse malignant infiltration of the liver was furnished by necropsy.

The clinical diagnosis was confirmed by the laboratory findings, biopsy, and in some
of the cases by necropsy.

Assessment of activity was based on the clinical picture and on the laboratory findings,
first of all on the serum-aspartate-aminotransferase (SGOT) value. The process was not con-
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sidered active unless SGOT attained or exceeded 60 U/l. The serum AFP concentration was
regarded as increased from 10 /tg/lupward.

Ten of the patients with CL were checked for serum AFP in an active, as well as an
inactive period of the disease.

All patients were studied for SGOT (normal maximum 20 U/l), gamma-glutamyl-trans-
ferase (GGT, normal maximum 25 U/l), alkaline phosphatase (AP, normal maximum 80 U/I)
and for hepatitis B viral surface antigen (HBsAg), using an Ausria-1l kit Abbott.

For statistical analysis Student’stwo sample ttest and linear regression analysis were used.

Results

The mean serum AFP concentration in the control group was 2.21 0.27
(SE) (Ugl. No noteworthy differences in AFP were found between male and
female values.

The serum AFP values of the subjects are represented in Fig. 1.

The highest AFP values were found in the HCC group, but the mean
AFP concentration in the other groups was also higher than in the con-
trol group.

CL patients in the active period of the disease had significantly higher
serum AFP levels than did those in the inactive period (P < 0.001) and the
same patient in the periods of activity and inactivity gave the same relation-

......... mean values
---------- mean values of control group+2SD

Fig. 1. Serum AFP values of patients
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ships. In 8 of the 10 patients the values found during the active period of CL
were greatly in excess of those measured during the inactive period. The
changes in activity of the process in either direction were closely followed by

Table 1

A F P values in 10 patients with liver cirrhosis, in active and inactive periods

No. Sex AFPag/i
active period inactive period
1 M 14 4
2 M 4 4
3 F 17 2
4 M 18 15
8 M 45 2
6 M 24 5
7 M 10 3
8 F 2 2
9 F 26 4
10. F 14 3
Mean + S.E.M. 134+ 2.6 31+ 04
P < 0.005
Table N

Correlation of SGOT to AF P in liver diseases associated with regeneration
(CPH,CAH,CL,LM)

SGOT AFP mean £+ S.E.M.
level No. ~gll
A60 U/ 38 105+ 1.6
<60 U/I 64 6.1+ 1.2
P < 0.05
Table 111

Correlation of AFP to SGOT in liver diseases associated with regeneration
(CPH, CAH CL,LM)

AFP No. SGOT mean =+ S.E.M.
level ul/l
>10n/1 16 74 = 8.1
~10 /tg/l 86 489 + 54

P < 0.02
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Table IV

Distribution of (and correlation between) AFP and HBsAg (n= number ofpatients)

Controls FD CPH CAH CL HCC LM Total
(n- 20) (n=10) (h=16) (n- 12 (n - 55) (na 6 (n - 29) No.
AFP > 10 jitg/l
HBjAg + 0 0 0 | 2 | | 5 (23%)
HBsAg — 0 0 0 i 9 5 2
AFP "~ 10pgn
HBsAg + 1 0 0 2 6 0 0 8 (8.3%)
HBgAg — 19 10 6 8 38 0 26 88
Total HBsAg + 1(5%) 0 0 3 (25%) 8 (15%) 1 (]_7%) 1(3.4%) 13 (11%)
HBsAg— 19 10 6 9 47 5 28 105

those of the serum AFP level but in two cases there was no change whatever
(Table 1).

In the 102 patients with CLD marked by liver regeneration (CPH, CAH,
CL, LM) with a SGOT activity 60 U/l the serum AFP concentrations were
significantly higher than in the case of a moderate or normal SGOT activity
(Table I1). On the other hand, in patients with a high serum AFP level (> 10
yug/l) the SGOT was significantly higher than in the patients with a normal
AFP level (Table I11).

On examining the AFP against the SGOT values in each of the 102 cases
referred to above it was found that in 82% (n = 60) of those with higher
(double or more) AFP values than those of the controls, the SGOT activity
was also higher than normal, furthermore, that in 66% (n = 75) of those with
SGOT values at least twice as high as the control figures the serum AFP
concentration was also higher than in the control group. The calculations
revealed a positive but somewhat loose correlation between the serum AFP
and SGOT levels in the CL group: the correlation coefficient r was 0.314.
In the other disease groups, too, the correlation of AFP to SGOT was positive
but still less complete, maximum r being 0.225. No noteworthy correlations
were found between AFP and AP and GGT in any of the groups, r being in the
neighbourhood of zero.

In non-biliary (secondary) cirrhosis (n = 47) the mean serum AFP con-
centration was 8.06 ~ 1-37 /Cgl, while in the biliary type it was 5.01 ~ 1.15
jUdg/l. The difference was not significant.

In the group with a high (> 10 yug?) serum AFP concentration the num-
ber of HBsAg positive patients was significantly higher than in the group with
normal serum AFP. In CPH, CL and HCC, too the number of HBsAg positive
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patients was higher among those with a high serum AFP level. Distribution
of the HbsAg positive cases and the correlation between AFP and HbsAg are
presented in Table IV.

Additional countercurrent electrophoresis performed in 40 cases failed
to detect AFP, with the only exception of one patient with HCC, who had the
highest AFP value, one of 1400 pg/1.

Discussion

The value of AFP measurement for the early diagnosis of HCC and
monitoring of its therapy is no longer in doubt [1, 2, 7, 8, 24, 29, 32, 38, 46, 51].
In this study too, the highest AFP concentrations were found in HCC. All
patients with HCC (only 6 in number) had very high AFP values, though,
according to the literature, in 5 to 25% of the HCC patients the serum AFP
concentration is within the normal range [3, 4, 24, 27, 30, 31, 51]. In fact, the
AFP-producing capacity of the tumour cells is related to their specific dif-
ferentiation [3], and this differentiation is of variable degree. This has been
also confirmed by Balogh et al. [7] on the evidence of immunoperoxidase
studies of liver tissue.

Though the involvement of HBsAg in the aetiology of HCC, and the
importance of a regular follow-up of HBSAg positive patients with chronic
LD for serum AFP have been duly emphasized, the published figures of
HBsAg positivity in HCC show very wide variations, i.e. between 15% and
75% [40, 50]. The present results agree best with those of Balogh et al. [7],
who found HBSsAg positivity in 25% of their patients with HCC and in 8.9%
of those with CL. The number of the present cases was obviously too small
to be conclusive.

The value of AFP studies in non-malignant CLD (unrelated to HCC)
is less clearly established. The importance of AFP measurements in liver
diseases marked by the appearance of young cells capable of AFP production
(CPH, CAH, CL, LM) for the assessment of regeneration, is well documented
in the literature [1, 6, 7, 9, 10, 12, 13, 23, 37, 41, 42, 43, 53]. In the material
of the present study formed by the last-named groups, patients with serum
AFP concentrations greatly exceeding those of the controls are also represented.

Damage to the liver cells is reflected in an increased SGOT activity.
A possible regeneration following upon hepatocellular destruction may bring
AFP producing cells into existence. Increase in SGOT activity in an acute or
fulminant liver process is, therefore, regarded as a sign of poor prognosis
reflecting the failure of regeneration, unless it is accompanied or followed by
an increase in the serum AFP concentration [6, 22, 44]. In chronic cases
(CPH, CAH, CL, LM) serum AFP values tending to increase or persisting at
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high levels are indicative of activity and regeneration. Excessive values reflect
a malignant transformation [7, 9, 12, 13, 23, 43, 53]. Measurements of AFP,
which have to he serial if necessary, may thus provide indirect information
on the activity of liver disease, and indirect information on the tendency and
extent of regeneration accompanying the process. According to Balogh et al.
[7], David and Halmy [12, 13] and Ruoslahti et al. [37], serum AFP is an
indicator of the changes in the activity of LD. In the present study, too,
significant differences have heen found between the serum AFP concentrations
in the active and inactive periods of CL. With increasing activity of the process
the serum AFP concentration increases and as its activity subsides, the AFP
returns to the initial value.

The correlations between serum AFP and other laboratory parameters
have been extensively studied. While some authors found no close correlations
[25], some others did [10, 12, 42]. According to David and Halmy [13], there
is a significant positive correlation between AFP and SGOT in CAH, and in
CL AFP has been found to correlate significantly with AP and with GGT. In
the CL group of the present material we found a positive, though somewhat
loose correlation between AFP and SGOT. In the other patient groups
the correlation was still less complete, although the SGOT values of those
with high serum AFP concentrations and the serum AFP concentrations of
those with high SGOT values were considerably higher than in the patients
in whom these values were in the normal range. We found no correlation
between AFP and the two other enzymes, AP and GGT. Observations re-
garding the correlation between AFP and the various laboratory parameters
are thus inconsistent. One of the causes of this may lie in a failure of coin-
cidence of the peak enzyme activity and the AFP level in the course of the
destructive regenerative process. Moreover, the individual variability of the
extent of regeneration, possibly its complete absence, has also to be taken
into account.

In four of our patients with liver FD the serum AFP concentration
exceeded that of the controls. Since in this process there is no regeneration,
the high values may be attributed to an AFP-inducing activity of alcohol,
although the opinions on this question are divided [10, 12, 45, 52].

A remarkable, though not significant, difference was found between serum
AFP in non-biliary (secondary) and biliary (secondary) CL. The higher AFP
values in the former group presumably reflect the more marked regenerative
tendency of the non-biliary type of CL.

RIA is a reliable, accurate, sensitive, not too laborious method of assay
and is therefore well suited for the measurement of the serum AFP concentra-
tion. It has, however, certain shortcomings: it is costly, requires special equip-
ment and conditions. Countercurrent electrophoresis, though simple, is un-
suited even for screening purposes in HCC suspect cases. In the present study
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its positivity was confined to a single case of HCC with an extremely high
AFP level. Pacsa and Pejtsik [34, 35, 36] have used the AFP-ELISA or micro-
ELISA method to their satisfaction. The procedure is claimed to have the
advantages of RIA without its costs and elaborate conditions.

In CLD the serum AFP level thus allows to assess the activity and the
regenerative tendency of the process. Excessive values are suggestive of HCC.
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LITHIUM CARBONATE IN THE MANAGEMENT OF
INTRACTABLE CONGESTIVE HEART FAILURE
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Lithium carbonate was administered to 11 patients with advanced congestive
heart failure resistant to the usual forms of therapy. Abundant diuresis, consecutive
regression of oedema, loss of weight and clinical improvement ensued in response to
lithium therapy. Doses ensuring a serum level of 0.5 to 1.0 mmol/l are regarded as
optimal in heart disease. Within this range lithium produces no clinical or ECG signs
of cardiotoxicity, provided the serum Na and K levels remain normal. The side-effects
observed are reported in detail and attention is drawn to the necessity of follow-up
and especially of checking the serum lithium level.

Keywords: heart failure; lithium carbonate therapy;

Introduction

Thyroidectomy was proposed for intractable congestive heart failure by
Blumgart et al. [5] in order to reduce the 0 2 demand of the body. The method,
not only found favourable acceptance [31] but successful attempts with
thiourea [32] and radioiodine [6] were also reported.

Cade [10] was the first to use lithium salts in psychiatry. Certain side-
effects (polyuria, dehydration) were already noted by this author. In the
course of subsequent observations a syndrome reminiscent of diabetes insipi-
dus and also hypothyroidism were pointed out as hazards of the long-term
use of lithium [15, 41].

We have attempted to make use of the diuretic and metabolic depressant
properties of lithium in intractable congestive heart failure.

Patients and methods

A group of 11 patients, 4 males and 7 females, aged 35-85 (58 + 11.6) years, with
heart disease of major severity was studied. The therapeutic measures applied are seen in
Table I; they were basically consistent with current trends [29]. When this therapy had failed
(control period), the patients were started on lithium carbonate in oral doses of 300 mg t.i.d.

Send offprint requests to Dr. I. Worum, First Department of Medicine, University
Medical School, H-4012 Debrecen, P.O. Box, 19, Hungary
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Table |

General measures and drug treatment in congestive heart failure of major severity*

1. Physical rest — psychic relaxation 6. Anticoagulant therapy
Bed rest + meprobamate Acenocoumarol
. (Nos 1, 4,5,7,8),
2. Diet Heparin 3-times 5000 U.s.c
5-6 g NaCl, 1000—1600 Cal o
3. Oxygen 7. Digitalis glycosides

Nasal tube 4—6 1/min Lanatoside-C or strophantoside-K i.v.

Nasal tube 2 1/min (No. 10) . Diuretics

IPPB (Bird M 8) (No. 11) Spironolactone + saluretics

(furosemide, ethacrynic acid, clopamide),
aminophylline, mannitol 20%,

Human albumin 20%

[e°)

4. Antihypertensive therapy
Alpha-methyldopa + dihydralazine (Nos
9, 10)
5. Correction of metabolic disorders
Control of diabetes with diet (Nos 7,
8, 11),
Control of diabetes with insulin (Nos

9. Oral vasodilators
Pentaerythryl-tetranitrate or isosorbide-
dinitrate,

Nitroglycerin if required

1> 9), 10. Antiarrhythmic therapy
4.2% %\laHC03i.v. (in individual cases) In individual cases 200 mg lidocaine +
Hypokalaemia: oral or i.v. KC1 (in indi- + 30 mmol KC1 + 100 mmol NaHCO03
vidual cases) 11. Positive inotropic drugs

Hypalbuminaemia: human albumin Ephedrine + atropine

* Whenever the number of the patient is not given and the note “in individual cases”
is absent, the measures apply to all patients.
IPPB = intermittent positive pressure breathing

In later course the doses were adjusted individually according to the serum lithium level,
which we sought to keep within the desirable range of 0.5 to 1.0 mmol/1.

The serum lithium level was checked (using a Zeiss |11 flame photometer) every second
day during the first week, every third day dmring the second week, and weekly in the later
course. The doses were administered in two portions daily. Blood samples were withdrawn
12 to 14 h after the last dose. Inpatients were checked weekly for serum Na, K, carbamide-N
(BUN), blood glucose, bilirubin, alkaline phosphatase, creatinine, Ca and P by Technicon
Autoanalyzer, serum Cl by Galenopharm Cl-rapid test, blood gases by Radelkisz OP 210/2
apparatus, and leucocyte counts. In outpatients the same tests were done at 14 day intervals.

Results

Table 1l shows the data of the patients and the therapy. The longest
treatment lasted for 187, the shortest for 9 days. In the euthyroid cases the
serum lithium level between 0.5 and 1.0 mmol/l1 was attained by the end of
the 3rd or 4th day of treatment. After the 4th day the dose had to be reduced.
As soon as the therapeutic level was attained, profuse diuresis set in which
resulted in a regression of oedema and thus in clinical improvement. In the
hyperthyroid patient (No. 10) it took 6 days to attain the therapeutic lithium
level. Regression of oedema and subsequent control of thyrotoxicosis were
of marked benefit to the circulation.

As a result of a striking improvement, 4 patients could be discharged
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and then treated as outpatients. Five of the 11 patients died, 2 of them are still
during hospitalization (Nos 1 and 2) and 3 after discharge (Nos 3, 4, 7). The
cause of death was rapidly progressing congestive heart failure after with-
drawal of lithium (Nos 1 to 4), and recurrence of myocardial infarction in
one case.

Signs of lithium overdosage were noted in 7 cases. Vomiting, abdominal
discomfort, drowsiness were reported by 5 patients, ECG abnormalities (ST-
depression, flattening of T-waves were found at toxic lithium levels in all 7
cases, whereas at therapeutic levels these signs were indistinct, except in one
single case (No. 10) where the ECG abnormalities persisted during maintenance
treatment with lithium until the control of hypokalaemia. In 3 cases permature
ventricular contractions, in one case deterioration of an earlier Parkinsonian
syndrome gave cause for concern. In the last case (No. 9) grave dehydration
and apathy ensued owing to a lack of supervision of lithium treatment.

Patient No. 11 developed C02 coma during the first course of lithium.
During the second course his cardio-respiratory condition remained adequate
so long as the lithium levels could be kept within the range of 0.4 to 0.6 mmol/1.
Beyond 0.7 mmol/l deterioration of hypoxia and hypercapnia ensued without,
however, causing any discomfort.

The essential laboratory findings are seen in Table Ill. It can be seen
that during maintenance therapy with lithium (line 2 in the therapy column)
all patients experienced a loss of weight and a fall in the BUN value. In 10
cases oxygenation also improved. At therapeutic lithium levels no hypo-
natraemia appeared. Hypokalaemia occurred in one case (No. 9) during tran-
sitory interruption of spironolactone administration.

Overdosage of lithium was associated with a deterioration of oxygena-
tion in all 7 cases (line 3 in the therapy column). In 4 of these cases absolute
CO02retention or relative one (disproportionate with the changes in p02 was
found. A case of C02 coma has already been mentioned. These blood gase
changes caused no symptoms, at least no deterioration of dyspnoea and or a
further involvement of the auxiliary respiratory musculature.

At toxic lithium levels BUN increased in 3 of the 7 cases, hypokalaemia
and hyponatraemia occurred in 3 cases each. The premature contractions
noted in some of the cases seemed to be related to the severity of hypoxia
rather than to the serum lithium level.

Discussion

Attempts at reducing the 0 2demand in intractable heart failure seemed
to be promising, but the methods recommended for this purpose failed to gain
ground. Thyroidectomy in patients with advanced heart failure carried a high
surgical mortality [31], in addition to the hazards of consecutive tetany and
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Age,
sex

57
®

Primary disease

Combined mitral
valvular disease,
diabetes, I N

Combined mitral

valvular disease

Combined mitral
valvular disease

Combined mitral
valvular disease

Prior commissurotomy,
Restenosis

Combined mitral
valvular disease

Recurrent A.M.I.
diabetes, D

Recurrent
diabetes, D

Duration

of lithium

treatment
days

20

67

94

187

68

81

123

Table M

Patients and main features

Observation Peak
after lithium Follow-up "}2\';;:“
days mmol/1

14 0 14

56 0 1.37

17 + 1.27

15 0 1.42

69 + 1.7

At + 0.92

present

— + 0.87
120 + 0.92

Side-effect

Vomiting, ES

Hypoxia, abdominal
discomfort,
drowsiness

Vomiting, abdominal
discomfort,
drowsiness

Vomiting, hypoxia
ES, drowsiness

Hypoxia, ES,
drowsiness

89T

Note

Died

Died

Discharged,
Li discontnd.,
died

Discharged,
Li discontnd.,
died

‘e 19 "1 'NNYOM

Outpatient,
alive

Outpatient,
alive

After discharge
recurrence of
A.M.l., died

Outpatient,
compensated.
alive
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9 Coronary disease, 42 187 * 18
82 diabetes, IN
s
10 Chronic cor pulmonale, 63 At + 0.96
71 thyrotoxicosis present
$
11 Kyphoscoliotic heart 42 20 + 0.94
35 disease, steroid-diabetes 67 At
present + 0.87
A.M.l. = acute myocardial infarction, ES = extrasystole, Diabetes, IN =
diabetes.
In the follow-up column: 0 = no follow-up, + = attended follow-up irregularly, -|-

Apathy, vomiting,
dehydration,
Parkinson syndrome

0

C02— coma

C02— precoma

insulin-controlled diabetes,

= followed up closely

Outpatient,
compensated,
alive

Outpatient,
compensated,
alive

Outpatient

Outpatient, alive

Diabetes, D = diet-controlled
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Table Il

Laboratory findings in the course of lithium therapy

Pa'\tlloe.nt H Se.Li Se.Na Se.K BUN [0 0] Se=t BW
sex mmol/1 Hg mm kg
1 0 0.0 120 4.6 7.1 58 32 54
" 1 0.0 125 3.8 10.0 56 27 56

3 1.4 139 5.6 8.2 51 29 51
4 0.0 125 3.8 10.7 41 22 59
2 0 0.0 141 4.2 10.7 57 37 56
3 1 0.0 142 4.9 9.6 58 40 58
3 1.34 139 5.7 6.6 42 35 54
2 0.9 137 5.2 7.1 65 31 48
4 0.0 135 4.4 17.1 44 28 60
3 0 0.0 140 4.4 8.6 54 32 43
9 1 0.0 145 4.1 11.8 52 30 44
3 1.65 140 4.4 8.6 40 39 40
2 0.6 140 5.3 6.8 60 40 38
4 0.0 129 3.6 14.3 44 31 47
4 0 0.0 134 4.7 9.4 54 30 59
9 1 0.0 131 5.1 13.9 51 27 62
2 0.9 140 4.9 7.5 62 34 53
3 1.3 127 4.1 6.8 49 35 54
4 0.0 131 4.9 17.1 41 24 64
5 0 0.0 138 3.4 10.5 52 39 59
9 1 0.0 141 4.7 15.0 52 37 59
2 0.6 140 4.8 10.5 66 42 53
3 1.7 139 4.0 15.6 44 49 54
6 0 0.0 144 5.0 9.3 53 26 63
9 1 0.0 144 4.6 6.7 55 32 66
2 0.75 145 4.5 6.4 66 35 54
7 0 0.0 139 4.3 6.6 51 31 84
9 1 0.0 142 3.7 7.9 53 33 84
2 0.58 150 5.0 5.7 60 37 73
4 0.62 139 4.1 13.1 43 19 74
8 0 0.0 146 4.7 6.0 57 35 87
3 1 0.0 145 5.1 9.2 58 33 89
2 0.72 140 4.9 6.1 68 38 80
9 0 0.0 142 4.4 6.8 60 44 83
3 1 0.0 132 5.2 11.0 54 35 88
2 1.27 143 5.1 7.2 62 38 80
3 1.8 131 5.7 13.6 53 40 72

10 0 0.0 149 4.4 5.8 54 53 63

9 1 0.0 147 45 5.2 54 48 65
2 0.7 149 3.3 5.8 64 45 58

11 0 0.0 137 4.4 6.1 49 66 70

3 1 0.0 149 5.4 5.4 46 78 72
2 0.51 141 4.9 4.6 57 59 68
3 0.94 132 3.6 13.2 41 105 65

Th = therapy, 0 = beginning of control period, 1= end of control period, 2= in the
course of maintenance therapy, 3 = at the time of toxic manifestations, 4 = before death,
Se.Li = se-lithium, Se.Na = se-natrium, Se.K = se-potassium, BUN = urea-N, BW = body-
weight
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myxoedema. Radioiodine acts slowly, moreover, it is difficult to keep its
effect under control [7]; even if it is applied in small doses [8, 21, 22, 38] the
consecutive hypothyroidism may be permanent. Thiourea derivatives have to
be administered to euthyroid heart patients in massive doses for long periods,
which again is a source of side-effects [32].

Our attempts at a successful management of intractable congestive heart
failure prompted a search for some therapeutic factor the effect of which could
be kept under control and the possible side-effects of which would be reversible
after withdrawal of therapy. The diuretic effect of lithium salts has been known
since their first application [10]. Later, symptoms reminiscent of diabetes
insipidus were reported to be caused by lithium salts [16, 17, 35, 37, 41, 61].
Lithium is not only capable of bringing thyrotoxicosis under control [4, 24,
25, 33, 34, 45, 49] but it has also been found to produce hypothyroidism in a
number of cases [15, 26, 47]. It was from these properties of lithium salts that
we intended to make use in congestive heart failure.

Abundant diuresis, loss of weight, partial or complete regression of
oedemas ensued in response to lithium therapy in all of our cases. In the
course of maintenance therapy the initial diuresis was not followed by fluid
retention [2, 18, 30, 55, 43]. It is believed that the lithium-induced reduction
in body fluid space activates counter-regulatory mechanisms [2, 11] which
are put out of action by the drug combination applied by us. In this sense the
spironolactone-lithium combination represents a therapy of oedema and it
also attenuates the side-effects of lithium by preventing K loss [5, 50].

At lithium levels of 0.5 to 1.0 mmol/l improvement of oxygenation was
found. On the other hand, in case of overdosage the fall in pO,, was not accom-
panied by an aggravation of dyspnoea; patient No. 11 even developed a C02
coma. Still, in this case, too, lithium was of benefit so long as its level remained
within the range of 0.4 to 0.6 mmol/l.

Certain minor ECG abnormalities were reported to be inseparable from
lithium therapy [12, 13, 28, 36, 37]. Signs of this kind were indistinct in our
material at therapeutic levels of 0.5 to 1.0 mmol/1. In the case of hypokalaemia
or at toxic doses [19, 27, 30, 43] the abnormalities became distinct. No con-
duction disturbances occurred in any of the patients [3, 14, 20, 53, 54]. Ventric-
ular extrasystole was observed only in association with other signs of lithium
intoxication or with hypoxia. Ectopic impulses may occur at toxic lithium
levels [44] or with the simultaneous use of cardiotoxic arrhythmogenic drugs
[1, 27]. In patient No. 6 it was during the administration of lithium, parallel
with the improvement of oxygenation, that the ventricular extrasystole ceased.

