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INFLUENCE OF X-RAYS ON THE RATE OF ACCUMULA-
TION OF 131 IN THE THYROID OF GUINEA PIGS IN
THE INITIAL STAGE OF RADIATION DISEASE

H. Lach and B Dymarczyk
DEPARTMENT OF ANIMAL PHYSIOLOGY, TEACHER TRAINING COLLEGE, KRAKOW

(Received 1974—06-18)

Abstract

The influence of single, total body X-ray irradiation with 500 and 1500 R on
1311 uptake in the thyroids of guinea pigs in the initial stage of radiation disease was
studied. Radioactivity of the thyroid was measured 1, 3, 6, 24 and 48 h after i. p. in-
jection of 131l, i. e. 69, 71, 74, 92 and 116 h after the and of X-ray irradiation. Sixty-
nine and 71 h after the and of X-irradiation, accumulation of 131l was higher in the
thyroids of male and female irradiated guinea pigs in comparison with controls. At 75
h after X-irradiation i.e. 6 h after administration of 131l, a drop in the iodine con-
tent of the thyroid occurred, which lasted up to 48 h. The drop in 131l uptake by
the thyroid was particularly significant at 92 h after irradiation of male and female
guinea pigs i. e. at 24 h after introduction of the isotope, in comparison with the
controls.

Introduction

Numerous investigators have studied the influence of X-rays and 131l
on morphologic changes, induction of tumors and function and activity of
the thyroid in humans and animals [1,9, 11, 12, 14, 17, 21, 23—25].

Thyroid activity after irradiation with X-rays undergoes very distinct
changes, as noted by Betz [6] and Monroe and co-workers [15]. Whole
body X-irradiation of rats causes increased accumulation of 131l in the thyroid
according to Evans and co-workers [cit. in 8]. Closon and Betz [8], on the
other hand, noted a drop in iodine uptake by the thyroid 48 h after whole
body X-irradiation of rats with 800 R.

Changes in activity and function of the thyroid after X-irradiation and
in iodine metabolism are of particular interest in the first stage of radiation
disease.

This study was concerned with the influence of large, total doses of X-
rays on the accumulation of 131l in the thyroid of guinea pigs in the initial
period of radiation disease. The relationship between the dosage of X-rays and
rate of 131l accumulation, and the possible sex differences were also studied.

1 Acta Biologica Academiae Scientiarum Hungaricae 27, 1976



2 H. LACH and B. DYMARCZYK

Material and methods

Forty sexually mature, 6-month-old guinea pigs weighing 500 g on average were used
in the experiments. The animals were kept at an ambient temperature of 18—20 °C on standard
feed throughout the experimental period.

The animals were divided into a control group and two experimental groups. The
control group numbered 10 guinea pigs (5 males and 5 females).

The first experimental group of 15 guinea pigs (9 females and 6 males) were irradiated
on the whole body with 500 R of X-rays from a roentgen apparatus with 200 kY, 15 mA and
1 mm Cu filter. Time of exposure was 8 min and 50 s.

The guinea pigs of the second experimental group were irradiated in a similar manner
but with 1500 R and exposure for 15 min and 50 s. Dosage was determined in air by means
of a Universal Dosimesser.

On the first day after irradiation the behaviour of the guinea pigs was normal. On
the second day, the animals were somnolent, apathetic and ate little. Bloody extravasations
appeared on the mucous membranes. Some animals had diarrhoea. Random blood samples
showed leucopenia. These symptoms were considered indicative of the first stage of radiation
disease, and measurements of thyroid activity were begun.

At 68h after irradiation of the animals of the first experimental group (9 females and
6 males) which received a dose of 500 R, each of the 15 guinea pigs was given an intraperitoneal
injection of 3 /iCi of 131l. The background and impulses in a standard were also measured.
The same procedures were followed with the second experimental group irradiated with
1500 R. At the same time, 3 /UCi of 131l was injected in the control guinea pigs. One hour
after injection of 131l and 69 h after X-irradiation, impulse counts were made on the thyroids
of guinea pigs irradiated with 500 R. For this purpose, the animals were placed in a lead
cylinder with a window measuring 4 X 2.5 cm, 5 mm thick. The whole thyroid was exposed
in the window to the probe, directly opposite to the collimator. After determining the distance,
radioactivity was measured over the thyroid.

In the same way impulse counts were made on the thyroids of the control guinea pigs
and group of guinea pigs irradiated with 1500 R.

Next, measurements were made in the control and experimental animals 3 h later,
i.e. 4 h after administration of radioactive iodine and 72 h after termination of irradiation.

At 24 h after administration of 131l and 93 h after X-irradiation, impulse counts were
made over the thyroids of guinea pigs of all three groups.

Finally, measurements were made 48 h after administration of 131l and 117 h after
termination of X-irradiation.

Injections of 1311 were given in the form of a solution of Na I of activity 10 ~Ci/ml.

Radioactivity was measured with a scintillation counter. From the results, percentage
uptake of 131l by the thyroid was calculated in relation to the administered dose according to
Beierwaltes and co-workers [4], allowing for decay of radioactive iodine and background
radiation. Statistical analysis of the results included calculation of arithmetic means, standard
deviation, mean error, and Student’s-test.

Results

Males. Accumulation of 131l in the thyroids of control males 1 h
after its administration amounted to 11.73%. Three hours after injection of
the isotope iodine uptake of the thyroid rose to 12.43%, and after 6 h to
17.40%. Maximum accumulation of 131l was noted after 24 h, with a mean
of 32.09%. Forty-eight hours after injection of the isotope accumulation of
1311 in the thyroid dropped on the average to 23.96% (Table 1, Fig. 1).

