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ABSTRACT
The findings in the present thesis are:

1. That reserpine affects the total body weighﬁ of rats as
has been reported by other authors in various animal species.
2. That reserpine induced a hypertrophy of the adrenal gland,
and that this hypertrophy was mostly due to an increase in
cortical tissue.

3. That rat adrenal preparations from reserpine-treated
animals produced a slight diminution in total utilization

of progesterone-4-l4c as well as in incorporation into corti-
costerone when values were expressed on an equal weight basis.
However, no statistical analysis could be carried out to
ascertain the significance of these findings.

4. That treatment with reserpine induced a significant dimi-
nution in the in vitro utilization of.cholesterol-4-1 C by

rat adrenal homogenates.
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I. REVIEW OF LITERATURE

INTRODUCT ION

Several papers have been published during the last de-
cade or so on the effects of reserpine on body weight,
adrenal weight, catecholamine contents of the adrenal medulla,
corticoid production and histological changes of the adrenal
gland of the rat. Some conflicting data.also has appeared,
and it seems fhat many factors, for example the dose of reser-
pine given, the number:of days of treatment, species difference
and even the same species but differvent strain could be the
~ cause of these contraversial reports. However, no comprehen-
sive review of the literature has appeared regarding the
effects of this Rauwolfia Alkaloid on the above mentioned
parameters. The review of the literature in this thesis
has been devided into two main chapters.

Chapter 1 deals with some general aspects of the two
tissular components of the adrenal gland: the cortex and the
medulla. The biosynthesis, enzymatic reactions and their
in vitro requirements of the hormones elaborated by either

tissue will be reviewed. Kegarding the adrenal cortex some



considerations'will be presented on the pituitary adrenal
axis.

Chapter 2. will be devoted to the general pharmacolo-
glcal effeétS'of feserpine, emphasizing on iLts action upon

adrenocorticel and adrenomedullary function.



CHAPTER ]

A. Rat Adrenal Glands

" Adrenal glands of the rat are ovoid bodies situated
on the upper pole of each kidney. Each gland is surrounded
by a smooth connective tissue capsule. Immediately next to
the capsule is the adrenal cértg;, which surrounds the
-adienal medulla lying in the centre.

Morphologically rat cortical parenchyma, 1ike other
mammalian cortex is arranged info three zones: the outer
layer, where cells are arranged in regular groups called zona
glomerulosa, the middle layer, where cells are comprised in
more radial fashion called zona fasciculata and the innermost
layer bordering the medulla which is called zona reticularis.
This structural arrangément of adrenal cortex was first noted
by Arnold in 1866. (1)

Embryologically the adrenal cortex develops ffom meso-
dermic coelomic epithelium tissue,and adrenal medulla origin-
ates from differentiated ectoderm-sympathetic nervous tissue.

Functional studies on the adrenal gland were initiated
with the observation conducted in 1856 by Brown-Sequard who

described fatal outcome of adrenalectomy in a number of



animal species, including the rat (2).

Swingle and Pfiffner in 1929 demonstrated that adrenal-
ectomized animals can be maintained by injecting them with
adrenal cortical extracts (3). In the early 1930's Reich-
stein in Switzerland and Kendall, Wintersteiner and Pfiffner
in the United States isolated over 25 crystalline compounds
from adrenal cortical extracts (4-6). Most of them were
charécterized as hydroxylated derivatives of perhydro-l; 2~
cyclo pentenophenanthrene and of A 4 Pregnan series. Over
70 adrenal steroids have now been isolated or synthesized.
Not all of these steroids are biologically active. Only
few of them exhibit biological effects. On the basis of their
biological effects in adrenalextomized rats adrenal cortical
hormones or corticosteroids are divided into three groups:
the "mineralo-corticoids' effect normal water and electrolyte

"slucocorticoids' control disturbance in protein,

balance, the
carbohydrate and fat metabolism, and adrenal androgens having
similar effects as male sex hormones (7).

B. Steroids produced by the Rat Adrenal Gland

Bush (8, 9) was the first to study steroid synthesized

by the rat adrenal slices and secretion into the adrenal



vein blood, and showed that corticosterone was the major
Steroid produced. This was confirmed by Stack-Dunne (10)
and numerous other investigators, both in studies ¢arried
out in vivo and in vitro (11-17). It has also been reported
that corticosterone is produced both by zona glomerul&sa
(12, 18, 19) and zona fasciculata-reticularis (20, 21).

‘After discovery of aldosterone in 1954 by Simpson,
Tait and their co-workers (22, 23), this compound has been
isolated from rat adrenal vein blood (10) and shown to be
synthesized by incubated rat adrenal glands (24). In vitro
studies by Giroud et al (18) showed that aldosterome is ex-
clusively produced by zona glomerulosa and not by the inner
zones of the rat adrenal gland.

1l1-Deoxycorticosterone and ll-déhydrocorticosterone are
also produced in the adrenal vein blocd and incubation medium.

The other steroids produced by the rat adrenals have
been identified as 18-hydroxylated compounds.

The first of these compounds was identified as the
18920 cyclic hemiketal of 18-~hydroxy, ll-deoxycorticosterone
by Birmingham (25) and Péron (26). This compound is present

in significant amounts in the adrenal vein blood of the rat (27).
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_It is interesting to note that this compound giveé a typical
Porter-Silber reaction (27-30) given usually by steroids
bearing a dihydroxyacetohe side-chain such as cortisol (31).

The second 18-hydroxylated compound identified by
Pé%on (26) is the 18-20 hemiketal form of 18-~hydroxy corti-
costerone.

The third of these compounds isolated from the rat
incubation medium is believed to be a tautomeric form of
18-hydroxy corticosterone (32).

In vitro studies by Lucis et al (17) have resulted in
the isolation of 19-hydroxy deoxycorticosterone from the
rat adrenal gland using 14C-progesterone or 14C-deoxycorti-
costerone as substrate.

C. Lack of 17-4-hydroxylase in the Rat Adrenal Glands

There are conflicting reports in the literature that
whether or not the rat synthesizes 17c<-hydroxylated steroids.

Existence of 17o&-hydroxylated steroid has been réported
in earlierxworks by Heard et al (77), Eisenstein (78) and Hoff~
man (28). Recently Brownell et al (79), using adrenal glands
of hypertensive rats, In vitro studies showed that progesterone
could be converted to l7cK-hydroxy progesterone and compound S.

The criteria of identification was invariably based



upon positivé_Pbrter-Silber reaction and similar mobility
with the authentic compouﬁds in various chromatographic systems.
The possibility of existence of IZoi-hydroxyléted-
sterold has been ruled out by stu&ies conducted by Birmingham
et al (80), Wara and Birmingham (81) and recently by La-
plante. (7).
Earlier, Birmingham and Ward (25) and Ward and Birmingham
(16) and Péron (26)‘isolated 18-20 hemiketal form of 18-0H-DOC
from the rat adrenal glands. lThis compound reacts with
Porter-Silber but does not reduce the tetrazolium chlori&e.
Recently Dominguez (30) in vitro has isoiated the same com-
pound using 14C-DOC as a precursor with rat adrenal glands.
Tﬁo forms of this compound in reversible equilibrium have
been designated compound M for the more polar and L for the
less polar form.

- D, Biosynthesis of Corticosteroids

The bioéynthesis of adrenocortical hormones starts from
acétate. Bloch (33, 34) in rat liver slices demonstrated
that acetate is the principal if not the only carbon source
of cholesterol. Still, the sequence of the reaction of the
biogenesis of cholesterol in adrenal cortex is not fully
known. At present, the most generally accepted scheme is

based upon the classical studies conducted by Hechter et al (35)



with the perfused bovine adrenal glaﬁd. Grant (36) has
reviewed the corticoidogehesis séquence;but still no signi-
ficant change has occurred iﬁ the scheme presented by Hechter
et al (35).

| The major steps_involved in corticosteroidogenesis
relevant to thils study will be reviewed briefly, and others

are mentioned with references.

(37)
Acetate : > Mevalonic Acid
(38)
(39) : v
Cholesterol & Squalene
{
Y200 hydroxylase
N : ' \J’
20 K ~hydroxycholesterol Cholesterol esters
122 -hydroxylase”
4 : :
200¢-22 € -dihydroxycholesterol -
20, 22-desmolase’
v AﬁS-—BFLhydroxysteroid
Pregnenolone > Progesterone
dehydrogenase
' ' Hydroxylations

at 11,17,21,18

Corticosteroids



i) Side-Chain Cleavage of Ché;ggterol

Zaffaroni et al (40) first demonétrated conversion of
cholesterol-14C to corticosteroids inm perfﬁsed bovine |
adrenal studies. In vitro studies condqcted by Saba and
Hechter (41) with cortical whole hémogenates révealgd that
Mg++, NAD and ATP were essential for the cleavage of choles-
terol side-chain; Lynn et al (42) confirmed the report by
the previous authors. Later studies conducted by Constanto-
poulos and Tchen (43) and Halkerston et al (44) with adrenal
mitochondria claimed that NADPH énd oxygen were absolute
exogenous requirements for the side-chain scission of choleste-
rol molecule. These findings are in accordance with earlier
reports, that ATP and NAD in the presence of Mg*+ can operate
as a NADPH generating system.

The mechanism of the side-chain cleavage of cholesterol
is still not completely known. NADPH and oxygen are absolute
requirements for the side-chain scission of the sterol mole-
cule, suggesting that some kind of hydroxylating mechanism
might be involved. Solomon et al (45) had isolated_ZOc‘
-hydroxycholesterol from bbvine adrenal homogenates in-
cubated with labelled sterol. Later Shimizu et al (46)

succeeded in isolating 14C-isocaproic acid from 20 -OH-
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cholesterol-22-l4C with the supernatant of boviﬁe adrenal
homogenates. Since this reaction required NADPE or an
NADPH-generating system, 1t was suggested that another
hydroxylation of side-chain occurred, possibly at carbon
22. Based on their further experiments, Schimizu et al (47, 48) put
forward this hypothesis, that another hydroxylation at C-22 is
the next step followed by the acting of a ''desmolase" between
carbons 20-22. These findings have been cénfirmed b& Constan-
tapoulos et al (49).

ii) Isomerization ofA5-3ﬁ-ol to A.ziB keto

At least two operations are required for the conversion
of pregnenolone to progesterone. These reactions are dehydro-
genation of the 3P -hydroxyl group and shifting of A5 toA4.
For these reactions at least two enzymes or enzymatic systems
are involved, the155-3f5-hydroxysteroid dehydrogenase (50)
and isomerasé‘(Sl). Actuélly these two enzymes or enzymatic
systems are difficﬁlt to separate from each other, and are
studied together under the name of42§-3f3-hydroxysteroid
dehydrogenase. It 1s now known o%her steroid-producing tissues
have this system, i.e. testis (50) and ovary (52).

Samuels et al (53) and Carballeira et al (54) reported
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that the adrenal medulla also possess this enzyme.

