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The distributions of alkaline phosphatuse, acid phosphatase, deoxvribo-
nucleic acid and ribonucleic acid were studied in the different tissues of
normal, scorbutic and insulin treated scorbutic guinea pigs and also in guines
pigs which recovered from scurvy after supplementation with ascorbic acid.
Histochemical methods were employed in these determinations., Tissues
studied had been liver. pancreas, testis. ovary and pituitary. Histologieal
changes in the islets of Langerhanx of the pancreas of the animals under
different treatments were also studied. Most of the tissues of scorbutic
guinea pigs showed diminished alkaline and acid phosphatases which re-
turned to normal when the animals recovered after ascorbic acid treatment.
Insulin treatment of the scorbutic animuls reversed the alkaline phosphatase
activity to normal but the acid phosphatase activities did not change.
Deoxyribonucleic acid distribution diminished in most of the rissues of
scorbutic guinea pigs which returned to normal after insulin or ascorbic
acid treatments. The distribution of ribonucleic acid varied from tissues to
tissues and the changes observed returned to normal after ascorbic acid
treatment of the scorbutic animals while insulin treatment had diverse effects.
Islets of Langerhans in scorbutic pancreas showed the preponderance of
alpha cells with degranulations of the beta cells. The changes returned to
normal after ascorbic acid or insulin treatment.

InTRODUCTION

Banerjee and his associates observed disturbances in the carbohydrate
(Banerjee and Ghosh 1947), lipid (Banerjee and Singh 1958) and protein
metabolism (Rohatgi et al. 1958) in scorbutic guinea pigs. The changes
observed in carbohydrate and lipid metabolism were found to be reversed to
normal when the guinea pig was given a daily injection of a small dose of
insulin duving the process of development of scurvy (Banerjee et al. 1938:
Banerjee and Biswas 1959; Banerjee and Singh 1958; Banerjee and Kawishwar
1959; Banerjee and Singh 1960; Banerjee and Ghosh 1960; Banerjee and
Kawishwar 1961). Decreased activities of some dehydrogenases were also
observed in the tissues of scorbutic guinea pigs and these activities returtied
to normal when the scorbutic animals were given insulin treatment (Banerjee ¢f
al. 1959).
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Deb and Banerjee (1957) observed changes in the distribution of alkaline
phosphatase, acid phosphatase, deoxyribonucleic acid (DNA) and ribonuclzic
acid (RNA) in the tissnes of scorbutic guinea pigs. It was our interest to
study if these distributions were altered after insulin treatment of the animals
during the development of scurvy and after supplementation of ascorbic acid
to the scorbutic animals so as to enable them to recover from scurvy.

In the present investigation the distribution of alkaline and acid phos-
phatases, DNA and RNA has been studied by histochemical techniques in
normal, scorbutic and insulin treated scorbutic guinea pigs and also in guinea
pigs which recovered from scurvy after supplementation with ascorbic acid.
The pancreas of the animals under different treatments were also studied
histologically to note changes, if any, in the islets of Langerhans.

MATERIALS AND MRTHODLS

Male and female guinea pigs weighing from 250 to 300 g were fed a
scorbutogenic diet (Banerjee 1945) and 5 mg ascorbic acid per animal per
day for one week. The animals which grew well were selected, divided into
several groups, each group containing one normal, one scorbutic and one
insulin treated scorbutic guinea pig. The animals in each group were fed
equal amount of scorbutic diet. The normal control animal was fed 5 g
agcorbic acid daily. Al the animals were fed 2 drops of a concentrate of
vitamins A and D twice a week. Insulin (Lilly) 0-1 unit per 100 g body
weight was injected to the animals intended for insulin treatment from the
tenth day of the scorbutogenic regime and the dose was increased to 0-3 unit
per 100 g body weight during the later part of the third week. Another
batch of guinea pigs were fed ad libitum the scorbutogenic diet. When they
developed scurvy, each animal was fed daily 10 mg ascorbic acid for four
weeks. The animals recovered from scurvy during this period.