In males of the first experimental group irradiated with 500 R of X-rays,
one hour after administration of 131l and 69 h after termination of irradiation
iodine uptake increased statistically significantly to 17.14% in relation to
the controls. At 3 h, 131l uptake dropped to 16.00% compared with the first

Acta Biologica Academiae Scientiarum Hungaricae 27, 1976



X-RAYS ON ACCUMULATION OF *«l 3

Table 1

131/ uptake by the thyroid of the control and X-irradiated male guinea pigs

Interval

~after Group No. of N(I)?‘alisrl)eirncetnhtsge Standard Mean Student’s
mje(ﬁ]?]n of animals th'yroid deviation error (-test
1h Control 5 11.726 1.613 0.721 —
X-ray (500 R) 6 17.144 1.308 0.538 14.03 **
X-ray (1 500 R) 6 12.506 5.335 2.178 0.29
3 h Control 5 12.428 1.330 0.595 —
X-ray (500 R) 6 16.000 2.030 0.829 8.30 **
X-ray (1 500 R) 6 14.118 5.623 2.296 0.58
6 h Control 5 17.395 2.945 1.317 -
X-ray (500 R) 6 18.176 3.135 1.280 0.99
X-ray (1 500 R) 6 15.888 5.200 2.123 1.15
24 h Control 5 32.094 6.201 0.980 -
X-ray (500 R) 6 19.894 4.011 1.637 15.28 **
X-ray (1 500 R) 5 19.213 2.523 1.128 20.28 **
48 h Control 5 23.960 6.201 2.773 -
X-ray (500 R) 0 24.408 2.715 1.108 0.24
X-ray (1 500 R) 5 22.762 1.544 0.691 0.67

* The animals were injected 68 h after irradiation of the experimental animals
** Statistically significant for i0.o0i

Fig. 1. 131l uptake in the thyroid of the male guinea pigs of the control group and groups
X-irradiated with 500 and 1500 R

1* Acta liiologica Academiae Scientiarum llungaricae 27, 1976



4 H. LACH and B. DYMARCZYK

hour, but was much higher (statistically significantly) than in the control
males. At 6 h 131l uptake was 18.18%, close to control values. A slight in-
crease in iodine uptake was noted after 24 h compared with the measure-
ments after 1.3 and 6 h, but a statistically significant drop of thyroid radio-
activity in comparison with controls at the same time. Forty-eight hours after
administration of the isotope, i.e. 117 h after termination of exposure to X-
rays, the level of 131l was 24.40%, about the same as in control males (Table 1,
Fig. 1).

The thyroid of the male guinea pigs of the second experimental group
irradiated with 1500 R began to accumulate 131l already in the first hour
after injection of the isotope, to a level of 12.51%. Three hours after injection
of the isotope the level of 133l in the thyroid rose to 14.12%, and remained above
the control values, hut not statistically significantly. Six hours after injection
of the isotope a slight increase in 131l to 15.89% took place compared with the
values of measurements after 3 h, but a distinct drop of radioactivity of the

Table 2

1311 uptake in the thyroid of control and X-irradiated female guinea pigs

Interval

after No. of Mean percentage Standard Mean Student’s
injegtign of Group animals ~ of 13Ul in the deviation error i-test
thyroid
Lh Control 5 9.876 1.740 0.778 -
X-ray (500 R) 9 16.902 1.533 0.511 16.46 **
X-ray (1 500 R) 9 15.028 3.334 1.111 10.14 **
3 h Control 5 12.334 1.265 0.566 —
X-ray (500 R) 9 17.167 1.280 0.427 16.60 **
X-ray (1 500 R) 9 16.227 3.415 1.138 8.53 **
6 h Control 5 15.773 2.137 0.056 —
X-ray (500 R) 9 18.837 1.203 0.401 22.52 **
X-ray (1 500 R) 9 15.267 3.696 1.323 1.14
24 h Control 5 33.492 2.125 0.950 —
X-ray (500 R) 9 19.519 1.630 0.543 30.31 **
X-ray (1 500 R) 7 17.958 5.402 2.042 17.63 **
48 h Control 5 20.320 4.332 1.937 -
X-ray (500 R) 9 22.813 2.409 0.803 1.40
X-ray (1 500 R) 5 18.560 4771 2.134 0.61

* The animals were injected 68 h after irradiation of the experimental animals
** Statistically significant for tQO0L

Acta Biologica Academiae Scientiarum Hungaricae 27, 1976



X-KAYS ON ACCUMULATION OF 5

thyroid was observed in relation to the controls. At 24 h radioactivity of the
male thyroids was 19.83%, i.e. by 12.9% less than in the control males, the
difference being statistically significant. At 48 h 131l uptake by the thyroid
of X-irradiated males with 1500 R was 22.76%, i.e. below the mean control
value (Table 1, Fig. 1).

Females. 131l uptake by the thyroids of control females 1 h after adminis-
tration of the isotope was 9.88%. After that radioactivity of the thyroid
rose steadily up to 24 h with the following values: after 3 h, 12.33%, after 6 h,
15.77%, and after 24 h, 33.49%. Twenty-four hours after injection of 131l a
distinct drop occurred in radioactivity of the thyroid, after 48 h the mean
radioactivity of the thyroid was 20.32% (Table 2).

The thyroid of female guinea pigs of the first experimental group irradiat-
ed with 500 R of X-rays accumulated 131U differently than in the control
females. At 1, 3 and 6 h after injection of 131l respectively 69, 72, and 75 h
after termination of X-irradiation, uptake of radioactive iodine by the thyroid
increased (statistically significantly) compared with the control females.
Twenty-four hours after injection of 131l radioactivity of the thyroid increased
slightly in comparison with the preceding periods, but a very distinct, statisti-
cally significant drop in radioactivity of the thyroid, amounting to about
13.973%, took place in comparison with the female controls. Finally, 48 h
after injection of the isotope and 117 h after termination of X-irradiation
the thyroid of females accumulated t31l to the level of 22.813% (Table 2).

1311 uptake in the thyroids of female guinea pigs of the experimental
group irradiated with 1500 R was similar to that in the females irradiated
with 500 R. After 1 and 3 h, respectively 69 and 72 h after irradiation, accumu-
lation of 131l in the thyroid increased statistically significantly. Next, after 6,
24 and 48 h, respectively 75, 95 and 117 h after termination of irradiation,
131 uptake by the thyroid was inhibited in comparison with the controls
(Table 2).

Discussion

An analysis of the results clearly shows that the thyroid gland of guinea
pigs irradiated with 500 R and 1500 R of X-rays on the whole body takes up
more 1311 up to 75 h after exposure, and this is followed by a drop in the radio-
activity ofthe thyroid in comparison with controls. In control animals, accumu-
lation of 131l increased up to 24 h from injection of the isotope, followed by
a very significant fall in radioactivity of the thyroid.

The observed increase in accumulation of 131l in the thyroid during
the first 75 h after the and of irradiation of the animals with 500 and 1500
R is in agreement with the generally held opinion that after sublethal doses
of X-rays at first thyroid activity increases, followed by a gradual drop [15].