Samuels et al (50)'demonstrate& that nhis enzymatic
reaction is sti@ulated by NAD which acts as a hydrogen
acceptor. This finding has been confirmed by Byer and
Samuels (55) and Halkerston et al (44).from.miciosomal'frac-
tion of the beef adrenals. Also Halkerston et al (44) found
that if this enzyme is dialysed, it loses its activity, and
this could be restored by addition of NAD, Kowal et al
(56. 57) with acetone preparation of corpus luteum end
adrenal cortex demonstrated that NAD was the preferred co-
factor as compared to NADP which had about 50% activity of
the former. If NADH is added it inhibits this reaction, and
this inhibition could be overcome by the addition of excessive
amounts of HAD. DMoreover, it is interesting to mnote that
their preparation could not utilize cholesterol or 20-deoxy-
pregnenolone, suggesting that an oxygen function at carbon 20
is necessary for the activity oféﬁ?-ng-hydroxysteroid
dehydrogenase.

Baille et al (58) in their histochemical studies reported
that his enzyme seeﬁs to be mainly present in the zona glome-
rulosa. However, Levy and Rubin (59) have evidence that this

is present in all zones of the adrenal cortex.
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iid) Steroid Hydroleatibn

Hydroxylation of the steroid molecule at various sites
requires specific enzymes. For the hydroxylétion at garbons
17, 21 and 11 beside specific enzymes, molecular oxygen and
NADPH or NADPH=-generating systems are required as co-factors.
A brief survey of these hydroxylating enzymes and various
vequirements is given below:

a) 11§ ~hydroxylation

This enzyme, known as a trade mark of the adrenal cortex,
has been studied most extensively and appears to be confined
in all three zones of adrenal cortex. (60)

Recently, Carballeira et al (54) incubating bovine
adrenal medulla with labelled steroid precursors showed that
normal chromaffin tissue is also capable éf llF—hydroxylation.
Possibility of this enzyme in the adrenal medulla was already
discusséd at Ciba Foundation colloquia on Endocrinology in
1953 (61).

Mitochondria is the site where the enzyme is localized
(62, 63). A soluble fraction of 11 B -hydroxylase has been
prepared (64-66). Tomkins et al (65, 67) ébtained three pvo-
tein fractions from the calf adrenal acetone powdef, and all

of them were required for 1113-hydr6xylase activity, beside
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NADPH, oxygen and a heat stable co-factdr obtéined from the |
extracts of rabbit liver.

The.adrenal'glénd is rich in ascorbic acid, about 400-
500 mg/lOO,gram of fresh tissue. There ié quite a conflicting
data of the effects of this vitamin on 11}3-hydroxylation.
Hayano et a1.(68) reported that if produces 657% inhibition
in washed residue of whole bovine homogenates, while Cdoper
and Rosenthal (69, 705 could hot detect any'significant effect
on cell free preparatidn. The possibie role of the ascorbic
acid to adrenocorticoidogenis is still obscure.

b.) 17X-hydroxylation

17 -hydroxylase activity is associated with microsomal
fraction (71). Using bovine adrenals Stachenko and Giroud
in in vitro (20, 21) have reported that this enzyme is present
only in zona fasciculatareticularis. |

¢) 2l-hydroxylase

Giroud and Stachenio (20, 21) in in vitro studies,
using bovine adrenal gland, showed that this enzyme is present
in all zones of the-cbrtex. Ryan and Engle (72) showed that
this enzyme is located in '"microsomal fraction' sedimented

at 105,000 x g.
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d) l&;hydroxylaée

This‘enzyme 1s located in mitochondria of the adrenal
cortex (73-75) and present in all zones of the adrenal gland
(17, 76). The possible role of 18-hydroxylation to aldosterone

either via 18-OH-B or 18-OH-DOC is still obscure.

iv) Oxygen and NADPH Requirement

Hayano and Dorfman (63, 83) first reported that oxygen
is utilized by beef adrenal homogenates. Saffran and Bayliés
(84) failed to produce corticoids if oxygen was replaéed
by nitrogen.

Later investigations carried out by Hayano et al (85-

88) using 1802, DZO and H2180 gave a direct evidence that
molecular oxygen is involved in 11, 17c(and 21 hydroxylations.
Requirement of NADP for ll,B—hydroxylation in adrenal
gland homogenates was demonstreated by Hayano and Dorfman (83).
However, it was later shown that NADPH was the actual co-
factor required for the hydroxylation (89). In the same
study Sweat and Lipcomb pointed out that any intermediate
of the Krebs' cycle could stimulate the hydroxylation, by

acting as substrate for the generation of NADPH, for example
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isocitraﬁe + NADP ——> Oxalosuccinate + NADPH . This finding
was confirmed by.Grant'(64).

Specific requirement of NADPH for hydroxylations at
11, 17, 21 and of the side-chain of cholesterol prior to
cleavage, has been demonstrated (43, 44, 71, 72, 90). Also
it is now well established that NADPH or NADPH generating
system stimulates steroid production in vitro (91-93).

E. Adrenal Pitutary Axis

Smith in 1930 pointed out that adrenal glands of a
hypophysectomized rat showed a marked decrease in size and
weight (94). .These changes could be reversed by daily trans-
plantation of fresh pituitary tissue. Only the anterior
portion of the pituitary gland could réverse the changes
whereas the posterior part couid not do so. The feed back
relationship between a&renal cortex and pituitary was Suggested
by Ingle and Higgins (95, 96). The pituitary gland factor
which was responsible for its action on the adrenal gland
was iIsolated from protein fraction of pituitary extracts
simultaneously by Sayers (97) and Li (98).

This factqr called adrenocorticotropic hormone (ACTH)
made it possible to siudy more specifically the stimulating

effect on the adrenal cortex. When ACTH is administered the
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adrenal gland weight.increases along with various cytological,‘
chemical or biochemical changes directly or indirectly
associated with the effect of ACTH. The welght gain is
eﬁtirely the result of hypertrophy of the cortical component,
the medulla being‘little.effected (100, 101).

The major effect.of ACTH is on the stimulation of the
cells of inner zones. However, thefe is little if at all
change in zona glomerulosa (101-103). Both adrenal Qein blood
(104) and periphéral plasma (105) corticosterone concentration
is increased in a manmer which is linearly related to the log
of tﬁe dose of ACTH injected. Apparently ACTH accelerafes
-200% 225-dihydroxycholesterol transformation to AS5-pregnenolone
by cleavage of the side~chain between C-21 and C-22 of choies-
terol, liberating 180 caproic aldehyde (106).

Mechanism of action of ACTH was proposed by Haynes and
.co-wofkers (107, 108) who proposed that it activates phosphory-
lase, and involves in accumulation of 3', 5'-adenosine mono-
phosphate. This results in increased level of intracellular
glucose-6-phosphate from the adrenal glycogen which by further
metabolism through hexose monophosphate shunt generates
increased amounts of NADPH necessary'for steroid hoirmone

hydroxylation. Péron (109) supported this theory showing
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that rat adrenal glands in vitro maximally stimulated with

———rare

- ACTH, NADH and 3', 5'-AMP produces same amounts of corti-

2
costeroids.
 Apart from a direct action on steroidogenises, ACTH
stimulates corticosteroid production through an adrenal wéight

maintaining action. It is now recognized that the hyperac-
tivity of thé adrenal cortex is secondary to an outpouring of
ACTH by pituitary during ﬁon-specific stress conditions such

as trauma, haemorrhage, exposure to cold and noxius agents (110).

F. Bilosynthesis of Catecholamines

Catecholamines in adrenal glands are not the main issue
of this thesis, still it was an interesting feature of our
studies. A sketch and brief literature revieﬁ of biosynthesis
of these pressoi amines 1is given as following:

1. Phenylalanine
2. Tyrosine

3. Dopa

4. Dopamine

5. Norepinephrine

6. Epinephrine
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The chemical similarify between phenylalanine, tyrosine
and epinephrine and the possible role of the two amino acids
as precursors of catecholamiﬁés have been recbgnized for
many years (111l). Gurin and Delluva demonstrated thé synthesis

14C-phenylalanine

of epinephrine by injecting either 3H~or
into rats and recovering, inﬁvitro, radioactive epinephrine
from adrenal glands (112). Goodall and Kirshner using bovine
adrenal zland slices were able to demonstrate the formation of
epinephrine, norepinephrine from radioactive tyrosine, dopa

and dopamine (113).

i) Conversion of Phenylalanine to Tyrosine

Phenylalanine hydroxylating system was shown by Kaufman
and co-workers in rat liver (114-117). Two enzymatic systems
for complete reaction were also purified by these woriers.

The co-factors required for this reaction are WNADPI and tetra-
hydropteridine. In the first reaction phemylalanine reacts
with tetrahydropteridine and oxygzen tc give tyrosine, 5, 6,
dihydropteridine and water., For the completion of reaction
the second necessary enzyme reduces dihydropteridine in
co-operation with HADPH and regenerates tetrahydropteri&ine

which acts as co-factor again.
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(1) Tetfahydropteridine + phenylalanine + 02«--§ tyrosine
4 5, 6, dihydropteridine * H,O. |
(2) 5, 6, dihydropteridine + NADPH + Hf ~—» Tetrahydrop-
teridine T NADP”. |
A variefy of pteridine derivatives, including tetra-
hydrofolic acid, can-perticipate in this reaction.
Phenylalanine can be converted to tyrosine non-enzymatic-
ally in the presence of Feff, ascorbic acid ethylenediamine
tetraacetic acid (EDTA). Fellman and Develin have shown con-
version of phenylalanine to tyrosine in beef adrenal slices
and degxee of conversion was similar whether or not slices
are denatured by boiling prior tovincubation (118). This
result indicates that a chemical reaction produces hydroxylation
in adrenal tissue. Still it has to be determined whether such
a system is operative in vivo‘or not.

ii) Tyrosine to Dopa

This reaction is least understood in the biosynthesis of
norepinephrine and epinephrine. Roeenfeld et al have demons-
trated the formation of radioactive dopa from labelled tyro-
sine in perfused adrenal gland (119). Also it hes been shown
that adrenal slices are capable of converting tyrosine into

dopa (113, 120). Weiner has reported that homogenates of
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adrenal medulla, boiled or unboiled, convert tyrosine into
dopa in the same proportion (121).

- i) Dopamine from Dopa | -

| Laﬁgemann using bovine adrenal medulla demonstrated the

enzyme dopa-decarboxylase in adrenal medulla (122). Dopa--
decarboxylase has been located in‘cell supernatanﬁ (122, 123).
This enzyme has broad substrate specifigity. Pyridoxal 5- "
phosphate is requiréd as a co-factor for this reaction (124).
Blaschko hés shown that arbmatic amino acids of L-configurafion
which possess an unsubstituted amino group and hydroxyl group
on the aromatic ring in either 2 or 3 positions prove to be
best substrate (123).

iv) The Conversion of Dopamine to Norepinephrine

Hagen, using radioactive dopamine with homogenates of
chicken adrenal gland supplemented by several co-factors such
as ATP, NAD and o&ketoglutarate, showed conversion to nore-
pinephrine (125). The enzyme catalyzing the reaction is in
the particulate fraction of adrenal medullary cells, mainly
confined to chromaffin granules (126, 127). Levin et al in
their solubilized enzyme preparation have been able to demonstrate
that for each molecule of dopamine converted to norepinephrine,

one molecule of ascorbate is oxidized to dehydroascorbate



and one molecule of oxygen is reduced to water (128).
Dopamine T ascorbate + 02 — ﬁorepinephrine '*'HZOV+
dehydroascorbate. )
| This enzyme has a broad substrate specification.

v) Epinephrine from Nbregineghrihe

Bulbring has shown the conversion of norepinephrine
into epinephrine using homogenates of dog adrenal gland
supplemented with ATP (129). The methylating enzyme appears
to be located in the céll éupernatant (130, 131). Cantoni
has shown that the active co~factor is s=-adenosyl methionine
(for the transfer of methyl group) formed enzymatically from
L-methionine, and ATP in the presénce of Mgff (132). The
enzyme phenylethanolamine~N-methyl transferase has broad
substrate specification and is apparently localized almost
exclusively in the adrenal medulla (133).
G. Other Aspects in Corticosteroid Biosynthesis

‘Here at this point it is felt to have a quick look
into the steroidogenic aspects of the demedullated adrenal
glands (regenerated adrenals) and of the adrenal medulla
reported in literature.