At the beginning of the fourth week animals of both the scorbutic and
insulin treated scorbutic groups developed scurvy. All the animals of the
different groups including the animals which recovered from scurvy were
killed by decapitation after an overnight fast. The different tissues intended
for study were immediately removed and fixed in different fixatives. The
fixation, dehydration, embeddation, preparations of sections and the histo-
chemical methods used for the alkaline phosphatase. acid phosphatase, DNA
and RNA were the same as described by Deb and Banerjee (1957). Pancreas
of the animals were fixed in Zenker-formol and paraffin sections were stained
by the chrome alum hematoxylin phloxin method of Gomori as described
by Lillie (1954). ) .

The following tissues were studied: liver, pancreas, pituitary, adrenal,
testis and ovary. The number of animals in each group was six.
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Rusurrs

The changes observed in the tissues of the different groups of animais
receiving the particular treatment did not vary from animal to animal. The
results have been summarized in Table I and in Plates N-X1V,

Tasre I

Distribadion of wlkaline phosphatase, acid phosphatase, deoxyribomucleic acid and ribonucleic qeid
in the tissues of guinea pigs under different coperiniental conditions

Tissues

Condition of the animals
Adrenal Testis Ovary  Pituitary Pancreas Liver

Diistribution of allaline phosjhatasc
Normal .. VR R Lok e S b — =
Scorbutic .. .. sl ! N - _
Insudin troated scorbutic [ g S .
Recovered from scarvy

Normal .. R R A IR o
Scorbutic .. . C R

Tnsulin treated scorbutic et
Recovored from scurvy .. B

it
i

Distribntion of deoxyribiowucleic ucdd

Normal . .- 4+ A4 b + - + 4 ER
Scorbutic .. . - EE RN . e P
Insulin treated scorbutic o ‘ ; -+ -

Recovered from scurvy

Normal .. .. A E B o
Scorbutic - . Ak 4= e S o o
Tnsulin treated scorbutic b NA. R L e
Reecovered from scurvy .. e e ++ R + =

Adrenals.—Alkaline phosphatase (ALP) was mostly distributed in the
zona glomerulosa, with slight reaction in the zona fasciculata and no reaction
in the rest of the gland obtained from nornial guinea pigs. The distribution
of ALP in the zona glomerulosa and fasciculata of adrenals from both scor-
butic and insulin treated scorbutic animals was less than normal and normal
digtribution of ALP was seen in adrenals of animals recovered from scurvy.

Acid phosphatase (ACP) activity was most marked in the zona glome-
rulosa and fasciculata of normal adrenals. The activity greatly dimin-
ished in both the scorbutic and insulin treated scorbutic guinea pigs. While
the activity increased in animals recovered from scurvy, the same was still
lower than normal.
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DNA distribution diminished in the adrenals of scorbutic guinea pigs
and returned to normal after insulin or ascorbic acid treatment of the scorhutic
animals. _

RNA distribution increased in the adremals of scorbutic guninea pigs.
Treatment of the scorbutic animals with insulin produced a further increase
in RNA and the distribution became similar to those of normal adrenals when
the animals recovered from scurvy (Plate X).

Testis.—ALP distribution diminished markedly in the testis of scorbutic
animals. Both insulin treatment of the scorbutic animals and ascorbic acid
supplementation increased the ALP activity and the increase was more than
seen in normal testis.

ACP activity was present in the cells of the seminiferous tubules of
normal animals. No change in the activity was ohserved in the other groups
of animals.

DXNA distribution diminished in scurvy. Insulin treatment brought the
DNA distribution to normal. In the guinea pigs recovered from scurvy.
DXNA increased but the distribution was slightly less than normal.

RXNA distribution did not change in the testis of animals under different
treatments (Plate XI).