Acta Biologica Academiae Scientiarum Hungaricae 27, 1976



6 H. LACH and B. DYMARCZYK

The increased accumulation of 131l in the thyroid of animals X-irradiated in
the early period of exposure may be attributed to an increased synthesis
and release of TSH from the hypophysis [5, 6].

Changes in thyroid activity after X-irradiation are accompanied by
morphologie changes in the hypophysis and in the content of TSH [3, 22].

Since biosynthesis and release of thyroid hormones are strictly related to
the blood level of TSH [10], the increase in 1S1l uptake by the thyroid in the
initial period after X-irradiation is probably linked with an increased secre-
tion ofthyroxine, and consequently with a greater iodine requirement of the
body.

In the early hours after irradiation of the animals with 500 or 1500 R of
X-rays, the thyroid uptake of m 1 was somewhat higher than in the controls,
and in the later stage the comparative iodine uptake decreased distinctly.

Our observations are in agreement with those of Croson and Betz [8],
who noted a drop in iodine uptake by the thyroid in rats 48 h after whole
body irradiation with 800 R.

The uptake of radioactive iodine by the thyroid in guinea pigs X-irradi-
ated with 500 R and 1500 R at 1 to 48 h after administration of the isotope
was essentially similar. The threefold higher dose of X-rays had no statistically
significant effect on the rate of radioactive iodine uptake by the thyroid.

Although Moskatev and co-workers [16] reported that the rate of iodine
uptake by the thyroid is proportional to the dose of radiation applied, our ob-
servations do not confirm a relationship.

Measurements of radioactivity revealed similar 13l uptake in the thyroids
of male and female guinea pigs irradiated with 500 and 1500 R of X-rays.
Sikov [18] also found no difference in 13l uptake between male and female
animals of the same age.

The observed changes in iodine metabolism, especially those concerning
the rate of accumulation of 131l in the thyroid of X-irradiated guinea pigs, are
related to changes in activity of the hypothalamus and hypophysis. Total
irradiation of animals with X-rays leads to changes in activity of the hypo-
thalamus [2, 13].

Changes in hypothalamic activity are reflected by changes in the level
of hypothalamic TRF, which in turn affect the content and release of TSH [19,
20]. At the same time, morphologic changes occur in the hypophysis and in
the amount of thyreotropic hormone (TSH) released [3, 22] and Ciroson and
Betz [8] reported changes in levels of thyroxine in animals exposed to X-rays.

The facts clearly indicate that changes in activity of the hypothalamus,
and indirectly in the hypophysis, are reflected by thyroid function, manifested
by changes in iodine uptake by the thyroid gland.

Ada Biologica Academiae S cientiarw Hungaricae 27, 1976
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Abstract

The ,3I1 uptake by guinea pig thyroid is subject to distinct diurnal varia-
tion. In control males, peak values occurred at 12 h, and minima at 24 h. In control
females, peak values were also at 12 h, but minima at 6 h. In guinea pigs irradiated
with 500 R of X-rays, a rise in 131l uptake began 1h after termination of irradiation
in both sexes and at all intervals, but maximum and minimun values were at the same
time as in controls.

Introduction

Changes in thyroid activity in animals following X-irradiation have
been described by numerous investigators [5, 8, 10, 11, 20, 26, 27].

Whole-body irradiation of rats with X-rays increases 131l uptake by the
thyroid [8]. According to Singh [17], small doses of X-rays increase, and large
doses decrease 131l uptake by the thyroid. Closon and Betz [9] observed,
however, a drop in iodine uptake 48 h after whole-body irradiation of rats
with 880 R. Similar results were reported by Song and Evans [21], who
observed lowered 131l uptake by the thyroid of mice 6 h after irradiation.

Although experimental studies have shown that thyroid uptake of 131l
changes in animals irradiated with X-rays, there is lack of accurate infor-
mation about the influence of irradiation on the diurnal rhythm of radioactive
iodine uptake. The present study was concerned with the following problems:

(1) Does 131l uptake by the thyroid of male and female guinea pigs vary
in the course of the day?

(2) How is 131l uptake by the thyroid influenced by single total doses of
X-rays?

(3) At which time of the day is the thyroid most sensitive to X-irra-
diation?

Material and method

Experiments were carried out on 100 six-month-old guinea pigs of 500 g average
weight. The animals were kept at 18—20 °C ambient temperature and fed a standard diet.
The animals were divided into a control group (25 male and 25 female guinea pigs) and an
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experimental group (25 male and 25 female guinea pigs), i. e. 50 in each group. Each group
was subdivided into 5 subgroups of 10 guinea pigs (5 males and 5 females). The groups of
experimental guinea pigs were irradiated with a single dose of 500 R at 12, 18, 24, 6, and 12 h.
Twentytwo hours after irradiation, i.e. at 10, 16, 22, 4 and 10 h, each group of guinea pigs
was injected intraperitoneally with 1 fid of 13ll. The control group of animals also received
injections of the isotope.

Radioactivity was measured 2 h after isotope injection, i.e. 24 h after irradiation.

The source of radiation was a Philips roentgen machine for deep therapy, at 200 kV
and 15 mA, 1 mm Cu filter. Exposure was for 8 min and 50 s. Air dose was measured with a
Universal Dosimeter. Radioactive iodine with 10 /<Ci/ml activity of 13ll-Na was injected.

Thyroid activity was measured with a scintillation counter. When calculating results
in per cent of the administered dose in the thyroid, corrections were made for decay of
radioactive iodine and background radiation according to Beierwaltes and co-workers [6].

For statistical analysis, means, standard deviation and Student’s r-test were calculated.

Results

Females. Maximum 13l uptake by the thyroids of control females was
noted at 12 h, and minimum at 6 h (Table 1, Fig. 1).

In females irradiated with 500 R of X-rays, 131l uptake by the thyroid
increased distinctly and the maximum shifted from 12 h to 18 h. Statis-
tically significant differences in thyroid uptake of 131l were noted between
control and irradiated mice at 18 h, 6 and 24 h (Table 1, Fig. 1).

Males. In control males, 131 uptake also varied at different times of
the day. Highest activity of the thyroid was noted at 12 h, and lowest at
24 h (Table 1, Fig. 1).