Lithium has been alleged to cause cardiomyopathy or congestive heart
failure [32, 42, 48]. In contrast in the present material congestive heart failure
was found to improve under the effect of lithium. But then it is questionable
whether lithium is in fact cardiomyopathogenic [1, 3, 46].
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Five of the 11 patients had diabetes. In none of them was the carbo-
hydrate balance affected, even in the presence of lithium intoxication [52].
The Parkinsonian manifestations deteriorated in a patient who had this syn-
drome, and his earlier kinetics was not restored until complete withdrawal
of lithium [27, 39].

The present observations may be summed up as follows.

1. In heart failure of major severity the desirable lithium level was
attained by the 3rd to 4th day after the start of treatment. Then the onset
of profuse diuresis resulted in regression of oedema, loss of body weight and
clinical improvement.

2. In patients with heart disease a narrower therapeutic range of serum
lithium (0.5 to 1.0 mmol/1) is required than that used in current psychiatric
practice, since levels above 1.2 mmol/l carry the hazard of side-effects. Lithium
therapy in cor pulmonale calls for particular caution; in these cases the lithium
level should not exceed 0.7 mmol/1.

3. At therapeutic dose levels no cardiotoxic effects have been noted.
Certain ECG abnormalities, regarded as typical of this therapy, remained
indistinct.

4. Toxic effects of lithium may be intensified in the presence of hypo-
kalaemia or hyponatraemia. The simultaneous use of spironolactone has been
found of benefit by preventing complications.

5. The cause of death was heart failure consequent upon withdrawal of
lithium in four cases, and a recurrent myocardial infarction in one case.
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EFFECT OF BFOOD LOSS ON THE PLASMA LEVEL
OF WHOLE PEPTIDES AND THEIR FRACTIONS AT
REST AND DURING EXERTION AND RESTITUTION

K. Markiewicz, W. Lutz, M. Cholewa
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The plasma level of peptides and their fractions was investigated in 12 male
voluntary blood donors aged 19-23 years at rest, during exercise and restitution before
and 1 and 24 h after blood withdrawal. In each test the subjects exercised on Monark’s
cycle ergometer under loads producing a heart rate acceleration up to 170/min (Physical
Working Capacity — PWC 170). Blood loss produced a non-significant decrease in the
plasma peptide level. During exercise the levels increased significantly both before
(P < 0.001) as well as 1 h and 24 h after blood loss (P < 0.025). About one half of the
increase was due to haemoconcentration. During restitution the levels were not sig-
nificantly different from the initial values. Blood loss gave rise to a significant increase
in the level of fractions of a molecular weight exceeding 3500 while the concentration
of fractions of 1500-3500 molecular weight decreased. The changes in the peptide
fractions were slightly different in the case of exercise performed after blood loss from
those observed before blood loss. This applies first of all to fractions with a molecular
weight below 750 whose concentration decreased during exercise performed after, and
increased before, blood loss.

Keywords: blood letting, physical effort, plasma peptide concentration

Introduction

A sudden blood loss impairs the physical working capacity to an extent
that depends on the amount of the lost blood [1, 3, 5, 8, 20]. This is due pri-
marily to the decreased haemoglobin level and decreased oxygen supply by
the blood [1, 3, 5]. Also important are the circulatory mechanisms of com-
pensation for the loss of extracellular fluid [8]. The literature includes numerous
reports on the adjustment of the circulatory and respiratory systems at rest
and during exercise to the new conditions brought about blood loss [3, 8, 20].
On the other hand, the changes in the biochemical composition of blood result-
ing from exercise performed after a blood loss have received little attention [3].

There exist a number of recognized indices of physical capacity but new
ones are being searched for that would make more information available.
A promising development are the biochemical indices of physical working
capacity. In an earlier study [18] we have shown correlation between the

Send offprint requests to Dr. K. Markiewicz, Department of Internal Medicine, Medical
Academy, P-90549 L6dz, Ul. Zcromskiego 113, Poland
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plasma peptid levels and the degree of physical capacity. In a group of com-
petitive cyclists with high physical capacity we observed higher levels of
plasma peptides at rest and a smaller increase of these levels during maximum
load exercise than in a group of cyclists exhibiting lower levels of fitness.

In recent years blood peptides, not only those with hormone properties,
have been found to play an important role in the control of various physio-
logical properties [11, 14, 17, 24]. Their role in the mechanism of haemorrhagic
shock is well-known [6, 12, 13]. Thus we have studied plasma peptide level
at rest and during exercise after a predetermined amount of blood had been
withdrawn. Another motivation to undertake the study was the fact that no
research of this type was found in the literature available to us.

Material and methods

The subjects were 12 males aged 19-23 (mean age 21.6 + 1.1) years, all voluntary
blood donors who gave their consent to participate in the study after the purpose of the experi-
ment had been explained to them. Seven of them gave blood for the second time, three for
the third, and two for the fourth time. Previous blood lettings had taken place 4-6 months
prior to this study. Clinical tests showed the subjects to be normal. They were admitted to the
clinic on Monday and, after a period of rest, they were subjected to an initial ergometric test
to determine the work load causing the heart rate to accelerate to 170/min and remain at a
steady level during exercise for 10 min. To this end the subjects performed exercise on Monark’s
bicycle ergometer with the following work schedule: 10 N (Newtons) for 6 min, and 20 N for
another 6 min. During each phase of the exercise the corresponding heart rate was determined
and, using the methods of Holmgren et al. [10] and Sj6strand [22] loads were calculated
that would produce a heart rate acceleration to 85% ofthe maximum value (Physical Working
Capacity — PWC 85%). The calculated loads ranged from 22.5 to 375 N (30.3 + 4.1 N
mean = S.D.), while the work performed during ten minutes amounted to 89, 107.5 +
+ 12, 139.9 Joules.

The experiment proper took place on three consecutive days (Tuesday, Wednesday,
Thursday) in the morning, two hours after a standard breakfast consisting of biscuits and
unsweetened tea. Figure 1 presents graphically the schedule of the experiment. On Tuesday
the subjects performed a ten-minute control exercise on Monark’s cycle ergometer (Test I),
on Wednesday an identical exercise 1 h after 400 ml of blood had been let (test 1), and on
Thursday they exercised 24 h after blood letting (test Il11). In the last minute of each exercise
the HR was 175.1 + 7.2 in test I, 181.8 + 9.3 in test Il and 175.4 + 14.8/min in test III.

The haematocrit decreased from 0.47 + 0.02 Y1to 0.45 + 0.02 Y1 one h, (P < 0.005)
and to 0.43 + 0.02 V1 24 h after blood letting (P < 0.001). Red blood count which was
4.72 + 0.25 T/l before bleeding fell to 4.57 + 0.27 T/l one h (P < 0.05) and to 4.32 + 0.23 T/I
24 h after bleeding (P < 0.001). The haemoglobin level which amounted to 9.38 + 0.37 mmol/1
before bleeding, fell to 9.13 + 0.50 mmol/1 one hour after bleeding (P < 0.05) and to 8.76 %
+ 0.37 mmol/l (P < 0.001) 24 h after bleeding.

Blood samples were taken from the cubital vein (no pressure was applied) immediately
before each exercise (A), immediately after each phase of the exercise (B), and in the 30th
minute of restitution (C). In addition, samples were taken to perform determinations not
related to this study. Altogether during the three days of the experiment a total of 180 ml
blood was additionally withdrawn. In order to determine the total peptide level, 5 ml of
blood plasma obtained after centrifugation of 10 ml blood at 1050 g for 20 min was placed
in a 2.5X 100 cm Sephadex G-25 gel column [16]. Elution was done using 0.03 mol ammonium
acetate pH 6.9. The flow rate of the eluate from the column was about 0.75 ml/min. Fractions
of 5 ml were collected and their absorbance was determined at 280 nm. In this way three
fractions were obtained. The first fraction contained proteins and peptides whose molecular
weight exceeded 5000. The second fraction contained peptides with a molecular weight ranging
from 500 to 5000. The third fraction contained peptides with molecular weight below 500 as
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well as other low molecular compounds such as amino acids. The total peptide level was deter-
mined using a procedure [4] which makes use of o-toluidine and hypochlorite in part of the
second fraction after it had been concentrated. The remaining part of that fraction was sub-
jected to rechromatography in a two-column system, 1X 50 cm each, filled with Sephadex gel
G-10 [7]. Elution was effected by means of 0.03 mol ammonium acetate pH 6.9 [7]. The

A B C

ABGC A BC
Blood Blood Blood
samples samples samples
A- before B- immediately C- 30 min_after
exercise after exercise exercise

Fig. 1. Schedule of experiment in 12 voluntary blood donors who performed ten-minute
bicycle ergometer exercise three times with a constant load of 30.3 +4.1 N (mean * S.D.)
established during the initial ergometric test

Table |

Total plasma peptide levels in 12 normal males at rest (A) immediately after exercise (B) and in the
30th minute of restitution (C) in a control test (1), 1 h after withdrawal of 400 ml blood (11) and 24 h
after bleeding (111)

Peptide levele gyl

Group

A B c

| 3.92 + 059 4,55+ 0.63 4.04 £ 0.63
P < 0.001 n.s.

n 3.79 £ 0.57 4.24 £+ 053 3.99 + 0.60
P < 0.025 n.s.

hi 3.78 £+ 0.54 4.28 + 0.52 3.92 + 0.54
P < 0.025 n.s.

Intergroup statistical comparison

/11 M.a8. n.s. n.s
/111 n.s. n.s. n.s
/111 n.s. n.s. n.s

Values are mean + SD. Comparisons within groups were made by Student’s paired t test,

and between group by the impaired t test; n.s. =

not significant (P > 0.05)
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Table M

Plasma peptide fractions of different molecular weight in 12 healthy males at rest (A), immediately
withdrawal of 400 ml blood (I1)

Peptide fraction

Fraction 1 Fraction 2
Group mol. wt. > 3500 mol. wt. 1500—3500
A B [ A B c
| 13.8 + 2.1 10.8 + 3.2 13.7+ 2.9 214+ 1.9 205+ 3.2 204+ 1.9
P < 0.05 ns ns ns
il 15.4 + 3.7 126 + 3.1 13.2+ 4.4 19.1 + 4.0 22.1 + 3.7 25.7 + 3.7
P < 0.01 ns P < 0.005 P < 0.001
in 185+ 3.3 16.3 + 3.0 165+ 3.7 19.6 + 1.3 228+ 3.0 256 + 2.5
ns ns P < 0.001 P < 0.001

Intergroup statistical comparison

i/n ns ns ns ns ns P < 0.005
i/iii P < 0.005 P < 0.005 ns P < 0.025 ns P < 0.001
ii/iii ns P < 0.02 ns ns ns ns

Values are mean + SD. Comparisons within groups were done by Student’s paired t-test,
and between groups by the unpaired t test, ns = not significant (P > 0.05).

flow rate of the eluate from the column was about 0.5 ml/min. Two ml fractions were then
collected and their absorbance was determined at 280 nm. Four fractions were thus obtained
(1, 2, 3 and 4) containing compounds which reacted positively with o-toluidine and hypochlorite
with respect to the presence of a peptide bond. Fraction 1 contained compounds whose
molecular weight exceeded 3500, fraction 2 compounds ranging from 1500 to 3500, fraction
3 compounds ranging from 750 to 1500, and fraction 4 compounds whose molecular weight
was less than 750. The peptide content in each fraction was expressed in per cents of the plasma
total peptide level.

Peptide levels were compared using Student’s paired t test and differences between
mean values for the groups were analysed by the unpaired t test. The results are presented as
means + S.D. Statistical significance was set at P < 0.05 [23].

Results

The plasma total peptide levels at rest, immediately after exercise and
in the 30th minute of restitution are presented in Table I. Following each
exercise there occurred a significant rise in the peptide level (P < 0.001 and
P <C 0.025, respectively). During the 30-min restitution the levels returned
to the values determined at rest. No significant effect of blood loss on the
peptide levels was observed at rest, immediately after the exercise, and during
the restitution period, although they were highest at rest and during restitu-
tion before bleeding (Test 1). Changes in the peptide levels and the haematocrit
immediately after exercise and during restitution are presented in Fig. 2.
It can be seen that the changes of the peptide level immediately after exercise
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after exercise (B), and in the 30th minute of restitution (C) in a control test (1), one hour after
and 24 h after bleeding (111)

per cent
Fraction 3 Fraction 4
mol. wt. 750—1500 mol. wt. < 750
A B c A B C
26.4 + 3.1 268+ 2.6 278+ 1.9 384+ 1.7 419 + 2.2 381+ 21
ns ns P < 0.001 ns
272 £ 2.7 27.7 £ 2.7 26.6 £+ 2.0 38.3+ 21 37.6 + 3.7 345 + 25
ns ns ns P < 0.005
23.6 + 4.9 243+ 26 212+ 18 38.5 + 3.7 37.0+ 28 35.7+ 1.9
ns ns ns ns
ns ns ns ns P < 0.01 P < 0.005
ns P < 0.05 P < 0.001 ns P < 0.001 P < 0.02
ns P < 0.01 P < 0.001 ns ns P < 0.05

were significantly affected by the haemoconcentration, both before and
after bleeding.

Table 11 shows the plasma peptide fractions of different molecular
weights at rest, immediately after the exercise, and in the 30th minute of
restitution before and after bleeding. These data show that exercise performed
before blood withdrawal produced a significant decrease in the content of
fraction 1 (P < 0.05) accompanied by a statistically significant increase in
fraction 4 (P < 0.002). After the 30-min restitution period the changes brought
about by exercise were not significantly different from those observed at rest.
Exercise performed one hour after blood withdrawal produced a significant
lowering of fraction 1 (P < 0.01) and a significant increase in fraction 2 (P <
< 0.005). During restitution, on the other hand, there occurred a significant
rise of fraction 4 (P < 0.001 and P < 0.005, respectively). The changes observed
immediately after exercise and during the restitution period 24 h after blood
withdrawal were similar to those observed during the test performed one hour
after bleeding. There were, however, no significant changes with respect to
fraction 4 as well as fractions 1 and 3. A comparison of the plasma peptide
fiaction content showed that immediately after the exercise as well as in the
30th minute of restitution, fraction 4 was significantly decreased (P <0.01).
On the other hand, bleeding produced significantly higher values for fraction
2, but only during the restitution period (P < 0.005). More varied in character

Acta Medica Hungarica 40, 1983



180 MARKIEWICZ, K. et al.

0O  Peptides

Fig. 2. Rise in plasma total peptide concentration (OJ) and haematocrit (LU) after physical
exercise (B) in relation to the resting values (A) before blood letting (1) and 1 h (I1) and 24 h
(111) after blood letting. The rise is expressed in per cents of the resting value

were the changes occurring 24 h after blood withdrawal in the values obtained
immediately after the exercise where a significantly higher content of fraction 1
(P < 0.005) and a significantly lower content of fractions 3 (P <[ 0.05) and
4 (P < 0.001) were observed. On the other hand during the restitution period
fraction 2 was significantly increased (P < 0.001) while fractions 3 (P < 0.001)
and 4 (P <[ 0.02) were significantly decreased. At rest, 24 h after bleeding, a sig-
nificantly higher content of fraction 1 (P < 0.005) and a significantly lower
content of fraction 2 (P < 0.025) were obtained than in the control test.

Discussion

The results presented show that physical exercise performed after bleed-
ing gives rise to an increase in the plasma total peptide concentration and the
extent of the increase is similar to that observed following exercise under
normal conditions. Although the highest increase following exercise was
observed in the controls (without blood loss) but the differences obtained
after blood withdrawal were not significant statistically. There is no doubt
that in the observed increase of total plasma peptides the haemoconcentration
had an important role. Following exercise the peptide levels rose by an average
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of 13.7% as compared to the values obtained before exercise, and the haemato-
crit rose by an average of 6.4%. This indicates that the haemoconcentration
was responsible for about one half of the increase in peptide concentration
following exercise. The exercise-related changes were of short duration and
in the 30-min restitution period the higher levels returned to normal.

The study shows that physical exercise performed after blood withdrawal
brings about changes in the content of peptide fractions different in molecular
weight. The changes had a character different from those observed before
bleeding. The extent of changes after the exercise and also during the restitu-
tion period, depended on the time that had passed since blood withdrawal.
Exercise performed one hour after bleeding brought about a statistically sig-
nificant decrease in the content of peptides whose molecular weight exceeded
3500, and the decrease was accompanied by an increase in the peptides of
15003500 molecular weight. On the other hand, exercise performed 24 h
after the bleeding produced an increase only in the 1500-3500 molecular
weight peptides. During the 30 min restitution period the higher levels of
1500-3500 molecular weight peptides were found to persist in both tests
performed 1 and 24 h after bleeding, while the decreased level of the peptides
of a molecular weight of less than 750 occurred only at the 1 h test.

It is difficult to explain the cause of the increase in total plasma peptides
as well as the behaviour of the different peptide fractions, especially that
following exercise performed before and after blood withdrawal. The difficulty
lies among others in the lack of reliable data about the mechanisms controlling
the peptide levels. On the one hand, they depend on their inflow from the
liver and other tissues and organs, and on their intracellular degradation
especially in the liver and their excretion with urine [15, 17, 19]. By changing
the haemodynamic conditions of circulation a blood loss may affect both pep-
tide formation as well as their splitting and excretion.

Of considerable interest are the findings concerning the enhanced activity
of proteolytic enzymes after blood loss [21]. The release of trypsinogen and
chymotrypsinogen from pancreatic zymogen granules and of cathepsin and
peptidase from pancreatic lysosomal granules increases directly with the
decrease in perfusion of the abdominal organs [6, 12, 13]. The phenomenon
may intensify intra and extracellular protein degradation and leads to an
increased flow of peptides to the circulating blood, but at the same time it
may enhance the degradation of low-molecular peptides. Those with a molec-
ular weight of 500—000 play an important part in haemorrhagic shock by
lowering myocardial contractility. A rise in their plasma concentration cor-
relates with a decrease in mean blood arterial pressure [13].

In our studies the blood loss did not lower the blood pressure, neither
the abdominal flow. For that reason, this mechanism of peptide release was
of little importance in our experiments. It seems that the acidosis produced
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by intensive physical exercise may have impaired the lysosomes and in this
way contributed to the increase in volume of the peptides in the circulating
blood [2, 9].

In view of the above one could expect that exercise performed after
blood withdrawal would produce a greater increase in the plasma peptide
level than exercise performed under normal conditions. It should, however,
be kept in mind that blood withdrawal also lowers the protein levels. Under
such conditions there occurs an increased demand for amino acids required
for new proteins to be synthesized. This may be the reason why exercise
performed after blood withdrawal but leads to considerable shifts in the con-
tent of peptide fractions different in molecular weight.
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ERRATA

From the article of Rajna, P., Halasz, P., Kundra, 0., Pal, I.: “Event-related
non-specific responses (K-complexes) during sleep” published in Acta Med.
Hung. 40: 33-—40 (1983) Fig. 7 is missing which is presented here:
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From the article of Feledi Eva, Jobst, K. : “Effect of Triton-100 on the electro-
phoretic mobility of the creatine kinase iso-enzymes of serum and tissues”
published in Acta Med. Hung. 40: 51—57 (1983) the captions of Figs 1—2 are
missing which are presented here:

Fig. 1. Creatine kinase (CK) isoenzymes detected by polyacrylamide electrophoresis and by

histochemical reaction with p-nitrotetrazolium blue. Sj and S2: two different normal sera (with

40 and 60 I1U/1 activity); M: skeletal muscle homogenate (with 23 000 1U/g protein activity);

H: heart tissue homogenate (with 5500 IU/g protein activity); B: brain tissue homogenate
(with 140 IU/g protein activity); MM, MB, BB: CK isoenzymes

Fig. 2. Creatine kinase (CK) isoenzymes detected as in Fig. 1. a and b: two different sera with
elevated CK activity (680, 960 1U/1). c: heart tissue homogenate; d: brain tissue homogenate;
in direction of the arrow, from top: MM, MB and BB: CK isoenzymes
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Endocrinology

FORMATION AND CONCENTRATION OF

DEHYDROEPIANDROSTERONE SULPHATE IN THE

ABDOMINAL SKIN OF HEALTHY INDIVIDUALS
AND PATIENTS WITH ENDOCRINE DISEASE

I. Faredin, |. Téth

ENDOCRINE UNIT, FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, 6701 SZEGED,

HUNGARY

(Received December 23, 1982)

In vitro incubation studies demonstrated that abdominal skin slices from healthy
females and males converted 1.05-2.73% (mean 1.75%) and 0.64-2.06% (mean 1.32%),
respectively of [ 4 - dehydroepiandrosterone (DHA) to [4-14C]dehydroepiandrosterone
sulphate (DHA-S) and that the /I6-3/i-hydroxysteroid sulphokinase(,15-3/3-11SS) activi-
ties were almost identical in female and male abdominal skin.

DHA-S formation in the skin of females with hirsutism of adrenocortical, ovarial
or idiopathic origin was shown not to differ from that in healthy females; the hyper-
androgenism in the skin of hirsute females is thus not a consequence of a .]53 - HSS
deficiency. In vitro synthesis of DHA-S in the abdominal skin of patients with complete
testicular feminization or 46XY pure gonad dysgenesis and anorchia was similar to
that in healthy subjects.

Addition of synthetic human al1-39-ACTH and natural (porcine) ACTH to in
vitro incubates of abdominal skin slices from healthy females or females with various
types of hirsutism increased the formation of DHA-S, revealing thereby a further extra-
adrenal effect of ACTH.

In the abdominal skin of healthy females and males the DHA concentration did
not differ, but the concentration of DHA-S was much higher in males.

The DHA-S concentration in the abdominal skin of idiopathic hirsutism patients
was pathologically high in spite of the blood DHA-S level being normal. The consider-
able accumulation of DHA-S in the abdominal skin of healthy males and hirsute females
cannot be explained by the normal ZI53/S-HSS activity; thus, it is assumed that either
the DHA-S elimination mechanism may be changed in the abdominal skin slices, or
the DHA-S binding proteins might be multiplied.

Keywords: metabolism of dehydroepiandrosterone, human skin tissue

Introduction

It has been known for nearly 15 years from in vitro investigations that

dehydroepiandrosterone sulphate (DHA-S) is formed from dehydroepiandroste-
rone (DHA) in human skin [1-7]. Nevertheless, little is known ofthe importance
of this water-soluble steroid in the skin. We have detected DHA-S in the lipoid

Send offprint requests to: Dr. I. Faredin, Endocrine Unit, First Department of Medicine,

University Medical School, H-6701 Szeged, P. O. Box 469, Hungary.
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film layer covering human axillary and pubic hair [5, 8]. It has also been dem-
onstrated that apocrine sweat glands excrete a considerable quantity of
DHA-S with axillary sweat [5, 9].

W ith aview to establishing the significance of DHA-S formation and the
activity of the enzyme 2Z5-3/9-hydroxysteroid sulphokinase (A5—3/?-HSS) in
human abdominal skin, we have made a study under in vitro conditions [6]
of the proportion of [4—14C] DHA converted to DHA-S by abdominal skin
slices from healthy females and males, and also from patients with various
endocrine diseases. It was also studied how the addition of synthetic or natural
ACTH to incubates of abdominal skin slices influenced the formation of DHA-S
and the activity of A5—3/9-HSS.

In parallel, the DHA and DHA-S contents were estimated in the same
abdominal skin samples from healthy females and males, and also females
with hirsutism. An account of these results is presented below.

Materials and methods

Chemicals

[4-14C]IDHA (specific activity 57.1 /tCi/mmol) and [7-3H(N)] DHA (specific activity
24 Ci/mmol) were commercial products of The Radiochemical Centre (Amersham) and New
England Nuclear (Boston). Before use they were purified on a 4 g A120 3 column (E. Merck,
Brockmann activity 111/1V) and their purities were checked on an A120 3—G (E. Merck) thin-
layer in a TLC-G system (n-hexane — ethyl acetate — abs. ethanol — glacial acetic acid,
120 : 130 : 1:2,v/v/vivl) [5]. [7-3H(N)] DHA-S ammonium salt (specific activity 24 Ci/mmol)
was purchased from New England Nuclear (Boston). Before use it was purified ona 15¢
florisil column (60/100 mesh, Floridin Co., Tallahassee) [5], and its purity was then checked on
silica gel G (E. Merck) thin-layer in the TLC-I system of Sarfaty and Lipsett [5, 10] (abs. etha-
nol — ethyl acetate — concentrated NH40H, 50 : 50 : 10, v/v/v) [11].

Aqueous solutions of compounds of analytical purity were prepared with glass distilled
water.

The synthetic human a1-39-ACTH was a product of Gedeon Richter (Budapest); 1 mg
synthetic hormone corresponded to 108 I. U. [12]. The natural ACTH was strongly purified
porcine ACTH (Cortrophin; Organon, Oss, The Netherlands).

The non-radioactive authentic steroids employed in the studies were procuts of Ikapharm
(Ramat-Gan, lIsrael); before use they were purified on a 4 g A1 3column (E. Merck; Brock-
mann activity I11/1V) and then on a thin-layer [5].