Ovary.—ALP activity was marked in the germinal epithelium. in the
granulosa cells and in the theca of normal ovaries. The activity markedly
decreased in scurvy. Both the insulin treatment and supplementation with
ascorbic acid given to the scorbutic animals brought back the ALP activity
to normal.

ACP activity was present in the ovary of normal animals. The activity
diminished in scurvy and became normal after insulin treatment or supple-
mentation with ascorbic acid.

DXA distribution diminished in ovaries of scorbutic animals, increased
slightly after insulin treatment of the scorbutic animals and became normal
when the animals recovered from scurvy. l

RNA distribution did not change in scurvy. Injection of insulin or
ascorbic acid supplementation given to scorbutic animals had no effect on the
distribution of RNA (Plate XII),

Pituitary.—ALP activity was marked in the anterior pituitary of normal
animals. In scurvy the activity was markedly diminished. Insulin treat-
ment of the scorbutic animals slightly increased the activity. The activity
returned to normal in the guinea pigs recovered from scurvy.

ACP activity was present in the pituitary of normal guinea pigs and
did not show any change in scurvy. While insulin treatment of the scorbutic
animals did not alter the activity, the same increased in the animals recovered
from scurvy with ascorbic acid supplementation,
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DNA and RNA did not change in the pituitary of animals under different
treatments (Plate XIIT).

Pancreas—ALP and ACP activities were absent in the pancreas of
normal guinea pigs. The different treatments also had no effect.

DNA and RNA did not change in the pancreas under different treatments
(Plate XI. figs. 11 and 12).

Liver—ALP and ACP were absent in the liver of all guinea pigs studied.
DNA distribution, which increased in scurvy, became normal after insulin
or ascorbic acid treatments. RNA diminished in the liver of scorbutie
animals. Insulin could not rectifv the defect but ascorbic acid supplementa-
tion brought back RNA to normal distribution (Plate XT. figs. 13-20).

Histological changes in pancreas.—lIslets of Langerhans in the paicreas
of scorbutiec guinea pigs showed the increase in the number of alpha cells.
Beta cells were degranulated and were few i number. In the pancreas of
scorbutic guinea pigs which received insulin treatment granules were present
in the beta cells and the number of beta cells increased and that of alpha cells

diminished. Pancreas of animals which recovered from scurvy showed the

distribution of beta and alpha cells and of granules in beta cells similar to
those seen in the islets of normal guinea pigs (Plate XIV).

Discussiox

The ALP and ACP activities were present in adrenal. testis. ovary and
pituitary of normal guinea pigs. With the development of scurvy ALP
activities diminished in the above-mentioned tissues. ACP activity also
diminished in these tissues of scorbutic guinea pigs with the exception of
testis. Liver and pancreas of normal guinea pigs did not show the presence
of ALP or ACP activities. The distributions of these two enzymes became
similar to those seen in normal animals when the scorbutic animals recovered
from the disease after supplementation with ascorbic acid. This indicated
that the changes in the distribution of these enzymes observed in scorbutic
guinea pigs were primarily due to vitamin-C deficiency. The injection of
insulin given to the guinea pigs during the development of scurvy improved
the distribution of ALP as compared to the distribution in scorbutic tissues
but ACP activities did not change. It, therefore, may be said that ALP
activity of tissues of scorbutic guinea pigs might be due to diminished insulin
secretion associated with scurvy (Banerjee and Ghosh 1947). The specific
role of ALP and ACP in the different tissues studied is. however. not clearly
understood. The alterations in these activities in tissnes of scorbutic guinea
pigs only indicate the physiological role of ascorbic acid in the metabolic
processes,
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The distribution of DNA diminished in the testis, ovary and adrenal of
scorbutic guinea pigs. No change could be seen in the pituitary and it in-
creased in the liver. The changes observed could be brought to normal
both by insulin and ascorbic acid treatment of the scorbutic animals. These
observations indicate the role of ascorbic acid and of insulin in the bio-
synthesis of DNA and support the work of Gol’dshtein et al. (1958) and of
Leeman (1959).