Table 1

Percentage 1311 uptake 2 h after i.p. injection of 131l various times of the day
by the thyroid of control guinea pigs and guinea pigs irradiated with 500 R of X-rays

Time of Dose of X-rays Mean percentage 13l uptake by the thyroid
measurements Groups of animals in R (24 h before
measurements) male female
Noon Control - 12.320 + 1.408 11.990 + 1.204
X-irradiated 500 13.117 + 1.495 12.786 + 1.584
6 p.m. Control — 9.600 + 0.596 10.350 + 0.620
X-irradiated 500 11.473 + 1.166* 13.020 £ 2.363*
Midnight Control - 8.200 + 1.934 9.253 + 2.312
X-irradiated 500 11.382 + 0.993* 12.540 + 1.244*
6 a. m. Control — 10.340 + 1.626 9.000 + 1.553
X-irradiated 500 12.690 + 0.819* 12.183 + 1.844*
Noon Control — 13.400 + 0.698 13.070 + 0.698
X-irradiated 500 13.297 £ 0.528 13.017 + 0.852

* Significant at a level of 0.001
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Fig. 1. Diurnal rhythm of 131l uptake by the thyroid of male and female control guinea pigs
and guinea pigs irradiated with 500 R of X-rays

Measurements in male guinea pigs irradiated with a single dose of 500 R
showred much higher values at various times of the day compared with control
males. Maxima and minima were at the same hours, hut at higher levels.
Statistically significant differences in accumulation of radioactive iodine in
the thyroid were noted at 18, 24 and 6 h (Table 1, Fig. 1).

Discussion

Analysis of the findings shows that m | uptake by the thyroid of control
male and female guinea pigs varies very distinctly in the course of the day.
Maximum peak of 131l uptake in control guinea pigs was at 12 h (noon), in
both sexes. Minimum uptake was at 24 h in males, and at 6 h in females.

The results of this study are consistent with the findings of Singh and
co-workers [18], who noted that in rats plasma concentrations of TSH rise
in the morning hours, attain a peak at 15 h, and then fall to the minimum
level at 3 h in the night.

It seems likely that the rise in plasma TSH in the morning hours con-
tinuing until 15 h, causes an increase in thyroid activity and consequently
also in 13l uptake by the thyroid. On the other hand, low levels of TSH in
the nighttime are associated with a decrease in 131l uptake.

According to Ban [3], in euthyroid subjects diurnal variation in triiodo-
thyronine are characterized by a maximum during sleep, accompanied by
a slight rise in thyroxine. However, a distinct rhythm was not apparent unless
the hormone was calculated in relation to total protein. In this author’s opinion,
the rise in triiodothyronine during sleep is probably mainly due to blood

Acta lliologica Academiae Scientiarum Hungaricae 27, 1976



12 H. LACH and B. DYMARCZYK

dilution. It is also probable, however, that the elevation of thyroxine levels
is partly responsible for the rise in triiodothyronine.

Nicoi.off (cit. [25]), observed fluctuation in release of iodine from the
thyroid with a maximum at 4 h in the morning and minimum at 17 h in the
afternoon. These data suggest acceleration of intrathyroid kinetics of iodine
and enhanced secretion of hormones by the thyroid at this time.

Irradiation with 500 R of X-rays was followed after 24 h by a statistic-
ally significant rise in 131l uptake by the thyroid of male and female guinea
pigs in comparison with control guinea pigs, but maxima and minima oc-
curred at the same times of the day, although at a higher level.

The rise in 131l uptake by female and male guinea pig thyroid at various
times during 24 h after termination of exposure to X-rays is consistent with
the view that in certain doses X-rays first cause a rise in thyroid activity,
which is followed by a gradual drop [7, 14, 17, 19].

Increased accumulation of 1311 in the thyroid of X-irradiated animals
at various times of the day is related to increased synthesis and release of
TSH in the hypophysis [4, 5]. In turn, changes in thyroid activity after irra-
diation are accompanied by morphological changes in the hypophysis and by
changes in TSH content [2, 24].

The changes in kinetics of iodine, particularly in uptake of 13l by
the thyroid of X-irradiated guinea pigs, should be attributed to changes in
activity of the hypothalamus and hypophysis. Whole-body irradiation of
animals causes changes in activity of the hypothalamus [1, 13, 20, 21].

Changes in the hypothalamic activity are reflected by changes in hypo-
thalamic levels of TRF which, in turn, influence TSH synthesis and release
[22, 23]. Simultaneously, levels of thyroxine change in X-irradiated ani-
mals [9].

Lastly, measurements of thyroid radioactivity have revealed that the
highest difference between the iodine uptake of controls and irradiated animals
occurs at night. The reason for this is the varying sensitivity of animals to X-
irradiation.

This conclusion is supported by the studies of Pizzarel1o and co-
workers [15, 16] and Heritwig and Rosenkranz [12] who demonstrated that
sensitivity of strains of mice and rats to ionizing radiation is subject to a
circadian rhythm. On the whole, animals were more sensitive to X-rays in
the nighttime.
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Abstract

The teratogenic effect of perphenazine was studied in closed-bred W istar rats.
Rats were given the substance orally continuously on days 7 to 14 of pregnancy, or
as a single dose on one of days 9—15. The doses were considerably higher than the
specific neuroleptic doses of perphenazine (20—150 mg/kg). The fetal mortality and
malformation rates were significantly higher in the perphenazine-treated groups than
in the controls. The results were compared with the earlier results of methophenazine
treatment. Perphenazine was found to be more toxic for rat embryos than metho-
phenazine.

Introduction

The effect of neuroleptic phenothiazine derivatives on the embryonic
development in various species has been examined by several authors. The
opinions are inconsistent on their embryotoxic and teratogenic effect.

Single i. p. doses of chlorpromazine given on different days of pregnancy
increased fetal mortality and caused hydronephrosis and skeletal malforma-
tions in rats, depending on the day of treatment [5]. Chlorpromazine alone
was not teratogenic on chick embryos, but promoted the teratogenicity of
insulin [8].

Besides the above alterations, hydrops fetalis and hydrocephalus internus
developed in higher percentage after s. c. injection of trifluoperazine in rats [6].

Fetal resorption was frequently found if the rats were treated with
prochlorperazine before the 7th gestational day. Treatment after the 7th day
was often followed by malformations, for instance, cleft palate occurred in
fetuses treated on the 13th day of pregnancy [13]. In another series of experi-
ments [16] only two rat embryos showed cleft palate of those treated in a
similar way [1].