Examined subjects and skin samples

The control group of healthy males (9 cases) and females (8 cases) consisted of individ-
uals not suffering from endocrine or other disease, who were subjected to appendectomy.
The abdominal skin samples were obtained under general anaesthesia in the course of the op-
eration.

Among the endocrine patients there were 2 cases of adrenogenital syndrome, 4 of idio-
pathic hirsutism, 1 of masculine ovoblastoma, 2 of complete testicular feminization, 1 of pure
gonad dysgenesis and 1 of anorchia; the diagnosis was made on the basis of the clinical picture,
the laboratory results and other examinations.

Skin samples from the adrenogenital syndrome patients were taken from the hirsute
suprapubic abdominal area during amputation of the clitoris (subject R. A.) or during chole-
cystectomy (subject O. S.).

In the 4 hirsutism cases the skin samples were excised from the hirsute suprapubic
abdominal area under general anaesthesia, after informed consent.
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The abdominal skin samples from the complete testicular feminization, pure gonad dys-
genesis and anorchia patients were obtained by lower median laparatomy in the course of
diagnostic surgical exploration of the gonads.

Incubation of shin tissues

The skin samples were freed from antiseptic and adipose tissue, and cut with scissors
into 1-2 mm slices. 0.5 g quantities were incubated with 0.5 "Ci [4-14C]DHA in 5 ml Krebs—
Ringer phosphate -~ 200 mg/dl glucose (KRPG) medium pH 7.3 at 37 °C in air for 5 h [6].
Incubation was carried out in the presence of 10~3M ATP, NAD and NADP. Bacterial contam-
ination was inhibited by the addition of 1000 I. U. crystalline penicillin and 100 //g strepto-
mycin sulphate per ml incubation medium [6].

Synthetic and natural ACTH were added in the same amounts (25—500 ml.U.) to the
incubation medium on three occasions: at the beginning of the experiment, after 2 h, and after
4 h.

DHA-S was isolated and identified from the “sulpho-conjugated” fraction as described
earlier [6]. The formed quantity of water-soluble metabolite is given in units of pmol/0.5 g
wet skin tissue/5 h. The conversion was also expressed as a percentage referred to the substrate.

Determination of DHA-S concentration of serum

Direct RIA was used to determine the DHA-S in the serum of blood samples taken
between 8 and 9. a.m. The antiserum was obtained by immunizing white New Zealand rabbits
with DHA-17-(0-carboxymethyl)-oxime-BSA. Cross reactions were calculated according to
Abraham’s method and gave the following percentage values: DHA (100%), DHA-S (62.5%),
Epiand (48%), zl4-dione (33.4%), /P-diol-S (1.1%), Z5diol (0.25%) and DHT (0.015%). Before
the DHA-S assay the serum samples were diluted 1/1000 and 1/2000 to reduce serum steroid
and protein interference [13, 14]. The results for DHA-S were expressed in gTol/1. The interas-
say coefficient of variation was 12.3% and 12.5% at 3.69 gTol/1 and 5.99 //mol/1, respectively.

Determination of DHA and DHA-S concentrations of skin tissue

A portion (0.6-1.0 g) of the abdominal skin obtained during surgery was cut into 15-20 g
slices in a cryostat at —20 °C, and these were left to stand for 24 h in 10 ml 2 M NH40H
solution under periodic intensive shaking. This was followed by centrifugation at 5000 r. p. m.
for 10 min. The supernatant (10 ml) was removed and the residual skin tissue debris was well
ground with a glass rod in 5 ml 2 M NH40H. After renewed centrifugation, the supernatant
(5 ml) was similarly removed and combined with the former one.

The remaining skin tissue was ground with 4 X5 ml methanol, and after centrifugation
the methanolic extracts were combined and evaporated to dryness in vacuum. Known amounts
of [7-3H(N)]DHA and [7-3H(N)]DHA-S were added to the dry residue, followed by the extract
in 2 M NH.,OH (15 ml). The resulting solution was partially saturated by the addition of 6 g
crystalline (NH4)2S04, the mixture was extracted with 4x15 ml ethyl acetate, and the com-
bined extracts were evaporated to dryness in vacuum. The free and the sulphate ester steroid
fractions of the extract were separated on a 1.5 g florisil column [11], and the sulphate fraction
was hydrolysed with 1% HC104in ether.

From the free androgen steroids and those liberated from the sulphate ester fraction,
the DHA was isolated on a 4 g A12 3column and then purified on a thinl-ayer (E. Merck, nach
Stahl) and running in a TLC-G system. Following elution from the layer, the quantités of DHA
were determined by radioimmunoassay as described for serum earlier [13, 14]. The specificity
of the determination was guaranteed by column and subsequent thin-layer chromatographic
purification. The final results were given in units of nmol/kg of DHA or DHA-S. Results are
expressed as: mean + S.E.M.

Results

Table I shows the quantities and percentages of DHA-S formed from DHA
during the incubation of abdominal skin slices from 8 healthy females (age
17-46 years) and 9 healthy males (age 19-46 years). The range of percentage
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conversion of DHA to DHA-S was 1.05-2.73% for the females, and 0.64—2.06%
for the males. The difference between the two groups was not significant.

The corresponding results for abdominal skin slices from the endocrine
patients are listed in Table Il. In all cases the DHA conversion to DHA-S lay
in the range for the healthy subjects.

Table |

Formation of [4-uC]DHA-S in abdominal skin slices of healthy females and males

Females Males
[4-“C]DHA-S formed 0.5 [4-“C]DHA-S formed 0.5
Case Age [4MCIDHA g skin/5 h Case  Age [4-UCIDHA g skin/s h
No. years incubated No. years incubated
pmol pmol % pmol pmol %
| 17 7291 127 1.74 I 19 9136 112 1.23
2 19 8187 86 1.05 2 21 8187 126 1.54
3 21 8187 117 1.42 3 21 8554 136 1.59
4 22 7291 95 1.30 4 23 8189 53 0.64
5 22 7379 202 2.73 5 30 8659 118 1.37
6 24 8554 198 2.31 6 37 9136 80 0.87
7 24 8554 196 2.29 7 39 8659 141 1.63
8 46 9136 104 1.14 8 41 8189 75 0.91
9 46 8189 169 2.06
Limiting values 86-202 1.05-2.73 53-169 0.64-2.06
Mean 140.6 1.75 112 1.32
+ S.E.M. +17.56 + 0.22 +12.23 +0.15

The effects of synthetic human al 39-ACTH and natural (porcine) ACTH
on the formation of DHA-S in human abdominal skin are seen in Table I11I.
For healthy subjects, parallel incubations without the addition of ACTH
demonstrated consistent conversions (maximum difference in DHA-S forma-
tion, 6.4%). When three doses of 25—450 m1.U. synthetic ACTH were added to
incubates of abdominal skin slices from three healthy females, DHA-S forma-
tion increased by 13.9-51.4% . Similar increases (17.4-64.8% ) were found follow-
ing three doses of 25-500 m .U . in the cases of the hirsute patients. The porcine
ACTH led to a smaller increase in the formation of DHA-S (6.7—31.6%) than
did the synthetic human ACTH. It may also be seen from Table Ill that the
extent of DHA-S formation could not be enhanced by elevating the amount of
ACTH in the range applied in these experiments.
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Table M

Formation of [4-uC]DIIA-S in abdominal skin slices of endocrine patients

[4-»C]DHA-S

. Age, . . State of [fl-uC]DHA formed 05 g
Patient years Diagnosis abdsokni]r:nal |ncpumbg}ed skin/5 h.
pmol %
R. A. 18 adrenogenital syndrome, hirsutism hairy 8 964 in 1.24
0.S. 34 adrenogenital syndrome, hirsutism hairy 8 964 165 1.84
M. I. 16 idiopathic hirsutism hairy 9093 155 1.70
T. A 16 idiopathic hirsutism hairy 8 659 93  1.07
K. E. 17 idiopathic hirsutism hairy 8 100 70 0.86
S. K. 23 idiopathic hirsutism hairy 23 255 663 2.85
M. A. 45 Stein-Leventhal syndrome, hirsutism hairy 23 255 218 0.94
K. B. 65 masculine ovoblastoma, hirsutism hairy 8 187 169 2.06
Sz. K. 18 complete testicular feminization hairless 8 996 133 1.48
G. I 46  complete testicular feminization hairless 8 996 183  2.03
N. R. 18 46 XY pure gonad dysgenesis hairless 8 996 75 0.83
K. J. 25 anorchia hairless 10 958 102 0.93

Table 1V lists the results of DHA and DHA-S determination in the abdom -
inal skin from healthy females and males, and females with hirsutism. The
mean free DHA concentration in the abdominal skin of the 7 healthy females
(age 28-46 years) was 80.3 i 28.1 nmol/kg; the DHA-S concentration varied
between limits of 26 and 345 nmol/kg, with a mean of 1224 i 42.8 nmol/kg.

One of the two adrenogenital syndrome patients (R. A., aged 18 years)
displayed pathologically high DHA and DHA-S values: 729 and 2388 nmol/kg,
respectively. The other such patient (O.S., aged 34 years) had normal free
DHA and DHA-S concentrations in the abdominal skin: 205 and 136 nmol/kg,
respectively. The former subject had only a short glucocorticoid pretreatment
before the surgical intervention; while in the case of the latter the left adrenal
has been removed at the age of 12 years, and the patient had chronic glucocor-
ticoid therapy before excision of the skin sample.

The DHA and DHA-S concentrations were extremely high in the abdomi-
nal skin of one of the three idiopathic hirsutism patients (M. J.): 715 and
33 681 nmol/kg, respectively. In the other two patients (T. A. and K. E.)
the DHA values were normal: 66 and 114 nmol/kg, respectively; however,
the concentration of DHA-S in the abdominal skin, 399 and 6893 nmol/kg
were considerably in excess of the 345 nmol/kg found for healthy females.

DHA concentration in the abdominal skin of the five healthy males
(aged 28—47 years) varied between 43 and 165 nmol/kg, with a mean of 96.8 ~
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21.4 nmol/kg. Their DHA-S concentration ranged between 977 and 3070
nmol/kg, with a mean of 1876 + 411 nmol/kg.

The serum DHA-S concentrations of the patients are also given in Table
IV. Whereas the range for healthy females was 2.7-9.9 /iinol/1, with a mean
of 6.4 + 0.54 jumol/l, the DHA-S concentration in one of the adrenogenital
syndrome patients (R. A.) was 13.3 /nnol/1; the other patient (0. S.) had a
normal DHA-S Lvel: 5.3 jumol/l. The serum DHA-S concentration of the three
idiopathic hirsutism patients lay in the range found for 20 healthy females.

Discussion

Little is known of the importance of water-soluble DHA-S formation or
of its role, in human skin. Many consider DHA-S to be a biologically inactive
metabolite of the weakly androgen-active DHA [5, 9]. According to this con-
ception, the enzyme A5—3/1-HSS in the skin plays a part in the sulpho-con-
jugation and inactivation of the DHA passing into the skin from the blood
stream. The free DHA reaching the skin is excreted by the sebaceous glands
onto the surface of the hairs, together with sebum [5, 8, 15]. The water-soluble
DHA-S is excreted onto the surface of the skin, together with the sweat, by the
apocrine sweat glands [5, 9]. In another conception, the DHA-S in the skin
may be transformed by sulphatase to DHA, and may become involved in the
skin androgen metabolism via the pathway 4-androstene-3,17-dione —»testoste-
rone —»5«-dihydrotestosterone [16, 17]. In this way, the slowly metabolized
DHA-S would be the reserve hormone of the rapidly metabolized DHA
[18, 19].

Studies of abdominal skin slices from healthy females and males (Table I)
have confirmed that [4—14C] DHA added to the incubation medium was
converted to [4—14C] DHA-S and that the activity of A5—3/S-HSS was practi-
cally the same in the abdominal skin of healthy females and healthy males.

In the patients with adrenogenital syndrome or hirsutism of idiopathic
or ovarial origin the extent of DHA-S formation did not differ from that in
healthy females (Table Il). This observation appears to confirm that the hyper-
androgenism in the hairy abdominal skin of females with hirsutism [5, 20] is
not a consequence of A5—3/?-HSS deficiency.

In complete testicular feminization, 46 XY pure gonad dysgenesis and
anorchia, the hairless abdominal skin slices of the patients synthetized DHA-S
to a similar extent as in healthy individuals.

Some caution is necessary in the evaluation of the results of experiments
with synthetic human and natural (porcine) ACTH (Table Il1l). The amounts
of ACTH used were far in excess of the physiological level in the blood (11.6
pmol/l £ 0.97) [21], and can only be regarded as pharmacological quantities.
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Case
No.

10

11

Patient

R. Sz.

Table 111

Effects of synthetic human al-39—ACTH and natural porcine ACTH on formation of DHA-S
during incubation of human abdominal skin slices

Diagnosis, sex, age

normal*
female
17 years

normal*
female
21 years

normal*
female
22 years

normal*
female
43 years

sympathectomy™
male
27 years

idiopathic hirsutism*
female
23 years

Stein— Leventhal* syndrome,
hirsutism
female

Masculine ovoblastoma*,
hirsutism

female

65 years

normal**
female
22 years

normal**
male
23 years

normal**
male
41 years

* Synthetic human al 39-ACTH
** Natural porcine ACTH

ml.U. ACTH added
to 5 mlincubate
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DHA-S formed 0.5 g skin/5 h

pmol

125
127
133

117

218
256

169
171
199
221

95
108
125

increase, %

17.4

1.2
17.0
30.0

13.7
31.6

1.9
10.3

6.7
18.3
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ACTH was added to the incubate repeatedly during the experiment in order to
replace the decomposed ACTH. Besides thermal decomposition, it is also
necessary to take into consideration the adsorption of ACTH to the wall of the
vessel. Accordingly, it is not surprising that large individual differences in
DHA-S formation were observed and that a correlation could not be demon-
strated between the amounts of ACTH added and the quantities of DHA-S.
The only definite conclusion that can be drawn from the results is that both the
synthetic human and the porcine ACTH enhanced the formation of DHA-S
in the incubates of abdominal skin slices from both healthy and hirsute females.
The phenomenon means that we have observed a hitherto unknown extra-
adrenal effect of ACTH. The effect manifests with an enhancement of the activi-
ty of A5— 3/S-HSS, which plays a part in the sulpho-conjugation of DHA reach-
ing the skin from the blood stream. The newly demonstrated effect of ACTH
needs further investigations.

It has long been assumed that the composition and quantities of androgen
steroids in human skin arise from steroids passing into the skin from the blood
stream and those formed locally in the skin [5]. It is known that in human skin
an intensive androgen steroid metabolism occurs [23—28]. This is determined
under both normal and pathological conditions by the enzyme systems of the
skin, the various binding proteins and the receptor proteins.

DHA enters the abdominal skin tissue from the blood stream and,
depending on the activity of the skin enzyme systems, it is metabolized in
various directions [3, 6, 25, 28] including sulpho-conjugation [1, 2, 4]. The skin
tissue contains more DHA than that circulating in the blood of healthy females
and males: 13.98 + 7.49 and 18.46 i 4.65 nmol/l, respectively [29]; at the
same time, the DHA-S concentration is much lower in the abdominal skin than
in the blood. The DHA concentration is the same in the abdominal skin tissues
of healthy females and males, whereas the DHA-S concentration is much
higher in males than in females (Table 1V).

In one adrenogenital syndrome patient (R. A.) where the excess androgen
was produced by the diseased adrenal cortex and the DHA-S level was patho-
logically high in the serum, both the free DHA and the DHA-S were found to be
elevated in the abdominal skin. In an other adrenogenital case (O. S.) the
DHA-S concentration was normal in the serum and so were the DHA and
DHA-S concentrations in the skin.

The free DHA concentration on the abdominal skin tissue was patholog-
ically high in one of the hree idiopathic hirsutism patients, and normal in
the other two. The concentration of DHA-S was, however, pathologically
high in the abdominal skin of all three patients (in two it was extremely high),
in spite of the blood DHA-S level having been normal in all of them.

The extensive accumulation of DHA-S in the abdominal skin of healthy
males and of patients with hirsutism is not explained by the A5— 3/3-HSS
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Table IV
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DHA and DHA-S concentration in abdominal skin of healthy females, healthy males and hirsute
females and DHA-S concentration in serum of hirsute patients

Case, No

FEMALES

~NOoO U WN

Limits
Mean
+ S.E.M.

FEMALES
1

MALES

abhwN R

Limits
Mean
+S.E.M.:

DHA-S concentration /miol/l in serum of healthy females and males
Females (20 cases)
Limits:
Mean:

Patient

=z
AO.Tr->

MmwWw =
SRR

+*S.E.M.:

ofrwmz
STPONS

Age, years

18

34

16

16

17

Diagnosis

normal
normal
normal
normal
normal
normal
normal

adrenogenital
syndrome,
hirsutism
adrenogenital
syndrome,
hirsutism
idiopathic
hirsutism
idiopathic
hirsutism
idiopathic
hirsutism

normal
normal
normal
normal
normal

Males (20 cases)
5.8-12.4

Abdominal skin tissue

DHA, nmol/kg

22-243
80.3
+28.1

729

205

715

66

114

DHA-S, nmol/kg

26-345
122.4
+42.8

2 388

136

33 681

399

6 893

977-3070

1876
+411

Serum
DHA-S
Junol/1

5.3

7.8

4.5

7.5

activity. The DHA-S passing into the abdominal skin or formed there might
have an altered elimination mechanism, but it may also be presumed that in
the hairy abdominal skin of healthy males and hirsute females proteins accumu-
lated which cause the binding of DHA-S.
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SENSITIVITY OF PREINCUBATED LYMPHOCYTES
TO SUPPRESSOR REGULATION
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DNA synthesis of human peripheral blood lymphocytes increases if Con A is
added to the culture after 24 h preincubation at 37 °C. During preincubation the mitogen
reactive lymphocytes lose their sensitivity to the suppressive effect of autologous mito-
mycin-treated mononuclear leukocytes, and of supernatants of autologous preincubatcd
cells. The reactive lymphocytes preincubated at 4 °C retain their sensitivity to the sup-
pressive effect of regulatory cells and their supernatants. It is assumed that the enhance-
ment of mitogen response after preincubation at 37 °C is caused by a decrease of sup-
pressor regulation of human lymphocytes. Prostaglandins maybe regarded as one of the
mediators of the suppression.

Keywords: DNA synthesis, lymphocytes, supressor regulation

Introduction

Suppressor cells inhibit various immune reactions. They can be induced
by antigens [1, 2, 10], mitogens [5, 7, 12, 15] and by allogeneic cells [7],
though spontaneous activity has also been described. Preincubation of human
lymphocytes results in an increased mitogenic response, if the mitogen is used
in suboptimal concentration. This has been explained by the loss of “short
lived” suppressor cell activity during preincubation at 37 °C [8]. Stobo et al.
(1976) found only a slight elevation of proliferation after preincubation; the
reason for this might be the higher mitogen concentration used [17]. Following
preincubation at 4 °C, the mitogenic response remained unchanged, therefore
Feighery et al. (1978) supposed the survival of suppressor cells at 4 °C [6].
McCombs et al. (1978) demonstrated that the augmentation of response was
due in part to an enhancement of lymphocyte activation [14]. Fresh cells
added to the precultured cells failed to suppress the augmented response [14,
16]. Goodwin et al. [8, 9] supposed a connection between the short lived sup-
pressor phenomenon and prostaglandin (PG) producing suppressor cells. The aim
of the present work was to investigate the above relations.

Send offprint request to: Dr. L. Kalmar, H-1088 Budapest, Szentkiralyi u. 46, Hungary
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Materials and methods

Separation of cells

Heparinized venous blood was drawn from healthy volunteers not taking any drugs.
Peripheral blood mononuclear leukocytes (PBMLs) were separated on Ficoll (Pharmacia)
gradient [3]. The viability of cells was tested by trypan blue dye exclusion; it was always higher
than 95%.

Preincubation of cells

PBML at 106cells/ml were preincubated at 37 °C and 4 °C for 24 h and they were washed
twice in TC-199 medium. Culture conditions were as described in lymphocyte DNA synthesis
assay.

Mitomycin (MMC) treatment of “regulatory” cells

DN A synthesis of regulatory cells was inhibited by MMC treatment before Con A stim-
ulation [10]. Freshly separated or preincubated cells were resuspended in TC-199 medium
containing 25 /~g/rnl mitomycin-C (Sigma) and incubated at 37 °C for 1 h. Cells without MMC
treatment with intact DNA synthesis were designated as “reactive” (= mitogen-reactive) cells.

Lymphocyte DNA synthesis assay

The separated PBMLs were resuspended in TC-199 medium supplemented with 10%
heat-inactivated fetal calf serum (Humén, Budapest), antibiotics, and 25 mM HEPES (Serva).
2 X 105cells in 5replicates were placed into flat-bottomed microplates (Greiner). Con A (Calbio-
chem) was added to afinal concentration of 2.5 or 25 figjnd. The cultures were keptin humidi-
fied atmosphere at 37°C for 72 h.

Eight hours before harvesting, 0.5 fiCi 3H-thymidine (Amersham) was added to each
well, the cultures were sucked off onto glass fibre filters (W hatman GF/c). Isotope determina-
tion was made in a Nuclear Chicago Isocap 300 counter and the results were expressed in c.p.m.

Cocultivation of “regulatory” and “reactive” cells

According to the procedure described above, 105cells treated with MMC (= regulatory
cells) and 10s untreated autologous (= reactive) cells were mixed. Controls containing only
reactive cells were also set up. The effect of freshly separated and preincubated (at 4 °C)
regulatory cells was compared to that of preincubated cells at 37 °C (= 100%).

Effect of supernatants of preincubated PBMLs on
autologous lymphocyte DNA synthesis

106m1 PBMLs were incubated in plastic tubes at 4 °C and 37 °C for 24 h. The effect of
supernatants obtained by centrifugation was tested on DNA synthesis of freshly separated

and preincubated lymphocytes which were cultured in the supernatants of precultured auto-
logous cells.

Effect of exogenous and endogenous PGs on DNA synthesis of Con A stimulated lymphocytes
The effect of exogenous PGEj and PGE2(Sigma) was tested. Endogenous PG synthesis

was inhibited by 1 fig/ml indomethacin (INDO, Sigma, USA). PGEtand INDO were added to
the cells immediately before adding Con A.

Analysis of data

Statistical significance was evaluated by Student’s t test. Results are expressed as mean
+ S.E.M.
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Results

Effect ofpreincubation on Con A stimulated D N A synthesis ofhuman
lymphocytes

The 2.5 jUg/ml Con A-induced DNA synthesis was considerably increased
when the lymphocytes had been preincubated at 37 °C for 24 h (Fig. 1). The
preincubated cells were washed in TC-199 and cultured in fresh culture medium
to abolish the effect of supernatant factors. The DNA synthesis of 25 jtig/ml
Con A-stimulated lymphocytes also increased after preincubation at 37 °C,
but to a smaller extent. Con A reactivity of lymphocytes did not change after
incubation at 4 °C.

Spontain. Con A25 Con A25
ljg/ml /jg/ml

Fig. 1. Effect of preincubation at 4°C and 37 °C on lymphocyte DNA synthesis stimulated
with Con A. (Mean of 8 separate experiments, mean + S E.M., data are expressed in per cent
of control)

Effect of MM C-treated regulatory cells on D N A synthesis offreshly separated
and preincubated lymphocytes

Freshly separated and preincubated (at 4 °C and 37 °C) cells after MMC
treatment (“regulatory cells”) were added to autologous lymphocytes stimu-
lated with Con A (“reactive cells”). Ifreactive cells were preincubated at 37 °C,
the effect of freshly separated and preincubated (at 37 °C and 4 °C) regulatory
cells was the same (Fig. 2a). If the regulatory cells were added to freshly separ-
ated or preincubated (at 4 °C) reactive cells the suppressive effect of freshly
separated and preincubated regulatory cells at 4°C was significantly greater
compared to that of cells preincubated at 37 °C (Fig. 2b, c).
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Regulatory cells
37°C, 2%h
fresh
4 °C. 24h

Fig. 2. Effect of freshly separated and preincubated regulatory (MMC-treated) cells on DNA
synthesis of fresh and preincubated lymphocytes stimulated with Con A. (Mean of 8 separate
experiments, mean + S.E.M.; data are expressed in per cent of control.)

Effect of supernatants ofpreincubated cells on D N A synthesis offresh
orpreincubated lymphocytes

DNA synthesis of Con A-stimulated fresh lymphocytes was inhibited by
supernatants of autologous PBMLs preincubated for 24 h. Suppressive activity
appeared in the supernatant of cells preincubated both at 4 °C and 37 °C
(Fig. 3a). The DNA synthesis of lymphocytes preincubated at 37 °C in the pres-
ence of supernatant produced at 37 °C was higher than that of fresh lympho-
cytes (Fig. 36). The lymphocytes preincubated at 4 °C and stimulated with
2.5 pg/ml Con A retained their sensitivity to the suppressive effect of super-
natants (Fig. 3c).