The reports on corticosteroid secretion and production

by the enucleated regenerated rat adrenal gland are quite
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divergent. Holzbauer and Vogt (134) have reported that enu-
cleated glands allowed to regenerate secrete normal quantities
of corticosterone pervunit tissue weight. Normal (135), ab-
normal (136, 137) and subnormal (138-142) levels of corticoste-
rone in adrenal vein plaéma of the .emucleated and regenerated
adrenal gland have been reported. Macchi et al (143) and

Mason et al (142) have.shown that.fegenerated rat adrenal glands
produce normai levels of corticosterone. Elevated (139, 140,
144) and reduced (141) glandular cqrticoids levels have also
been reported.

Birmingham et al (145) showed that total steroid output
during two hours incubation period by enucleated glands was
lower than that of normal, in both male and female rats.
Brownie and Skelton (146), using progesterone-4-l4C as pre-
cursor incubated intact and regenerated rat adrenél homogenates
and demonstrated relative lack of the llﬁ -hydroxylating enzyme
in the latter.

Carballeira et al (54) have claimed that the bovine
adrenal medulla has about 30% capacity that of the cortex

to utilize all radioactive precursors studied except cholesterol.
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CHAPTER 2
RESERPINE
A. General Aspects

The root of the plant Rauwolfia Serpentina has been
used for centuries in native Indian medicine for the relief
of a number of nervous conditions, including anxiety, excite-
ment, manic psychoses and epilepsy. An active alkaloild,
-reserpine was isolated by Mueller et al (147) in 1952.

The action of reserpine, by whatever route it is admi-
nistered, is characterized by a very slow onset and an unu-
sually long period of effectiveness, sometimes five days.
This has been found to be true for various spécies including
monkeys, dogs, rabbits, cats, guinea pigs, rats and mice.
About 10 - 20 minutes after administration of reserpine to
the experimental animal, there may be a slight excitement
and shivering, but, as time goes on, the animals become more
and more quiescent and enter a state called tranquilization.
Although they may be very quiet and inactive, the animals can
be aroused at any time by various stimuli; most animals
show signs of recovery after six to eight hours and, depending
upon doses and species, all show normal behaviour after 24 -

72 hours.
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One of the first signs that appear after reserpine
administration is a pronounced miosis. It lowers blood
pressure In both anaesthetized and unanaesthetized animals.
There is no ganglionic.and no adrenergic blockade.

B. Body Weight

Chronic treatment with the Rauwolfia Alkaloid produces
retardation in the body weight.

Gaunt et al (148) in 1954 first pointed out loss in
body weight of the rats after chronic treatment with the
reserpine.

Eranko et al (149) demonstrated that injecting young
male rats with 0.04 mg/100 g b.w./day of reserpine for two
months produces a highly significant (at 0.01% level) decfease
in body weight. It has also been reported that treating male
rats for 12 days with 0.025 mg/100 g b.w./day of reserpine
causes retardation in growth only at the level of 1% (150).
One could see that a significant level is dependent on the
dose and number of days of treatment. However, Sackles et al
(151) reported that reserpine given to méle rats in the
doses of 0.1 mg/100 g b.w./day for seven days and 0.007 mg/
100 g b.w./day for fourteen days produces similar reduction

in the body weight (P {0.01). Another group of investigators
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have reported that reserpine given at a dose of 0.025 mg/
100 g b.w./day for six déys does not producg ény signifiéant
changes in the body weight of the rats (152). |
Decrease in the body weight of the reéerpinized cat
(153) and of the reserpinized mouse (154) has also béen

reported. -

C. Adrenal Gland Weisht

Gaunt et al (148) in 1954 noted that a single injection
of 0.01 mg/100 g b.w. of reserpine given to the rats, produces
hypertrophyvof the adrenal gland, suggesting that reserpine
has a slight stimulating effect on the adrenal function.

Since then several othér éuthprs have reported similar find-
ings. However, data are quite conflicting, and it seems that
beside many other factors, the dose of reserpine and the
number of days of treatment could be the cause of these contro-
versial reports.

Hertting and Horkicwicz (150) showed that daily injec-
tion of 0.025 mg/100 g b.w. for twelve days to male rats pro-
duced a significant (PZ0.01) increase in the adrenal gland
welght. This increase was abolished by injecting animals
1.25 mg/lOd g b.w. of cortisone along with reserpine. Giuliani

et al (152) failed to demonstrate any significant change in
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the adrenal gland weight.of the rats, treated with 0.025 mg/
100 g b.w. of reserpine for six days. However, a significant
(P £0.005) decrease occurred if 0.015 mg/100 g b.w. of
dexamethasone was given along with reserpine.

Changes in the adrenal weight of the rat with differént
‘doses and days of treatment has been réported (151, 155).
Studies conducted by Sackler et al (151) on rats (90 - 110
gram b.w.) with 0.1 mg of reserpine treatment for seven days
showed that the weight of the adrenal glands was sigﬁificantly
increaéed (P£0.01). However, with a daily dose of 0.007 mg
of reserpine for seven days produced decrease in adrenal gland
weight. Epstein et al (155) demonstratedAthat a small dose
of 0.0025 mg/100 g b.w. of reserpine given to the rats for
tﬁo days did not show any change in the adrenél gland, however,
an increase in the adrenal gland weight was observed if the
dose was increased to ten times.

Chronic treatment of the male rats with 0.04 mg/100 g
b.w./day for two months did not result in any significant
change in the adrenal gland weight (149). 1In this investiga-
tion animals were sacrified nine days after the last injection.
Khazan et al (156) reported 30-50% hypertrophy in the adrenal

glands of the rats after ten days of 0.001 mg/100 g b.w.
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rese;pine ipjection, but failed.to observe any hypertrophy after
40 days of treatment. Another feature of this stﬁdy was the
main enlargement of zona fasciculata-reticularis.

Kitay et al (157) made the interesting observations
that not only a single injection of reserpine (0.025 mg/lOO g
b.w.) but also epinephrine (0.02 or 0.04'mg/100 g b.w.) pro-
duces a similar significant (PZ0.01l) increase in the adrenai
gland of male Sherman rats. Similarly Halkerston et al (158)
demons trated that.reserpine (two injections 0.25 mg on the
first day and one injection of 0.125 mg on the second day)
and ACTH (4 U.S.P. units on the first day and two injections of
4 U.S.P. on the second day) in Sprague-Dawley rats (135-150 g)
produce a similar increase in the adrenal gland weight.

Various other investigators have reported increase in
adrenal weight of the rat (159-161) and of the guinea pig
(156) after reserpine treatment.

In the above-mentioned investigations it was suggested
that the hypertrophy of the adrenal gland, caused by the Rau-
wolfia Alkaloid, is due to a stimulatory effect on the ACTH
release which in turn affects adrenal glands.

D. Adrenocortical Function

The levels of corticosteroids in the plasma and in the
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adrenal gland of reserpinized animals have been studied by
various investigators.

Egdahl et al (162) in 1956 reported that a single intra-
venous injection of 0.02 mg/100 g b.w. of reserpine to the
unanaesthetized dogs produces a marked increase in adrenal
corticoid secretion. The highest values occurred between
1/2 and 3 hours after injection of the drug. It was also
pointed out that the maximal corticosteroid values following
reserpine administration are similar in order of magnitude
to those obtained following the intravenous injection of largé
~doses of ACTH, though comparatively much delayed.

In monkeys, é single dose of reserpine (0.1 mg/100 g
b.w.) produces elevated levels of 17-0OH-CS in the peripheral
blood (163). Newcomer (164) has reported that a single injec-
tion (0.1 mg) of reserpine to 3 - 4 weeks old chicken produces
increased concentration of free 155-3-keto-corticosteroids
(particularly corticosterone) in both the adrenél gland and
plasma in 3 hours.

Elevated levels of corticolds in the plasma of the reser-
pine-treated raté also have been reported. Eechaute (165)

in 1962 showed that either acute (0.5 mg/l00 g b.w.) or
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chronic (0.1 mg/100 g b.w. for 10 days) treatment of the rats
with the Réuwolfia'Alkalqid, produces increased levels of
plésma corticosteroids. Also incubation studies with ex-
cised adrenals.of the reserpinized rats showed increased levels
of corticosteroid production. In the same report the nan-inhi-
bitory action of drug to block the adrenocortical response

to acute cold stress (60 min. at 4°C) was also observed.

Denti et al (161l) reported that the corticosterone content of
the whole gland in the female reserpinized rats (0.2 mg/100 g
b.w., single injection) is higher (P<£0.01) than in control.

A recent report by an Italian group of workers (152)
showed no significant changes in corticoéterone levels both in
plasma and adrenals of male Sprague-Dawley rats, treated with
reserpine (0.025 mg/100 ¢ b.w. for 6 days). However, if dexa-
methasone (0.015 mg/g b.w. for 6 days) was given along with
reserpine, a decrease in adrenal corticosterone (from 5.6}ug/
100 g to 3.8'pg/100 g) but no chaﬁge in plasma corticosterone
(from 12.7 }1g/100 ml to 12.4 }1g/100 ml) was observed.

Maickel et al (166) claimed that a single dose of reser-
pine (0.1 mg/100 g b.w.) given to male Sprague-Dawley rats
produces a significant (P£0.02) rise in plasma level of corti-

costerone (from 0.12 ug/ml to 0.42 ug/ml). Another interesting
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feature of this study was that the drug given to adrenal-~
demedullated (regenerated adrenal gland) animals produced
similar results as noted above. The authors faiied to show
any change in plasma corticosterone in hypophysectomized
rats injected with reserpine. Cushman and Hilton (167)
infusing hypophysectomized dogs with réserpine, did not ob-
serve any changes in plasma 17-0H-CS. Latef, the same gfoup
reported that the injection oflthe drug given to the rat up
to dose level 0.025 mg/100 g b.w.,does not produce any signi-
ficant rise in plasma corticosterone (168). The maximum
increase (250%) was achieved with 0;1 mg/100 g b.w. of reser-
pine, and no further rise could be demonstrated, if the dose
level is increased to fivefold.

Halkerston et al (158) recently demonstrated that the
corticosteroid output of preincubated adrenal bisects ob-
tained from male Sprague-Dawley rats incubated for 3 hours
in the absence of steroidogenic agenf was 22.4 pg/100 mg
adrenal tissue for the untreated group and 18.4‘pg/100 mg
for the reserpinized group (two injections, 0.15 mg/100 g
b.w. on the first day and two 0.075 mg/100 g b.w. on the
second day). The addition of ACTH (250 qp/ml) or 3'-5'AMP

(15 mM) to the incubation media of adrenal bisects from the
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| drug~treated animals showed a significant increase (100%)

in corticosteroid production as compared to untreated group.
However, suppleménting the incubation media with G-6-P (3 mg/
ml) and NADP (2 mg/ml) did not enhance the corticosteroid
output. Similar results were obtained if the Rauwolfia Alka-
loid injection was replaced with ACTH (one injection of

4 U.,SP. units on the first day and two on the second day).

Increase in urinary 17-OH-CS both in monkeys (169) and
human patients (156) have also been reported upon treatment
with reserpine.

