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INTRODUCTION

A disturbance in carbohydrate metabolism has been observed in scorbutic
guinea pigs (Banerjee and Ghosh, 1947). Phosphatases are enzymes intimately
connected with carbohydrate metabolism. Reports concerning the relation of
vitamin C to phosphatase activity appear to be very conflicting. Smith (1953)
reported that during chronic scurvy serum phosphatase dropped below normal
parallel to retarded growth. But Parkins and Zilva (1950) showed that the serum
phosphatase of guinea pigs on a scorbutic diet began to fall after 12 days when
growth was uninterrupted. They suggested that this fall was due mainly to scor-
butic lesion and not to loss of weight. Harrer and King (1941) observed a mode-
rate but irregular decrease in the phosphatase activity of intestinal mucosa and
kidney cortex during severe scurvy, the decrease in brain and liver were not con-
sidered significant by them. Russell, Rouse and Read (1944) observed histo-

- chemically that scurvy did not bring about changes in the phosphatase activity
of spleen, lungs and adrenals but a fall in kidney was observed. Gould and Shwach-
man (1942) also could not get any difference in the alkaline phosphatase activity
of intestinal mucosa, kidney, adrenals or liver of scorbutic guinea pigs. Parkins
and Zilva (1950) have shown that the phosphatase activity of liver, intestine or
kidney of guinea pigs kept on a scorbutic diet for 15 days did not show anyv change,
“the kidney showed a fall in the premortal phase after 21 days.

In scurvy an impairment of wound healing has been observed by several
workers (Wolbach, 1933, Bourne 1942, Bicknell and Prescott 1947). Toro (1952)
observed that metabolism of nucleoprotein has an important role in healing of
wounds. It is reasonable to suppose, therefore, that the effect of vitamin C is
extended by way of the nucleoprotein metabolism. Gol'dshtein and Volkenzon
(1941) have observed that in animal tissues the part of protein which is attached
to iron-ascorbic acid complex, is nucleic acid. Gol'dshtein and his co-workers
(1950, 1952) are of opinion that one of the main function of vitamin C is to form
D.N.A. in cell nucleus. In avitaminosis C they have observed a decrease in D.N.A.
and increase in R.N.A. in liver, adrenals and pancreas. They (1954) further corro-
borated their findings by the observation that the inclusion of P32 into D.N.A. of
liver were reduced in scurvy. Rudas (1955) observed a decrease in both D.N.A.
and R.N.A. of the granulation tissue in scurvy. But Fukuda and Shibatani (1953)
have observed that in scorbutic liver, although there was a fall in protein nitrogen,
the D.N.A. and R.N.A. remained constant.

Although alkaline phosphatase content of some tissues has been estimated
in scurvy, we do mnot know of any work being carried out on the estimation
of acid phosphatase under the same condition.  Moreover all the work
referred to above with the exception of Russell, Rouse and Read (1944) have
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been carried out biochemically. Histochemical methods have advantage over
the biochemical methods in that the nuclear and cytoplasmic reactions can be dif-
ferentiated as also the rveaction in different zones. For all these reasons histo-
chemical method of estimation for acid and alkaline phosphatases as also D.N.A.
and R.N.A. were carried out in scorbutic and paivred fed normal guinea pigs.

MATERIAL AND METHODS

The selection of the guinea pigs, feeding of the scorbutic diet either with or
without supplement of ascorbic acid by the paired feeding technique were the same
as those described previously (Banerjee and Deb, 1951). On the 21st day of the
experiment. the animals were killed by decapitation. The tissues were taken out
and pressed in a fold of filter paper to remove adherent blood and fixed overnight
in chilled acetone and chilled 80 per cent alcohol. They were then dehydrated
and embedded in paraffin. Alkaline phosphatase content of the acetone fixed
tissues were measured by the histochemical method of Gomori (1946). Acetone
fixed tissues were also used for estimation of acid phosphatase by the improved
histochemical method of Gomori (1950). D.N.A. and R.N.A. in alcohol fixed
tissues were measured histochemiecally by the method of Kurnick (1952). Feulgen
reaction (Coleman 1938, Stowell 1946) for D.N.A. was also carried out in alcohol
fixed tissues, Experiments were carried out with eight pairs of guinea pigs of
both sexes. Histochemical reactions observed in the different tissues were similar
in the animals of each group.

OBSERVATIONS

ACID AND ALKALINE PHOSPHATASES

Pituitary - The cells of the pituitary showed presence of alkaline phosphatase
activity; a reduction in activity in some portions of it has been observed in scurvy.

Acid phosphatase activity was present in the pituitary cells but the pattern
of distribution did not change in scurvy.