Effect of PGEs on D NA synthesis of lymphocytes

The effect of PGEX and PGE2 was investigated on the proliferative
response at low and high doses of mitogen. The inhibitory effect of PGEs on
DNA synthesis was more pronounced at a low mitogen dose (Figs 4-5). Lym-
phocyte proliferation was decreased by PGEX and PGE2 even in very low
concentration (the endogenous PG synthesis was simultaneously inhibited by
INDO).
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Fig. 3. Effect of supernatants (SN) produced by autologous mononuclear leukocytes preincu-
bated at 4°C and 37 °C for 24 h on DNA synthesis of fresh and preincubated lymphocytes.
(Mean of 8 separate experiments, mean + S.E.M.; data are expressed in per cent of control.)

Fig. 4. Effect of PGE, on DNA synthesis of Con A stimulated lymphocytes. Endogenous PG

production was abolished by INDO (1 fig/m\). (Mean of 9 separate experiments, mean + S.E.M ;

data are expressed in per cent of control.) o Con A, 2.5 /rg/ml; « Con A, 2.5 fig/ml -f- INDO,
1 fig/m\; O Con A, 25 go/ml; m Con A, 25 go/ml + INDO, 1 go/ml
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Fig. 5. Effect of PGE20on DNA synthesis of Con A stimulated lymphocytes. Endogenous PG

production was abolished by IND O (I /tg/ml). (Mean of 6 separate experiments, mean * S.E.M.;

data are expressed in per cent of control.) o Con A, 2.5 /tg/ml; « Con A, 2.5 /rg/ml -f- INDO,
liig/ml; O Con A, 25 A Con A, 25 fig/ml + INDO, 1 ~tg/ml

Discussion

The short-lived suppressor phenomenon has been supposed to be due to
the disappearance of suppressor cells during preincubation at 37 °C for 24 h,
which could be shown in lymphocyte cultures using mitogen at a suboptimal
concentration [4, 6]. A close connection between the short lived suppressor cell
function and PG production was supposed by Goodwin et al. [8, 9]. Our aim
was to study the cause of enhancement of lymphocyte proliferation after
preincubation. There were two possible explanations for the elevation of DNA
synthesis of preincubated lymphocytes, (i) an alteration of suppressor cell
function; and (ii) a change of reactive lymphocyte sensitivity to supp-
ression.

We found that the proliferative response to Con A, both at low and high
concentrations, increased after preincubation of lymphocytes at 37 °C for
24 h. The supernatants of preincubated cells were removed and replaced by
fresh culture medium. The enhancement of DNA synthesis following preincu-
bation was substantially more marked with alow Con A dose than with a higher
one(+200% and +50% ,respectively). Supposing adisappearance of suppressor
cells after incubation at 37 °C, we examined whether the freshly separated
lymphocytes and preincubated cells at 4 °C had a greater suppressive effect
than did preincubated cells at 37 °C. If the mitogen reactive lymphocytes
were preincubated at 37 °C, the effect of freshly separated cells and preincu-
bated ones at 4 °C or 37 °C was not different. If the mitogen reactive lympho-
cytes were freshly separated or preincubated at 4 °C, the suppressor effect of
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freshly separated regulatory cells and those preincubated at 4 °C was greater
compared to that of preincubated ones at 37 °C.

If the suppressive effect of regulatory cells is mediated by soluble factor(s)
appearing in the supernatant of preincubated lymphocytes, the effect should
change similarly as the change of the suppressor effect of regulatory cells.
We found that the proliferation of freshly separated lymphocytes was inhibited
by supernatants produced by autologous lymphocytes preincubated at 4 °C
and 37 °C. The suppressive effect of supernatants was most striking when the
supernatants were produced at 37 °C and tested on the DNA synthesis of fresh
lymphocytes. The lymphocytes preincubated at 4 °C retained their sensitivity
to the suppressive effect of autologous supernatants; while the cells preincubat-
ed at 37 °C failed to do so.

A marked decrease in the sensitivity of mitogen reactive lymphocytes
to exogenous PGEj and PGE2was found after preincuhation at 37 °C for 24 h.
A similar phenomenon was observed in connection with the “endogenous” PG
effect [13]. A significant suppression of DNA synthesis is caused by PGEs at
such low concentration (10-8-10-9 M) which can be found in leukocyte cultures
in vitro (8), and in inflammatory sites in vivo (11). Suppression by exogenous
PGEt and PGE2was higher at lower Con A concentration (2.5 pg/ml) than at a
higher one. A similar relation was found between the Con A concentration and
the suppressor effect of supernatants of preincubated cells.
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The biochemical liver function tests form an integral part of diagnostic practice
in hepatology. In this study the parameters suited for the estimation of drug elimination
and of the induced state of the liver, thus the excretion of D-glucaric acid, of menthol
glucuronide and the parameters of antipyrine and sulphadimidine kinetics were corre-
lated with the results of biochemical laboratory tests in patients with chronic liver
disease. The aim was to establich universally valid quantitative correlations between
the above results. Multiple relationships were revealed, but generally valid correlations
for the group of liver diseases occurred only in special relationships (serum albumin
level and antipyrine T,/2; serum bilirubin level and sulphadimidine T,/2). The results
have been evaluated from the methodological aspect to work out an appropriate dosage
regime in liver diseases.

Keywords: antipyrine kinetics, excretion of D-glucaric acid, human pharmaco-
kinetics, liver disease, liver function tests, sulphadimidine kinetics.

Introduction

Nowadays the studies of certain biochemical parameters generally called
“routine liver function tests” still belong to the important methods of hepato-
logical diagnostics. These are supplemented by histological findings in liver
biopsy specimens. A given biochemical syndrome generally implies typical
microscopic features, though in practice a complete overlap does not occur
[21,25].

Impairment of the functional capacity of the diseased liver is reflected
mainly in its abnormal biochemical pattern [9]. In a wider sense the drug
metabolizing ability and the adaptation phenomenon termed “enzyme induc-
tion” are also liver functions [3, 5]. The diseased liver is generally considered
to be an induced condition [1], and therefore it is uncertain whether some ofits
measurable functions such as D-glucaric acid excretion reflect a state of

Send offprint request to: Dr. Tinde Horvath, H-7643 Pécs, Ifjisdg u. 13, Hungary
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induction or damage in some diseases [7, 13, 14, 15]. Other functions, such as
gamma-GT activity may reflect cholestasis in individual cases, but if the cir-
cumstances of induction are present, for example, the effect of alcohol, they
may also reflect an induced state [20, 25]. Their evaluation raises various
possibilities. Examination of the biochemical tests called “routine liver func-
tions” has become general practice. Measurement of the parameters of drug
metabolizing ability, or of induction requires special knowledge and equipment
and, besides, it is inconvenient for the patient. So it is common practice to
draw conclusions from the abnormalities of biochemical liver function tests to
changes in drug elimination [27]. Another possibility is to use the histological
findings as the basis of conclusions [1, 10, 12, 17, 18, 23, 24, 26].

The aim of the present study was to establish whether the biochemical
parameters had a generally valid significance for judgment of the drug elimina-
tion ability and of the induced state.

Patients and methods

Thirty-five untreated male and female patients aged from 20 to 60 years, with liver
disease of heterogeneous aetiology and various severity, were studied. Liver biopsy was per-
formed in all of the cases. Of the 35 patients 8 had Gilbert’s syndrome; 6 alcoholic fatty liver;
6 chronic persistent hepatitis; 6 chronic active hepatitis; and 9 had a decompensated alcoholic
cirrhosis.

The methods for studying drug metabolizing capacity and enzyme induction used in
this study have been described earlier [12]. Briefly they were as follows:

1. D-glucaric acid excretion in 24 h urine, using the method of Marsh [19]. Its result
in liver disease may indicate hepatocellular damage or induction [7, 13, 14, 15, 16].

2. Menthol loading by oral administration of 2 g menthol, according to Szabé and Ebrey
[30], using the analytical method of Bitter and Muir [4]. Urinary menthol glucuronide excre-
tion gives information on glucuronic acid conjugation and it is suited for the estimation of
induction [11, 30].

3. Antipyrine kinetic study by oral administration 20 mg/kg of the test drug. The
methods of Brodie et al. [6] and Soberman et al. [28] were used to measure the biological
half-life (T,/2) as well as the metabolic clearance (MCR) of antipyrine [1, 2]. The method is
suitable for assessing the hydroxylating function of the mixed function microsomal enzyme
system [3, 22] and also for the measurement of induction [8].

4. Sulphadimidine kinetic study by i.v. administration of 1 g sulphadimidine, according
to Talseth and Landmark [31], using the analytical method of Bratton and Marshall [32]. For
the measurement of acetylating ability the biological half-life (Tj/2) of sulphadimidine was
applied [23].

The correlations and relationships examined were as follows:

I. The correlation between serum albumin level (indicator of synthetizing ability of the
liver) and microsomal functions (excretion of D-glucaric acid, menthol glucuronide, antipyrine
Tj/2) was investigated.

Il. Prothrombin and fibrinogen values were compared with the hydroxylating ability,
reflected in the value of antipyrine MCR (metabolic clearance rate).

Ill. The value of SGOT an index of parenchymal lesion, was compared with the hydroxy-
lating ability (antipyrine MCR).

IV. The serum bilirubin level was correlated to the acetylating ability (sulphadimidine

Ti/2). V. Gamma-GT activity was correlated to the endogenous and exogenous indicators of
induction, the excretion of D-glucaric acid, and of menthol glucuronide. Their interrelation
was also examined [8, 11, 20].

For evaluation of the results correlation analysis, variance analysis and the two-sample
t test were used. The diagrams represent the diagnostic distribution of patients, and the corre-
lation or the relationship between their given parameters.
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I. The only significant correlation of the serum albumin level was that

with antipyrine kinetics (T,/2) (Fig. la, b, c).
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Fig. 1. Correlation between serum albumin and the microsomal functions activity, a D-glucaric
acid excretion, b Glucuronide binding capacity, c Hydroxylating function. Significant correlation
was found between serum albumin level and the hydroxylating function (antipyrine Tj/r)

. The statistical differences between the mean antipyrine values for the
normal and low prothrombin activities indicated that low prothrombin values
indicate a major impairment of the hydroxylating ability (Fig. 2). The fibrino-
gen level may change in two directions; it may be elevated or lowered. The
relationship of low fibrinogen levels with the hydroxylating capacity was the
same as that of alow prothrombin activity (Fig. 3).

60 « alcoholic liver cirrhosis
o alcoholic fatty liver
= 0, A [v) . .
prot:]]r:.Z&OO/o prothrn]':l<080 % n alcoholic hepatitis
\ép 0 . chronic active hepatitis
g 40 O Gilbert's syndrome
X
00 - -ft- 313+117
or o 235461
20 "
p<0.01

Fig. 2. Relationship between antipyrine MCR values and prothrombin activity: MCR values
belonging to normal and pathological prothrombin values. The difference of hydroxylating
ability between two groups is significant
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Fig. 3. Relationship between antipyrine MCR values and fibrinogen (F) level: MCR values
belonging to lowered, nearly normal and elevated fibrinogen levels. Significant diminution of
hydroxylating ability was found in the group with low fibrinogen level

1. SCOT is an important liver function test, but in connection with the
present aim it was uninformative itself. Its biological significance depends on the

severity and activity of the disease, and the same is the case with the hydroxy-
lating ability (Fig. 4).
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Fig. 4. Relationship between antipyrine MCR values and SCOT: SGOT values belonging to groups of

damages with various biochemical activity. The differences of hydroxylating ability and SCOT values
were parallel in comparison of groups only with extreme clinical and biological differences (1 and 4, 3 and 4)
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V. The correlation of the serum bilirubin level with the sulphadimidine
Ti/2 was significant statistically, despite the small number of cases (Fig. 5).

Y. There were no demonstrable connections between the three induction
parameters in the group of heterogenous liver disease (Fig. 6a, b, c). This was,
however, true only for alarge group since the parameter may show a significant
correlation in a smaller homogeneous group. Gamnia-GT activity andD-glucaric
acid excretion showed a close correlation in patients with alcoholic fatty liver
(Fig. 7).

Fig. 5. Correlation between sulphadimidine kinetical parameter (T1Y2) and serum bilirubin level
in patients with various chronic liver diseases. Significant correlation was found between serum
bilirubin level and sulphadimidine elimination (T 1/2)

Fig. 6a.
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Fig. 6. Correlation between enzyme induction parameters in groups of patients with various
chronic liver disease: a D-glucaric acid excretion and glucuronide binding capacity, b. D-gluca-
ric acid excretion and serum gainma-GT activity, c. Serum gamma-GT activity and glucuronide
binding capacity. Correlation was not found between the three parameters of enzyme induction
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QGT (iu)

Fig. 7. Correlation between D-glucaric acid excretion and serum gamma-GT activity in a group
of patients with alcoholic fatty liver. Positive correlation was found between these two para-
meters

Discussion

Numerous studies have been undertaken to simplify the assessment of the
drug metabolizing ability in liver diseases [3, 5, 29]. Our correlation studies
have also been concerned with this question. It has been attempted to use the
de Ritis quotient for this purpose in viral hepatitis [7]. The variations of the
elevated serum bilitubin level after treatment were widely used in Gilbert’s
syndrome for correlation studies for induction indicators [18]. A correlation
has been demonstrated between D-glucaric acid excretion and the k2 elimina-
tion constant of aminopyrine kinetics in normal individuals [15], and also be-
tween antipyrine kinetics (MCR) and the serum albumin level, between galac-
tose elimination capacity and prothrombin activity and between antipyrine
kinetics and urinary 6-beta-hydroxycortisol excretion [3,14]. The results of
such studies are greatly influenced by the characteristics of the group, and by
the previous treatment [10, 16, 22]. It is a special problem in liver diseases,
in contrast to normal subjects, that the size of the liver is not in proportion to
body size, neither correlates with the galactose elimination, nor with bromsul-
phophthalein transport. The reliability of the kinetic parameters may be
improved by estimation of liver size and correcting the values according to the
result [5].

Serum albumin provides a liver function parameter which shows pro-
gressively changing valuesin one direction only even in heterogenous groups.
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(In the present material the serum albumin levels were given in per cents of the
electrophoretic value because in cirrhosis the absolute values were influenced
by water retention.) On the basis of its changes, the serum albumin level seems
to provide the ideal basis for assessment of the drug eliminating ability, but our
results did not support this. They only indicated that an impairment of the
hydroxylating function, as reflected in the antipyrine Tt/2 is closely related to
the decrease of the albumin level.

The relationships between abnormal prothrombin and fibrinogen values
and drug elimination are known from earlier studies [3, 27]. It is, however,
questionable whether the sensitivity of prothrombin activity approaches that
of the albumin level. The bidirectional changes of the fibrinogen level cause
difficulties in such correlation studies. SGOT values as indicators of paren-
chymal damage are of importance only if their clinical background is known.
It is not irrelevant whether a slightly elevated GOT is found in liver disease of
minor severity or in one of major severity. The sulphadimidine parameters
(biological half-life, proportion of the acetylated fraction in serum and urine)
show a behavior similar to that of INH, i.e. abimodal distribution in the normal
population. The mean biological half-life of the slow and rapid acetylators vary
within certain limits, depending on the population under study and on the
experimental circumstances [23, 33].

We have no sufficient explanation for the relationship between sulphadi-
midine Tj(2and the serum bilirubin level found in the presentstudy, because the
protein binding has not been examined. It is, however, known that the elimina-
tion of compounds in an acetylated form is impaired in jaundice, thus 70% of the
patients with Gilbert’s disease were found to be slow acetylators [18, 26].
Levi et al., on the basis of kinetic studies of INH, which is also eliminated in
acetylated form, found the prolongation of half-life in hepatic disease propor-
tional to the increase in the serum bilirubin level, and the (INH-lialf-lives showed
no bimodal distribution [17]. Having no information on protein binding the
cause of the distribution is uncertain.

The significance of biochemical parameters in drug elimination is indis-
putable. However, in view of the multiplicity of interrelations, a given liver
function test hardly seems to have such an informative value in itself, as it was
observed between the serum bilirubin level and sulphadimidine Kkinetics.
It seems more likely that the clinical pattern and the coexistence of biochemical
tests indicating a well-defined liver damage may be distinctive from this point
of view. The drug eliminating capacity may serve in this sense an additional
liver function test. This interpretation of the relationships may constitute the
basis of a discriminance analysis. Thus, it is felt that systematic prospective
studies of well-defined groups of liver diseases have preserved their value in the
investigation of relationships between biochemical tests and drug metabolizing
ability. It seems that retrospective discriminance analysis will become more
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informative with the use of more clinical tests and parameters of drug eliminat-
ing ability. A retrospective grouping of patients by the use of representative
parameters may constitute the basis for the elaboration of rational dosage
regime.
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GASTRIC ACID AND SERUM GASTRIN RESPONSE
TO SHAM FEEDING, AND THE EFFECT OF
CIMETIDINE ON THE RESPONSE TO SHAM
FEEDING IN DUODENAL UUCER PATIENTS
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Sham feeding resulted in a significant increase of gastric acid secretion in 12 male
patients with duodenal ulcer. No significant change in serum gastrin concentration was
produced by sham feeding. Reproducibility of gastric acid response to sham feeding was
very good (r = 0.74). The mean peak 30 min acid output amounted to 9.5 + 1.0
mmol/30 min following sham feeding. That was 46.5% of the 30 min peak acid output
elicited by pentagastrin infusion administered in a dose of 1.5 pg/kg/b. Cimetidine in a
dose of 2 mg/kg/h almost completely reduced (by 85%) the gastric acid secretion induced
by sham feeding. Cimetidine did not cause any change in serum gastrin concentration
during and after sham feeding.

Keywords: duodenal ulcer, sham feeding, cimetidine, gastric acid, serum gastrin

Introduction

In duodenal ulcer patients the gastric acid response to sham feeding, the
serum gastrin concentration during and after sham feeding, and the effect of
cimetidine on sham feeding were investigated.

Materials and methods

Twelve male patients with duodenal ulcer participated in the study. They ranged in age
from 22 to 54 (mean 36.4) years and their mean weight was 65.6 kg.

Duodenal ulcer was diagnosed on the hasis of an ulcer crater in barium studies and by
endoscopy. Antisecretory drugs were discontinued at least three days before the experiments.
After and overnight fast a nasogastric tube was placed in the antrum. In the first hour, basal
acid secretion was measured, then the subjects were fed a test meal consisting of 200 g fried
pork, 250 g french-fried potatoes and 200 ml water. The test meal was seasoned with salt and
pepper. A “modified sham feeding” test [14, 16] by “chew and spit” technique was used. The
patients tasted the meal, and chewed it for 30 min. They were instructed not to swallow the
food and had to rinse their mouth with water after every morsel. During all tests gastric aspi-
rates were checked for swallowed food particles and none was found.

13 Send offprint requests to: Dr. I. Kisfalvi, Fifth Department of Internal Medicine, Hun-
garian State Railways Hospital, H-1145 Budapest, Szant6 Béla u. 9/b, Hungary
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In studies with pentagastrin, an intravenous infusion of pentagastrin (Peptavlon, 1.C.l1.)
was given in a constant dose of 1.5 /(g/kg/h for 60 minutes. This dose of pentagastrin usually
elicits the maximal secretory rate in duodenal ulcer patients [5].

The variability in acid output provoked by sham feeding was examined after a 4-day
interval. The regression line was calculated by the method of least squares. Linear regression
equation, correlation coefficient and significance were given.

In studies with sham feeding and cimetidine, an intravenous infusion of cimetidine
(Tagamet) was administered with a dose of 2 mg/kg/h for one hour. The infusion was started
at the beginning of sham feeding.

Gastric secretion was collected by an electric suction pump in 15 min periods. The volume
of gastric secretion was measured and hydrogen ion concentration was determined by a glass
electrode. Potentiometrie titration to pH 7.0 with 0.1 N NaOH was used. Acid output in 15
min periods was calculated in millimoles (mmol per 15 min). The results were expressed as
mean and +* S.E.M.

The 30 min peak acid output (PAQO) in response to sham feeding and pentagastrin infu-
sion was expressed in the sum of the two highest consecutive 15 min gastric acid outputs fol-
lowing the start of the tests.

In sham feeding and cimetidine experiments the percentage of inhibition was calculated
by expressing the 30 min PAO during sham feeding alone and in the same periods the mean 30
min acid output during sham feeding and cimetidine. The significance of differences in the 15
min acid outputs was tested by t test.

Venous blood for determining serum gastrin concentrations was collected through an
indwelling catheter, which was kept open by slow saline infusion. Blood samples were obtained
at 15 min intervals before, during and after sham feeding. Blood was stored at —20 °C until
assayed. All samples were tested by CIS CEA SORIN kit in duplicate in the same assay. The
basal serum gastrin concentration was defined as the mean of the two serum gastrin levels
measured before sham feeding.

Results

As shown in Fig. 1, acid secretion was stable during the 60 min. basal
period. During sham feeding acid secretion increased and reached the peak
during the second 15 min. period of sham feeding. During the next 30 min,
acid secretion decreased. Acid rises in response to sham feeding were significant
above basal levels.

Se-lem RC © eg™m

Fig. 1. Effect of sham feeding on serum gastrin level and gastric acid secretion in 12 duodenal
ulcer patients. Asterisks indicate significant differences.) *P < 0.05, ** P < 0.01
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Sham feeding caused only a small rise in serum gastrin concentration.
The peak gastrin increment was reached by the end of sham feeding, i.e. at 30
min but it was not significant as compared to the basal gastrin level.

Reproducibility of the gastric acid response to sham feeding in the first
hour in the 12 duodenal ulcer patients is shown in Fig 2. A highly significant
(p < 0.001) correlation (r = 0.74) was observed between results of the first
and second tests.

Acid output (mmol/h) Test 1l

Fig. 2. Reproducibility of gastric acid secretion evoked by sham feeding. Each point represents
results of two tests in one subject

Figure 3 illustrates the 30 minute mean gastric acid secretory responses
(PAQO) to sham feeding and pentagastrin infusion in the 12 duodenal ulcer
patients. PAO amounted to 95 £1.0 mmol/30 min following sham feeding,
corresponding to 46.5% of the mean 30 min peak acid output to pentagastrin
(20.4 £ 1.55 mmol/30 min).

Fig. 3. Peak acid outputs produced by pentagastrin infusion given in a dose of 1.5 /ig/kg/h,
and by sham feeding in the 12 duodenal ulcer patients
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Figure 4 shows that cimetidine infusion almost completely abolished the
acid response to sham feeding. Cimetidine produced no change in the serum
gastrin level observed during and after sham feeding. The acid inhibition was
85% .

Fig. 4. Effect of cimetidine on gastric acid secretion stimulated by sham feeding and on the

serum gastrin level during and after sham feeding. Solid lines represent effects of sham feeding

as controls in the 12 patients with duodenal ulcer. Asterisks indicate significant differences.
** P < 0.01, *** P < 0.001

Discussion

Sham feeding is probably the most physiological way to induce vagal
gastric acid secretion by activating efferent vagal pathways to the stomach.
In the present study sham feeding resulted in a marked and significant increase
of gastric acid secretion in duodenal ulcer patients. Our results are in agreement
with the observations of other authors who found a similar significant acid
response to sham feeding in healthy humans [3, 7, 10, Il, 13] and in duodenal
ulcer patients [3, 6, 7, 8, 10, 12, 14, 16]. We found that sham feeding did not
cause a significant increase in serum gastrin concentration in duodenal ulcer
patients when the stomach contents were aspirated. Our results confirm the
reports of several authors [7, 8, 9, 11, 15,16] who found no significant change in
serum gastrin level following sham feeding but disagree with some workers
[1, 2, 4, 6, 10] who were able to demonstrate a significant increase of the serum
gastrin concentration during sham feeding. The reason for the discrepancy is
not known. It was suggested that the standard aspiration technique probably
allows some acid to bathe the antral mucosa which may produce a feedback
inhibition of gastrin release [13]. Namely, in previous studies when the intra-
gastric pH was kept at 5.0 by in vivo intragastric titration during sham feeding
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in man, there was a significant increase in the serum gastrin level [1, 2].
On the other hand, when the intragastric pH was maintained at 2.5, there was
no gastrin response to sham feeding [2]. In contrastwith these studies,Stenquist
et al. [16] and Konturek et al. [8] were unable to confirm this suggestion. These
authors maintained the intragastric pH between 6.1 and 8.1 [16] or at 5.5 [8]
and did not find any significant increase in the serum gastrin level during sham
feeding.

Our finding that the serum gastrin response to sham feeding was not
significant indicates that the vagal release of gastrin is of minor importance for
gastric acid secretion stimulated by sham feeding in duodenal ulcer patients.
This observation may be interpreted so that vagal excitation induces gastric
acid secretion almost entirely by direct cholinergic activation of the parietal
cells.

Reproducibility of the gastric acid response to sham feeding revealed
a close correlation (r = 0.74) between the different variables. No significant
difference was detected between the acid responses obtained in duplicate tests
with sham feeding in 12 duodenal ulcer patients.

PAO during sham feeding was 46.5% as expressed as a percentage of
PAO to pentagastrin infusion given in a dose of 1.5 pg/kg/hr.