The increase in production of corticoids and the hyper-
trophy of the adrenal gland induced By reserpine have been
attributed to the release of ACTH from pituitary gland. Thus,
~ Kitay et al (157) in 1957 reported that a single injection
of reserpine (0.25 mg/100 g b.w.) given to male rats reduces
(p£0.01) pituitary ACTH content. This was confirmed by
Saffran and Vogt (170) and Maickel et al (166).

E. Depletion of Pressor Amines from the Adrenal Medulla and
other Catecholamine-producing Tissues

Reserpine is an extremely potent agent with respect to
its ability to deplete catecholamines from all the tissues of
the body. A single dose is sufficient to produce a profound,

prolonged depletion, although repeated small doses are more
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efficient (171-178). Reserpiﬁe exerts both z central and a
peripheral action on the sympathetic nervous system. There is
an increase in central sympathetic activity as well as a
direct depleting effect on peripheral tissues. The importance
of the central effect and the peripheral effect on adrenél
depletion varies with species (179) and same species but
different strain (180). The section of the 591anchnic nerves
in cats and rabbits or the transsection of the spinal cord

at T2 in rabbits prior to administration of a single injection
of reserpine will markedly diminish the depletion of catecho-
lamines from the adremal gland (176, 181-185). However, the
administrétion of reserpine to rats results in a severe deple-
tion of or the release of catecholamines from the adrenal

gland (182, 183, 186-188).
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Introduction to the Present Study

As shown in the reviéw 6f the literature, the enzymo-
logy of the adrenal cortex and of the adrenal medulla has
been extensively investigated in each parenchyma indepen-
dently. Few attempts have been undertaken to establish a
possible functional relationship between these tissues which
are intimately.associated in most vertebrates. This associa-
tion is more intriguing since various hydroxylaées and similar
coenzymes are Involved in the biosynthesis of corticosteroids
and catecholamines. In our laboratory, it has been possible
to demonstrate that human chromaffin tumors (186a),and the
normal adrenal medulla (54) from beef can effect various en-
zymatic reactions typical of the cortex when virtually pure
preparations were incubated with labelled steroids. Thus,
the capacity of normal chromaffin tissue to hydroxylate pro-
5esteroné-4-l4C was found to be roughly 30% of that of the
cortex. However, the same chromaffin preparations on equal
weight basis, failed to utilize cholesterol-4-14C, Also
recently Wurtman (204) has postulated that the conversion of
norepinephrine to epinephrine in the rat adrenal medulla is
under ACTH control,

Reserpine as previously mentioned, is a powerful pharma-
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cological agent, depleting the adrenal medulla (used also for
other catecholamine producing tissues) of pressor amines. A
concomitant dépletion of the nucleotides of the medulla has
also been reported (205). No studies have been published in
our knowledge claiming that medullary enzymes are also dis-
charged from the cells by reserpine. Since a prolonged deple-
tion of catecholamines has been observed after reserpine treat-
ment, it is possible that this drug might also interfere with
catecholamine synthesis.

Halkerston et al (158) have reported that catecholamine
depleted rat adrenal bisects produce decreased amounts of cor-
ticosteroids in vitro.

In vitro studies with adrenal glands in which adrenal
medulla is absent (regenerated adrenals) have shown a deminished
production of ultraviolet-light absorbing materials (145) and
a marked impairment of 1lf3-hydroxylation in studies with pro-
gesterone-4-l4C (146) .

The purpose of this study is to explore the effects of the
administration of reserpine on the in vitro biosynthesis of cor-
ticosteroids by rat adrenal preparations. The present studies
have been carried out with cholesterol-4-l4C and progesterone-

4-14C in an attempt to elucidate whether the inhibitory
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action of reserpine occurs at the level of the enzymatic
side-chain scission of cholesterol, the hydroxylating
enzymes attacking progesterone or both.

A possible relationship between the findings with re-
generated adrenals (145, 146), reserpinized adrenals (158)
and the capacity of the medulla to hydroxylate progesterone

(54) has been envisaged as a working hypothesis.
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i MATERIALS AND METHODS
1. Serpasil

Serpasil, brand name of Reserpine, was obtained from
Ciba Companj Ltd., Dorval, P.Q. fhrough the courtesy of Dr.
W. Murphy. The active material was supplied in the form of
a solution (2.5 mg/ml) in a vehicle consisting of a mixture
of ethyl alcohol, propylene glycol and water (1:1:2). This
vehicle without the active principle was also kindly.supplied
by Ciba Company and was used as a placebo in control groups
of animals.

2. Rats

Male hooded rats (200 - 250 gram . body weight) were
obtained from Quebec Breeding Farm, Montreal. Twenty rats
were obtained for each experiment. Upon arrivél, animals
were equally divided in four cages. Out of twenty rats ten
were marked as group A or control and remaining ten rats as
group B or experimental.

After two days both groups were weighed out separately.
Subcutaneous injections were given to both groups for five
days (unless otherwise mentioned) as following:

Group A: Each rat 0.05 ml of serpasil placebo.

Group B: Each rat 0.05 ml of serpasil (representing
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0.125 mg of reserpine).

Animals were kept in the same room. Purina Chow food
and water weré given daily ad libitum.

On the sixth day after the first injection, rats were
weighed sut again. The animals were sacrificed by decapi-
tation, adrenal glands excised,.trimmed off surrounding fat
and connective tissues and weighed out for each group..

3. Glassware

Clean glassware, free of radioactivity, was used thrbugh-
out.

The glassware, in which radioactivity was used, was
rinsed thoroughly with methanol and water. After that it
was kept for two days in chromic acid solution and rinsed
again for séveral hours with tap water. Finally it was rinsed
with distilled water.

Vials (potassiumfree NO-SOL-VIT glass) in which aliquots
of radioactivity were taken for counting, were used only once.
4., Buffer Solutions

Krebs-Ringer phosphate buffer (189), supplemented with
fumarate (0:04M) and nicotinamide (0.04M) at pH 7.4 was used
as homogenizing medium. Homogenates of rat adrenal glands

were prepared in the cold room (approximately 4°C) in a tight-
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fitting, all-glass apparatus. In the studies conducted with
surviving adrenal quarters Krebs-Ringer bicarbonate buffer
(189) containing'ZOO mg % glucose, (pH 7.4) was used.

5. Labelled Steroid Substrates

All radicactive steroids were purchased from New Eng-
land Nuclear Corporation. The following substrates wefe used:

Cholesterol-4-Ll4C S.A. = 7.73 pg/pc

Progesterone-4-L4C ~ S.A. = 6.84 pg/uc

Chrbmatography of these labelled materials resulted in
a single radioactive band coinciding with the position of
their corresponding authentic compound.

Aliquots of Z)uc of the precursors employed were pipetted
into the incubation beakers and left overnight. The following
day substrates were redissolved in 0.2 ml of propylene glycol.
To these preparations either Krebs-Ringer glucose buffer
(adrenal sections) or Krebs-Ringer phosphate buffer (homogenates)
was added according to the desired experiment.

In certain experiments unlabelled progesterone was added
in the amounts indicated in the experiments concerned.

6. Additives to Incubation

NADP and G-6-P as their sodium salts were obtained from

Sigma Chemical Company. These chemicals were readily soluble
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in Krebs-Ringer phosphate or Krebs-Ringer bicarbonate buffer
at PH 7.4; Theylwere prepared and added to the in vitro
systems just prior to incubation. Unless stated otherwise,
the following concentrations were used: NADP, 0.12 mM;
G-6-P, 0.30 mM.

7. Conditions of Incubations

Incubation studies were carried out in a Dubnoff Meta-
bolic apparatus using 95% 02 and 5% 002 as gassing. Tempe-
rature of water bath was kept between 37 and 37.5°C. Incuba-
tion time was ﬁsually one hour. In certain experiments pointed
out in 'Results' it was found necessary to shorten this incu-

bation period.

8. Extraction of Steroids

At the end of the incubation period, 10 ml of ethyl acetate
were added to each beaker to stop the reaction. Contents of the
beaker were poured into a separatory funnel and extracted
three times: twice with 70 ml of ethyl acetate, once with
70 ml of chloroform. All the extracts were pooled and washed
with 20 ml of water. The extract was dehydrated over anhydrous
sodium sulphate and filtered. The sodium sulphate was washed
twice with 20 ml of a chloroform:ethyl acetate mixture (1:1),

filtered and added to the previous filtrate. The total extract
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was evaporated to dryness under vacuum at 50°C.

The dry residue was dissolved in 10 ml of methanol,
and a 0.1 ml. (if not otherwise mentioned) aliquot was taken
for assay of radioactivity. The remainder was transferred
quantitatively into a test tube and evaporated to dryness
under nitrogen at 35°C. The crude, dry extract was ready
for application to paper for chromatography.

9. Reagents

Methanol, ethanol (purified with 2,4 dinitrophenylhydra-
zine, three times distilled), benzene and acetone were all
reagent grade (Fisher) and distilled prior to use.

Ethyl acetaté (Fisher) and chloroform (Mallinckrodt)
were also reagent grade and distilled 1 - 3 days before
being used for extractioms.

Absolute alcohol was used for making steroid standards
and for determination of steroid hormones by ultraviolet
light absorption method.

10. Preparation of Paper for Chromatography

Whatman No. 1 chromatography paper 57 x 46 cms was used.
Seventeen cm wide strips were cut along the length. These
strips (Batch of 16) were washed in a Soxhlet apparatus with

methanol :benzene (l:1) for three days. After three days the



papers were hung to dry and stored in a paper folder. Before
chromatography, the paper was cut lengthwise, making 2 - 4
cm wide strips at 1 cm distance. All the strips were 44 cm
long and were joined by a common head 13 cm long. The appli-
cation line, where extracts were applied, was 2 cm from the
common head.

11. Application of Extracts on Papergrams

Crude steroid extract was quantitatively transferred to
a test tube and evaporated to drymess at 50°C under a stream of
nitrogen. The dry residue was dissolved in five drops of
methanol: chloroform (1:1) and applied on the applicétion
line (2 cm from the common head) with the help of Wintrobe
pipette. During application the solvent mixture was continu-
ously evaporated under a dry stream of nitrogen. To make sure
of the complete transfer of the residue, the whole procedure
was repeated twice.

12. Paper Chromatography

Extracts were resolved by a slight modification paper
chromatographic scheme developed in this laboratory (Figure
1) (17, 189a).