Adrenals : In normal guinea pig, zona glomerulosa of adrenal cortex con-
tained a high amount of alkaline phosphatase, the rest of the gland being negative.
In scurvy accumulation of the enzyme has been observed in the zona fasciculata,
there being no alteration in the rest of the gland.

Marked acid phosphatase activity has been observed in the zona glomerulosa
and upper fasciculata of normal -adrenals and a moderate activity in the lower
fagciculata and zona reticularis. In scurvy, acid phosphatase completely dis-
appeared from the fascicular zone, the glomerular zone showed no detectable
change.

Testes : The nucleus of the cells of seminiferous tubules gave a positive reac-
tion for alkaline phosphatase. In scurvy a decrease in enzymatic reaction has
been observed.

The seminiferous tubular cells also contained acid phosphatase, there being
no alteration of the reaction in scurvy.

Ovary : Pronounced activity was present in the germinal epithelium
and also in the nucleus of the granulosa cells and the theca. In scurvy an overall
reduction in enzymatic activity has been observed.

We could not detect any acid phosphatase activity either in normal or in
scorbutic ovary.

Kideny : Alkaline phosphatase was present in the brush border of the proxi-
ma} convoluted tubule in normal guinea pig. In scurvy a reduction in the enzy-
matic activity has been observed.
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Acid phosphatase activity was widely distributed in various portions of kidney
tubules and glomerulus. In scurvy an overall augmentation in activity has been
observed.

Liver : Like Gomori (1941) we could not observe any alkaline phosphatase
activity in normal guinea pig liver; in scurvy also we have observed absence of
enzymatic activity.

Hepatic cells contained considerable amount of acid phosphatase. In scurvy
possibly there was a slight decrease in activity.

Pancrens : Both the acinar and islet cells were devoid of alkaline phosphatase
activity and scurvy did not bring about any alteration in it.

Acinar and islet cells contained a moderate amount of acid phosphatase, no
alteration in staining intensity has been observed in scurvy.

DrsoxyrisoNUcLEIC Acip (D.N.A.) axp RiBoxvoLelc Acip (R.N.A.)

A pronounced reduction in D.N.A. has been observed in scorbutic testes and
ovary. Adrenals, kidney, pancreas and possibly liver also showed a decrease, The
pituitary did not show any change, or there might have been an increase in reaction.

R.N.A. showed an increase in kidney, zona reticularis of adrenals, liver and
possibly pancreas. Pituitary, testes and ovary did not show any change in staining
intengity.

DiscussioN

ACID AND ALKALINE PHOSPHATASES

Pituitary :  The alkaline phosphatase activity of the pituitary is likely to be
hormonally controlled. Karkun and Kar (1954) have observed a pronounced
increase in alkaline phosphatase activity of the basophil cells of pars intermedia
of cat’s pituitary on injection of A.C.T.H. We have observed a reduction in alka-
line phosphatase activity in some portions of anterior pituitary in scurvy but can
not say at present if this is due to reduction in some particular cell type. It may be
possible that the reduction is due to alteration in some particular pituitary ‘trophic’
hormone in vitamin C deficiency.

Adrenals : It is seen that adrenal acid and alkaline phosphatases behave
differently, there being an increase in alkaline and decrease in acid phosphatase
in the zona fasciculata of scorbutic adrenals. Moog (1946) and also Dempsey and
Wislocki (1946) remarked that adrenal alkaline phosphatase plays an important
r6le in the metabolism of lipoids; and so possibly in the synthesis of adrenal cortical
hormone. Kar (1953) has observed disappearance of alkaline phosphatase from
the zona fasciculata of cat’s adrenals after A.C.T.H. treatment. We have observed
a decrease in cholesterol and ascorbic acid of adrenals (Banerjee and Deb, 1951)
which together with other findings (Banerjee and Deb, 1952, 1952a) led us to con-
clude a state of hypofunction of adrenal cortex in scurvy. The accumulation of
alkaline phosphatase in the zona fasciculata in scurvy may be due to its non-utili-
zation. This finding is contradictory to that of Russell, Rouse and Read (1944)
and also that of Gould and Shwachman (1942).

The réle of acid phosphatase in adrenals is not clearly known and so the observed
disappearance of it in scurvy can not be explained.