In 12 patients with duodenal ulcer the acid response to sham feeding was
almost totally abolished by administering cimetidine in a dose of 2.0 mg/kg/h.
The inhibition of gastric acid secretion amounted to 85%. Cimetidine caused no
change in the serum gastrin level during sham feeding.
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From 17 patients subjected to pentagastrin test, 136 samples of gastric juice
(fasting sample, basal secretion, fractions after stimulation) were collected. The concen-
tration of the protein components (1gG, IgA, IgM, C3 and albumin) in the fasting samples
were in excess of those found in the basal secretion, but protein output (volume Xcon-
centration) was nearly identical in the two samples. The protein concentration of the
fractions obtained in response to pentagastrin stimulation were too low to be measur-
able. According to correlation analysis, protein concentration in the gastric juice is pri-
marily the function of the microbiological finding. The allergic effect of microorganisms
in the gastric juice may give rise to an increase in its immunoglobulin and albumin
concentrations

Keywords: pentagastrin test, gastric juice, microbiological findings, immuno-
globulins, immune response

Introduction

The digestive system is a rich source of living (microbial) and dead
(nutritive, microbial) antigens. The mucous membranes are in continuous
contact with countless antigens and allergens. The gastrointestinal microflora
is under the control of multiple factors. Nonspecific factors of regulatory in-
fluence include peristalsis, proteolytic enzymes, lysozyme, conjugated bile
acids, bacterial antagonism or synergism and gastric acid [1]. The specific
factors are provided by secretory immunoglobulins (IgA, IgM) attaining the
mucosal immune system [13]. It is due to the complex effect of these factors
that 33% of the gastric and 20% of the duodenal juice are sterile [4], though
the reservoir function of the stomach somewhat inhibits the defence mechanism
of the gastric mucosa. The highest microbial counts have been found in achlor-
hydric cases [12] and Varro regards E. coli contamination of the gastric juice as
inseparable from achlorhydria [14].

In gastric achlorhydria or hypochlorhydria the incidence of duodenal
colonization of pathogens is also high. The microbial populations of the hy-
pochlorhydric or achlorhydric gastric juice find easy access to the duodenum in

Send offprint requests to: Dr. Zsuzsanna Somos, H-7624 Pécs, Kodaly u. 20, Hungary
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this way [7]; the regulatory effect of gastric acidity thus extends to the duode-
nal microflora as well [2].

The digestive activity of the proteolytic enzymes also belongs to the
factors accounting for the absence of proteins and antigens from the normo-
chlorhydric gastric juice [10]. This implies that the immunoglobulins attaining
the surface of the gastric mucosa display their defence mechanism only in
certain situations. Under physiological conditions proteolysis of antibodies
may even take place. Some twenty years ago Heiskell et al. [3] raised the possi-
bility that in gastric malignancy the mechanism accounting for the wide variety
of proteins in the gastric juice must be a more complex one than a simple
haemorrhage. Their findings have been confirmed by further studies [8, 9, 16].

Earlier [11] we have found striking differences between hypo- or achlor-
hydric and hyper- or normochlorhydric samples in this respect. The results
of microbiological studies were closely related to the acidity of gastric juice
[10, 11], the microbiological finding having been invariably positive in the
cases of hypochlorhydria or achlorhydria, but only in a small proportion of
those of hyperchlorhydria or normochlorhydria. Moreover, in all cases in which
microorganisms had been found in the gastric juice, the immunoglobulin and
albumin levels of all fractions were higher than in the case of negative bacterio-
logical findings. The highest immunoglobulin concentrations were found in the
presence of a mixed bacterial flora. The relationship between the increase in the
immunoglobulin concentrations and microbiological findings was no confined to
the gastric juice; it was also demonstrable in the duodenal fluid (bile fractions
A, B, C) [11].

As it is known, the smallest gastric volumes are observed in the case of
achlorhydria. It was therefore justified to examine the question how far the
composition of proteins and microorganisms in the gastric juice is determined
by their concentration. We have therefore subjected to a comparative study the
fractions obtained during a pentagastrin test, to identify the factors accounting
for the increase in protein concentration. Thus, the relation between the bac-
terial count, the protein concentration and the parameters of acidity (chemical
reaction, HC1 concentration, acid secretory responsive) has been examined.

Patients and methods

Seventeen patients, 13 with duodenal ulcer and 4 with gastric symptoms with no organic

abnormality, were subjected to a pentagastrin test (Acignost®, Berlin-Chemie, GDR 6 /ig/kg
subcutaneously). Gastric juice was withdrawn first in the fasting state, followed by collection
of fractions at 15 min intervals over 1 h prior to pentagastrin stimulation (BAO: basal acid
output), then for another hour after pentagastrin stimulation (MAO: maximal acid output).
A total of 136 samples was examined. Diagnosis was based on endoscopic or X-ray evidence
in each case. No ulcerogenic drugs (salicylates, antirheumatic or antihypertensive agents,
steroids) had been administered, and no abnormalities of the parenchymal, endocrine or blood-
forming organs were demonstrable in any of the cases.
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In each fraction the concentration of 1gG, IgA, IgM, complement C3, albumin (g/1),
volume, chemical reaction, HC1 concentration (mmol/1) and acid secretory response (mmol/15
min or h) was determined, then the fasting gastric juice and the basal secretion were studied
for microorganisms. In the calculations for chemical reaction first the absolute ion concentra-
tion was considered and reconverted to the pH value. For quantitative study of the immuno-
globulins and the other protein components our method described earlier [10, 11] was used, its
sensitivity having been 0.01 g/1

Microbiological studies. The bacteria were counted and identified. For aerobic cultures
0.1 ml aliquots of gastric juice were measured onto the surface of blood-agar plates containing
5% bovine blood and of eosin-methylene blue agar plates, and spread evenly over the surface.
After incubation at 37 °C for 24 h and at room temperature for another 24 h the colonies were
counted and the bacteria were identified by microscopic and biochemical methods. The results
were referred to 1 ml gastric juice. For anaerobic cultures, 0.1 ml aliquots of gastric juice were
measured onto glucose-containing blood-agar Lab-Lemco medium and evenly spread over the
surface. Anaerobic conditions were provided by the alkaline pyrogallol method. After incuba-
tion at 37 °C for 72 h the colonies were counted and the bacteria were identified by microscopic
and biochemical evidence methods. The results were referred to 1 ml material.

Biostatic methods. Mean values + S.D. were considered; for correlation studies Student’s
two sample t test was used.

Results

The samples taken after pentagastrin stimulation (MAO fractions)
contained no immunoglobulins, complement C3 or albumin measurable by the
methods used.

Albumin concentration in the fasting samples was found to exceed that
of the basal secretions (Fig- 1, Table 1). Protein output (volume X protein
concentration) was nearly identical in the fasting sample and the basal secre-
tions (Table I1), the difference between them was not significant. The immuno-
globulin/albumin-proportion in the fasting sample and the basal secretion was
also practically identical (Table I1).

Results have been assembled in Tables Ill and IV. There was a close
correlation between the acid secretory response (mmol/h) and HC1 concentra-

035
0.30
025
\py 020
015
010
005

IgG 1gA IgM G Alb
fasting
pH 47

Fig. 1. Immunoglobulins, C3 and albumin in fasting sample (F) and basal secretion (BAO) in
pentagastrin test. Immune sera; “Human”, Budapest; for C3 “Sevac”, CSSR
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Table |

Protein concentration (g/l) and bacterial counts in fasting sample (F) and basal secretion (BAO),
mean *S.D.

F BAO
19G 0.14+0.25 0.08+0.21
IgA 0.36+0.55 0.14+0.34
IgM 0.04+0.07 0.02%+0.05
C3 0.01+ 0.01 0.01+ 0.01
Albumin 0.12+0.17 0.07+0.16
Bacterial count 1.5x 104+3.2 x 104 1.5x 103+3.2 x 103
Table M
Protein output (volume X concentration) infasting sample (F) and basal secretion (BAO),
(9)
F BAO
19G 0.0046 0.0059
IgA 0.0118 0.0104
IgM 0.0013 0.0015
C3 0.0002 0.0002
Albumin 0.0039 0.0044

Proportion of protein components: 1gG/IgA 1:2; IgA/albumin *=2.5 :1; lgG/albu-
min A~ 1:1

Table 111
Correlation of data from fasting sample (F) and basal secretion (BAO) (n = 17; P <0.01)

F IgM/BAO IgA r = 0.8894
F IgM/BAO 19G r = 0.6510
F IgM/BAO IgG r= 0.7888
F IgM/BAO C3 r= 0.7917
F IgM/BAO albumin r= 0.7596
BAO 1gG/BAO IgM r - 0.7090
BAO 1gG/BAO C3 r = 0.8351
BAO IgG/BAO albumin r= 0.9828
BAO IgA/BAO IgM r= 0.9423
BAO IgM/BAO C3 r= 09723
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Tabic IV

Correlation of the data from fasting sample (F) and basal secretion (BAO) (n = 17; P < 0.01)

F IgM/BAO bacterial count r= 0.8230
BAO bacterial count/BAO 119G r = 0.8507
BAO bacterial count/BAO IgA r = 0.8937
BAO bacterial count/BAO IgM r = 0.9664
F bacterial count/BAO C3 r = 0.9939
BAO bacterial count/BAO albumin r= 0.9278
BAO pH/BAO bacterial count r = 0.7439

tion (mmol/1); the r being nearly 1.0. As expected, the immunoglobulins in the
samples correlated closely -with each other, the complement C3 and the albumin
(Table I11). For instance, a close correlation between the proteins of vascular
origin was reflected by the r 0f 0.9829 between IgG and BAO albumin or by the
r of 0.9126 between complement C3 and albumin. A similarly close correlation
was found in basal secretion between IgM (which is also formed locally in the
mucosa and takes part in the complement binding reaction) and C3 (r =
0.9723). In the basal secretion the correlation between the immunoglobulins
formed locally was also very close, IgA and IgM (g/1) giving an r value of
0.9423.

The bacterial counts were also found to correlate closely with the con-
centration of the individual immunoglobulins and of complement C3 (Table
1Y): r = 0.9939 between the fasting bacterial counts and complement C3 (g/1)
concentration of BAO; r = 0.9664 between the bacterial counts and IgM (g/1)
of BAO; r = 0.8937 between the bacterial counts and IgA (g/1) of BAO;
r = 0.9278 between the bacterial counts and albumin (g/1) of BAO.

A close correlation was demonstrable also between the pH and the bac-
terial counts of BAO; r = 0.7439.

Discussion

As pointed out by Kétyi et al. [5, 6], a gross and persistent disturbance
of the intestinal flora is in itself no pathogenic factor. In our view it is due
to the specific protective effect of the mucous membranes which are not accus-
tomed to an otherwise persistent microbial colonization or to the presence
of pathogenic microorganisms, and which can cope with the massive, biologi-
cally active microbial populations without any gross damage. It is also due to
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the live mucosal products that the achlorhydric gastric contents may remain
sterile [14]. It has been confirmed by van der Waaij [15] that the majority of
bacteria forming the intestinal flora in mice are coated in vivo with secretory
immunoglobulins.

On the evidence of the present study, the bacterial counts correlate very
closely with the concentrations of the individual immunoglobulins and of
complement C3, the r being approximately 1.0. Our earlier studies [11] also
revealed close correlations between the immunoglobulin concentrations of the
fractions fo gastroduodenal juice and the presence of microorganisms. It may
he assumed on these grounds that the immunoglobulin concentrations of the
body fluids primarily result from immunogenic microbial factors. In the light
of these findings, the presence of microorganisms in the body fluids, owing to
their allergenic properties, is by no means indifferent to the body. Therapeutic
measures in accordance with the bacteriological finding are, therefore, certainly
justified.

The protein concentration of stimulated glandular secretions is known
to he below the basal value [13]. /1 stimulation of major intensity may result in
highly diluted secretions with so low protein concentrations the measurement
of wihich requires quantitative methods of particular sensitivity. This may
account the present observation that the protein components revealed the
highest concentration in the fasting sample and in the basal secretion, but after
pentagastrin stimulation they were not measurable by the methods used.
As pointed out earlier, the differences between fasting sample and basal
secretion in the concentrations of the protein components are eliminated by
taking the protein output into consideration.

The reported results point to the significance of mucosal infections. A pos-
sible increase in the immunoglobulin concentration of the body fluids is primari-
ly due to the allergic effect of the microorganisms identifiable on the mucous
membranes. This presupposes a specific protective capacity of the mucous
membrane which assumes a compensatory activity against the disturbances of
acidity and proteolytic activity associated with chronic processes.
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SECRETIN-PANCREOZYMIN TEST WITH
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Pancreatic responses to submaximal doses of synthetic secretin (125 ng/kg) and
cholecystokinin octapeptide (50 ng/kg) were investigated in controls and patients with
pancreatic disease. Doses of stimulants were chosen from dose-response experiments to
avoid supramaximal amounts which inhibited the pancreatic response.

Injection of secretin resulted in duodenal juice in less trypsin but more lipase
activity than that elicited by cholecystokinin octapeptide. The increase of amylase
was about the same.

Diagnostic efficacy of pancratic responses to the individual hormones was similar.
An overall evaluation of the results seems to be the most reliable method for diagnostic
purposes.

Keywords: synthetic secretin, cholecystokinin octapeptide, pancreatic function

Introduction

The secretin-pancreozymin test using different preparations of hormones
is the standard method to detect pancreatic damage [1]. Recently, synthetic
hormones have been available but their submaximal doses suitable for the
secretin-pancreozymin test [12, 37] have not been precisely established.
Neither is there any comparative study concerning the pancreatic response to
synthetic secretin (S-S) and cholecystokinin octapeptide (CCK-OP) and their
diagnostic efficacy in pancreatic disease.

In the present study we have examined the pancreatic response to S-S
and CCK-OP in patients with pancreatic dysfunction and in control subjects
to evaluate the diagnostic use of the synthetic hormones.

Materials and methods

Stimulation with increasing doses of secretin

Synthetic secretin was kindly provided by Prof. E. Winsch (Max-Planck-Institut fur
Biochemie, Minchen, FRG). It was lyophilized and taken up in a solution of cysteine-HCI
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in ampoules containing 50 pg of secretin and 1 mg of cysteine-HCI. Biological activity of the
secretin preparation remained stable during this study and also for some weeks in 0.9%
NaCl solution at —20 °C as controlled in rat experiments. (Recently, the synthetic secretin of
Prof. Winsch has been produced by Hoffmann—La Roche Co. Ltd., Basel, Switzerland.)

After simultaneous intubation of the stomach and the duodenum with a double lumen
Balzer tube, the duodenal and gastric contents were aspirated in 10 min fractions with an
electric pump. The basal fraction was discarded and increasing doses of 50-100-200 ng/kg
of synthetic secretin were given to five volunteers in bolus injection. After each injection duo-
denal juice was collected for three successive 10 minute fractions. The volume and bicarbonate
concentration of each sample were determined.

Stimulation with increasing doses of CCK-OP

CCK-OP was synthetized and biologically characterized by our team [18]. After intuba-
tion with the Balzer tube, to five other volunteers 25, 50 or 75 ng/kg of CCK-OP was given
slowly i.v. to avoid the side effects produced by rapid injection. After each dose duo-
denal juice was collected for 10 min. The samples were put immediately in ice and examined
within 4 h. Trypsin, lipase and amylase secretion was measured.

Secretin-cholecyslokinin-oclapeptide (S-S-CCK-OP) test

Duodenal and gastric juice were aspirated separately in 10 min fractions with the Balzer
tube. The basal fraction was discarded and submaximal dose (125 ng/kg) of S-S was given i.v.
as bolus injection and duodenal juice was collected for 30 min. Then a submaximal dose (50
ng/kg) of CCK-OP was given intravenously during 5 min and the duodenal contents were
collected for 30 min. In the postsecretin phase some times gastric reflux occurred, so the loss
of duodenal volume was corrected by estimating trypsin in the gastric aspirate. No other cor-
rection of volume recovery was used.

Chemical methods

Trypsin activity was estimated spectrophotometrically with a-N-benzoyl-D-L-arginine
p-nitroanilide-HCI (BAPNA, Sigma) as substrate [3], lipase by a pH-stat method with Sigma
lipase substrate [15] and amylase with the Phadebas® Amylase Test (Pharmacia AB, Uppsala,
Sweden). Bicarbonate concentration was estimated by back-titration to pH 5 [3].

Calculations

Maximum and mean enzyme activity, and maximum and cumulative outputs for the
10 min periods were calculated for all the enzymes. Maximum and cumulative volumes and in
the postsecretin phase also maximum bicarbonate concentration were registered for diagnostic
purposes. Lower limits of normal values were determined with the formula, log x-2 log SD,
[32] using data of 31 control subjects. The results were evaluated statistically by Student’s
t test or variance analysis whenever it seemed appropiated.

M aterial

The study was performed in 41 control subjects having no pancreatic disease and in 103
patients with pancreatic dysfunction.

The diagnosis of pancreatic disease was assumed on the basis of a typical history and
the laboratory signs of two or more relapses of pancreatitis and by simple screening procedures
such as the starch tolerance and/or the Lipiodol test [2] and later verified by Lundh test [25].
In 68 patients additional morphological examinations (histology and/or endoscopic wirsun-
gography) proved the existence of chronic pancreatitis.
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Results

50-100 ng/kg of S-S resulted in an almost dose-related increase in volume
but larger doses caused a significant decrease in pancreatic volume in the first
10 min period and no further increase in the next two periods (Fig. 1). The
bicarbonate response showed no significant change 25-50 ng/kg of CCK-OP
stimulated enzyme secretion in a dose-related manner but subsequent injection
of 75 ng/kg of CCK-OP caused not further increase or even inhibited lipase
output (Fig. 2).

Volume Bicarbonate concentration
s-secretin s- secretin

50ng/kg 100ng/kg 200ng/kg 50ng/kg 100ng/kg 200ng/kg
i | |

Fig. 1. Volume and bicarbonate response to increasing doses of synthetic(s) secretin. Duodenal
juice was collected in three successive 10 min periods (I—I1—I11) after each dose of hormone.
Values represent means = S.E.M. of five volunteers. Significant decrease in the volume
response to the largest dose of secretin during the first 10 min period is indicated by asterisk

(P < 0.05)
C H Cc 1 c >
3 S 3 ﬁ CCK - OP
25ng/kg 50ng/kg 75ng/kg
t it
11000
24 -
800
20 . 9000
600 -7000
16 -
400 -
12 . 5000

Fig. 2. Response to increasing doses of CCK-OP injection. Duodenal juice was collected for
10 min after each dose of hormone. Values are mean + S.E.M. of five volunteers. T = trypsin,
L = lipase, A = amylase
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CCK-OP resulted in more trypsin but somewhat less lipase than did S-S;
the response of amylase was similar to both hormones (Table I).

By the use of 14 parameters for each response of the patients, the fre-
quency of positive results was less with the S-S test than with the CCK-OP
or S-S-CCK-OP test. Maximum bicarbonate concentration gave additional

Table |

Pancreatic response to S-S and CCK-OP

Control subjects (n = 31) Patients (n = 103)
S-Secretin CCK-OP S-Secretin CCK-OP
Amylase
Mean activity, U/ml 177.46 186.11 104.23 104.48
+16.760 +11.884 +10.104 +9.490
Maximum activity, U/ml 271.37 242.65 155.72 139.64
+26.591 +15.099 +14.104 +12.206
Cumulated output, U/30' 24 987.88 25 670.41 10 140.04 10 625.39
+2 876.519 +2 317514 +1 133.602 +1 122.569
Maximum output, U/10' 12 585.92 15 364.47 5785.72 6 083.38
+1510.503 +1 393.315 +688.499 +690.855
Trypsin
Mean activity, mU/ml 324.98* 499.36 215.11* 315.54
+34.625 +45.,595 +14.410 +18.730
Maximum activity, mU/ml 522.52* 745.97 338.40* 425.29
+65.031 +68.525 +24.072 +25.047
Cumulated output, U/30" 44.78* 68.11 19.76* 31.05
+4.851 +4.451 +1.426 +2.410
Maximum output, U/10° 25.25* 45.07 11.55* 17.88
+3.260 +3.600 + 0.868 +1.543
Lipase
Mean activity, U/ml 69.83 54.83 45.72* 32.87
+7.039 +5.099 +3.208 +3.113
Maximum activity, U/ml 94.39* 72.13 56.93* 44.53
+10.711 +5.906 +3.720 +3.965
Cumulated output, U/30' 10 285.74* 6 643.56 4 405.07* 2874.92
+1 473.344 +721.178 +391.263 +295.869
Maximum output, U/10" 4 549.06 3293.45 2021.86* 1407.02
+611.887 +350.547 +170.701 +134.056
Volume
Cumulated, m1/30' 137.32 129.97 86.01 91.39
+7.962 +8.302 +3.335 +3.857
Maximum, ml/10' 55.26 65.58 38.56 46.36
+2.855 +3.976 +1.585 +2.285
Maximum bicarbonate concen-
tration, mgqg/1 109.35 88.26
+2.715 +2.971

Values are mean * S.E.M.; *significantly different from CCK-OP result (variance
analysis, P < 0.05)
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I cumulated output 11[111 mean activity
0O maximum output Y /i~ maximum activity

Fig. 3. Frequency of positive parameters of Synthetic Secretin-CCK-OP test in 103 patients
S = synthetic secretin, C = CCK-OP, S-C = overall response to S-CCK-OP

information only in the postsecretin phase (Fig. 3). In mild cases only individual
enzyme activities or outputs, eventually only the volume outputs were patholog-
ical in one of the tests. The number of positive results increased parallel with
the severity of pancreatic disease. False positive results were obtained in the
control subjects with the S-S,CCK-OP and theS-S-CCK-OP tests at a frequency
of 12.9%. 16.1% and 12.9%, respectively.

In histologically or endoscopically verified chronic pancreatitis, some false
negative results occurred with all the three test at a frequency of 11.8%, 7.3%,
and 7.3%, respectively, but one of them was always positive except in one
patient.

The diagnostic efficacy [21] of the S-S and CCK-OP tests was similar
and their sensitivity increased but the specificity decreased when both tests
were evaluated. The most reliable results were achieved with the overall re-
sponse to the S-S-CCK-OP test (Table 11).

Table 11

Diagnostic efficacy of S-S-CCK-OP test in chronic pancreatitis, per cent

S-Secretin CCK-OP S-Secretin and /or Overall response
response response CCK-OP response to S-S-CCK-OP
Sensitivity 88.2 92.7 98.5 92.7
Specificity 87.1 83.9 71.0 87.1
Predictive value of positive
test (true positive) 93.7 92.6 88.2 94.0
Predictive value of negative
test (true negative) 77.1 83.9 95.6 84.4
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Discussion

The total functional capacity ofthe pancreas characterized by its response
to maximal stimuli points to the functioning cell mass of the organ [12, 37].
Supramaximal doses of S-S and CCK-OP, however, resulted in an inhibition
of pancratic responses. Inhibition of secretion by supramaximal doses seems
to be a general property of pancreatic secretion [27, 34], making it difficult to
establish the exact doses needed for functional tests. In our study near maximal
but evidently not supramaximal doses were used. The maximal dose of Squibb
synthetic secretin was large for volume but not for bicarbonate concentration
[11, 16], while a similar dose of caerulein was needed for both experiments
[30]. Bolus injections instead of infusions of synthetic hormones were adminis-
tered inview ofthe rapid inactivation of highly diluted preparations on different
surfaces [4,19].

The 125 ng/kg dose of S-S corresponding to about 0.5 CU/kg of GIH
secretin [11, 13, 16] was comparable to the doses previously used for diagnostic
purposes as submaximal stimuli [29, 37]. 50 ng of CCK-OP has a potency of
0.8 IDU according to animal experiments [23]. Similar doses of natural prepa-
rations [37] and synthetic caerulein [30, 33] were used in other human studies.
The pancreatic response to Boots secretin (1 CHRU/kg) and pancreozymin
(1.5 CHRU/kg) was similar but somewhat lower than in the control subjects
of our previous study [26]. All measured and calculated parameters are needed
to ensure the optimal diagnostic efficacy of the tests [9, 14]. By a complex
evaluation of the secretory parameters it will be possible to correct the failure
arising from the overlap of results of mild cases and of the controls. Discordant
results are well-known to occur in mild or moderate pancreatic disease [20],
even a negative S-P or Lundh test may be frequent in endoscopically verified
chronic pancreatitis [22, 31] when few parameters are registered. Non-parallel
disturbances of enzyme secretion may be the consequence of non-parallel
enzyme synthesis and secretion [7] manifesting with pancreatic insufficiency
shown by the data of less prevalent enzymes. The non-parallel inhibition of
enzyme secretion by supramaximal doses of CCK [34] may be explained by the
same mechanism. CCK-OP elicited more trypsin and about the same quantity
of amylase than S-S in the control subjects as well as in the patients, also indi-
cating the non-parallel secretion of pancreatic enzymes. The phenomenon was
widely discussed and ascribed to differences in the acinar cell populations or to
the presence of two intracellular enzymatic pools by Dagorn et al. [8]. The less
pronounced increase in lipase secretion after CCK-OP may have been the
consequence of a secondary inactivation of lipase activity by proteolytic
enzymes [33] and/or of an increased bile acid secretion [15]. In any case, the
washout enzyme secretion [5] in response to S-S was nearly asimportant as the
direct stimulatory effect of CCK-OP.
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Duodenal juice was aspirated by an electric pump and if the flow had
decreased the patency of the tube was controlled by air-insufflation. In our
preliminary study [28] no significant loss of juice to the intestine occurred,
so the recovered volume of juice was not corrected. An uneven mixing of the
marker in the intestinal contents leads to overestimation of the loss of juice
[36] mainly in the postsecretin phase [5]. This may have been the reason why
the secretory pattern and the volume responses corresponded to those obtained
in other studies done without marker technique [6, 29, 37] but not to the
corrected values of quantitative tests [5, 36].