Mainly solvent systems of Bush (190) and of Zaffaroni

and Burton (191) were employed. An equilibration period is



-40a -

Figure 1. Scheme of Serial Fractionation,
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required before addition of the mobile phase in all Bush
systems. In the latter systems impregnation in methanol/
ethylene glycol (1:1) or methanol/propyleme glycol (1:1)
of the paper before application is necessary. After impreg-
nation the paper was dried for three minutes in a fold of
Whatman #2 paper, hung for three minutes in a fume cupboard,
after which steroid residue was applied on the starting line.
After applj.cation the paper was developed in a chromatography
jar in a constant temperature room at 25°C and humidity 50%.
The systems used are listed as follows:
Bush A (190)
petroleum ether/methanol : water
100 / 80 : 20
Bush B5 (190)
benzene/methanol : water
100 50 : 50
Bush C (190)
toluene : ethyl acetate/MeoH : H,0
90 : 10 /50 : 50
D (192)
methylcyclohexane : toluene/methanol : watex

100 : 25 [/ 80 : 20



-42-

EZB (193)
Iso-Octane/t-butanol : water
00 / 5  : 90
B.F. (191)

Benzene/ formamide
L.P.G. (194)

Ligroin/propylene glycol
T.E.G. (195)

Toluene/ethylene glycol
T.P.G. (191)

Toluene/propylene glycol.

13. Detection of Steroids on Chromatogram

Each chromatogram, after development, was hung in a
fume cupboard at room temperature until dry. Areas contain-
ing steroids were detected by

a)ultraviolet absorption

and/or
b) radioactive detection.

a) Ultraviolet Lighi Absorption

The paper strips were exposed to the ultraviolet light
source using a Corning filter No. 9863. Steroids having an

unsaturated A%-3 keto group absorb ultraviolet light at 238 -
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240 mp. Kodak standard contact photographic paper was used
to photograph ultraviolet light-ébsorbing'spots.
b) Detection of Radioactivity |

Radioactivity presented on papergrams was detected
by (i) radioautography and/or (ii) radio papergram scanner.
i) Radioautography.

Dried paper strips were exposed to a No-screen Kodak
X-rays film in a standard X-ray cassette. After three days
the film was developed by standard X-ray film developing techniques.
Usually about 3,000 c.p.m. could bé detected.

ii) Radio papergram scanner.

The paper strips were scanned on a radiochromatogram
scanner (Packard Model 7200) at appropfiate sensivity and
speed. Usually this technique was employed only for a rapid
survey of the distribution of radiocactivity on paperchromato-
grams.

14, Elution of Steroids from Paperstrips

30 ml Syringes were used for the elution. Areas which
showed radio-activity or ultraviolet absorption in paperstrips
were cut out and hung with thg needle directly into a round
bottom flask. The strips were eluted twice with 30 ml of

methanol. At the end the solvent was evaporated to dryness
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under vacuum below 50°C.

- In a few cases, where the radioactivity was spread
over a wide area, the paper was cut into very small pieces
and left overnight in methanol. The following day the
methanol was filtered, the.piéces of paper washed three
times with methanol, and the pooled solvents were evaporated.

15, Assay of Radioactivity

Radioactivity of l4C-labelled compounds was assayed in
a Packard liquid scintillation spectrometer (models 3214 and
3375).

Aliquots of 1/100 to 1/20 of the total sample were used
for the radioactive counts. These aliquots were bipetted out
in the counting vials, completely dried under a stream of
nitrogen and redissolved in 5 ml of scintillating solution.
This solution contained 0.3% of 2.5 diphenyloxazole (P.P.0.)
and 0.01% p-bis 1,2 (5-phenylozazolyl) l-benzene (POPOP). The
efficiency was 88% in both machines with 2% standard deviation.

16. Quantitative Determination of Steroid Hormones
Ultraviolet Light Absorption Method

Steroid hormones with a A4-3 keto structure absorb
ultraviolet light in the region of 240 mu. The steroid is

- dissolved in ketone free ethanol, and the ultraviolet light
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absorption spectrum 1s obtained in a Beckman DU spectrophoto-
meter using silica cells. The quantity of the steroid hor-
mone presented in the solution is calculated using the Beer-

Lamberts law according to the following formula:

pgAb-3 ketosteroid = 0.D.max x MW. x V x 1000
E

0.D. = maximal optical density

M.W. = molecular weight of steroid

v = yolume in milliliters

E = moiar extinction coefficient of the steroid.

17. Chemical reactions of the Steroids

a) Acetylation

Steroids were acetylated according to the method of
"Bush (196). The dry steroid residue (30 - 60)ug) was dissolved
in 0.1 ml dry pyridine,and 0.4 ml of acetic anhydride was
added. The mixture was maintained at 60°C for 15 minutes
and then evaporated to dryness under a stream of nitrogen.
Twice 5 ml of methanol was added and evaporated to dryness.
Finally 5 ml of dry benzene was added and evaporated to dry-
ness. The d;y mixture was directly applied on papergrams.

The 21l-hydroxyl group of anc{-ketol steroid is com-

pletely esterified under this condition. The 18-hydroxyl
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.group of aldosterone (hemiacetal form) is only esterified
to about 15%.
b) Hydrolysis

Hydrolysis of steroid acetate was carried out by the
modified‘method of Bush (197).

Dry steroid acetate (30-60)ug) was dissolved in.0.5 ml
of ﬁethanol and 0.5 ml of sodium carbonate (2.5% aqueous solu-
tion). The mixture was kept at room temperature for 30 min-
utes and extracted with 2 x 10 ml of ethyl acetate. The
pooled.ethylacetatg extract was washed wifh 2 ml of distilled
water, dehydrated over anhydrous sodium sulfate, filtered
and dried under a stream of nitrogen at 35°C. The dry residue
was ready for chromatography.

c) Oxidation

Bush (198) method was employed for the oxidation of the
11-hydroxyl group to an ll-keto group. Dry steroid residue
was dissolved in 0.5 ml of glacial acetic acid and 0.6 ml
chronic acid (0.2% chromium trioxide) was added. The mixture
was left in the dark for 20 minutes at room temperature.
Under these conditions the llﬁa-hydroxyl group of Cj9 and
Coq steroids are oxidized completely. At the end of 20

minutes 5 ml of distilled water was added and extracted with
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2x10 m1l of ethyl acetate. The organic phase was washed with
2 ml of saturated sodium bicarbonate, 2 ml of distilled water,
dried over anhydrous sodium sulphate, filtered and evaporated
to dryness. The residue was ready to be applied to the
chromatogram.

d) Blue Tetrazolium (BT) Reaction

Steroid_hormones with an 0<-ketol side-chain were mea-~
sured qualitatively by the BT reaction described by Nowac-
zynski et al (199).

e€) Porter-Silber Reaction

The Porter-Silber reaction is regarded as specific for
steroids with a dihydroxy acetone sidefchéin (200). However,
18-0H-DOC also gives the same reaction with a maximum absorp-
tion at 400-410 mp (25, 26), but the mechanism of the reac~
tion involving the 18 - 20 cyclic hemiketal of 18-hydroxy~-
ll-desokycorticosterone 1s not understood.

Cupric ace;ate (0.005M in methanol) treatment of corti-
costerone and other non~dihydroxy side-chain steroid gives
rise to glyoxal stfuéture which yields a yellow chromogen
with the Porter-Siibe; reagent (201).

Reagents:

Aldehyde free ethanol, freshly redistilled.



Dilute sulphuric acid (31 ml concentrated sulphuric

acid to 19 ml distilled'water).

Phenylhydrazine HCl, recrystallized from ethanol (16 mg
phenylhydrazine in 10 ml dilute suiéhuric'acid, prepared imme-
diately before use). |
Method: The steroid residue and corresponding paper blanks
were dissolved in 0.3 ml of ethanol and 0.45 ml of phenyl-
hydrazinesulfuric acid solution. The tubes were stoppered,
incubated in a water bath at 60°C for ome hour aﬁd then colled
under tap water. The colour was read against paper blank in

Beciman DK-2A recording specdtrophotometer.
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III RESULTS

All the results are expressed qualitatively or quanti-
tatively. The body and adrenal gland's weights of the rats
are given in grams and milligrams respectively.

The stefoids isolated from incubation studies are ex-
pressed in terms of‘pg or in percentage conversion of the ra-
diocactive precursors. The percentage conﬁersion is based
upon the total radioactivity recovered from the incubation
medium in the ethyl acetate-chloroform extract and not the
radioactivity initially added.

Usually 85% or more of the radioactivity added is re-
covered using ethyl acetate-chloroform extraction (202).

Some of the results obtained were analysed statistic-
ally. Test of significance, i.e. "t test'" was calculated

as follows:

d
tc = sd
Jn
where tc = calculated value of t

d = mean of the differznces of the control and
the experimental

n = number of entries

sd = standard deviation of the difference and
calculated as follows:
sd = £42

n-1
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where d®> = sum of the squares of the differences between
control and experimental

n = number of entries.

Standard deviation was calculated as follows:

S.D.= (Y--22
n-1
where Y = deviate value

Y * mean value

n =™ number of entries.
Section A

In this section the changes occﬁrred in the body and

adrenal gland weight of the control (serpasil placebo-in-
jected) and reserpinized (serpasil-injected) rats will be
described. It should be emphasized here that the results
nbtained might not be the direct action of the placebo or the
drug injected.

1. Bondy Weight of the Control Rats

Table No. I shows the body weight of the nine groups of
the control rats. These groups of the rats were obtained
during the period of September 1966 and May 1967. All the
groups of the animals were similarly treated.

Two days after the arrival of the rats in the lab, the

animals were weighed out individually and added together so as
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TABLE I

Body Welght of the Contfol Rats after 5 Daxé

Group No. Control Control
1st day - 6th day
1 *2
1 1984%* 2048%
2 - 2396 2559
3 2204 2294
4 2346 2471
5 2305 2343
6 2315 2388
7 2245 2305
8 B 2225 2296
9 2195 2229
n=9  Mean=2246 Mean=2326
Sd = 95.1
£, = 2.47
tg at 5% = 2.31
2.47 > 2.31
*Total body weight of 10 rats

xz-xlﬂd d2
54 4096
163 26569
90 8100
125 15625
38 1444
93 8694
50 2500
71 5041
34 1156

d=708 % d2=73225

d= 78.7

t. > tg at 5%
P £0.05
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to obtain total body weight of the whole group. (Each group
consisted of ten rats). This total body weight of the groups
1s shown under lst day column. The same day 0.05 ml of ser-
pasil placebo was injected to each rat of the group. Similar
injectlons were given for next four comnsecutive days. Each
injection was given 23-25 hours after the previous injection.
Body-weight of the animals ﬁas not recorded during the five /
days' serpasil placebo treatment.

On the sixth day (24 hours after the last injection) the
group of the rats was weighed out again and is listed under
6th day in the table. |

During this period Purina Chow food and water was given
daily,and always enough amounts were left for the night con-
sumption,

From the data obtained it is clear that each group of the
rats gained body weight. There was a wide range of gain of
body weight of various groups of the rats from 34 grams to
163 grams. These results are in accordance with the report
bvaiuliani et al (152). Statistical analysis of the data
showed significant (P <b.05) increase in the body weight of
nine groups of rats, treated with serpasil placebo for five

days. Apparently the placebo injected does not effect the
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" normal growth and body weight of the rats.

2. Body Weight of the Rats after five Days of Resergine
Treatment

Table II_shows nine groups of the rats treated with re-
serpine for five days. These groups were treated under exact-
1ly similar conditions as described preﬁiously for the control
graup except that serpasil, instead of serpasil placebo, was
injected to the animals. About 0.075 mg/100 g b.w. of ser-
pasil (about 0.05 ml solution) was injected to each rat of the
group. This dose is ten times higher than the suggested dose
by Schneider (203) for the chronic treatment of the rats.
However, the choice of dose was in the same range as used by
various other investigators (149, 151). About one hour after
the first injection the rats showed sedation and reduction in
spontaneous activity and shivering. After a few hours the
animals became more and more quiescent. However, the animals
were capable of normal reactions and were able to move around.
The nictating membrane of the eyes were relaxed, and this
state was continued until the next day. A pronounced loss
of appetite was observed during this time as the animals did
not consume any food or water provided.