Testes : The testicular alkaline phosphatase is in someway related to testi-
cular function. Kar (1950, 1951) has shown that injection of desoxycorticosterone
acetate either to sparrows or pigeons causes a decrease in testicular alkaline phos-
phatase together with a suppression of testicular activity. It may be possible
that the decrease in alkaline phosphatase of scorbutic testes is due to some altered
physiological function in it.
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Ovary : Kar (1953) has reported a decreased alkaline phosphatase activity
in germinal epithelium and luteal cells of rat’s ovary after adrenalectomy and as-
cribed it to be due to reduced activity. The overall reduction observed in scorbutic
ovary might have a similar cause. The hypofunction of adrenal cortex observed
in scorbutic guinea pigs (Banerjee and Deb, 1952a) might have a similar effect on
the alkaline phosphatase activity of ovary as that of adrenalectomy on rat ovary.

Kidney : Like adrenals, kidney acid and alkaline phosphatases behave dif-
ferently. 1In scurvy a fall in alkaline and increase in acid phosphatase have been
observed. Kochakian (1947) similarly observed in rodent kidney an increase in
acid and decrease in alkaline phosphatase on testosterone administration. Kocha-
kian and Dontigny (1948) have observed in non-functional kidney, a decrease in
alkaline phosphatase activity and Kay (1926) believed that the renal alkaline phos-
phatase is related to renal function. The dye trypan blue has an affinity for diseased
cells and nacrotic tissue. Russell and Callaway (1943) have reported increased
deposition of trypan blue in the proximal convoluted tubule in seurvy. The
decrease in alkaline phosphatase observed in scorbutic kidney might therefore be
due to a decrease jin functional activity. Whereas our observation confirms the
histochemical findings of Russell, Rouse and Read (1944) and the biochemical
findings of Harrer and King (1941) also of Parkins and Zilva (1950), it is contra-
dictory to that of Gould and Shwachman (1952) who have observed no alteration
in kidney phosphatase activity.

Davison—Reynolds, Barrueto and Lemon (1954) have shown that prostatic
acid phosphatase js responsible for transphosphorylase activity, transfering phos-
phate to suitable alcohols. It may be possible that the raised acid phosphatase
in scurvy indicates a rise in phosphorylating capacity in kidney.

Liver : The guinea pig liver is practically devoid of alkaline phosphatase
which has also previously been observed by Gomori (1941).

Noerberg (1950) suggested a relationship between liver acid phosphatase
and protein synthesis. Wachstein (1945) observed a decreased acid phosphatase
activity in the liver of protein depleted animals. The reduced hepatic acid phos-
phatase observed in scurvy might have a relationship with the decreased liver
protein reported by Fukuda and Shibatani (1953).

DzrsoxYrRIBONUCLEIC Atcp (D.N.A.) anp RiBonvcLelc Acip (R.N.A.)

In vitamin C deficiency an opposite trend as regards D.N.A. and R.N.A. con-
tents of tissues have been observed. The D.N.A. content of all the tissues with the
exception of pituitary, decreased, whereas the R.N.A. content of kidney, liver,
adrenals and possibly pancreas increased. No change has been observed in the
R.N.A. contents of testes and ovary as also D.N.A. and R.N.A. contents of pitui-
tary.

Gol’dshtein and his co-workers (1950) are of opinion that vitamin C regulates
the viscocity and formation of D.N.A. in the cell nucleus. In avitaminosis C, due
to deficiency of vitamin C in the tissues examined, there was less formation of
D.N.A. as revealed by the histochemical method, observed by us. Our results
confirm the biochemical observation of Gol'dshtein and his co-workers {1950, 1952)
who have also observed a decrease in liver, adrenals, and pancreas. It may be poss-
ible that in scurvy there was no alteration in the ascorbic acid content of pituitary
which can account for the stability of D.N.A. in it.

Caspersson (1950) is of opinion that nucleic acids take part in the synthesis
of cellular proteins not only in the nucleus but also in the cytoplasm. Danielli
(1953) remarked that the exact relationship of nucleic acids to protein synthesis
is unknown. Nucleic acids do not participate in the synthesis of polypeptide chain,
the first step in protein production. After polypeptides are formed nucleic acids
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may act either as a trapping and/or folding agent in protein formation. 8o in the
absence of adequate supply of polypeptides, R.N.A. can not help in protein syn-
thesis. In vitamin C deficiency a fall in total nitrogen content of blood has been
observed (Banerjee 1957). It is possible therefore that in this condition the tissues
concerned in protein synthesis are not adequately supplied with polypeptides. The
R.N.A. present in the particular tissue is not utilized to synthesise protein and so
it is present in higher concentration in some tissues. Unlike D.N.A., vitamin C
has no action in the formation of R.N.A., as in vitamin C deficiency it is seen to
bhe present in normal, even in higher amount. Our observation of the increased
R.N.A. content of certain tissues also confirms the hiochemical observation of
Gol'dshtein and his co-workers (1950, 1952).
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SUMMARY

1. Acid and alkaline phosphatases as also D.N.A. and R.N.A. contents of Pituitary,
Adrenals, Testes, Ovary, Kidney, Liver and Pancreas have been cstimated histochemically
in scorbutic and paired fed normal guinea pigs.

