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Barbiturates are still in use because of their wide range of activity (Friend D . 1960,
Gundersen 1988, Jacobson et al. 1988). But authors are not unanimous regarding their mode
of actions on the endocrine orchestra particularly on the adrenal . A lot of contradictions
exist: Whether these are stimulatory as pentobarbital (Guillemin et al . 1958, Holzbauer and
Vogt 1958, Barrett and Stockham 1963), hexobarbital (Lauber et al. 1937) and phenobarbital
(Ashford and Shapero, 1962) in rat; barbital sodium in calotes (Sadhukhan and Banerjee
1981) or inhibitory as pentobarbital in rat (Munson and Briggs 1955, Ohler and Sevy 1956,
Royce and Sayers 1958, Rerup and Hedner 1962, Oliver and Troop 1963, Leonard 1966); dog
(Suzuki et al. 1962); monkey (Harwood and Mason 1957) and man (Siker et al. 1956),hexobar
bital in dog (Suzuki et al. 1962), towards the adrenocortical activity. Furthermore, a marked
lacuna of knowledge exists in the context of its influence on the adrenal medulla . Hence our
work has been directed to the investigation on the effect of this pharmacodynamic agent and in
the responses of adrenal of mother and new born albino mice following treatment of the mother .
Material

and methods

Laboratory acclimatized female albino mice of same age group and approx 30g body
weight, received intraperitoneal injection of barbital sodium (Sodium 5, 5 diethyl barbiturate,
E. Merck) for 15 days at the daily dose of 2mg/30g body weight. On the 16th day, females
showing oestrous stage were allowed to mate. After confirmation of the onset of pregnancy,
females were divided into two groups, namely, (a) chronic and (b) acute. The first group
received the injection further 15 days during the gestation period and the second group did not
have it. Out of the two groups, 50% mothers were sacrificed on the 16th day of gestation and
the rest was allowed to parturate for getting new borns. Both mothers and new borns were
sacrificed after 7 days of parturition. Parallelly control groups were maintained. six mice from
each group were considered for study.
Histological observations

were made following routine work of haematoxylene-eosin

pre

paration.
Method of Palkovits as described by Srebro (1970) and recently followed by
Sadhukhan and Banerjee (1981) was considered for calculating adrenocortical nuclear volume,
From each section, 50 nuclei volume (15 from Zona glomerulosa, 20 from Zona fasciculata and
15 from Zona reticularis) were measured.
This method has also been used by various authors
(Merkle 1968, Banwarth

et al. 1974) as a reliable index to assess the adrenocortical

function.

Regarding histochemical studies, for ascorbic acid localization, method as described by
Zarrow et al. (1964) was followed. Localization of catecholamines in the adrenal medulla
was done following the method of Hillarp and Hokfelt (1955). Ascorbic acid content was ex
pressed as very high (++++),
high (+++), medium (++) and low (+). To determine
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the ratios between total adrenal: total catecholamine containing area (chromate-dichromate
positive area) and total adrenal: nor adrenaline containing area (iodate positive area), camera
lucida drawings of the respective areas of 5 central serial sections of each individual were
performed in the squared (mm) graph paper and then total number of the squares of the covered
areas were counted. Students "t" test was considered for estimating the significance of dif
ference among the different groups.
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Observations

Histological study of the adrenal cortex and medulla reveals the following.

In control

gestated mothers (Fig. 1), Zona fasciculata (z. f.) is the widest of all the three cortical zones.
Zona glomeruloza (z. g.) and Zona reticularis (z. r.) are densely nucleated but z. f. is of thinner
population.
Most of the cells are single nucleated and a few are binucleated.
Cells in general,
are eosinophilic with granulation, cytoplasm seems to be spongy in appearance particularly in
the z. f. Mitotic stage is found in the z. g. but this is prevalent in the z. r. Medullary cells found
in anastomosing groups are oval to polygonal in shape with centrally placed oval or rounded
nucleus. Cells are mostly stained but very a few are unstained.
Cells around the blood
vessels are deeply stained.
Cytoplasm of these cells are basophilic with fine granulations.
Ascorbic acid content (Fig. 3), nuclear volume of the cortical cells, total catecholamine contain
ing area: total adrenal area, have been shown in the respective tables (Tables 1, 2 and 3).
Parenchymal cells contain granules and are brown in colour when fixed with potassium dichro
mate but yellowish with iodate.
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Histoarchitectural features of the acute gestated mothers (Fig. 2) remain almost same as
compared with the control ones excepting the maximum nuclei population with reduced nuclear
volume in the z.f. and z. r., less spongy cells and higher ascorbic acid content in the z. f. but with
much higher concentration in the z. r. (Fig. 4). Z. g. shows no change in nuclear volume.
Medullary picture on staining reaction is somewhat different from the control ones. Here
the cytoplasm is more basic and the anastomosing group of cells is not clearly focused. In
control animal, the staining ability of the medullary cells are not uniform which is seldom found
in acute group of animals.
Area ratios of both the chromate and iodate positive area have
been increased.
In chronic gestated mothers cellular picture of the cortex varies, having more flattened or
broadened
cells in z. f. with more spongy appearance.
Nuclear volume in the z. f. and z. r. is
decreased while it remains almost unchanged
in the z. g. Ascorbic acid content in both z. f. and
z. r. is slightly reduced.
In the medullary
tissue, cellular anastomosing
pattern is somewhat
distorted.
Cells are more basophilic.
Distribution
with respect to cell number, though the whole medulla
and iodate positive area ratio as in control.