The next day the rats showed normal behaviour, but again



Bodg'Wéngt of the Rats after 5 Days of Reserpine

Group No.

-523-'-

TABLE II

n=9

~ Treatment
Reserpinized Reserpinized xz-xlad
6th day ' lst day -
Xl Xz
1609 1830% 221
1887 2400 513
1666 2282 616
2000 2352 352
1800 2292 492
1901 2315 414
1880 2250 370
1628 2218 590
1770 2200 430
Mean=1794 : Mean=2238
Sd = 487
te = 2.74

t8 at 5% = 2.31
2.47 > 2.31

* Total body weight of 10 rats.

a2
48841
263169

379456
123904
242064
171396
136900
348100
184900

d=3998 £.d42=1898730

t. >tg at 5%

p £0.05
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an injection of the Rauwolfia Alkgloid produced sbnilar symp-
toms, as noted'earlier, Besides, sometimes, some of the ani-
mals developed diarrhoea.

It is quite clear from the data that the animals lost
body weight during the five days of reserpine treatment. The
losses in the body weight of each gioup (ten rats) were be-
tween 10% to 30% of the original weights (first day weight).
This decrease in the body weight 1s significant (Ps<p.05).
These results are in agreement with the findings of Erdnké et al
(149), Hertting and Hornykiwicz (150) and Giuliani et al (152).

3. Adrenal Gland Welght of the Control and Reserpinized Rats

About 24 hours after the last injection, the animals
were decapitated and operated upon in order to obtain the
adrenal glands. Immediafely after decapitation the control
rats showed vigorous movements of the limbs, but the drug-
treated animals did not show any movement whatsoever. Upon open-
ihg the abdomen, the intestine of the reserpinized rats showed
marked dehydration and peculiar peristaltic movements; Kid-
neys were very shiny éhowing some enlargement. Adrenal glands
of the drﬁg treated animals were enlarged as compared to the
control rats. Moreover they looked shiny - and more pinkish.

Only one experiment was carried out where a single dose
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TABLE III

Adrenal Weight (in mg) of Contrbl and Reserpinized Rats.

Group No. Control Reserpinized

A B
1 286%* 368%*

2 304 382

3 343 421

4 373 446

5 280 347

6 344 421

7 372 448

8 378 445

9 339 395
10 387 470
n=10 Mean=341 Mean=414

Sd = 78.10

t, = 2.96

c

tg at 5% = 2.26
2.96 > 2.26

* Weight of 20 rat adrenal glands

B-A=d

82
78
78
73
67
77
76
67
56
83

2

<

6724
6084
6084
5329
4489
5929
5776
4489
3136

6889

d=73.7 £d2=54929

tc>t9 at 5%

P £ 0.05
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(0.075/100 g b.w.) of féserpiﬁe was used, and the adrenal
glands showed a mild hypettrophy;‘ Increase in weight over
the control group was about 10%. These results are in agree-
ment with the reports by Kitay et él (157) who also pointed
out a mild hypertroph& of the adrenal gland of the rat after
a single injection of reserpine.

In all other experiments the treatment of the drug and
the placebo was carried out for five days. The adrenal glands
of the reserpinized rats showed about 16-227 increase in
weight control. The data obtained from various groups are
summar ized in Table III. Statistical analysis of the data
shoﬁed increase in the adrenal gland weight of the reser-
‘pinized animals is significant (PL0.05). These results are
in accordance with previous findings (148, 150, 151) but are
not in agreement with the findings of Erdnkd et al (149) who
failed to observe any change in adrenal gland weight of the
fats after two months of reserpine treatment.

Section B

1. Cocnversion of Progesterone-4-14c by Rat Adrenal Glands

The radioautograms shown in Figure 2 shows the labelled
derivates of p;ogesterone-4-14C incubated with quarter adrenal

glands of both control and reserpinized rats.
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Figure 2. Conversion of Progesterone-4-14c (%pc)
by Adrenal Quarters of Control and

' Reserpinized Rats .
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In this experiment only a single injection of serpasil
placebo and serpasil was given to the conﬁrol and experimental
rats respectively. 24 hours after, the adrenal glands were
taken out, quartered and incubated in 10 ml Krebs-Ringer bi-
carbonate at pH“ 7.4 for one hour. Progesterbne-é-lz*c 2 Fc)
was used as a substrate. After extraétion the dry residue
was subjected to serial fractionation in paper chromatographic
systems as shown on Figure No. 1, with the exception that the
TEG 24 hours (Fraction C) overflow was applied to benzene-
formamide system for 14 hours and overflow from this system

applied to E_B system as usual.

2
Fifteen radioactive zones were obtained and two zones, i.e.
zone # 6 corticosterone
- zone # 13 deoxycorticosterone
were characterized (described later in the text). Another sigA.
radioactive zénes were characterized tentatively (based upon
their chromatographic mobility), and these are as following:
zone # 1 18-OH-B
zone # 2 19-0CH-B

zone # 3 Aldosterone

zone # 4 19-0H-DOC
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TABLE IV

Conversion of Progesterone-4-14C by Rat Adrensl Glands

| Control | ' E#Eerimental
Adrenal Tissue 267 mg | 300 mg
Prog.-4-14C - 4.40x10%pm/13.2ug  4.40x106cpm/13.2ug
Incubation Time 1 hour 1 hﬁg;

| Inc,‘ﬁeaium Tiséue | Inc .Medium Tissue

Extracted cpm  2.99x10° 0.96x10°  2.94x10°  0.94x10°
Recovered 75.70% 24.30% : 75.76% 24.23%
Composition % 9 % %
18-0H-B* 1.02 2.26 1.33 2.08
19-0H-B* 1.02 - 1.64 -
Aldosterone 3.33 - 1.78 3.66 1.86
19-0H-DOC* 5.92 - 7.36 -
18 ~-CH-DOC* 4.47 7.99 2,58 10.62
B* 30.04 16.46 25.34 27 .43
A% 1.03 1.25 2.33 2.06
Zone #5 1.08 - 0.37 0.65
Zone #10 0.50 - 0.26 -
Zone #11 0.37 - 0.29 -
Zone #12 0.85 1.07 1.01 1.50
Zone #13 0.62 1.25 0.93 3.63
DOC* 12.52 3.03 11.89 2.52
Progesterone* 10,72 52.11 21.67 19.20

*Tentative identification
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zome # 5 18-OH-DOC
zone # 7 compound A.

Table No. IV shows the quantitative distribution of
the radioactivity in each zone. Total recovery of the radio-
activity was 89% in the control and 88% In the experimental.
The adrenal quarters of both control and reserpinized rats
contained similar amounts of the radiocactivity (about 247
of the recovered radioactivity). Conversion in incubation
.medium of the control was 62.77% and in that of experimental
59.71%. If these results are expressed in terms of 100 mg
of the tissue, the corresponding values are 23.5% and 19.9%.
In other words, on a unit weight basis the reserpinized adrenal
“glands showed about 187% lesser activity to utilize .the exo-
genous labelled precursor as compared to the placebo-treated
glands.

The reeults obtained with one day drug treatment of the
rats were encouraging enough to continue further experiments.
Another group of 20 rats was. obtained, and half of them were
treated with the placebo and the other half with reserpine for
five days as described previously. The adrenal gland weight
of the control group was 286 mg whereas serpasil-treated
animals were 368 mg. After one hour incubation with 2 uc

of progesterone-4-l4C the dry residue extract was subjected
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TABLE V

Conversion of Progesterone-4-l4c by Rat Adrenal Glandé

Ak

| Cdntrol - - Exgerimentall
~ Adrenal Tissue 286 mg | 368 mg

Prog.-4-14C  4.40x10%pm/13.2ug  4.40x10%pm/13.2ug
.incubation Time 1 hour 1 hour

Ihc, Medium Tissue Inc.Medium Tissue
Extracted cpm 3.21x106 | 0.94x106 3.30x10_6 ' 0.95x106
Recovered 77.55% 22,447 77.56% 22.43%
Composition % : ' % yA | %
Zone i1 | 0.60 e 0.39 .
18-O0H-B* 6.40 2.14 3.09 1.61
19-CH-B* 1.00 - 0.42 -
Aldosterone* 6.12 2.53 2.81 1.39
19-0H-DOC* 0.59 -  o.s8 -
18- OH-DOC* 5.59 2.68 10.90 5.04

1.95  1.47 2.01 1.82
B ' 24,47 16.02 27.93 19.19
Zone #9 1.40  2.00 2.29 2.98
Zone #10 0.95 0.95  0.57 ©0.99
Zone #11 ~0.55 0.53 0.39 0.66
Zone #12 0.42 - 0.52 -
Zone #13 - 0.52 0.61 0.49 1.18
DOC* 8.85 7.09 8.48 3.54
Progesterone*  16.80 33.31 16.33 31.89

*Tentative identification
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to serial fractionation as described éarlier. Table LV
shows the percentage cénversion of radioacti&ity In various
zones. The percentage conversion by both control and reser-
pinized groups was of similar order as obtained in previous
experimenﬁ. However, on a unit basis of adrenal tissue, the
degree of conversioﬁ by the adrenal'glaﬁds of reserpinized-
treated rats waéﬁ 31% lower éhan that of the control.

On a @anit weight basis the adrenal tissue of the reser-
pinized rats in béth these experiments retained less amount
of radioactivity as compared to the controls.

In the foregoing experiments with adrenal quarters we
have seen that the reserpinized adrenal glancs had some im-
pairment to utilize the exogenous labelled precﬁrsdr. It
was interesting to study, whether or not, the homogenized
tissue shows the.similar deficiency towards the added radio-
active substrate. |

Adrenal gland homogenates of the control (373 mg) and
of the reserpinized (446 mg) rats were prepared separately
in 10 ml of Krebs-Ringer phosphate buffer (pH 7.4) supple-
mented with fumarate and nicotinamide. These preparations
were incubated with progesterone-4-l4c (2 pc), NADP and

G-6-P for one hour at 37°C. The radioautograms of the serial
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paper chromatogréphic fractionation éhowed twelve radioactive
zonies instead of usual fifteen obtained in studies with adrenal
quafters. Mbreover? the substrate added was practically
exhausted, thus leaving no grounds for the comparison of
enzymatic activity of the placebo and drug-ﬁreated adrenal
glands. |

To avold the possibility of exhausting the labelled pre-
cursor added, in the next experiment the amount of tissue was
reduced to about 1/5. Also 200 ug of the unlabelled progeste-
rone were mixed with 1 uc of progesterone-4-14C. The incuba-
tion timé was reduced to fifteen minutes, and no co-factors
were added. The radioautogram showed only eight radioactive
zones. However, still some of the substrate added was left
over. The per cent conversion by the adrenallglands of the
placebo and the drug?treated glands are gilven as following:

% conversion of progesterone-4-14C (1 pct+200 pg of

unlabelled progesterone) per 100 mg of the adrenal tissue

homogenates.
Placebo-treated ‘ Serpasil-treated
1. 87 | 75
2. 86 78
3. 88 76

4. 87 “ - 73
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‘These results do not.show alsignificant impairment of
the adrenalyglénds of drug-treated rats, however, the tissue
exhibited some deficiéncy to metabolize the exogenous labelled
precursor.