2. In scurvy a decrease in alkaline phosphatase has been observed in Testes, Ovary,
Kidney and some portions of Pituitary, whereas an increase has been observed in the Fascicular
zone of Adrenals, Liver and Pancreas did not show any change.

3. Acid phosphatase showed an increase in Kidney and a decrease in Fascicular zone
of Adrenals and possibly Liver in seurvy. No alteration in enzymatic activity has been
observed in other tissues examined.

4, Reduction in D,N,A. has been observed in scorbutic Testes, Ovary, Adrenals, Kidney.
Pancreas and possibly Liver. Pituitary did not show any change or there might have been
an increase in it.

5. In scurvy R.N.A. showed an increase in Kidney, zona Reticularis of Adrenals, Liver
and possibly Pancreas. No detectable change has been observed in Pituitary, Testes and
Ovary. ’

6. The changes observed have beon ascribed to be due to alterations in hormonal and
metabolic factors in scurvy.
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DESCRIPTION OF PLATES

Prare 1

Normal testes, alkaline phosphatase. Pronounced reaction in the nucleus of semi-
niferous tubular cells. x 73.

Scorbutic testes, alkaline phosphatase. A reduction in enzymatic reaction. X 75.

Normal ovary, alkalino phosphatase. Enzymatic activity in ovarian cells. x 60

Scorbutic ovary, alkaline, phosphatase. A decrease in staining intensity. X 60.

Normal adrenal, alkaline phosphatase. Extensive staining in the zona glomerulosa
> 75,

Scorbutic adrenal, Alkaline phosphatase. Enzymatic activity in both glomerular
and fascicular zone. > 75. :

Normal pituitary, alkaline phosphatase. x 150.

Scorbutic pituitary, alkaline phosphatase. Absence of enzymatic activity in some
portions. > 150.

Normal kidney, alkaline phosphatase. Pronounced activity in the brush border.
% 700.

Scorbutic kidney, alkaline phosphatase. Reuduction in enzymatic activity, > 700,

Prate 1T

Normal kiduey, acid phosphatase. Enzymatic activity in glomerulus and tubules.
X 60,

Scorbutic kidney, acid phosphatasc. An increase in staining intensity. = 60,

Normal liver, acid phosphatase. Moderate reaction in hepatic cells. > 150

Scorbutie liver, acid phosphatase. Reduction in enzymatic activity. > 150

Normal adrenal, acid phosphatase. Predominant activity in zona glomerulosa
and upper fasciculata. Moderate activity in lower fasciculata. > 60,

Scorbutic adrenal, acid phosphatase. Absence of enzymatic activity in zona fasci-
culata. X 60,

Normal testes, D.N.A. Feulgen, X 75.

Scorbutic testes, D.N.A. Feulgen. x 73.

Normal ovary., D.N.A. Feulgen. x 75.

Scorbutic ovary, D.N.A. Feulgen. x 73.

Prate 11T

Normal kidney, DL.N.A. Feunlgen and Light Green. .. 150.

Scorbutic kidney, D.N.A. Feulgen and Light Green. X 130.

Normal pancreas, D.N.A. Feulgen and Light Green. x 150.

Scorbutic pancreas, D.N.A. Feulgen and Light Green. x 150.

Normal adrenal, D.N.A. Feulgen and Light Green. Activity more intense in glo-
merular zone. x 75,

Scorbutic adrenal, D.N.A. Feulgen and Light Green. Reduction of staining inten-
sity. X 75.

Normal pituitary, D.N.A. Feulgen. x 150,

Scorbutic pituitary, D.N.A. Feulgen. x 150.

Prate IV

Normal kidney, R.N.A. Methyl Green—Pyronin, X 75, L .
Scorbutic kidney, R.N.A. Methyl Green—Pyronin. Increase in staining intensity.
x 5.

Normal pancreas, R.N.A. Methy! Green—Pyronin. Pronounced staining of the
acinar cells. x 150. ) i
Scorbutic pancreas, R.N.A. Methyl Green Pyronin. May be a slight increase

x 150.
Normal adrenal, R.N.A. Methyl Green—Pyronin. X 75. o )
Scorbutic adrenal, R.N.A. Methyl Green Pyronin. Increased staining of reticular
zone, X 9.
Normal liver, R.N.A. Methyl Green Pyronin. X 150. o )
Scorbutic liver, R.N.A. Methyl Green Pyronin. Increased staining of the hepatic
cells, x 150.
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