Table 3.

Showing

the ratios±S.E.

between

of nuclei seems to be disproportionate
depicts the similar chromate-dichromate

the medullary

chromate

dichromate

positive area and the total adrenal and the same between iodate
positive area and total adrenal area

Nuclei population of the z. g. and z. r. is dense in the cortical tissue of the control parturated
mother's adrenal. Cortical cells are mostly polygonal with rich ascorbic acid content in all
the zones. Medullary cells are as usual but compact anastomoses are there. Nuclear volume
(Fig. 5), ascorbic acid content and chromate-dichromate
and iodate positive area ratio have
been shown in the repsective tables.
Acute parturated mothers do not show any remarkable histological difference with that of
the control ones. But ascorbic acid content is lesser in the z. g. and nuclear volume is signifi
cantly reduced in both z. g. and z.f. (P<0.01, P<0.001).
Medullary features are as usual ex
cepting decreased chromate-dichromate
area ratio.
In chronic

ones, cortical

cells are flattened

and more spongy in appearance

in the z. f.

Pre

valence of mitotic activity is observed in the z. r. As a whole, more compact distribution
and
cytoplasmic
granulation
is found in the cortex.
Nuclear volume shows no change both in the
z. g. and z. f. although
it is slightly increased in z. r. with no statistical
significance.
In the
medulla of these mothers, stained and unstained chromaffin
cells stand in almost 50:50 ratio
though there is individual
variation
even upto 70:30 ratio.
Chromate-dichromate
area ratio is decreased but the iodate positive area ratio is increased.

positive

In the new born controls (Fig. 7), cortical zonation is not so much distinct as in the adult.
Cells have the cytoplasm with fewer granulations though there is spongy and vacuolar ap-
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pearance.
Nuclei are oval or round, mostly with single nucleolus. Mitotic condition is found
in the z. g. Medulla is less stained than the cortex and there is distinct cell nesting . Nuclei
are larger than the cortical ones. Majority of the medullary cells are faint stained with lesser
granulations.
Nuclear volume, ascorbic acid content (Fig. 10), ratio of chromate-dichromate
and iodate positive area with total adrenal have been shown in the respective tables .

Figs.

7-12.

fasciculata
of the
acid

Portions
and

of

nuclei, •~400.
concentration

concentrated

C. S.

of

adrenal

reticularis, •~400.
9, chronic
in
ascorbic

8, acute
new

of

new

new

born, •~240,

control

group, •~90.

Acid.

12,

chronic

note
11,

group

born

born,

acute

albino
Zona
more
group

cortex, •~90,

mice.

fasciculata
enlarged
new
with

7,

control

and
nuclei.
born
higher

new

reticularis,
10,

born,

cortical

cortex, •~90,
ascorbic

Zona

note

volume
ascorbic

note
acid

more

concent

ration.

In acute new born (Fig. 8), cortical picture remaining almost unchanged.
Only the dif
ference seems to be observed that the cells are slightly more spongy with lesser mitotic activity
in the z. g. Nuclear volume is much increased both in z. g. and z. f. but in z. r. it is quite normal.
Ascorbic acid content (Fig. 11) is also much higher particularly in the z. r. than the control group.
Medulla is more basophilic and probably with more distinct cellular aggregations.
Chromate
dichromate and iodate positive area ratio is also slightly changed.
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Chronic new horns (Fig. 9) show as a whole compact cortex. Chord nature of the z. f. is
distinct. Nuclear volume is much increased in both the zg. and z. f. in comparison with control
and acute ones, but in z. r. it remains almost unchanged.
Ascorbic acid content (Fig. 12) is
increased in the z. g. of the cortex. Medullary cell aggregation is not clearly revealed but it is
highly vascularised in comparison with the controls.
Staining intensity of the medulla seems
to be increased.
Chromate-dichromate
and K-iodate area ratio with the total adrenal is
almost unchanged.