High occurrence of retrognathia, cleft palate, and micromelia was re-
ported on Wistar rat fetuses after single doses of methophenazine given on
the 14th day of pregnancy [7]. The applied doses were much above the spe-
cific neuroleptic doses.
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Phenothiazine derivatives containing the piperazine-ring in N side-chain
are more teratogenic than those containing here an alkyl group [4, 7]. Metho-
phenazine was first synthesized by To1rdy and co-workers [15] from perphen-
azine by the esterification of its hydroxyl group with trimethoxybenzoic acid.
This substitution decreased the toxic effects of perphenazine (hepatotoxicity,
leucopenia, tachycardia, hypotension, etc.) [2]. The teratogenic effect of the
former compound was studied earlier [7], while the embryotoxic and terato-
genic effects of perphenazine [N-hydroxyethyl-(N’)-2-chloro-10-phenothi-
azinyl-(propyl)-piperazine] in comparison with similar effect of methophena-
zine have been the subject of the present studies. In addition, the teratogenic
effect of inethophenazine given on the 15th gestational day was studied,
since the effect exerted on this particular day had not been investigated. We
intended to show whether the mentioned substitution of hydroxyethyl group
of perphenazine decreases the teratogenic effect of this substance.

Material and method

Closed-bred virgin female W istar rats, weighing 150 to 200 g, were bred with males
of the same strain, weighing 250 to 300 g. The first day of pregnancy was determined on the
basis of the presence of spermatozoa in the vaginal smear. Preparations were stained with
1% aqueous methylene-blue solution. The pregnant rats were separated, food and water were
given ad libitum.

The value of acute LD50 (single dose, 8-day’s observation) was established on non-
pregnant female Wistar rats of the same body weight and calculated by Litchfield-Wilcoxon’s
method [9]. The acute oral LD50 value of perphenazine was 350 + 35 mg/kg. Since the per-
phenazine base is poorly soluble in water, it was suspended in 1.25% methylcellulose solution
and given in a volume of 5 ml/kg. Freshly-prepared suspension was administered always in
the morning by means of a stomach tube. After the treatment the pregnants were placed in
separated cages and were continuously observed. Both treated and control animals were
weighed every second day. Grouping is shown in Table 1.

Caesarean section was made on the 21st day of pregnancy. The fetuses were taken out
with the uterus-horns; the live and died fetuses or early resorptions were counted in each
horn. The offsprings were weighed and external examination was performed. A half of the
fetuses were fixed in Bouin’s solution and dissected with modified Wilson’s technique [19].
The others were fixed in 96% ethanol and skeletons were examined after KOH alizarin red S
staining [10, 14]. If it was necessary, histological serai sections were prepared. These were
stained with hematoxylin and eosin.

Fetal mortality rate was calculated on the basis of total implantation count while
the rates of retardation and malformations were related to the live fetuses. The statistical
significance of both mortality and malformations was calculated by the a2 test. The “p”
values are presented in Table 2. Fetuses in which one or more sternal ossification centres were
missing or double-shaped, or one or more ventral ossification centres of vertebrae were under-
developed were regarded as retarded [10]. The percentage of malformations was calculated
for live fetuses.

Results

The results are summarized in Tables 2, 3, and 4, and in Fig. 1. Both
fetal mortality and the incidence of malformations were significantly higher
in the groups treated with perphenazine than in the control groups (Table 2).
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Table 1

Grouping and dosage in teratological studies with perphenazine

Number of preg-

Group Substance Daily dose Total dose trDe?{smg,El fne?#aﬂgstzﬁdriiig

study

c Control 0 0 0 15/0
M.C. Solvent 5 ral/kg 40 ml/kg 7—14 10/0
P/20 Perphenazine 20 mg/kg 160 mg/kg 7-14 10/0
P/90/ 9 Perphenazine 90 mg/kg 90 mg/kg 9 9le
10 10 9/0

11 1 10/a

12 12 ]0/0

13 13 9/0

14 14 11/1
P/120/ 9 Perphenazine 120 mg/kg 120 mg/kg 9 9/0
10 10 1l/o

11 1 10/0

12 12 /o

13 13 14/0

14 14 10/0
P/150/ 9 Perphenazine 150 mg/kg 150 mg/kg 9 11/1
10 10 9/2

11 11 13/1

12 12 16/0

13 13 13/0

14 14 18/1

15 15 9/o

The following three types of malformations were typical: cleft palate,
retrognathia, and micromelia. Their incidence depended on the dose and on
the day of treatment. Cleft palate appeared in fetuses of mothers treated
on the 11th day or later. Its incidence and degree reached the maximum
when 150 mg/kg of perphenazine was given on the 15th day of pregnancy
(15th day — 150 mg/kg — 85.2% cleft palate — Table 4, Fig. 1). Retrognathia
was observed in the group treated on the 13th gestational day or later. All
the fetuses had retrognathia in the group of mothers having received 150 mg/kg
of perphenazine on the 15th day; the incidence of retrognathia showed a sudden
decrease with reducing the dose (Table 4, Fig. 1). Micromelia in high percentage
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Methophenazi ne

Perphenazine

Fig. 1. Comparison of perphenazine and methophenazine with regard to the induction of
cleft palate, retrognathia, and micromelia. The given doses of each substance are presented
over the columns
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Tabic 2

The effect of perphenazine treatment on embryos of pregnant rats

Re orptions . Retardations Malformations
oo oo o R
No. per cent No. per cent No. per cent
C1 159 10 6.3 149 118 26 17.4 5 3.3
M.C.2 108 7 6.5 101 66 33 32.6 2 2.0
P /20/ 7- 14» 118 40 33.9* 78 30 30 38.4 18 23.1*
P /90/ 9 101 63 62.4* 38 17 16 421 5 14.8**
10 97 60 61.9* 37 25 8 21.6 5 13.5**’
11 105 36 34.3* 69 26 26 37.7 17 24.6*
12 112 25 22.3* 87 54 20 23.0 13 14.9**
13 87 10 11.7 77 42 13 16.9 22 28.6*
14 104 15 14.4%** 89 25 25 21.1 39 43.8*
P /120/ 9 80 66 82.5* 14 7 6 42.8 1 7.1
10 123 80 65.0* 43 27 10 23.3 6 14.0**
11 102 47 46.0* 55 23 23 41.8 9 16.3*
12 124 38 30.6* 86 39 29 33.7 18 20.9*
13 151 41 27.2* 110 47 36 32.7 26 23.6*
14 99 30 30.3* 69 9 21 30.4 40 56.5*
P /150/ 9 90 79 87.8* 11 4 3 27.3 4 36.3*
10 72 59 81.9* 13 3 6 46.1 4 32.5*
11 133 7 57.9* 56 25 16 28.6 15 26.8*
12 164 46 28.1* 118 55 29 24.6 34 28.8*
13 144 87 ©0: * 57 15 14 24.6 28 49.1*
14 199 35 18.0** 164 26 10 6.1 119 72.6*
15 104 i6 15.4%** 88 0 0 0.0 88 100.0*