2. Incubation with Cholesterol-4-l%c

Results obtained in previous sections lead us to examine
the glands of the rats with some other substrates as well.

Since cholesterol is_conSidered at the bottle neck of
corticoidogehesis, it was iﬁteresting to study the transforma-
tion of this sterol by our preparations. Also, the use of -
exogenous labelled cholésterdl might reveal some of the other
enzymatic changes of the Rauwolfia Alkaloid-treated glands,
that could not be demonstrated with rédio progesterone (various
steps involved from cholesterol to progesterone).

A series of experiments with cholesteroi-4-l4C were
carried out. Always homogenates of the adrenal glands were
studied. No attempt was made to incubate the adrenal gland
slices with 1abelled cholesterol. 'This was based upon the
previous report by Cérballeira et al (54) who consistently failed
to catabolize ;he exogenous‘radio sterol with surviving bovine
cortiéal slices under standard conditions of incubations.

Adrenal gland tissue was homogenized in Krebs-Ringer
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phosphate buffer supplemented with fumarate and nicotinamide.
NADP and G-6-P were added just prior to the incubation. All
incubations were carried out at 37°C for onme hour. The 2x-
tracts were subjected to serial paper chromatographic frac-
tionation as shown in Figure 1.

Figure No. 3 shows the distribution of radioactive zones
obtained by the placebo-treated rat adrenal gland homogenates
incubéted with cholesterol-4-14c (Z)uc). The ultraviolet
photocopy (left) and radioautogram (right) of each fraction
are placed side by side. Similarly Figure No. 4 shows the
results of the drug-treated rat adrenal glands. There were
nine ultraviolet positive and ten radioactive zones. Only
zone No. 4 (corticosterone) and zone No. 8 (dexoxycorticosterone)‘
were characterized (characterization shown at the end of the
results).

The results obtained from the ten experiments are
summar ized in Table No. VI, The mean conversion of cholesterol-
4-Lhg by reserpinized-treated adrenal glands was 4.20% per
100 mg of the tissue, as compared to control value of 5.41%
per 100 mg of the tissue. Analyzing the data statistically,
it is shown that the reserpinized adrenal glands were signi-

ficantly (PZ0.05) deficient to catabolize the exogenous
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Figure 3. Conversion of Cholesterol-4-r4C (%pc)

by Adrenal Homogenates of Control Rats.
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| Petcentage Conversion of Cholesterol-4-l%C by Rat Adren

-~

| | | Hoxho"gj enates |
| 1 Group No. léonzfol‘ ' Reéef%inized:. 'éigfi'  "va ;§£;  v'  :
L 3.45%  2.71% 074 0.5476
2 C6.03 5.6 034 - 0.1156
371 3.43 0.28  0.0784
2.77 o L.92. 0.85 - - 0.7225

4.05 3.49  0.56  ° 0.3136

SN U W

4,49 ' 3.26 1.25 1.5625

~

8.40 5.63 2.77 | 7.6729
8 7.10 5.67 1.43 2.0449
9 8.03 5.24 2.79 7.7841
10 6.11 4.95 1.16 1.3456

n=10 Mean=5.41  Mean=4.20 d=12.17  £42=22,1877

d= 1.217

Sd = 1.568 -

t, = 2.46 |

tg at 5% = 2.26 tc_> tg at 5%

2.46 > 2.26 P £0.05

* Percentage conversion/100 mg tissue/hour
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labelled sterol added. However, it was difficult to point
out the steps which were impaired.

In another experiment where NADP and G-6-P were omitted,
the conversion per 100 mg of the adrenal gland tissue homo-
genates by reserpinized rats (2.79%) was lower than that of
the placebo-treated rat adrenals (3.54%). Another interest-
ing feature of this experiment was the amount of corticoste-
rone found as measured by ultraviolet-light absorption. Values
for the control study (19 ug/100 mg of the adrenal tissue)
were higher than those of experimental (14}1g/100 mg of the
adrenal tissue). On the other hand, the ﬁeasurement of DOC
by the same method revealed a greater accumulation of DOC
in the experimental (l9}pg/100 mg of the adrenal tissue) than
the control (16‘pg/100 mg of the adrenal tissue) thus suggest-
ing certain impairment in 11p -hydroxylation.

Halkerston et al (158) also showed that the corti-
costerone production by reserpinized adrenal glands was lower
than the control value.

Table No. VII shows the per cent conversion of the
cholesterol-4-l4C in labelled corticosterone By the rat
adrenal homogenates. Statistical analysis of the data did
not show any significant decrease in labelled corticosterone

by the reserpinized group. However, it can be seen that
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TABLE VII

Converslon of Cholesterol-4-14c to Corticosterbne

by Rat Adrenal Homogenates

Group No. Control Reserpinized

- | A : B

1 1.23% 1.1

2 3.40 2.99

3 1.47 1.15

4 ' 3.15 2.58

5 2,72 , 2.02

6 | 4.94 3.09

7 4.09 3.19
Mean = 3.00 Mean = 2.32

* Percentage conversion/100 mg tissue/hour.
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mean value for the control group is 3.00 as compared to the
2.32 for the reserpinized group. The Rauwolfia Alkaloid
treated adrenal glands of the rats are about 29% deficient
as compared to the control to metabolize the exogenous la=
belled precursor to corticosterone.

.Section C

Characterization of Steroids

1. CorticoSterone

This compound was isolated in all of our experiments
and showed ultraviolet absorption maximum at 240 mp.

i) Sulphuric Acid Spectra

The spectrum in sulphuric acid of the isolated corti-
costerone, both from control and reserpinized rat adrenal
glands, was identical with that of authentic corticosterone
(Figure 5).

1i) Acetylation

Pooled corticosterone from various experiments was
applied on E2B as shown on Figure No. 6. The distribution
of five strips is of the following order: The first strip
represents the running rate of authentic compounds. The first
pair rep?esents the ultraviolet photocopy and radioautogram

of the control experiment. The second pair represents the
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Flgure 5. Sulphuric Acid Spectra of Isolated

Corticosterone .
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Figure 6. Acetylation and Hydrolysis of Isolated

Labelled Corticosterone,
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ultraviolet phdtocopy of the experimental. A}similar type
of arrangement is presented in Figure No. 6.

The zone corresponding to the authentic corticosterone
was cut, eluted and dried. Paxt of'thcﬂdgy residue was sub-
jected to fast acetylation according to the method described
by Bush (196). The mixture was applied on EjB system. Corti-
costerone isolated‘aﬁd acetylated showed similar running rate
as the authentic B-Acetate. On hydrolysis the original com-
pound was isolated and showed similar chromatogfaphic mobi-
lity as the authentic cortiéoéterone E7B system.

iii) Oxidation

On oxidation of isolated corticosterone with CrOj,the
dehydrocortiecosterone yielded on chromatography in the Bush
B5 system a single radioactive zone with the same mobility
as authentic dehydrocorticosterone. This zone on acetylation
at 60°C yielded compound A Acetate which had the same chroma-
tographic mobility in the TPG system as the standard (Figure 7).

2. Deoxycorticosterone

This steroid, isolated both from control and experimen-
al, showed ultraviolet absorption maximum at 240 .

i) Acetylation.

Prnled DOC from both control and experimental was reapplied
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Figure 7. Oxidation (Cr03) Followed by Acetylation

of Isolated Labelled Corticosterone.
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Figure 8. Acetylation and Hydrolysils of Isolated

Labelled ll-Deoxycorticosterone.
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on the LPG system for 30 hours. Radloactive and ultraviolet-
positive zone with similar mobility as.DOC was cut, eluted
and part of it reapplied on Bush A system as shown on

Figure No. 8. %ﬁc-labelled DOC and authentic DOC showed
similar chromatographic behaviour after fast acetylation.
14C-1ab¢11ed deoxycorticosterone 21-Acetate-béhé¢ed as a
single radioactive zone in system D with the same mobility as au= s
thentic deoxycorticosterone-2l-acetate. This zone on hydroly-
sis with sodium carbonate yilelded free deoxycorticosterone
which had the same chromatographic mobility in the D system

as the standard. |

Section D

"Unknown Compound''

In the beginning,in an experiment with labelled choles-
terol a strong radioactive zome in fraction D (Figure No. 1)
having similar mobility as 17c£-hydroxyprogesterone was found.
This zone was positive to ultraviolet light showing a maximum
absorption at 240 mu ( characteristic of A4-3 keto).. It was
of particular interest to identify this compound, since it
appeared in reserpinized rat adrenal gland homogenates only.

Before starting any rigorous methods of identification,

an aliquot of this unknown compound was applied on the
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'paperchromatogrém of‘Bush B5 system for five‘ﬁours. Two
rédioactive zones wéreffound, one having a similar running
rate of 18-0H-DOC (more polar 6rng and another running with
solvent front.(less.polar.or L). The amountfofvradioactivity
distributed was 53% in the more polar and 47% in the less
polar. Each of these zones (M and L) on further chromato-
graphy on Bush B5 system showed similar splits. Successive
chromatography also showed similar splits as shown on Table
No. VIII.

The remainder of the unknown compound was appiied on
Bush B5 system for five hours and the resulting splits sub-
sequently chromatographed on the LPG and Bush B5 system.

The results are shown on Table No. IX.

The more polar compound (M) exhibited a positive Porter-
Silber reaction but gave a negative blue tetrazolium reaction,
as reported by Birmingham for 20 —~» 18 hemiketal of 18-hydroxy-
11-deoxycorticosterone. However, the less polar (L) did not
react with either method. These results are partially in
agreement with the report of Dominguez (30) who obtained a
similar metabolite (like our unknown compound) from normal

14

rat adrenal gland homogenates from 21-""C-deoxycorticosterone.

It was quite apparent from our results that we were dealing
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TABLE VIIL
"UNIDENTIFIED COMPOUND"

Percent Distributilon of Radloactivity into Products

M and L upon Successive Réchromatography.

Starting 1st 2nd _ 3rd
Compound Rechromat. Rechromat. Rechromat.
LPG BUSH B5 BUSH B5 BUSH B5
30 hours
M=80
M=91
L=20
M=53
M=32
1=9
L=68
UNKNOWNMC
M=73
M=40
L=27
L=47
M=27
L=60
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TABLE IX

"UNIDENT IF IED COMPOUND'

i

Percent Distribution of Radioactivity‘into Products

M and L upon Successive Rechromatography.

Starting st 2nd 3xrd
Compound Rechromat. Rechromat. Rechromat.
LPG BUSH B5 LPG BUSH B5
30 hours 5 hours 30 hours 5 hours
M=75
M=97
L=25
M=80
M=26
L=3
L=74
unkNowNL4c
\ M=79
M=49
L=21
L=20
M=19
L=51

L=81
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with a similar situation as reported by Dominguez.

At this point the amount of the unknown compound left
was Verylsmall. Another similar experiment with cholesterol-
4-1%C was conducted. This time results showed that not only
the unknown compound was present in reserpinized-treated
adrenal glands of the rats but also in the control.