The diagnostic efficacy of the CCK-OP tests was similar to that of the
S-S test, although in the CCK-OP periods bicarbonate was not measured. In
some studies using natural hormone preparations the postsecretin phase [10,
37], in others [6, 35, 37] the postpancreozymin period was more useful for the
diagnosis of mild pancreatic disease. Using synthetic caerulein and natural
secretin (GIH), the overlap of chronic pancreatitis and the control group was
somewhat less wide with lipase and chymotrypsin output than with bicarbonate
output [30]. In our further practice, the overall response to S-S+ CCK-OP was
calculated and used for diagnostic purposes since the greater sensitivity of the
individually evaluated responses was deteriorated by their weaker specificity
i.e. by their frequent false-positive results.

In conclusion, the diagnostic reliability of the S-S-CCK-OP test was
equal to the secretin-pancreozymin test performed with natural hormones [24],
but the latter procedure is less expensive than the former one and until now we
have observed no allergic side effects which were rather frequent with the
earlier preparations [6].
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LACTOSE-POOR MILK IN ADULT LACTOSE
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The frequency of lactose intolerance was studied in patients with chronic gastro-
intestinal disease, mainly peptic ulcer to explore the possibilities of the use of lactose-
poor milk.

It was found that whole milk caused dyspeptic symptoms in 45% of patients
with peptic ulcer; lactose-intolerance was present in 82% of the patients with milk
intolerance; lactose poor powdered milk resulted in complete freedom from symptoms.
Use of milk with reduced lactose contents is recommended in the diet of adult patients
with lactase deficiency.

Keywords: lactose intolerance, peptic ulcer, lactose-poor milk

Introduction

Investigations over the last two decades have thrown new light on certain
conditions connected with malabsorption or maldigestion and have transformed
our views on the absorption and gastrointestinal effects of various foodstuffs.
This allowed to detect an intolerance to some particular nutrient in the back-
ground of diarrhoea, abdominal colicks or maldigestion of seemingly obscure
origin. It is no longer justified to ascribe conditions of this kind to ‘‘allergic
gastroenteritis”, since their cause may be entirely different. Conditions labelled
“food hypersentivity” are often caused by milk or dairy products. Studies of
recent years have shown that milk intolerance (MI) was generally caused by
lactose maldigestion (LM) and consecutive lactose intolerance (L1) rather than
by allergy to milk, and the factor responsible for the condition is an intestinal
lactase deficiency (LD) [1, 2, 4-6].

Congenital lactase deficiency is a rare condition of recessive heredity,
manisfesting itself with severe symptoms in the neonatal period.

Primary adult lactase deficiency is also hereditary hypolactasia, its inci-
dence varying from population to population, in accordance with long-established
dietary traditions [5, 6]. In the majority of the populations all over the world
leaving the primitive pastorial tribes out of account, carriers of the lactase

Send offprint request to: Dr. L. Nagy, H—7643 Pécs, Ifjusag u. 13, Hungary
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deficiency gene expressing itself after childhood with inadequate lactase activity
of the intestinal brush border, may be estimated at 40 to 60%. This accounts
for the excessively high prevalence of adult LI.

Secondary hypolactasia or alactasia, which may arise in children and adults
alike as a result of some abnormal process involving the intestinal microvilli,
is also fairly common. The responsible factors include intestinal infections,
coeliac disease, gastrectomy or intestinal resection, and chronic inflammatory
intestinal processes such as ulcerativ colitis, Crohn’s disease and irritable colon.
Chronic malnutrition and certain drugs like neomycin or cytostatics may also
cause LD.

In LI, the spilling of lactose into monosaccharides is deficient, therefore
the lactose is poorly absorbed and passes unaltered into the distal part of the
small intestine and into the colon where, in consequence of its osmotic effect,
it abstracts water from the body, thus providing a favourable medium for the
growth of the ascending intestinal flora. Bacterial fermentation produces gases
(H2 CO02 etc.) in abundance, as also various organic acids of low molecular
weight which not only display an additional and strong osmotic effect, but also
enhance peristalsis by acting as a chemical irritant to the intestinal wall.

These are the factors accounting for the symptoms of lactose maldiges-
tion: diarrhoea, colicky pains, sensation of repletion, distention, flatulence
(Fig- 1)-

Management of L1 was based earlier on complete abstinence from lactose.
It is, however, difficult to keep a patient, particularly an infant, on a lactose-

\/  bacterium

vena portae 0 gas (H2,C02)
(glucose, galactose) m  organic acids-

Small intestine colon

Symptoms : flatulence
diarrhoea
nausea
vomiti ng
intestinal cramps
fullness

Fig. 1. Pathogenesis of the clinical features of lactase deficiency. Vena portae = portal vein
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free diet without complete prohibition of milk. Also for otherwise healthy adults
it is undesirable to be deprived from the benefits of milk and dairy products.

Until recently the dietary therapy of LM has been mainly of paediatric
interest. Expensive, lactose-free foods (Lactopriv, Sojaval-G), or natural milk
pretreated with beta-galactosidase (Galantase®) immediately before intake
have been in use [2]. Home-prepared sour milk has been also used to good
advantage[3].

Despite the wide range of possibilities, nutrition and dietary management
of LI in children and adults, on account of the prevalence of LD in the popu-
lation, still poses difficulties.

The present study was undertaken to establish the prevalence of L1 by
guestionnaires; and to assess the clinical value of milks with reduced lactose
content in the dietary management of LI.

Materials and methods

Data were collected by questionnaires directed at L1 and its features from 150 outpa-
tients with peptic ulcer attending regulary our clinic.

In 10 inpatients with peptic ulcer exhibiting symptoms of MI, oral loading with 1.5
g/kg lactose, was performed. Two days later the test was repeated with aqueous solutions of two
different, hut with regard to carbohydrate concentration identical, lactose-poor milk products
made by the Hungarian Institute for Dairy Research:

1. Lactose-hydrolyzed milk powder obtained by beta-galactosidase (Maxilact-4000)
pretreatment of skim milk at 35 °C for 3 h (Table I).

2. Ultrafiltered, lactose-poor powdered milk (Table I1).

The oral test was repeated in the same patients with 1.5 g/kg of a mixture of glucose -f-
galactose in equal proportion.

The glucose level was measured in capillary blood by an enzymatic assay (Boehringer
Mannheim GmbH kit) in the fasting state and at 30 min intervals for 3 h after loading.

The subjective symptoms, the number of bowel motions, and the pH of the stool samples
were registered.

L1 was diagnosed if the increment of the blood glucose level in response to oral ingestion
of lactose failed to exceed 1.0 mrnol/l and the same time diarrhoea and other dyspeptic symp-
toms appeared.

For statistical analysis, Student’s t test was used. The deviation of the means was re-
garded as significant at the level of P < 0.05.

In the diagrams the mean values i S.E.M. are shown.

Table |

Compositon of lactose-hydrolized milk powder in g/dl

Galactose -f- glucose 51.4
Protein 36.0
Mineral salts 8.4
W ater 35
Fat 0.7
Total 100.0
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Table 11

Composition of ultrafiltrated, lactose-poor powdered milk in g/dl

Glucose 37.1
Protein 28.7
Fat 19.0
Lactose 6.0
W ater 5.9
Mineral salts 3.3
Total 100.0
Results

The questionnaires were returned by 120 out of 150 patients. 87 reported
to be regular milk consumers. 54 of them (45%) experienced various symptoms
after ingestion of milk. The symptoms, their types and incidence are listed in
Table 11l1. Some of the patients reported more than one symptom. Table 11l
lists the essential symptoms only.

Thirty-three patientswho had always avoided ingesting milk, the majority
because of symptoms of dyspepsia.

Intolerance to milk has thus been reported by a large proportion of the
aptients and it was attributed in the first place to intestinal LD.

Eight of the 10 closely investigated patients with active ulcer disease
had duodenal, 2 had gastric ulcer. Their average age was 34.5 years, the male-
to-female distribution 8:2.

Table 111

Incidence of dyspeptic symptoms in milk-intolerant patients (n = 120) with gastric or
duodenal ulcer

B Per

Main symptoms No. cent
Diarrhoea i6 21.7
Sensation of repletion 10 8.3
Colicks 8 6.6
Heartburn 5 4.2
Perspiration 3 25
Nausea 2 1.7
Total 44 45.0
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Fig. 2. Blood glucose level after loading with lactose, glucose -f- galactose,l actose-hydrolyzed
and ultrafiltered milk products in patients with LI

The response of the blood glucose level to oral loading with lactose,
subsequently with glucose-(-galactose and with lactose-poor milk are shown in
Fig. 2. While the blood glucose level remained practically unchanged after
lactose administration, it increased by 3.0 mmol/l1 after the other tolerance
tests, reaching the peak at 30 min after ingestion.

The patients with L1 developed watery stools and experienced abdominal
colicks, a sensation of repletion and flatulence, often soon after lactose ingestion.
The bowel motions varied between 2 and 12 in number. Faecal pH invariably

* Symptoms
o No symptoms
Mean+S.E.M.

gi 20

o

? 10 -

o

cD

0t lactose lactose lactose
load hydrolysed ultrafiltered
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Fig. 3. Blood glucose level and dyspeptic symptoms after loading with lactose, lactose-hy-
drolyzed and lactose-ultrafiltered milk products (n = 10)
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declined to figures of slight acidity. After ingestion of the lactose-poor milks
these symptoms remained absent; only a minor distention was reported by one
of the patients, and mild diarrhoea by another.

Discussion

The prevalence of MI is high in patients with gastrointestinal disease.
Milk is an important dietary factor in some of these diseases, particularly in
peptic ulcer, and is therefore, eomsumed in large amounts. This discloses the
presence of MI in many cases and accounts for its 45% prevalence in peptic
ulcer.

We have confirmed the presence of lactose intolerance in 18 out of 22
patients (82%) with MI. This is consistent with published observations, accord-
ing to which MI in adults may be attributed in practically all of the cases to
LM of variable grades of severity resulting from intestinal LD [1].

It is not suggested that hypolactasia should be ascribed to peptic ulcer
itself, although the prolonged dietary and long-term drug therapy may well
have consequences ofthis kind. It is far more probable that hereditary intestinal
LD involving a high proportion of the general population manifests in mature
age primarily in patients with hyperacid gastritis or peptic ulcer as a result of
excessive milk intake.

We still lack reliable data concerning the prevalence of LD in the normal
adult population of Hungary. The proportion of 40% found in ulcer patients
seems, however, to provide a fairly reliable estimate, which has yet to be con-
firmed by large-scale studies in normal populations.

The nutrition and diet of lactase-deficient adults still pose major practical
problems. Whole-milk or food prepared with milk or dairy products are avoided
by these patients. Their reluctance to it is justified. Milk which belongs to the
essential elements of nutrition in our days is a source of abdominal discomfort,
of dyspeptic symptoms in patients with LD. Withdrawal of milk offers an
inadequate and at best a provisory solution.

In view of these problems lactose-poor milk is gladly accepted for clinical
trials. These preparations adequately diluted in water, are in no way inferior in
taste to skim milk.

Both lactose-hydrolyzed and ultrafiltered lactose-poor milks were subject-
ed to comparative oral loading tests in 10 inpatients with peptic ulcer dys-
p laying symptoms of LI.

Intake ofthe prepared milk in a diluted form in quantities corresponding
to fairly large volumes of natural milk caused no noteworthy symptoms of
dyspepsia. At the same time, a marked elevation of the blood glucose level, as
opposed to the lactose tolerance curves, was demonstrable in all of the cases
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(Fig. 2). The response of the blood glucose level was consistent with the glucose
-f-galactose tolerance curves.

On the evidence of the present study, lactose-poor inilk preparations
have thus been found suited for the dietary regimen in LD. Unless their cost
should turn out to be prohibitive, they are bound to contribute to milk cons-
umption. Selection of the biologically optimum products requires further
experimental and clinical studies.
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The absorption of D-xylose was studied in patients with malignant lymphoma
treated with cytostatics according to C. O. P. protocol. It was found that the absorption
of D-xylose decreased for 24-48 h after the administration of the drugs. Following the
cytostatics therapy a temporary arteficial malabsorption can be expected.

Keywords: citostatics, intestinal absorption, d-xylose, malignant lymphoma

Introduction

There is no tumour specific cytostatic drug available which would in-
fluence the tumour cells selectively. The sensitivity of certain tissues to cyto-
statics corresponds to the frequency of cell formation, thus the rapidly prolif-
erating epithelia of the gastrointestinal tract can also be damaged during
treatment [1, 3]. The xylose test is a simple way of judging intestinal ab-
sorption. On the basis of these we began to examine the effect of cytostatics on
xylose absorption.

Patients and methods

Eleven patients with malignant lymphoma treated according to the C. O. P. protocol
participated in the study. D-Xylose test was performed before and after 24-48 h of the combined
cytostatic treatment. After the oral administration of D-xylose in 5 g doses urine was collected
for 5 h in one h fractions. The result was given as g/5 h values. D-Xylose was determined by
spectrophotometrical method. For the statistical analysis the Student’s t test was used.

Results

The changes in the urinary excretion of D-xylose are shown in Fig. 1.
There was no pathologically low excretion before the treatment. This means
that D-xylose had been well absorbed from the intestine and excreted into
the urine. After the administration of cytostatics a marked decrease occurred
in xylose excretion on the first day, which improved on the second day.
Figure 2 shows the means and the results of the statistical calculations. The

Send offprint requests to: Dr. T. Berd, H-7643 Pécs, Ifjusadg u. 13, Hungary
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Fig. 1. D-Xylose excretion before and after combined cytostatic treatment. After the administra-
tion of cytostatics a marked decrease can be seen in xylose excretion on the first day, which
improved on the second day

xylose values before the treatmentwere taken as 100%, and the results obtained
on the first and second days were expressed as a per cent of the initial data.
It can be seen that after the administration of cytostatics the decrease in xylose
excretion is significant on the first and second days.

Discussion

Xylose is a five-carbon sugar that is absorbed by the same transport
mechanisms as hexoses, but is characterized by a much slower rate than
glucose or galactose. Assimilation of this sugar does not require the intraluminal
pancreatic stage of digestion, and hence, impairment of xylose absorption
indicates small intestinal mucosal disease. The xylose absorption test is simple,
painless, free of risks for the patient and it can he repeated daily if necessary.
It is the most reliable test of the functional capacity of intestinal absorption.
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P<0 001 PCO 01 |

P<0.05

Fig. 2. Urinary D-xylose excretion before and after combined cytostatic treatment in percentage
of the initial values (means ~S. E. M.). On the first day the change was significant, while
on the second day it was quite moderate in comparison to the initial values

The following three mechanisms caused hy cytostatics might be re-
sponsible for the changes observed:

1. Inhibition of mitosis (morphological changes)

2. Decrease of the activity of the mucosal enzymes

3. Shortened intestinal passage

Cytostatics act in various phases of the generational cycle of cells, and
exert their effect by the way of inhibiting the division of cells [2, 7, 9]. This
means that healthy tissues are involved in particular tissues that manifest a
high degree of proliferation. The small bowel mucosa possesses the fastest
mitotic activity after the hacmopoietic system, therefore its functional and
morphological damage during cytostatic treatment should be expected [1, 3,
6, 8]. Following high doses of cytostatic substances the mitotic activity of the
cells is strongly reduced. On the first day after treatment, the small bowel
mucosa, showed necrotic cells in the crypts and mitoses arrested in metaphase.
By the second day severe villous atrophy and occasional erosions were seen.

In the literature many reports can be found on the activity of disaccha-
ridases after the administration of cytostatics [4, 5]. The results are, however,
not uniform. We could demonstrate earlier that certain cytostatics decrease
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the enzyme activity of Na+— K +-dependent ATP-ase, which enzyme plays an
important role in active transport processes [10].

Cytostatic treatment is often accompanied by diarrhoea resulting in a
shortened intestinal passage.

Cytostatics seriously damage the small intestinal mucosa, the netto
absorption decreases, and the activity of the enzymes decreases. The physico-
chemical characteristics of the glycocalyx may change. The damaged mucosa
loses its barrier function and it can be supposed that these complex patho-
physiological processes may also be responsible for the impaired D-xylose
absorption.

Our final conclusion is that more attention should be paid to the possi-

bility of a therapeutically induced malabsorption in patients under treatment
with cytostatics.
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To establish whether aminoethyl-isothiuronium . bromide . hydrobromide (AET)
treatment influenced intestinal cell proliferation during ageing, juvenile and aged female
rats were treated with AET for a period of 20 days. Subsequent incorporation of 3H-
thymidine was studied in the epithelial cells of the duodenal and jejunal crypts. It was
found that after AET administration the major changes occurred in the duodenum, i.e.
the number of the villous epithelial columnar cells were found to be elevated during
senescence with a markedly higher level of mitotic numbers in the crypts. Changes were
less in the ageing jejunum, here neither the cells nor the number of mitoses were as
altered as those of the duodenal region. In general, the labelling indices of crypt cells
increased in young ages after AET treatment. The findings can be explained by the role
of AET with respect to nuclear metabolism.

Keywords: AET, cell proliferation, intestine, ageing

Introduction

Cell damage by bioreactive free radicals is one of the most important
factors of ageing [9, 11, 13, 16]. It has thus been assumed that with advancing
age radiation protective agents might influence the formation of free radicals.
Therefore, we have studied the effect of AET (aminoethyl-isothiuronium.
bromide, hydrobromide) one of the most efficient compounds acting on intes-
tinal cell proliferation. As a model, we chose the proximal segment of the small
intestine, partly because the cell proliferation rate is the highest in this region
[2, 17] and partly in view of the increased accumulation of AET in the small
intestine [3]. It seemed logical to assume that not only the cell damage induced
by ionizing radiation can be reduced and cellular regeneration increased but
the effect of free radicals might also be mitigated by the preventive administra-
tion of AET.

Send offprint request to: Dr. L. Pénzes, H-1085 Budapest, Somogyi B. u. 33, Hungary

Notations: Mitotic index (M1) was expressed as the percentage of cells in mitoses related
to the total number of cells recorded. Percentage of labelled mitoses is related to the mitoses
found in the crypts. (We considered a cell being labelled if the nucleus contained 4-5 silver
grains.) Labelling index, L1, means the percentage of labelled crypt nuclei among the total cell
nuclei.
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M aterials and methods

Thirty-two, 2 months old (RLEF, strain) female rats, weighing 153 + 27 g and 32
aged (22—23 months old) animals weighing 276 + 35 g, were used. The rats were maintained
on standard laboratory chow (LATI, G6d6llg) and supplied with tap water ad libitum. The
animals were given intraperitoneally 135 mg per 1000 g of body weight AET (aminoethyl-
isothiuronium . bromide . hydrobromide, G. Richter, Budapest) dissolved in physiological
saline adjusted to pH 7.3, in amounts of 1.0 ml/100 g body weight, every second day at 10.00
a.m. for a period of 20 days prior to radioactive labelling. aH-thymidine in a dose of 0.5 fid/g
(18.5 kBq) body weight (specific activity 22.3 Ci/mmol) (825.1 GBq); UVVYR, Prague) was
injected intraperitoneally before starting the examination.

The rats were killed by decapitation at 1, 2, 4, 8, 16, 32, 64 and 128 h after thymidine
administration. Portions (5 mm long) of the duodenum and jejunum were excised from the
middle region distally to the pyloric—duodenal junction as well as distally to the ligament of
Treitz, fixed in Bouin’s fluid, washed, dehydrated and embedded in paraffin. Longitudinal
sections, 5 fim thick, were cut and processed for autoradiography using Ilford K2 nuclear
research emulsion in gel form (llford Ltd., Essex, England) diluted 1:1 with water. After
exposition for 30 days at 4 °C the specimens were developed, fixed, washed, stained with
haematoxylin-eosin and studied with an Opton microscope at X 490 magnification.

All counts were made on well oriented villus-crypt units cut axially and sampled accord-
ing to the criteria of Cheng and Leblond [4, 5]. In these units the base and top were clearly
discernible. Each of the groups included 16 animals. Five villus-crypt units were studied per
animal and a total of 5120 data were recorded. The examinations were based on the number of
epithelial columnar cells on the left-hand column of the villi and the proliferation compartment
(lower two-thirds ofthe crypts) in conformity with Al-Dewachi et al. [1]. Asregards the mitoses,
only metaphases and anaphases were scored. The changes ofthe mitotic indices, the percentage
of labelled mitoses and labelling indices were evaluated using Student’s t test.

Results

Morphological changes of the villus-crypt units are presented in Fig. 1,
The columns show the epithelial columnar cell number on the left-hand side of
the villi and the number of crypt cells in the direct continuation of the villus
concerned. The main changes were as follows. (i) In the old rats the number of

Fig. 1. Hatched columns mark the duodenal, and doubly hatched columns show the jejuna

specimens of AET-treated animals. The ordinate shows the cell number of the villi and crypts-

Verticals mean S. E. M. values (number of animals was 16 in every case). YD = young duode-
num; AD = aged duodenum; YJ = youngjejunum; AJ = aged jejunum
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the epithelial columnar cells of the villi in the duodenum decreased significantly
(P < 0.01) while the crypt cell number was increased (P <T 0.01); (ii) the
epithelial cell number of the duodenal villi was elevated in the AET-treated
juvenile and old animals (P < 0.01); (iii) the number of crypt cells was usually
unchanged or reduced after AET administration.

Table | shows the mitotic changes (indices) of the control and AET-
treated animals. The data revealed that except in the young control and AET-
treated jejunal specimens the mitotic indices were increased in almost every
experimental group. The mitotic indices in the duodenal crypts of the juvenile
rats were approx, half of those in the AET-treated young (P 0.01) and the
control and AET-treated aged rats (P < 0.01).

As concerns the percentage of labelled mitotic figures, all the animals
showed significantly higher values in the 8 h period than in the 128 h period.
Apart from one case (control aged duodenum), there was a discernible difference
between the control and treated animals in the time-dependent reduction of

Table |

Effect of AET treatment on the cellular parameters of the duodenum and jejunum

Percentage of labelled

Mitotic index mitotic index Labelling index
Groups

8h 128 h 8 h 128 h 8 h 128 h
period period period period period period
Controls, juvenile, duodenum 7.31 7.57 77 65 473 4937
+0.3 +0.3 +3.4 +3.6 £2.1 +2.3
(40) (80) (40) (80) (40) (80)
Controls aged, duodenum 8.01 8.89 82 62« 662 6138
+0.5 +0.4 +2.9 +3.5 +2.5 +21
Treated, juvenile, duodenum 11.62 11.1s 75¢ 6220 633 573
+0.3 +0.3 +2.7 + 238 + 21 +18

Treated, aged, duodenum 12.41 12.610 752 602 63 58
+0.3 +0.3 +2.5 +3.3 +1.5 + 2.0
Controls, juvenile, jejunum 12.3 10.311 7723 66“ 5734 5540
+ 0.8 +0.5 + 28 +3.3 + 2.2 +1.9
Controls, aged, jejunum 10.75 10.013 852 2% 703% 6741
+0.7 +0.5 +2.9 +3.4 +1.9 + 20
Treated, juvenile, jejunum 13.7 14.612 8627 7328 703» 6442
+0.9 + 0.6 +3.2 +3.3 +1.9 + 18

Treated, aged, jejunum 12.9" 11.7¢ 842> 70% 63 56
+ 0.6 +0.4 +2.5 +3.6 +1.9 + 20

Mean + S.E.M. In parentheses, number of observations. The exponents denote the level
of significance between the values: (P < 0.05); 5-6, 15-16, 23-24, 25-26 and 27-28; (P < 0.01);
1-2, 3-4, 7-8, 9-10, 11-12, 13-14, 17-18, 19-20, 21-22, 29-30, 31-32, 31-33, 34-35, 34-36,
37-38, 37-39, 40-41 and 40-42
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the percentage of labelled mitotic figures. This would mean that the time-
dependent decrease was more apparent in the treated than in the control
animals. Simultaneously, the values were higher in the aged controls than in
the young control. The difference in the percentage of labelled mitotic figures
was less between the AET-treated aged and young rats than that of the percent-
age of labelled mitotic figures in the control aged and juvenile rats.

The labelling indices were significantly higher in the aged control animals,
and considerably differences were observed in the duodenum and jejunum
between the young controls and AET-treated young rats, i.e. the latter had
appreciable higher labelling indices than the former ones.