luntreated control, 2medium control, 3perphenazine (dose in mg/kg/ day of treatment)
*p < 0.001, **p<0.01, ***p< 0.05

required 150 mg/kg perphenazine. If this was administered on the 15th day,
all fetuses developed micromelia (Table 4, Fig. 1). It was remarkable on
the skeletons stained with alizarin red S that longitudinal growing of long
hones was disturbed, while the appositional ossification not. The 21-day-old
embryos of mothers treated on the 15th gestational day with 150 mg/kg
perphenazine had long hones similar in length to those of the 20-day-old
untreated embryos (damaged enchondral ossification), while the thickness
of long hones was equal with that of the 21-day-old control embryos (intact
periosteal ossification).

2% Acta Biologica Acadcrniae Scientiarum Hungaricae 27, 1976



20 A. DKUGA

Table 3

Visceral malformations in the embryos of perphenazine treated pregnant rats
(The frequencies of malformations are expressed in per cent of living fetuses)

Hydrops tﬁ(z\nl?rﬁ)ra-, Cerebral Hernia ggcyeTsl:)S- u':eytgrro-(- urt?gtss{tal
Group fetalis microph- malfor- umbili- rius hydro- malfor-
thalmia mations calis superior nephrosis mations
C1 — — — 0.7 2.0 _
M.C.2 — — — — — 1.0 —
P /20/ 7—143 — 1.3 — — — 16.7 —
P /90/ 9 — 5.3 2.6 — — — —
10 — — 2.6 — — 2.6 —
11 — 14 4.3 1.4 2.9 5.8 1.4
12 i — — — 3.4 —
13 5.2 — 3.9 5.2 14.3 5.2
14 — — 11 1.1 7.9 11.2 _
P /120/ 9 — 7.1 — — — — —
10 — — — — 2.3 9.3 2.3
11 — — — — 1.8 5.5 —
12 1.2 1.2 — 35 10.5 —
13 — 0.9 8.9 6.4 45 —
14 — 14 — — 7.2 17.4 —
P /150/ 9 — — — — — 9.1 —
10 — 154 — 7.7 7.7 15.4 —
11 — 1.8 — 3.6 3.6 5.4 —
12 — — 0.8 4.2 7.6 4.2 —
13 — — 5.3 3.5 8.8 7.0 —
14 0.6 — 1.2 1.2 7.3 7.9 2.4
15 _ _ — — 11 8.0 2.3

luntreated control, 2medium control, 3perphenazine (dose in mg/kg/ day of treatment)

Hydroureter and hydronephrosis occurred in all experimental groups
independent of the day of treatment. In the control and solvent control
groups these anomalies were generally unilateral and the kidneys remained
practically intact. The ureters in the fetuses of the perphenazine-treated
mothers became bilaterally very thick, with very thin wall. This was combined
with hydronephrosis, and normal nephrons were hardly visible histologically.
The incidence of serious hydronephrosis was the highest in the groups of
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Tabic 4

Skeletal malformations in the embryos of perphenazine treated pregnant rats
(The frequencies of malformations are expressed in per cent of living fetuses)

Missed Rib Calcifica- Cleft Retro- Micro- Club Other
Group vertebrag ~ anoma- tion palate gnathia melia foot skeletal
lies anomalies anomalies
c1 0.7 — — _ _ _ _
M.C.2 1.0
P /20/ 7T— 143 — — 1.3 — — 3.8 — _
P /90/ 9 7.9 7.9 — — — — — —
10 2.7 5.4 — — — — 2.7 —
11 4.3 — — — — 2.9 — —
12 6.9 — [ — — — — —
13 — — 1.3 1.3 1.3 2.6 — —
14 — 1.1 — 30.4 14.6 3.4 _ —
P /120/ 9 - — - — — — — —
10 2.3 — — — — — _ _
11 7.3 — — 1.8 — — — —
12 7.0 — — 2.3 — 1.2 — —
13 — — — 4.5 0.9 18 1.8 —
14 2.8 — — 34.8 26.1 1.4 — —
P /150/ 9 9.1 — — — — — 18.2 —
10
11 7.1 — — — — — 7n -
12 5.1 — — 4.2 — 2.5 4.2 0.8
13 3.5 — - 36.8 5.3 22.8 — —
14 0.6 2.4 1.2 67.1 55.9 29.3 1.8 —
15 4.5 6.8 11 85.2 100.0 100.0 — —

luntreated control, 2medium control, 3Perphenazine (dose in mg/kg/ day of treatment)

fetuses treated with 20 mg/kg/day perphenazine on days 7—14, viz., 16.6%, vs,
2.0% (untreated control) and 1.0% (methylcellulose control).

Hydrocephalus internus, hydrops fetalis, missed vertebrae, and, generally
bilateral, anophthalmia or microphthalmia developed in all perphenazine-
treated groups. In two instances fused ribs and in one case each of other rib
anomalies together with missed vertebrae, encephalocele and hernia umbilicalis
developed. A single fetus with very serious hydrops fetalis had in addition
micromelia and skin absence on the lumbosacral region. In this region histo-
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logical serial sections revealed myelodysplasia. Neurons were absent in the
left side of the spinal cord, the medullar substance was diminished and remark-
able round-cell infiltration was present, especially in the grey matter.

The applied doses of perphenazine were toxic for the pregnant rats as
shown by their weight loss of mothers and prolonged cataleptic state. Several
animals even died (Table 1).

Discussion

From the present data the conclusion can be drawn that the esterification
of the — OH group of perphenazine with trimethoxybenzoic acid decreased,
besides the toxic effects in an adult animal, the teratogenicity of the drug
(Fig. 1).