This time a part of the compound was taken from both
control and experimental and subjected to acetylation and
a part to oxidation. The results obtained are summarized
on Table No., X. These results are in agreement with Birming-
ham et al (25) for the identification of 18-0OH-DOC.

Still, it seems that certain factors must have beén
involved in the persisting splitting of the uninown compound.
Dominguez suspected that certain solvents, expecially methanol,
might be responsible for the production of this unstable
unknown compound. According to his report, methanol produces
certain changes of authentic 18—OH-Doc; thus resulting into
two interconvertible forms, M and L.

To explore the possibility of stability of authentic
18-0H-DOC, five tubes each containing 100 ug of authentic

compound were treated as following:
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TABLE X

"UNKNOWN COMPOUND"

Oxidation Acetvlation
TPG 4 1/2 TPG 4 1/2
hours S hours
1.13% 0.11% 0.81* 1.33%
- (85%) (15%) (80%) (20%)

* Rf values with respect to DOC
The figures in parenthesis represent the 7 rédioactivity

in each zone.
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1. 18-OH-DOC t 10 ml MeOH (dist.)
2. 18-0H-DOC T 10 ml MeOH

+ 0.1 ml H,0

2
3. 18-0OH-DOC * 10 ml of MeOH
T 1 ml of Hy0
4, 18-0H-DOC + 10 ﬁl Me OH
- T 0.1 ml HC1 0.1IN
5. 18-0H-DOC iO ml MeOH
T 0.1 ml NaGH 0.1N

All tubes were left at room temperature for 24 hours
and then dried under nitrogen.

The results are shown on Figure No. 9. It is clear that
use of acid produces the biggest change in 18-0H-DOC. How-
ever, little, if any changes were observed with methanol.

It seems reasonable to assume that the unknown compound
isolated in the present studies is similar to that reported
by Dominguez as the less polar form of 18-0OH-DOC. The mole-
cular arrangement of 18-OH-DOC respomnsible for the changes
in chromatographic mobility and the conditions leading to
the formation of splits upon rechromatography are still not

elucidated. Since most authors agree on the lack of 17-&%

hydroxylase activity in the rat adrenal - either normal (80, 81)
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Figure 9. Some Conditioms Affecting the Stability

of Authentic 18-0H-DOC,
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or regenerated (82), and this unknown compound exhibits iden-
tical chromatographic behaviour as authentic 17z<-hydroxy-
Progesterone, one may suspect that the steroid isdlated

from regenerated adrenals of rats with hypertension and ten-
tativdly characterized as 17c{-hydroxyprogesterone by Brownell
et al (79) is identical with this L-form af 18-0H-DOC reported

by Dominguez and partially confirmed in the present survey.
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IV. DISCUSSION

The present studies with hooded adult male rats agrees
with oumerous previous observations that the chronic admi-
nistration of reserpine results in a marked diminution of .
body weight in various animal species (149-151, 153, 154).
Subsequent tb the first Injection at the dose levels used
(0.075 mg/100 g b.w.), rats showed a marked anorexia and a
spontaneous restriction of their water intake, Since this
was observed throughout the entire experiment (5 days) it
seems reasonable to assume that the significant loss of body
weight was mainly associlated with the extremely low intake
of food and water. In the few cases in which the rats deve-
loped diarrhoea at the onset of treatment, this might have
been a contributing factor to their loss of weight.

Our data also substantiate brevious studies by other
authors that chronic treatment with reserpine induces a con-
siderable hypertrophy of the adrenal gland (148, 150, 151,
155, 156-161). In our studies, adrenals from reserpine-treated
rats invariably appeared enlarged, and their weights were
significantly higher than those of the control. Grossly,

this enlargement appeared to be mostly limited to the adrenal
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cortex. Histological examination'also indicated that the
cortical parenchyma of the adrenal gland was the more affected
by this hypertrophy. These histological studies were carried
out at the Institute of'Ratholég» McGill University, (the
author is grateful to Miss E. Angus for the histologicél studies
of the rat adrenal glands) and revealed that the only changes
in‘the adrenal medulla in the glands from reserpine-treated
animals was a marked depletion of catecholamine-containing
granules. (Stained with.haemotoxylin and eosin). Since this

1s a well-known effect of reserpine, actually, it is its major
pharmacological action - and has been abundantly substantiatgd
| by many workers (182, 183, 186-188); no histological evidence
is given in this thesis. However, it is only being mentioned
‘to convey that the rat adrenal medulla had been highly respons-
ive to the drug treatment.

Regarding the hypertrophy of the adrenal cortex, all
evidence seems to iIndicate that it is mediated through the
release of ACTH by the anterior hypophysis (157). It is not
altogether clear, however, if‘£his increased release of ACTH
is due to a direct effect of reserpine on the hypophysis and/
or higher centers in the hypothalamus or it is related to

the profound stressing action of reserpine. The specific
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affect of this drug, releasing catecholamines into.the blood,
could be ;n itself a.partial cause of-this increased ACTH
release (206).

As has already been stated in the review of the litera-
ture, the studies on the role of reserpine on varlous para-
meters of adrenocortical function.(préductioh,,release apd
circulating levels of corticosteroids) have yieldéd highly
conflicting or even opposite results. One of the most recent
and satisfactorily controlled studies has been the in vitro
investigation by Halkerston et él'(158) on corticosteroid
biosynthesis from endogenous sources with adrenal bisects
obtained from reserpinized rats. Comparing the rate of
production of corticosteroids with that of adrenal bisects
from control rats, it was shown that it was lower (Blue-
tetrazolium reaction) in specimens from reserpinized animals.
In the few preiiminary observations in this thesis these
results could be substantiated by measuring the endogenous
corticosteroid production by ultraviolet-light absorption
method. Since our main interest was to establish at what
level of corticosteroidogenesis this resérpine induced partial
inhibition of biosynthesis took pléce, the bulk of our obser-

vations have been carried out with the aid of progesterone-
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4-140 and cholesterol-4-14C.

The studies with progesterbne-4-14c appear to be incon-
clusive. The total amounts of substrate utilized by rat
adreﬁal quarters (1-daonr 5-day treatment) or homogenates
(s-day treatment) prepared from reserpinized animals was of
the same order of magnitude as that of their corresponding
control preparations. Since the amounts of tissues from
the reserpinized animals were higher than in the control,
when the values of conversion were calculated on an equal
adrenal weight basis (100 mg), it was shown that the utiliza-
tion of progesterone-4-l4c was 10-307% lower in these prepa-
rations than in the control. These studies also appeared to
indicate that there was a slight selective impairment of
llﬁB-hydroxylase activity in the reserpinized adrenals.
However, since the variations between control and experimental
were relatively small and the number of observations, under
identical in vitro conditions, ~ - . were limited for statistical
analysis, few if any definite conclusions could be derived
from the studies.

One incidental finding of certain interest in these

studies which corroborate observations with bovine adrenals

in this laboratory (207) is that while rat adrenal quarters
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incorporated progesterone-4-l4C into aldosterone in sub-
stantial amounts, the studies with homogenized preparations
showed virtually no radioactivity in the chromatographic
position of this steroid, in spite of their greater enzymatic
activity. This has been attributed to the type of coenzymatic
supplementation used in the homogenized preparation (208).
However, in the present study, homogenates were also incu-
bated without an exogenous NADPH generating system, and the
same lack of substantial incorporation of radioaétivity inﬁo
aldosterone was observed as when NADP plus G-6-P were added.
The studies with cholesterol-4-l4C were carried out
exclusively with homogenates. No attempts were made with
surviving adrenal sections, since previous studies have shown
that under standard incubating conditions cortical slices do

not metabolize the 02 sterol to an appreciable extent (54).

7
Similar to the studies with progesterone—4-14Q,the
degree of total utilization of cholesterol-4-l4c (2/uc),was
found to be comparable in adrenal homogenates from control and
reserpinized animals. Homogenates in the former prebaration,
however, contained considerable less tissue (280-387 mg) than

in the latter (347-470 mg). Consequently expressing the

activity of the system in terms of equivalent amounts of
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tissues, revealed the lower capacity of reserpinized adrenals
to utilize-cholesterol-4-14C than the controls. The number
of comparable observations with cholesterol-4-14C permitted
statistical analysis, and the data revealed that the results
were significant at the level of 5%. The study of individual
conversion products also suggested that reserpinized adrenals
incorporated less cholesterol-4-l4C into corticosterone.
However, statistical analysis revealed that these data were
not significant. |

It seems, therefore, that the lower production of corti-
costerolds observed by other authors (158) in studies with
adrenal bisects from reserpinized rats is mainly due to some
interference of the drug in the cholesterol cleavage mecha-
nism, rather than in the hydroxylations in the progesterone
molecule. Although it is generally considered that the en-
dogenous precursor of steroids is cholesterol, this seems a
rather surprising finding in view of the fact that the hyper-
trophy of the adrenal gland resulting from reserpine treatment
is due to increased ACTH release (156-158). While there are
some disagreements on the subject (209),it is also almost
generally considered since Hechter's work (35), that the site

of action of ACTH is precisely the enzymatic cleavage of
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cholesterol. There might be various possible explanations of
this discrepancy between the cellular trophic action 6f ACTH
in reserpinized adrenals and the diminution of the cholesterol
cleavage enzymatic activity. However, to discuss them in this
thesis would be.to speculate without much experimental support.
The lack of significant results with reserpine on the hydroxy-
lations of progesterone-4-;4c on one hand, and the non-partici-
pation of the adrenal medulla on the in vitro utilization of
cholesterol-4-l4C (54) plus the lack of influence of the cate-
cholamines in the rate of utilization of the 027 sterol by
cortical homogenates (207) on the other, seem to rule out our
working hypothesis that the action of reserpine on corticos-
teroidogenesis might be associated with a depletion of adreno-
medullary enzymes along with pressor amines and medullary
nucleotides (205).

As stated before, this worlking hypothesis was mainly
based on the previous findings that the bovine adrenal medulla
could hydroxylate in vitro progesterone—4-14C at carbons 11,

17 and 21 (54). The studies also appear to rule out thaﬁ the
deficit in the hydroxylation of progesterone-4-l4c by homogenates
of enucleated rat adrenals observed by Brownie and Skelton

(146) bears a close relationship to the lower production of

corticosteroids by reserpinized adrenal rats reported by

Halkerston et al (158).
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V. SUMMARY

The findings in the present thesis are:

1. That reserpine affects the total body weight of rats as
has been reported by other authors in various animal species.
2. That reserpiné induced a hypertrophy of the adrenal gland,
and that this hypertrophy was mostly due to an increase in
cortiéal tissue.

3. That rat adrenal preparations from reserpine-treated
animals produced a slight diminution in total uﬁilization

of progesterone-4-l4C as well as in incorporation into corti-
costerone when values were expressed on an equal weight basis.
However, no statistical analysis could be carried out to
ascertain the significance of these findings.

4, That treatment with reserpine induced a significant dimi-
nution in the iIn vitro utilization of cholesterol-4-14C by
rat adrenal homogenates.

This is the first instance in which the action of reser-
pine on corticosteroidogenesis has been explored with the aid
nf isotopically labelled substrates. The data with choles-
terol-4-l4C agrees with the diminution of corticosteroid

synthesis from endogenous sources brought about by treatment
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of reserpine claimed by other authoxs. The data suggest
that the action of reserpine on steroid production is at
the biosynthetic station involving the cleavage of

cholesterol.
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