Discussion

The morphological changes in the villus-crypt unit suggest that the func-
tional villus cells play an important role in the regulation of crypt cell prolif-
eration. The 15% decrease of the number of villus cells (cf. functional compart-
ment) in the aged rats was accounted for in most cases by an expansion of the
proliferative (progenitor) cell compartment in the crypts, particularly in the
duodenum. It is believed that the reduction of the villus cell population affects
the maturation of crypt cells perhaps as a result of the modification of cellular
kinetics.

According to Lesher [14] the ageing process should be characterized
individually for both the species and the strain concerned and itwas emphasized
that the cell population in the aged becomes more heterogeneous as time ad-
vances. The proliferative populations are completely asynchronous and the
progenitor compartment shrinks in old age. Nevertheless, there are several
compensatory reactions that allow to produce enough cells to replace the
damaged ones and thus to maintain an appropriate functional compartment,
i.e. the regular size of the villi. It must be added that the cells of the duodenal
crypts are capable to speed up their generation time in both young and aged
animals [14]. Hamilton [8] interpreted these processes as feedback mechanisms,
which in young animals result in a rapid increase in cell production that soon
returns to normal, after the progenitor compartment has become enlarged.

The present study allowed to conclude that the small gut is an organ
sensitive to AET treatment. The increase of the cell number of the duodenal
villi after AET treatment is strictly related to the increased mitotic activity
(mitotic index) in the crypts of AET-treated animals.

Theoretically four factors could be responsible for the increase in the
number of total mitoses, viz. (i) an increased number of cells in the M phase of
the cycle; (ii) a reduced duration of the M phase; (iii) a combination of both
these factors; and finally (iv) a reduced duration of the Gj phase. This part of
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the cell cycle is known to be the most variable one and believed to be undergo
a considerable increase with age [14].

The per cent of labelled mitoses in the 8 h period in the duodenum and
jejunum of non-treated aged animals proved to be higher than that of the young
animals. This was mainly due to the longer generation cycle. On the other hand,
the high percentage of labelled mitotic figures might be the consequence of the
changed nuclear metabolism of the proliferation pool itself. If the percentage
of labelled mitoses is related to the 128 h period, the values become less.
This is particularly relevant in the case of the aged controls in comparison with
the young untreated rats. The AET-treated young animals showed slighter
reductions in the 8 and 128 h periods than the treated aged animals.

The increased labelling indices in the experimental groups may suggest
that either the proliferative cell pool was augmented or the cell-cycle was
prolonged, or both did occur. This assumption must, however, be quantified by
considering the timing of cellular events together with the pool size of the
whole proliferative cell compartment. From the present data it was not possible
to establish such a relationship. Nevertheless, there are several factors which
may account for the initially higher level of LI. Among these are the changing
level of mitotic activity, the delayed or accelerated uptake of 3H-thymidine
and the shorter cell cycle duration. The rise in LI may be due to the division
of labelled cells after the appearance of 3H-thymidine followed by a retention
of the resultant labelled daughter cells. Finally, elevation of the labelling indices
in the experimental groups may be ascribed, partly, to an increased utilization
of exogenous thymidine, and partly to the termination of mitoses in a part
of cells due to the appearance of labelled daughter cells. One of the reasons of
the marked uptake of the DNA label during the time spent with DNA synthesis
by the treated animals is that the AET may somehow interfere with the metab-
olism of thymidyl nucleotides. AET would therefore appear to have mainly
three perceptible effects in the intestine, i.e. on the number of epithelial cells,
the mitotic indices and the labelling indices of the duodenal villi and crypts.
However, the changes were not as apparent in the jejunum than in the duode-
num. This was probably due to the poorer cell production in the jejunum which
is, furthermore, more exposed to various structural changes than the proximal
region of the small intestine [6]. These findings may also be explained by the
altered structural differences in the villus/crypt unit of the jejunum. According
to Fry et al. [6] the villus/crypt ratio in the duodenum was 10 against 7 in the
jejunum.

Data are scarce concerning AET and cellular metabolism. According to
the literature [7, 18] AET exerts a definite anticlastogenic effect in human
lymphocytes. Vacek et al. [18] found in mice that the post-irradiation weight
loss was considerably less after preventive AET treatment than in the untreated
controls. At the same time after radiation injury the regeneration of bone mar-
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row and splenic cells was enhanced by AET. Maisin et al [15] observed that the
small intestine of AET-treated mice regained its weight after irradiation and
this was due to an increase in the number of crypt cells. Our present data seem
to agree with these observations.

It should be mentioned that in long-term experiments 2-mercaptoethanol,
an analogue of mercapto-guanidine, the effective metabolite of AET, was found
to prolong the lifespan of mice [10, 12]. This effect of the agent has been a-
scribed to its antioxidant action.

Acknowledgements

The authors wish to thank Dr. |. Perjés of Gedeon Richter Pharmaceutical Works
Budapest, for the gift of aminoethyl-isothiuronium .bromide . hydrobromide and to Miss
Magda Kelemen for skilful technical assistance.

REFERENCES

1. Al-Dewachi, H. S., Wright, N. A., Appleton, D. R., Watson, A. J.: The cell cycle time in the
rat jejunal mucosa. Cell Tissue Kinet. 7, 587-594 (1974).

2. Blianthumnavin, K., Schuster, M. M.: Aging and gastrointestinal function. In: Finch, C. E.
and Hayflick, L. (eds): Handbook of the Biology of Aging. Van Nostrand Reinhold Co.,
New York 1977. pp. 709-723,

3. Bradford, R. H., Shapira, R., Doherty, D. G.: Selective intracellular binding of radiation-
protective agents by mammalian tissues. Fed. Proc. 16, 157 (1957).

4. Cheng, H., Leblond, C. P.: Origin, differentiation and renewal of the four main epithelial
cell types in the mouse small intestine. I. Columnar cells. Amer. J. Anat. 141, 461480
1974).

5. Che(ng, I-)I Leblond, C. P.: Origin, differentiation and renewal of the four main epithelial
cell types in the mouse small intestine. V. Unitarian theory of the origin of the four epi-
thelian cell types. Amer. J. Anat. 141, 537-562 (1974).

6. Fry, R. J. M., Lesher, S., Kohn, H. I.: Age effect on cell-transit time in mouse jejunal epi-
thelium. Amer. J. Physiol. 201, 213-216 (1961).

7. Gebhart, E.: The anticlastogenic effect of various combinations of cysteamine, AET, HCT
and amino acids on chromosome damage by Frenimon and bleomycin in human lympho-
cytes in vitro. Hum. Genet. 43, 185—203 (1978).

8. Hamilton, E.: Cell proliferation and ageing in mouse colon. I. Repopulation after repeated
X -ray injury in young and old mice. Cell Tissue Kinet. 11, 423-431 (1978).

9. Harman, D.: Aging: a theory based on free radical and radiation chemistry. J. Geront. 11,
298-300 (1956).

10. Harman, D.: Prolongation of the normal lifespan and inhibition of spontaneous cancer by
antioxidants. J. Geront. 16, 247—254 (1961).

11. Harman, D.: Role of free radical in mutations, cancer, ageing and the maintenance of life.
Rad. Res. 16, 753-764 (1962).

12. Harman, D.: Free radical theory of aging: effect of free radical inhibitors on the lifespan
of male LAFj mice. J. Geront. 23, 476—482 (1968).

13. Leibovitz, B. E., Siegel, B. V.: Aspects of free radical reactions in biological systems: aging.
J. Geront. 35, 45-56 (1980).

14. Lesher, S.: Chronic irradiation and ageing in mice and rats. In: Lindop, P. J. and Sacher,
G. A. (eds) Radiation and Aging, pp. 183-206 Taylor and Francis Ltd., London 1966.

15. Maisin, J. R., Novelli, G. D., Doherty, D. G., Congdon, C. C.: Chemical protection of the
alimentary tract of whole-body X-irradiated mice. 1. Changes in weight histology, and
cell division in relation to nucleic acid and protein synthesis. Int. J. Rad. Biol. 2,
281-293 (1960).

Acta Medica Hungarica 40,1983



EFFECT OF AET TREATMENT ON INTESTINAL CELL PROLIFERATION 257

16. Miquel, J., Economos, A. C., Fleming, J., Johnson, J. E.: Mitochondrial role in cell aging.

Exp. Geront. 15, 575-591 (1980).
17. Moog, F.: The small intestine in old mice: growth, alkaline phosphatase and disaccharidase

activities and deposition of amyloid. Exp. Geront. 12, 223-235 (1977).

18. Vacek, A., Rotkovskéa, D., Sikulov4, J., Dikovenko, E. A., Barkaja, V. S.: Protective effect
of a mixture of radioprotective substances (AET and mexamine) on the haemopoietic
stem cells of mice. Strahlentherapie, 134, 424-429 (1978).

Ada Medica Hungarica 40, 1983






Acta Medica Hungarica, Volume 40 (4), pp. 259—270 (1983)
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VII. Catabolism in vivo and in vitro of a pentagastrin
analogue containing N-terminal aminooxyacetyl residue*
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In rat, BOC-NHO-I-14C-Ac-Trp-Met-Asp-Phe-NH2 (14C-1) is metabolised more
slowly than BOC-I-14C-Gly-Trp-Met-Asp-Phe-NH2 (14C-11). Of the cytosol fractions of
the rat organs the lung and pancreas exhibited a lower activity in the catabolism of
BOC-NHOAc-Trp-Mct-Asp-Phe-NH2 (I) than in that of BOC-Gly-Trp-Met-Asp-Phe-
-NH2 (Il). In contrast, the cytosol fractions of the dog’s lung, small intestine and
pancreas hydrolysed | at a faster rate than they hydrolysed IlI.

Keywords: 14C-labelled pentagastrin analogue: metabolism in vivo and in vitro

Introduction

Some pentagastrin analogues containing aminooxy acids gave rise in the
rat to a greater acid secretion than that brought about by the reference penta-
gastrin [5]. We have demonstrated experimentally that tert-butyloxycarbonyl-
-aminooxy-acetyl-L-tryptophyl-L-methionyl-L-aspartyl-L-phenylalaninamide
(BOC-NHOACc-Trp-Met-Asp-Phe-NH2, 1) and its L-a-aminooxypropionyl
analogue remain in the rat’s circulation for a longer time than does tert-
mutyloxycarbonylglycyl-L-tryptophyl- L methionyl-L-aspartyl-L-phenylalaninm
amide (BOC-Gly-Trp-Met-Asp-Phe-NH2, IlI) [7]. From this it was concluded
that incorporation of the oc-aminooxy acid increases the enzyme resistance of
the analogues without influencing their biological activity (receptor binding).
In the dog the biological activity of the analogues containing aminooxy acid
does not attain that of pentagastrin [2, 2a],

In the present work we have studied the metabolism of labelled | in the
rat, in order to obtain an answer as to its higher activity than that of Il. It was

*For Part VI, see Ref. [1].
Send offprint requests to: Dr. L. Varga, H-6701 Szeged, Kordnyi sétdny 8, Hungary
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further assumed that in the dog the lower biological activity of the analogues
containing aminooxy acid is connected with their enhanced metabolism.
To confirm this we have compared the proteolytic activities of the various
organs to | and Il in the rat and in the dog.

For the metabolic studies, 14C-labelled | (BOC-NHO-I-14C-Ac-Trp-Met-
-Asp-Phe-NH2 14C-1) [1] and Il (BOC-I-14C-Gly-Trp-Met-Asp-Phe-NH2,
14C-11) [8, 9] were prepared in advance. It was confirmed by conductometric
bioassay [1] that the labelling did not influence the biological activity of I.
The metabolism of 14C-1 was compared with the earlier experimental results
for 14C-11 [8, 9].

Materials and methods

The in vivo metabolism was studied in male W istar rats weighing 200-250 g. 14C-1 with a
specific activity of 18.43 MBqg/mmol was injected intravenously into the rats in a volume of
1 ml/200 g body weight at a concentration of 0.4 /ig/ml. Radioactivity was measured by a
Nuclear Chicago ISOCAP-300 liquid scintillation spectrometer.

The catabolic activity of the various organs was examined in cytosol fractions obtained
by ultracentrifuge sedimentation of the rat and dog organ homogenates. Cytosol fractions of
the organs, and their mixtures with | or Il in appropriate ratios, were incubated at 37 °C for
0, 30, 60, 90 or 120 min. The enzyme reaction was stopped with 0.2 mol/1 EDTA. The immuno-
reaction | or Il concentrations in the incubates were measured with the gastrin radioimmuno-
assay developed in our laboratory [4]. The antibody used for the radioimmunoassay was specific
for amino acid sequence 13-16 of gastrin. Accordingly, Il and | could be measured with 93%
and 36.8% efficiency, respectively. The concentrations of the biologically active | and Il were
determined by means of conductometric bioassay [3].

Results

Metabolism of 14C-1 in vivo

Elimination ofradioactivity from the circulation

Rats (6 animals on each occasion) were exsanguinated at various times
after the intravenous injection of 14C-l1 and the radioactivities in the sera were
measured. With the fraction of the total activity injected per 1 ml serum plotted
as a function of time, the elimination of radioactivity from the serum could be
depicted graphically (Fig. 1).

Two straight regression lines could be fitted to the elimination curve.
The half-lives calculated from the slopes of these regression lines were 1.4 min
and 9.5 min.

The fact that the curve consisted of more than one section indicated that
the activity was distributed between a number of compartments in the rat
organism and that the activity measurable in the serum, except in the earliest
stages, was the resultant of this multidirectional movement.
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Fig. 1. Elimination of serum radioactivity

Composition ofthe serum radioactivity

To study the composition of serum radioactivity, blood was taken from
the rat abdominal aorta 1 and 2 min after the intravenous administration
of 14C-1 (5 rats on each occasion). The blood samples were centrifuged and 0.6 ml
from each radioactive serum was chromatographed with 0.01 M phosphate
buffer on a Sephadex G-25 fine column. The flow rate was 1 rnl/min, with a
column height of 38 cm, a diameter of 1.2 cm, VO= 16.6 ml and Yt= 39.8
ml. Two ml fractions were collected and their radioactivity was measured. The
radiochromatogram of the 1 min serum samples (the average radioactivity in
dpm for the elution fractions) and the deviations for the samples arc shown in
Fig. 2.

Three radioactivity peaks were obtained in the chromatogram. The first
of these (16-22 ml) had run with the serum proteins, the second (30-40 ml)
corresponded to an unknown cleavage product of the 14C-l1, and the third
(40-60 ml) was observed at the position for 14C-1. The radioactivity of the cleav-
age product was almost the same as the radioactivity running with the serum
proteins: 18.6 and 15%, respectively. The radiochromatogram of the 2 min
serum samples resembled that of the 1 min samples, with the difference thai
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Fig. 2. Radiochromatogram of 1 min serum samples

the peptide-cleavage product had a higher activity (about 30% of the total
activity eluted); the increase in activity of the cleavage product was accom-
panied by an equivalent decrease in the activity of 14C-1; this supported our
earlier assumption that the second activity peak originated from 14C-I.

Elimination ofthe radioactivity by the liver

14C-1 was injected into the femoral vein of 5 rats and 20 min bile fractions
were collected for 120 min through a cannula inserted into the common duct.
The activities in the individual fractions, expressed as fractions of the total
activity administered, were tabulated (Table I).

Table |

Mean ¥ S. D. ofradioactivity of 30 min bilefractions

Animal No. Fraction | Fraction Il Fraction 111 Fraction 1V Fractions 1—IV
1 65.37 7.31 1.87 0.76 75.31
2 65.63 8.26 2.37 0.74 77.00
3 64.68 7.93 1.69 0.59 74.89
4 62.45 6.31 2.19 0.81 71.76
5 63.78 7.70 2.03 0.72 74.23
(X) 64.38 7.50 2.03 0.72 74.64
+SD 1.30 0.75 0.27 0.08 1.91
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It may be seen from Table | that the activity was highest in the first
fraction, with a subsequent progressive decrease in the further fractions.
On the average, 74.6% of the total activity administered was excreted with the
bile in 2 h.

Absorption ofthe radioactivity from the small intestine

Next, intestinal absorption of the radioactivity was studied. For this
purpose, 14C-1 was injected in a dose of 1 ml/200 g body weight, at a concentra-
tion of 0.4 jUg/ml, into the duodenum of 25 rats, and 5 animals each were exsan-
guinated 5, 10, 15, 30 and 60 min after the injection. Blood was taken simulta-
neously via cannulas inserted into the carotid artery and the portal vein. The
activity percentages for the serum samples i.e. the activities of the samples
taken at various times from the different vascular regions, as percentages of the
total activity administered, and their mean values were plotted in a column
diagram (Fig. 3).

min
Fig. 3. Percentage radioactivity in serum obtained from aorta and portal vein after
intraduodenal administration of 14C-I

It may be seen from Fig. 3that the activities of the serum samples obtained
at 5, 10, 15 and 30 min from both the portal vein and the aorta increased
gradually but there was a decrease in the 60 min sample as compared to the
values after 30 min. The activity of the sera from the aorta was always lower
than that originating from the portal vein.

Excretion ofthe radioactivity with urine and intestinal contents

The activity excreted with urine was examined after the injection of 14C-I
on one occasion into the tail vein of 6 rats placed in urine cages, and the activi-
ty of the urine excreted in 24 h was measured. 0.6 ml samples of the radioactive
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ml

Fig. 4. Chromatogram of radioactivity excreted with the urine

urine were chromatographed on a Sephadex G-25 fine column. After 24 hours
the animals were exsanguinated, and the activity of their small and large bowel
contents were measured.

During 24 hours, an average of39 + 8% ofthe total activity administered
was excreted with the urine, while 0.4% was found in the small intestine, and
1.3% in the large intestine.

A chromatogram ofthe activity excreted with the urine is shown in Fig. 4.
This displays two peaks a larger (28—40 ml) eluted at the position of the radio-
active peptide cleavage product, and a smaller (42-56 ml) at the position for
“C-l.

Identification ofthe metabolite excreted with urine

For identification of the radioactive cleavage product, 14C-l was injected
into the caudal vein of 4 rats, and their urine was collected for 24 hours, con-
centrated to one-tenth and chromatographed on a Sephadex G-25 fine column.
The fractions containing the cleavage product were collected, lyophilized and
purified. The isolated product gave one radioactive spot on a thin-layer silica
gel 60 chromatogram. The solvent systems were made by mixing ethyl acetate
and a stock solution of pyridine/acetic acid/water = 20:6:11 in the following
proportions: Sl: ethyl acetate/stock 9:1, S2: ethyl acetate/stock 8:2, Rf 0.30—
0.35, Rf 0.75-0.80; by its tic behavior and its IH-NMR spectrum obtained by a
JEOL-60 apparatus, this product was found to be identical with 14C-111 (tert-
butyloxycarbonylaminooxy-I-14C-acetic acid).
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It could, therefore, be concluded that the rat has an enzyme that is able
to cleave the CO-NH bond between the amino terminal aminooxy acid and the
L-tryptophyl residue. As observed earlier [8] 14C-1V (tert-butyloxycarlmnylgly-
cine) was formed from 14 C-1l under similar conditions.

Organ distribution ofthe radioactivity

Finally, the organ distribution of the radioactivity was investigated
1 and 60 min after the intravenous injection of 4C-l. Blood was taken from
5 animals at each of these times and the radioactivity was measured in the
liver, kidney, lung, pancreas, jejunum and muscle tissue. These radioactivities
were expressed as percentages of the total radioactivity administered per 100
mg wet tissue. The results are given in Table 11, the values for each organ and
each time being the means ~ S. D. for 5 animals.

Table I1

Distribution of radioactivity (mean + S. D.) in the organs 1 and 60 min after intravenous admin-
istration of 14C-I

1 min 60 min
Liver 0.432+0.083 0.051 £0.010
Kidney 0.277+£0.014 0.115+0.027
Lung 0.043+0.005 0.022 + 0.002
Pancreas 0.029+£0.003 0.027 +0.003
Jejunum 0.049+0.010 0.029+0.002
Muscle 0.021 + 0.002 0.018+0.002

It may be seen from Table Il that in the 1 min organ samples the highest
activity was in the liver and the kidney. The activity in the other organs was
approximately one order of magnitude lower. In the 60 min samples only the
kidney showed an appreciable level of activity. Activity in he liver was much
lower, but still evaluable while it was negligible in the other organs.

Study ofl and Il catabolism in vitro by radioimmunoassay and bioassay

The cytosol fractions of rat and dog organ homogenates were studied.
Identical 2.0 fig amounts of I and Il were incubated at 37 °C for 120 min with
aliquots of the organ homogenates. The biologically active and immunoreactive
peptide contents of the incubates were examined at 30 min intervals. The
decrease in peptide concentration was plotted as a function of time. Figure 5
shows the changes in concentration of | and 11, measured by radioimmunoassay
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BOC-Gly -Trp-Met -Asp-Phe-NH2

BOC- NHOACc-Trp-Mei-Asp-Phe -NH2

Fig. 5. Study of I and Il catabolism with radioimmunoassay and bioassay. Enzyme activity of
rat organs

and biossay, after incubation with cytosol fractions of rat liver, kidney, an-

trum, lung, intestine and pancreas specimes.
Figure 5 shows that the rate of catabolism of I (the slope of the decrease

in the immunoreactive peptide concetration) was of the same order of magni-
tude as that of Il after incubation with the liver and kidney cytosol fractions.
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BOC- GLy-Trp- Met - Asp-Phe-NH2
eioassay

muscle
corpus

liver *

kidney
antrum
lung
pancreas

intestine

_1 1 | i
30 60 90 120
min

BOC- NHOACc-Trp-Met-Asp-Phe-NH2

min min

Fig. 6. Study of | and Il catabolism with radioimmunoassay and bioassay. Enzyme activity of
dog organs

Essentially the same was the case with the hydrolysing ability of the antrum
and small intestine fractions. In contrast, the cytosol fraction of the lung and
of the pancreas decreased the concentration of | at a lower rate than that
of Il. The difference in catabolism between the two peptides could be
evaluated mathematically in both incubates: P < 0.05.

The change in the peptide concentration measured by bioassay went
parallel with that of the immunoreactive peptide concentration in the course
of incubation with the liver, kidney, antrum and lung cytosol fractions
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A small difference could be observed in the cases of the intestine and pancreas
cytosol fractions. The decrease in peptide concentration measured on the basis
of the biological effect in the mixture incubated with the intestinal fraction
was somewhat larger, while that in the case of incubation with the pancreatic
fraction was lower, than the corresponding concentration measured by RIA.

The peptide hydrolytic enzyme activities of the dog organs were studied
with cytosol fractions of the liver, kidney, antrum, corpus, lung, small intestine,
pancreas and muscle tissue. In this case too the peptide hydrolytic enzyme
activities were characterized by a decrease in the immunoreactive and biologi-
cally active peptide concentrations (Fig. 6).

In the study of I catabolism the lowest enzyme activity was found in the
muscle tissue and in the corpus mucosa. This was followed by the liver, the
kidney and the antrum. The cytosol fractions of the lung, small intestine and
pancreas tissue were markedly active. Comparing the catabolism of I to that of
11, the muscle, liver and kidney hydrolysed the two analogues at approximately
the same rate. Surprisingly, the cytosol fractious of the other organs hydrolysed
| at a higher rate than they hydrolysed Il. In the case of the lung, small intes-
tine and pancreas, the difference in catabolism between the two peptides was
mathematically significant, p < 0.05.

In 6 of the 7 organs examined, the decrease of the peptide concentration
measured on the basis of the biological activity was parallel with that measured
by RIA. A slight difference was found for the pancreatic cytosol: the peptie
concentration measured by the biological activity decreased somewhat more
than that measured by RIA.

Discussion

In the metabolism in vivo of I, in contrast with the metabolism of II,
there was a striking difference in the radiochromatographic behaviour of the
serum samples. Whereas the activity eluted with BOC-14C-glycine ([4C-1V) was
the highest in the 1 min serum samples after the administration of 14C-11 and
subsequently it decreased [8], the proportion of 14C-11l obtained after the ad-
ministration of 14C-1 was lower in the 1 min samples than in the 2 min samples.
If we add that the radioactivity of 14C-111 in the 1 min aortic blood samples was
also lower than that of 14C-1V after the administration of 14C-1l (18.6% and
27.5%, respectively [6], then we had to conclude from these data that less |
than Il is catabolised per minute in the rat.

Of the kinetic parameters of peptide metabolism, the elimination of
serum radioactivity does not represent the disappearance of the peptide,
earlier observed [8] to occur comparatively quickly, with a half-life of about 1
min. The liver cells secrete both | and Il [10], but at the same time the radio-
activity of 14C-111 originating from 14C-l is absorbed across the intestinal wall
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and excreted with the urine more slowly than in the case of 14C-1V after the
administration of 14C-11 [8, 9].

Chromatographic investigation of the activity excreted with urine provid-
ed a possibility for the isolation of the peptide cleavage product and the clari-
fication of its chemical structure. It emerged from these investigations that the
vast majority of the activity excreted with urine originates from the aminoter-
minal 24C-111 of 14C-1. Thus, peptide hydrolysis took place between the trypto-
phan and the aminooxy acid connected to the BOC group.