Beall [1] did not find any malformations in animals treated with lower
doses of perphenazine though toxic effects appeared in animals treated with
7 mg/kg/day (out of 25 animals 10 died).

Cleft palate was induced by methophenazine only when the animals
were treated on the 14th and 15th gestational days and its frequency decreased
with reduction of the dose very quickly (1.5th day: 400 mg/kg — 66.7%;
14th day: 400 mg/kg — 53.5%, 300 mg/kg — 3.6%, 200 mg/kg — 8.5%,
100 mg/kg — 1%; 13th day: 400 mg/kg - 1.4%). On the 13th day cleft palate
could not be induced by any of the applied doses, while after perphenazine
treatment cleft palate was observed even if the mother was treated on day 11
(Table 4, Fig. 1). Except for a single case, microphthalmia or anophthalmia
did not occur in methophenazine experiments. As a failure characteristic
of both substances the incidence of hydronephrosis in the fetuses was very
high, which is in good agreement with earlier teratological investigations
on phenothiazine derivatives [4, 5, 6, 7].

For the teratogenic effect of perphenazine riboflavine deficiency and
disturbed FAD synthesis and carbohydrate metabolism seem to be responsible
[4, 11, 17].

Nielsen and co-workers [12] have found significantly more chromosome
aberrations in psychiatric patients treated with perphenazine, therefore, a
chromosome-aberration-inducing effect of this drug in rat embryos cannot
be excluded, either.

Finally, on the base of KOH alizarin red S staining, calcification distur-
bances and altered lengthening of bones might play an important role in the
development of micromelia. This resembles the skeletal anomalies of human
fetuses with congenitally very low alkaline phosphatase values [18].
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VIl. EFFECTS OF HYDROCORTISONE AND THYROXINE ADMINISTRATION
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Abstract

Hydrocortisone treatment caused a hyperglycaemic state in Clarias batrachus
within an hour. The blood glucose values remained significantly increased for 6 days. An
initial increase in liver glycogen was followed by a decrease below the normal value.
The muscle and brain glycogen levels remained unaffected. A mild degranulation of
B cells was seen in the early hours and a conspicuous vacuolation and necrosis of both
A and B cells appeared 72—96 h after treatment. Administration of thyroxine resulted
in hyperglycaemia within 15 h but a distinct hypoglycaemic condition was seen 4
days after the treatment. Considerable drain in the liver glycogen deposits was noticed
between 24 and 72 h while the muscle glycogen showed an increase. The brain glycogen
did not change noticeably. Islets of the fishes autopsied between 72 and 96 h contained
severely damaged B cells. The A cells remained unaffected. It is suggested that, in
addition to several other hormones, hydrocortisone and thyroxine play an important
role in carbohydrate metabolism and blood sugar homoeostasis in C. batrachus.

Introduction

Besides glucagon and growth hormones, the hyperglycaemic agents,
the secretory products of certain other well-known endocrine glands, such as
the adrenal and the thyroid, are considered to be important tools for explor-
ing the regulatory mechanism of insulin secretion from B cells of the pancre-
atic islets. Pertinent literature delineating the role of certain adrenocortico-
steroids and thyroxine shows that these agents participate in the development
of diabetes mellitus, concomitant with selective degenerative changes in the
Langerhans islets [2, 4,9, 13]. Information about modifications in tissue
glycogen concentrations is, however, scanty [11, 12]. In the present studies
the effects of hydrocortisone and thyroxine on the carbohydrate metabolism
of the freshwater fish Clarias batrachus were investigated, viz., the glucose
level of the blood and the glycogen levels of liver, muscle and brain were
followed up. Furthermore the islet parenchyma of the treated animals was
examined.

* Present address: Dr. S. D. Bhatt, Dept, of Zool.,, Almora Post Graduate College,
Almora (U. P.) 263601
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Material and method

A 1% solution of hydrocortisone (Lot no., E648; CIBA Research Centre, Basel) in
0.9% saline was prepared just before use. The solution was injected i. m. to a group of 45 fish
at a dose of 100 mg/kg body weight. Animals were killed 1, 5, 15 and 24 h after the treatment
and, subsequently, at one-day intervals up to the 7th day. A freshly-prepared 1% solution
of thyroxine (Eltroxin, B.D.H., India) was administered i. m. to 35 catfishes at a dose of
5 mg/kg body weight. The animals were killed at the predetermined intervals up to 5 days
(Fig. 9). Another batch of 35 fish were injected with 10 g/kg body weight of 0.9% saline to
serve as controls for both experiments. Blood glucose and the glycogen contents of various
tissues were estimated according to the methods described earlier [10]. Statistical analysis
was made after Sinedecoh [17]. Paraldehyde-fuchsin was used as routine staining procedure

for the material fixed in Hellys" fluid for 12— 18 h. Fishes were starving during the experiment
at a water temperature of 24 + 1 °C.

Results

Effect of hydrocortisone

Blood glucose. The blood glucose value in 120 untreated catfishes averag-
ed 61.2 mg/100 ml [10]. Administration of hydrocortisone resulted in hyper-
glycaemia within an hour (91 ~ 4.97 mg/100 ml). The values remained about
the same level for 72 h. A further increase in the glycaemia was observed
96 h after the injection (109.5 ~ 16.36 mg/100 ml) and all the treated fish
were hyperglycaemic till the end of the experiment (Fig. 1).

Tissue glycogen. Hydrocortisone caused an increased deposition of gly-
cogen in the liver within an hour, and the values increased from 58.06 mg/g
(the normal mean value in 120 animals [10]) to 71.3mg/g 15 h after the injection.
There was, however, aloss of glycogen from liver 24 h after the administration,
reaching the lowest mean value, 40.9 ~ 2.23 mg/g, at 96 h. Recuperation to
normal values was observed by the end of the experiment (Fig. 1). The muscle
and the brain glycogen concentrations were not modified to a significant
extent and the values were within the normal range throughout the experi-
mental period (Fig. 2).