Discussion

Barbital sodium as a whole caused depression of the adrenocortical function of different
layers when injected for an acute period (i.e. pregestation 15 days only) probably inhibiting
ACTH function like other barbiturates (Munson and Briggs 1955, Ohler and Sevy 1956, Siker
et al. 1956, Harwood and Mason, 1957, Royce and Sayers 1958, Rerup and Hedner 1962,
Suzuki et al. 1962, Oliver and Troop 1963, Leonard 1966). In chronic treatment also it is
inhibitory as a whole to the production of corticosteroids.
This is evident by the overall data
of nuclear volume and ascorbic acid content (Tables 1 and 2) though in some cases ascorbic
acid content is not correlated with the ACTH activity (Ganong and Forsham 1960, Montanari
and Stockham 1962).
Regarding the medullary action barbiturate plays a stimulatory role in the acute gestated
mothers but in its chronic use medulla attains almost normal condition or becomes very slightly
depressed as revealed from the chromate-dischromate
and potassium idate positive area ratio
and this is similar to the finding of Sadhukhan and Banerjee (1981) in calotes, though pheno
barbital (Taborsky et al. 1984) and pentobarbital (Best 1984, Baum David et al. 1985) have been
reported to decrease the plasma conc. of catecholamines and sodium barbitone to induce norep
inephrine content in the brain tissue (Rahman et al. 1985). From this, it may preferably be
assumed that sodium barbital is biphasic in action concerning the adrenocortical and medul
lary function in acute or chronic dose treatment.
In parturated mothers, acute treatment snows slight inhibitory action on the cortex but
in chronic treatment there is actually no change though cells of the z. r. show slight hyperactivity.
This may be due to the development of tolerance of the mothers against the depressive action
of this pharmacodynamic agent (Ewing and Bakewell 1967, Mork David 1970, Satayavivad
et al. 1987) and that hyperaction is statistically insignificant.
Mitotic activity in this zone is
also increased but the actual significance of which yet to be evaluated.
Medulla of both the acute and chronic parturated mothers show depressed activity though
noradrenaline content is increased in the acute and chronic parturated ones. This might be
due to reduced corticosteroid level (Phorecky et al. 1971, Rahman 1985) or less available
ACTH which normally elevates phenylethalonamine-N-methyl
transferase activity (Moorhead
et al. 1966, Turner and Bagnara 1976) leading to the transmethylation
of noradrenaline to
adrenaline. Further, it is known that several changes occur in the adrenal picture during the
parturition and that's why hyperactive changes in the zona reticularis might indicate this re
covery of the physiological condition in relation to reproduction.
A very peculiar interrelation exists in the cortex as a whole of both the acute and chronic
treated new horns as there is increased nuclear volume indicating stimulation (Table 1) with
increased ascorbic acid content (Table 2). This ascorbic acid picture coincides with the previous
findings (Ganong and Forsham 1960) indicating that ACTH activity is not always reflected by
the ascorbic acid content of the cortex. Regarding sex steroids, cortical action remains to
be unaffected probably owing to the delayed sexual augmentary activity but the glucocorticoid
and mineralocorticoid picture is changed possibly under the direct influence of barbital sodium
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which might be transferred to the new borns through placenta during gestation and through
breast milk (Mork David 1970 , Mitoma et al. 1971). Maternal ACTH here plays no role as
this hormone can not cross the placenta any way (Jones et al . 1953). However, discriminatory
response of the adrenal activity in the newborns might also reflect the quiscent state of adrenal
pituitary axis in the first phase of reonatal life (Gorbman 1959).
It is revealed that adrenal function of the mothers is depressed probably due to lack of
adequate amount of ACTH secreted from the pituitary by the inhibitory action of the sodium
barbital.
In our previous work (Das and Dasgupta 1986) , we have shown that the thyroid
gland becomes hyperactive under the similar conditions of barbiturate treatment and hence a
reciprocal relationship between thyroid and ACTH activity is again established . But in new
borns barbital sodium is stimulatory to the adrenal response and hence this agent plays a dual
role in mother and newborn.
So it may be concluded that total sum functional fluctuation in
adrenal activity under the influence of this pharmacodynamic agent might be interrelated not
only with the days variance of treatment but also with the age of the animals .

Summary

Long term use of barbital sodium in the albino mice mother during pregestation
and gesta
tion periods results in depressed
adrenal function
of the mother.
Transfer
of this agent
through
placenta
and breast milk induces the adrenocortical
activity of the newborns as a
whole.
Hence a biphasic role of this pharmacodynamic
agent on adrenal function is observed
which is interrelated
not only with the days variance of treatment
but also with the age of the
animals.
Results have been interpreted
both histologically
and histochemically.
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