The organ distribution of the activity indicates that the activities of
both the 1 min and the 60 min samples point to the uptake of activity by those
organs (liver, kidney) which take part in the elimination of the radioactive
peptide or peptide fragment. The activity in the other organs remained low in
both samples. The cause of this may he that 14C-I1l cannot participate in the
intermediate metabolism.

The studies suggested that in the rat 14C-l is catabolized more slowly
than is Il. This observation, in conformity with the prolongation of the circula-
tion time of derivatives containing aminooxy acid, may explain the increase
in biological activity. These investigations did not however, reveal which are
the organs to theenzyme activities of which the pentagastrin derivatives contain-
ing aminooxy acid become increasingly resistant. We have attempted to answer
this question and that of the cause of the different strengths of the biological
effect in the dog and the rat, on the basis of the concentration changes in the

immunoreactive and biologically active |I. The peptide hydrolytic enzyme
activity in the rat and dog organs is completely different. Whereas the cytosol
of the rat pancreas and lung hydrolysed | less than it did 1l, in dog the situation

was the opposite. Of the dog organs, the enzymes of the gastric antral mucosa,
the small intestine, the lung and the pancreas hydrolysed | to a greater extent
than they did hydrolyse Il. The difference in catabolism between the two
analogues might explain the difference in biological activity observed in the rat
and the dog.
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Pulmonology

FIFTEEN YEAR FOLLOW-UP OF LUNG FUNCTION
IN OBSTRUCTIVE AND NON-OBSTRUCTIVE
PULMONARY TUBERCULOSIS

G. Vargha

CARDIOPULMONARY LABORATORY, MAV PULMONARY CENTRE, BUDAPEST-BUDAKESZI, HUNGARY
(Received December 23, 1982)

Pulmonary function (VC, FEV,, RV) was assessed in patients with pulmonary
tuberculosis discharged in 1958/59 as curred or markedly improved. According to FEV,/
VC% the patients were divided into 40 obstructive and 59 non-obstructive cases and the
tests were repeated by the same method in 1974. The control included physical and X-ray
examinations, a questionnaire and the assessment of airway resistance (Rt).

In the non-obstructive group the change in VC in 15 years was only —27.7 ml/year,
in the obstructive group, -54.3 ml/year. There was little difference between the two
groups in the diminution of FEV] (28.8 and 35.3 ml/year, respectively). The material
was subdivided into surgically and drug treated groups and studied statistically. The
only significant change of function in the surgically treated group was in RV, whereas
in the other group nearly all of the functional changes were significant statistically.

Keywords: pulmonary function, cured tuberculosis, obstructive syndrome, longi-
tudinal study

Introduction

Reports published in recent years have shown many new results and it
appears that in the much debated question of COLD (chronic obstructive lung
disease) they have led to somewhat contradictory conclusions. Some authors
observed arapid decline in the functional and clinical condition of severe COLD
patients with a very high mortality rate which tended to show an increase with
the passage of years [3, 4, 5, 7, 8, etc.]. According to other authors in the milder
cases the airway obstruction and the clinical condition of some patients showed
little deterioration over periods of several years [1, 2, 6, 9, 11]. On the other
hand they hardly include cases where the author was able to follow the changes
in pulmonary function for more than 10 years.

Patients and methods

Patients with tuberculosis discharged as cured or in a considerably improved condition
in 1958/59 were subjected to spirometric (VC, FEV,, FEV,/VC%) and residual volume (RV)
determinations with the helium dilution method (Pulmotest and Pulmo-Analysor, Godart) a
few weeks before they had left the Centre.

Send offprint requests to: Dr. G. Vargha, H-1122 Budapest, Hajnéczy u. 17, Hungary
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The same tests were repeated in 1974 in identical circumstances and with the same
equipment, and the patients were subjected to physical check-up, X-ray examination and body
pléthysmography.

The 1958/59 tests showed 40 patients to belong to the obstructive group (FEVYVC%
below 70%) and 59 to the non-obstructive group. Of the originally obstructive patients 28,
and of the non-obstructive patients 31 had been cured by drug treatment alone, without any
surgical intervention and any pleuritic complication. The rest, i.e. 12 obstructive and 28 non-
obstructive patients had been cured by surgical intervention or they had developed pleurisy
with effusion during or prior to treatment. The surgical interventions or complications in the 12
obstructive cases were, segmental resection in 1, lobectomy in 4, pneumonectomy in 1, extra-
pleural pneumothorax in 1, pneumothorax in 4, and pleurisy with effusion in 1 case. In the 28
non-obstructive patients segmental resection was done in 4, lobectomy in 11, pneumonectomy
in 3, thoracoplasty in 1, extrapleural pneumothorax in 4, intrapleural pneumothorax in 4 cases
and one patient had a pleurisy with effusion.

The tests took place at least 2 months but usually 6 months to 2 years after the surgical
intervention or pleurisy.

In most cases data on smoking were also obtained. The obstructive group included 25
smokers (67.5%) and 12 non-smokers; in the non-obstructive group there were 27 smokers
(46.5%) and 31 non-smokers. These results have been published [13].

Sex: ten of the obstructive cases (25%) and 23 (39%) of the non-obstructive cases were
women, 30 and 36, respectively, were men.

Age: mean age in the non-obstructive group at the beginning of the study in 1958/59
was 30.5 years and in the obstructive group, 40.4 years.

At the control examination, clinical symptoms indicative of chronic bronchitis were
found in 15 obstructive cases (37.5% ) and 12 non-obstructive cases (20.3%) [12].

Results

Results and the functional changes occurring during 15 years are shown in
Fig. 1. In the non-obstructive cases the TC diminished by 11 ml, the VC by 416
ml, the FEY] by 432 ml, while the RV value showed an average increase of 404
ml. The obstructive cases had initially a higher RV and this increased by afurther
671 ml during the 15 years. On the other hand, in the same cases TC diminished
by 155 ml, YC by 815 ml, and FEVj by 530 ml. Since some of the cases had

Fig. 1. Change of pulmonary function in 59 non-obstructive and 40 obstructive patients over
15 years
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thoracic surgery before the tests, or pleurisy which must have considerably
affected the pulmonary function (10, etc.) the functional changes in the surgi-
cally treated patients and those with pleurisy and the non-surgically treated
cases will be examined separately.

Table |
No. of cases
Group Changed to
1958/59 1974
obstructive non-obstructive
NON-OBSTRUCTIVE
Cured
without surgery or
complications 31 23 8
with surgery or
complications 28 22 6
All cases 59 45 14
OBSTRUCTIVE
Cured
without surgery
or complications 28 25 3
with surgery or
complications 12 8 4
All cases 40 33 7

It appears from Table I that of the 40 cases found to be obstructive in
1958/59, in 7 patients (3 non-surgically and 4 surgically treated) the respiratory
channels had ceased to be obstructed in 1974, while from 59 non-obstructive
cases 14 (8 surgically and 6 non-surgically treated) developed obstruction
during the 15 years. Their detailed functional results have already been pub-
lished [14]. Table Il shows the functional changes in the obstructive and non-
obstructive cases evaluated statistically by Student’s t test and broken down
into drug treated cases without pleuritic complication and cases where surgery
had been performed or pleurisy had occurred. In the surgically treated non-
obstructive patients the changes during the 15 years were not significant in any
of the functional values, while in the other group the VC, FEVt, FEVIYVC%,
RV and RV/TC% showed statistically significant changes. In the group with
obstruction the changes in the functional values that occurred in 15 years were
significant statistically with the exception ofthe FEV YVC% in the drug treated
group, while in the surgically treated or pleurisy complicated group only the
increase in RV was significant.
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Table 11
Average pulmonary function values
VC ml P< FEV, ml P < FEV,/VC% P< RV ml P< RV/TC% P<
NON-OBSTRUCTIVE
Cured
without surgery 1958/59 3888 0.05 3095 0.02 79.5 0.05 1617  0.001 28.3 0.001
or complications 1974 3490 2663 74.9 2310 37.4
Change — 398 —432 —4.6 + 693 +9.1
. <
with surgery 1958/59 3134 0.20 2505 0.10 79.7 0.20 1715 0.7 35.6 0.10 J;;
or complications 1974 2700 2073 77.2 1799 39.— %
Change —434 —432 —25 + 84 +3.4 “o
OBSTRUCTIVE
Cured
without surgery 1958/59 3770 0.001 2217 0.001 58— 0.3 2000 0.01 33.2 0.001
or complications 1974 2809 1520 53.8 2821 48.2
Change —961 —697 —4.2 + 821 + 15—
with surgery 1958/59 2790 0.2 1810 0.3 64.— 0.3 1399 0.3 33— 0.001
or complications 1974 2314 1579 66.6 1686 42.2

Change —476 —391 + 2.6 + 287 +9.2
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The airway resistance (R;) determined in 1974 by body plethysmography
amounted to 4.7 cm H,2/l/s in the obstructive group, and to 2.1 cm H20/l/s
in the non-obstructive group.

Discussion

In cured patients with obstructive and non-obstructive tuberculous
affection we were able to trace the changes over a period of 15 years in some
pulmonary function tests. Although COLD patients may include patients with
tuberculosis cured some time earlier, the material cannot be regarded as identi-
cal with the patients with non-specific chronic bronchitis, asthma or emphyse-
ma. The material may also he influenced by the fact that most of the severely
affected or old patients and those with serious functional defects had died or
become unsuitable for out-patient control examinations during the 15 years.
The main advantage and value of our material lies in the long period during
which the patients’pulmonary function was observed and examined with identi-
cal methods. Comparing the changes in the 59 non-obstructive and 40 obstruc-
tive cases, we found that in the non-obstructive cases the decrease in vital
capacity was remarkably low (27.7 ml/year); in the obtructive cases it was much
higher (54.3 ml/year). The annual decrease in FEYj was very small and almost
identical in the two groups (28.8 ml and 35.3 ml/year, respectively). The latter
value appears to he particularly low if we take into account the high average
age in the obstructive cases (55.4 years in 1974). There was a small difference
in the increase in RV (26.9 ml and 44.7 ml/year, respectively), although in the
obstructive group the increase was much more distinct than in the non-obstruc-
tive group.

In the surgically treated group the functional changes during the 15
years were so small that with the exception of the RV/TC% in the obstructive
cases, they may be regarded as insignificant. This appears to prove that in 15
years survivors the operation had a minimal deteriorating effect on the pulmo-
nary function or although it may have caused a certain functional damage,
this did not deteriorate or even improved in the course of time. The very small
increase in the residual volume in the surgically treated patients was particular-
ly striking.

In contrast, the functional deterioration of the 31 non-obstructive and
28 obstructive cases treated only by drugs was significant in both groups with
the exception of FEY1XVC%, precisely in the obstructive cases (Table I1);
there was however a slight difference between the two groups. Thus, contrary
to expectations, the decrease in vital capacity in 15 years in the obstructive
cases was significantly greater than in the non-obstructive cases (P <7 0.001),
while the decrease in the FEV Xvalue did not differ significantly in the two
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groups (P < 0.1) although it was higher in the obstructive group. Neither was
the difference in the changes of RV significant.

In view ofthe above results, the question arises whether it is not mislead-

ing in many cases to regard the changes in FEVXVC% as a measure of the
deterioration in ventilatory obstruction, since in the course of time the vital
capacity decreases more than the FEVj if the symptoms of chronic bronchitis
are not in the foreground. Thus the decrease, i.e. the deterioration, in the restric-
tive factor, (the vital capacity in the denominator) apparently improves the
obstructive syndrome.

10.

11.

12.

13.

14.
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Book reviews

Rose G. A.,, Blackburn H., Giltum R. F.,Prineas R. J.:
Cardiovascular Survey Methods WHO, Geneva,

178 pages, 10 figures 11 Annexes. Price: Sw. fr. 22.—

This second edition of the book is the work of four authors. W hat has made this new
edition timely ? Since the first edition in 1968 the use of preventive and epidemiological methods
has increased and several new epidemiological methods have been elaborated.

The volume is divided into two parts; the first contains the general basic principles
and the second the techniques of scientific investigation. Under the basic principles we find the
aims of population studies (diagnosis of quantitative occurrences, distribution and nature of
diseases) as well as the types of measuring (cross sectional and prospective control and experi-
mental examinations). This chapter contains the advantages of certain examination procedures
but also their limits. The second chapter introduces to bases of measurement. After emphasizing
the necessity of standardization it demonstrates the significance of sensitivity and specificity
that ensures the validity of applied tests. The third chapter gives an account of planning and
representation. Population studies concerning the choice of samples can be done at random,
confined geographically, and may originate from environmental or industrial groups. The
authors give instructions by the help of mathematical formulas as to the size of retaining
samples necessary for determination of the quantitative variables.

The three chapters of the second part give information on the contructions of survey
questionnaires for epidemiological measurement, on carrying our physical examinations and on
making special observations. Dealing with the methods of cardiovascular epidemiological
measurements, the questions of research are foccused on smoking and dietary habits, physical
activity, body weight and psychological characteristics. In case of prospective studies the book
reviews the questions focussed upon the registration of symptoms. The physical examination
should enter into the details of standardized methods of cardiac auscultation, the determination
of the symptoms of heart failure, the conditions and correct procedure of blood pressure
recording.

In the last chapterthe authors survery the Minnesota Code for testing electrocardiograms,
the ways of determining the heart size and its indexes (cardiac volume, frontal cardiac area,
cardio-thoracic ratio), the parameters of ventilatory function and the laboratory tests.

The annex contains an ECG classification to be used in prospective studies, question-
naires and printed forms containing examination data. The points of measurement are illus-
trated by well-designed figures, the calculations are summed up in formulas.

Summing up, a sound knowledge of the contets of the book is of fundamental use in
carrying out cardiovascular surveys by applying the most modern methods.

Veronika Morvai
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IPCS International Programme on Chemical Safety Environmental Health
Criteria 17,
WHO, Geneva. 1981

Manganese

Manganese is an essential trace element for both man and animals. It is necessary for the
formation of connective tissue, bone and for growth in general, and also for carbohydrate
metabolism, the embryonic development of the inner ear and for reproductive functions.
Some specific biochemical functions of manganese have been discovered such as the catalysis
of the glucosamine-serine linkage in the synthesis of mucopolysaccharide in the cartilage.
Food is the major of manganese in man and animals. The daily intake ranges from 2 to 9 mg
depending on the consumption of foods like cereals and tea while have a high manganese
content. The respiratory and gastrointestinal tracts constitute the major routes of absorption of
manganese.

The toxic effects of manganese on the central nervous system were studied mainly in
animals including the rat and the monkey. Manganese dioxide or dichloride aerosol inhalation,
at concentrations 0.6-3.0 mg/m3daily for 1 hour over 4 months induced typical central nervous
damages in monkeys. Chronic manganese poisoning is a hazard in manganese mining and
processing, manganese alloy and dry-cell battery industriers. Post mortem findings in chronic
manganese poisoning have shown lesions in the central nervous system. The lesions were especi-
ally severe in the striatum and pallidum and also in the substantia nigra. These findings com-
bined with animal data and the effectiveness of 3-hydroxy L-tyrosine treatment implicate the
dopaminergic pathway in the aetiology of the extrapyramidal manifestations of manganese
poisoning. Early diagnosis is difficult in the absence of reliable indicators of exposure. Measure-
ment of the manganese level in blood, urine and faeces serves as a useful guide to exposure.
In an epidemiological study, the incidence of absorption and stillbirth was higher in wives of
workers exposed to manganese for 10-20 years than in the control group. Toxicologically, the
manganese fraction is of little importance, whereas the organic portion is part of a problem
concerning this type of fungicide. The manganese tricarbonyl compounds are used as additives
in unleaded petrol. In the future many other uses seem likely .There is little information
concerning the mutagenicity of manganese. Processes as genetic recombination might be affect-
ed by manganese through its influence on enzymes that control the structure and metabolism
of DNA. Manganese can be substituted by magnesium in the binding of two rebosomal subun-
its. Permanganate given to rats in 10 mg/kg doses daily produced an increase in the mitotic
activity of bone-marrow cells. Manganous chloride has been reported to be mutagenic in the
Ames-test. Few experimental studies have been conducted on the carcinogenicity of manganese
and its compounds. When manganous sulfate was administered intraperitoneally to mice in
doses of 10 mg/kg it produced a significant increase in the incidence of lung tumours. The book
concludes that the data available were too meagre to allow an evaluation of the carcinogenicity
of manganese in man and animals. In view of the data concerning the possibility of an increased
use of organomanganese compounds as petrol additives in the future, it is recommended that
epidemiological surveys should be conducted in communities exposed to annual mean concen-
trations of manganese in air exceeding 1/tg/T4

Environmental Health Criteria 18
Arsenic

This document contains some comprehensive reviews on the health effects of inorganic
and organic arsenic compounds which are ubiquitous elements with metalloid properties in our
environment. In nature arsenic is widely distributed mainly as arsenite or arsenate. In water,
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usually arsenic is found and the methyated arsenic compounds have strong biological effects.
Arsenic (I11) oxide is produced as a byproduct in the melting of copper and lead ores and arsen-
ic containing pesticides. A mean blood arsenic level of 0.00188 mg/kg (range, 0.0005-0.0038
mg/kg) was found among children living in country towns.

The acute effect caused by inorganic arsenic compounds is a gastrointestinal damage
resulting in severe vomiting and diarrhoea. Further acute symptoms are muscular cramps,
fcial oedema and cardiac disturbances; shock may also develop as a result of dehydration,
ahe fatal dose for man of ingested arsenic (I11) oxide has been reported to range between 70
Tnd 180 mg. The subacute effects involve mainly the respiratory, gastrointestinal, cardiovascu-
aar, nervous and haematopoietic systems. In reviewing available data in 1973, as well as in
1980, the IARC concludes that there was sufficient evidence to associate exposure to inorganic
larsenic in man cancer of the lung and skin.

Environmental Health Criteria 19
Hydrogen sulfide

The concentrations of hydrogen sulfide in urban areas may be as high as 0.05 mg/m3
(0.033 ppm). It is believed that workers are not usually exposed to hydrogen sulfide concentra-
tions above the occupational exposure limit of 10-15 mg/m3(7-10 ppm). Massive exposures to
hydrogen sulfide usually resulted from leaks in industrial gas streams containing high levels
of hydrogen sulfide or from the slow, insidious accumulation of the gas of biogenic origin.
In experimental animals, the effect of high doses of hydrogen sulfide and of cyanide are similar.
They inhibit the enzyme cytochrome oxidase, interfering thereby with the consumption
of oxygen by the tissues to the point where metabolic demands cannot be met. There is little
information on the effetes on experimental animals of long-term low-level exposure to hydrogen
sulfide. Because it is both an irritant and asphyxiant gas the toxic effects are kcratoconjuctivitis
(gas eye), hyperpnoea, apnoea, pulmonary oedema, paralysis of the respiratory centres.
Death is due to asphyxia unless spontaneous respiration is reestablished or artificial respiration
ispromptly provided. Chronic intoxication is a largely subjective state characterized by fatigue
and believed by some to be a consequence of intermittent exposure to hydrogen sulfide at
concentrations of 75-150 mg/m3 Exposure to hydrogen sulfide in high concentrations occurs
among workers in the oil, gas and petrochemical industries. Hydrogen sulfide in ambient air in
concentrations of the order of the odour threshold has not been shown to have any significant
biological activity in man or animals. Studies should be conducted in experimental animals on
the cumulative neural effects of repeated and/or continuous long-term hydrogen sulfide ex-
posure at concentrations that induce subacute or chronic intoxication.

Anna Tompa

IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to
Humans Vol. 27: Some Aromatic Amines, Anthraquinones and Nitroso Com-
pounds, and Inorganic Fluorides Used in Dringking-water and Dental Prep-
arations

IARC, Lyon 1982. 341 pages Price Sw. fr. 40,—

The previous volumes of the IARC monographs evaluating the carcinogenicity of differ-
ent chemicals include some aromatic amines and anthraquinones which were used mainly as
dyestuffintermediates. The present issue summarizes the specific information on the absorption,
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distribution and metabolism of many aromatic amines. These data suggest that absorption in
humans may occur via the respiratory and gastrointestinal tracts and through the skin.
Aromatic amines and amides are readily metabolized by oxidation of their carbon or nitrogen
atom in both man and animals. The formation of maleic acid and mutagenic carcinogenic
metabolites appear to involve N-oxidation. More than 700 dyes, as listed in the Colour Index,
can be made from aniline; few dyes based on aniline or aniline derivatives are,however,produced
in commercially significant quantities. Aniline has been reported to occur in surface samples
taken from some rivers in Europe and this was attributed to industrial chemical waste. Aniline
was found to be present in several fruits, vegetables and in black tea. It has also been detected
in tobacco smoke. Aniline hydrochloride tested- in mice by oral administration produced no
carcinogenic effect, but the same treatment in rats caused various malignancies of the mesen-
chymal tissue. In humans a high risk of bladder cancer has been observed in workers of the
aniline dye industry. This, however, was probably due to exposure to chemicals other than
aniline, because the evidence is limited for the carcinogenicity of aniline hydrochloride in hu-
mans and animals. Ortho-para-anisidine and its hydrochlorides are intermediated in the manu-
facture of synthetic dyes. There is sufficient evidence of the carcinogenicity of ortho-anisidine
hydrochloride in experimental animals. The lack of human data makes it impossible reliably
to evaluate its human carcinogenicity. Ten more chemicals of the aromatic amines are listed in
this chapter. Half of them were characterized as carcinogenic to experimental animals. For the
other five there is only a limited evidence of carcinogenicity.

In this book another group of chemicals, the anthraquinones, used as dye intermediates,
is also discussed. In experimental animals there is sufficient evidence of the carcinogenicity
only for 2~methy-I-nitroanthraquinone. In this respect no human data are available.

Two nitroso-compounds are evaluated in this monograph. N-nitrosodiphenylamine used
in the rubber processing manufacture, was mutagenic in the Ames-test and caused bladder
cancer in experimental animals. These data, however, mean only a limited evidence for its
carcinogenicity. The other nitroso compound, para-nitrosoplienylamine, is used as a chemical
intermediate for dyes and as polymerization inhibitor during the manufacture of vinyl mono-
mers. The data available are insufficient for an evaluation of its carcinogenicity in experimental
animals. In the case of both nitroso compounds no data on humans were available, therefore
no evaluation of their carcinogenicity in humans was possible.

The last group of chemicals evaluated in this monograph are the inorganic fluorides.
Studies of water fluoridation and cancer are only reviewed in the book. None of the studies
provided any evidence that an increased level of fluoride in water was associated with an in-
crease in cancer mortality. The data available are inadequate for an evaluation of the carcino-
genicity of sodium fluoride, the only inorganic fluoride tested in experimental animals. These
critical analyses of experimental data are intended to assist national and international au-
thorities in formulating decisions concerning preventive measures.

Anna Tompa

IARC Monographs on Evaluation of the Carcinogenic Risk of Chemicals to Hu-
mans. Yol. 28: The Rubber Industry.

IARC, Lyon,486 pages. Price: 1982. Sw. fr. 70.—
This recent issue of the IARC Monographs discusses the probability that exposure to a
chemical agent or its complex mixtures in a particular occupation will lead to cancer in man.

All the pertaining data are summarized in the monograph. The choice of the field was given on
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the basis of two main criteria i.e. that there are data connecting exposure and cancer in man,
and there are evidences of human exposure.

The criteria of evaluation and evidence of carcinogenecity in humans has been emphasized
in the previous IARC monographs. This issue is concerned with the tyre manufacturing and
repair sector, cable-making and the manufacture of other rubber goods (automotive, mechani-
cal engineering, building, footwear, furniture, textile, electrical, sports, etc.) The consumption
level of natural and synthetic rubber is the highest in the USA and East Europe. The total
world consumption of natural rubber was 3.85 million tons in 1980. There are many difficulties
in determining the relation between exposure and disease in the rubber industry. When in 1949,
2-naphtylamine was shown to be a significant impurity in some of the rubber antioxidants, the
direct causal link between exposure to the agent and the occurrence of bladder cancer was
established with reasonable certainty. Now it appears that the removal of some suspect chem-
ical compounds from the industrial process did effectively eliminate this particular occupational
bladder cancer hazard, but mortality from lung and stomach cancer in the same groups of
workers have been reported in both American and British rubber industries.

The book appears to be useful for the systematic monitoring of the industrial environ-
ment; these informations help to define the acceptable hygienic standards and codes of practice
in a greater dissemination of safety regulations in prophylactic cancer research. The mono-
graph gives detailed information about the history of the rubber industry. The reader will have
a view of the manufacturing and the chemistry of rubber compounding. It describes the ways
of exposure at the workplace and the environmental monitoring techniques. In the part on the
biological effects it deals with certain epidemiological studies of carcinogenicity in humans.

In the Appendixes 1to 3, the book gives the list of all chemicals and structural formulas
occurring in the rubber industry. The detailed hihiliography and the cross index of chemicals
makes the book particularly useful for industrial hygienists or researchers.

Anna Tompa
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