Islet histology. The pancreatic islets of untreated control fish show well-
recognizable A and B cells (Fig. 3). In the islets of hydrocortisone-treated
fish a mild degranulation of B cells was observed within 5 h and, also, 15 h
after the treatment; some islets showed a distinct loss of granulation in these
cells (Fig. 4). An islet examined 48 h post-injection appeared to have consid-
erably damaged cellular components (Fig. 5). Later, the necrobiotic changes
in the islets were more severe and persistent: all B cells and some A cells
contributed to the formation of large necrotic areas (Fig. 6). Atrophy and
degranulation of B cells was prolonged for 4 days after the injection of hydro-
cortisone, but the A cells appeared approximately normal in configuration

(Fig- 7).
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TIME IN HOURS

Fig. 1. Modifications in the levels of blood glucose (mg/100 ml) and liver glycogen (mg/g)

of Clarias batrachus following treatment with hydocortisone. — -control fish; —ee—ee—

treated fish ;------—--- mean of 120 normal untreated fish. Each point represents the mean
of 4 determinations, and carries an indication of the standard error of the mean

Effect of thyroxine

Blood glucose. Within an hour after treatment a hyperglycaemic condi-
tion was produced (92,5 6.02 mg/100 ml), and the hlood glucose reached
its maximal level (116 ~ 8.81 mg/100 ml) at 15 h. A pronounced decrease
in the plasma glucose, which led to the appearance of a distinct hypoglycaemic
state (46 8.5 mg/100 ml), was observed 96 h post-injection. The blood glucose
continued to drain, and a low level (44.3 » 4.6 mg/100) ml was recorded at
the end of the experiment (Fig. 8).
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Fig. 2. Modifications in the glycogen levels of muscle and brain (mg/g) of Clarias batrachus
following treatment with hydrocortisone. Designations same as in Fig. 1

Tissue glycogen. A decrease was registered in liver glycogen content
(47.9 + 4.35 mg/g) within 5 h after thyroxine administration. A further re-
duction in its amount (34.2 ~ 3.39 mg/g) was recorded in the next few hours.
The values, however, increased steeply by the 4th day and reached the base
level when the experiment ended (Fig. 8). In the muscle glycogen, the hormone
evoked a gradual increase up to 24 h (39.6 ~ 2.59 mg/g). Restoration of the
normal muscle glycogen concentration was evident within 48 h (Fig. 9).
The brain glycogen stores were not noticeably altered, except for a slight
increase between 5 and 24 h (Fig. 9).
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Fig. 3. Photomicrograph of the pancreatic islet of untreated Clarias batrachus showing normal
A and B cells. AF stain, X400
Figs 4—7. Photomicrographs of the pancreatic islets of Clarias batrachus showing changes
in B cells (arrows) after treatment with hydrocortisone. AF stain, X400. Fig. 4 = After
15 h; Fig. 5 = after 48 h; Fig. 6 = after 72 h; Fig. 7 = after 96 h
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Fig. 8. Modifications in the levels of blood glucose (irg/ICO ml) and liver glyccgen (irg/g
of Clarias balrachus treated with thyroxine. Designations same as in Fig. 1

Islet histology. No appreciable change in the islet cell elements was
observed during the first 5 h after thyroxine administration. A few necrotic
and degranulated B cells were observed 5 h after the injection (Fig. 10),
and this condition persisted up to the 48th hour (Fig. 11). Almost all B cells
appeared to be in a state of degranulation in the islets examined at 72 h
(Fig. 12). The necrotic condition of B cells was more pronounced in the islets
of the fishes killed at 96 h (Fig. 13). A normal granulation of the islet B cells
was not recuperated even by the 120th hour and a number of them had re-
duced granular cytoplasm (Fig. 14). The A cells, except a few, remained un-
affected (Fig. 14).

Although the saline-injected control animals showed a slight increase
in the blood glucose level up to 15 h (Fig. 1), no marked changes could he
observed in the glycogen contents of their organs (Figs 1 and 2). Neither of
the hormones caused any change in the usual behaviour of the fish.
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Fig. 9. Modifications in the levels of muscle and brain glycogen (mg/g) of Clarias batrachus
after treatment with thyroxine. Designations same as in Fig. 1
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Figs 10—14. Photomicrographs of the pancreatic islets of Clarias batrachus after treatment

with thyroxine. The arrow indicates changes in the B cell configuration. AF stain, x400.

Fig. 10 = after 5h; Fig. 11 = after 48 h; Fig. 12 = after 72 h; Fig. 13 = after 96 h; Fig.
14 = after 120 h
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Discussion

Administration of adrenocorticoids to fasting normal or adrenalecto-
mized animals caused a rise in the blood glucose level and a striking increase
in the liver glycogen [8]. The data presented here on C. batrachus are compar-
able to those obtained in some other teleosts [4, 13]. Nace [13] observed the
highest blood sugar level, 210 mg/100 ml, in Opsanus tau, the toad fish, 4 days
after treatment with hydrocortisone. Farkmer [4] observed that only 6 of
28 sculpins (Coitus scorpius) were hyperglycaemic at the end of the experi-
ment. In C. batrachus, a marked hyperglycaemic response was observed
within an hour. Although all the injected fishes showed a parallel increase
in the blood glucose, there were great individual differences in the degree
of hyperglycaemia. A slow decrease in the blood glucose was noted 6 days
after the treatment, but normal values were not recuperated by the end of
the experiment. Like in Notopterus notopterus [11] and Salmo gairdnerii [14],
administration of hydrocortisone increased the liver glycogen deposits of
C. batrachus also. The lack of any change in the muscle and brain glycogen
contents shows that the carbohydrate metabolism of these tissues is not influ-
enced by the hormone.

Falkmer [4] observed small patches of necrotic B cells in the principal
islets of hydrocortisone-treated Cottus scorpius. The present investigation
shows that C. batrachus is much more sensitive to hydrocortisone than Cottus
scorpius. Concomitant with a rise in the blood glucose level, the B cells under-
went marked alterations in their cellular composition, which included degra-
nulation followed by vacuolation, atrophy and necrosis. The A cells remained
normal, except when the entire islet tissue was severely damaged.

It is difficult to assess the cause of the hyperglycaemia produced after
hydrocortisone treatment in C. batrachus. It has been demonstrated that
adrenocortical hormones increase body carbohydrate stores by promoting
gluconeogenesis [1]. As liver and muscle did not show a fall in their glycogen
reserves, it seems justified to conclude that hydrocortisone administration
results in the synthesis of glucose from certain non-carbohydrate precursors,
such as proteins, a part of which is also deposited as glycogen in the liver.
Later, as a result of fostered glycogenolysis, the glycogen stores of the liver
are decreased wi