The distribution of RNA increased in adrenal, diminished in liver and
remained unaltered in ovary, testis, pancreas and pituitary of scorbutic
guinea pigs. The changes observed in adrenal and liver reversed to normal
when the animals recovered from scurvy. The effect of insulin during the
progress of scurvy on the RNA distribution varied from tissues to tissues.
It, therefore, may be said that RNA synthesis is not influenced by insulin
and the changes observed in scurvy are most probably due to lack of ascorbic
acid per se.

The histological changes in the islets of Langerhans of pancreas of
scorbutic guinea pigs confirmed the hypoinsulinism concept of Banerjee in
vitamin-C deficiency. The animals which received injections of small doses
of insulin during the process of development of scurvy did not show any
changes in the islets of Langerhans. When insulin is supplied from outside
s0 as to maintain the normal requirement and to enable the animal to utilize
carbohydrates in the usual manner, no strain falls on the islets of Langerhans
and as a consequence no changes take place in the islets. When the scor-
butic animals were allowed to recover from the disease by supplementation
with ascorbic acid, the islets of Langerhans also did not show any change
from normal. This indicated that ascorbic acid is needed for normal secre-
tion of insulin by the islets of Langerhans, the diminution of such secretion
being the cause of various metabolic defects of scurvy.

Supplementation with small daily doses of insulin during the develop-
. ment of scurvy, however, could not retard the onset of scurvy in the animals.
The metabolic defects observed in scurvy, therefore, are not solely due to
hypoinsulinism. The exact role of ascorbic acid in the body has yet to be
determined.
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Duscerierion orF Praties N-XIV

Prate X

1. Adrenal from a normal guinea pig, alkaline phosphatase. Pronounced activity in zona
glomerulosa and fasciculata, X 200.

2, Adrenal from a scorbutic guinea pig, alkaline phosphatase. Marked reduction in enzymse
activity, X 200. :

3. Adrenal from an insulin trealed scorbutic guinea pig, alkaline phosphatase. No change
in the activity as compared to 2. X 200.

4. Adrenal from a guinea pig recovered from scurvy, alkaline phosphatase. Pronounced
activity in zona glomerulosa similar to 1. X 200.

5. Adrenal from a normal guinea pig, acid phosphatase. Pronounced activity in zona
glomerulosa. X 200.

6. Adrenal from a scorbutic guinea pig, acid phosphatase. Marked reduction in enzyme
activity. X 200.

7. Adrenal from an insulin treated scorbutic guinea pig, acid phosphatase. Reduction in
enzyme activity, X 200. i

8. Adrenal from a guinea pig recovered from scurvy, acid phosphatase. Slight increase in
enzyme activity than 6. X 200.

9, Adrenal from a normal guines pig, DNA, Feulgen. X 200.

10. Adrenal from a scorbutic guinea pig, DNA, Feulgen. X 200.

11. Adrenal from an insulin treated scorbutic guinea pig. Pronounced staining reaction of
DNA, Feulgen. X 200.

12. Adrenal from a guinea pig recovered from scurvy, DNA, Feulgen, X 200,
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Adrenal from a normal guinea pig, ®NA, methyl green pyfoniue, X 200,

Adrenal from a scorbutic guinea pig, RNA, methyl green pyronine. X 200,

Adrenal from an insulin treated scorbutic guinca pig, RNA, Enhanced staining reaction.
Methyl green pyronine. X 200.

Adrenal from a guinea pig recovercd from scurvy, RNA., Normal staining reaction, Methyl
green pyronine, X 200.

Prate XTI

Testis from a normal guinea pig, alkaline phosphatase. Pronounced aciivity in thoe semi-
niferous tubules and slight activity in the Leydig’s eclls. % 200.

Testis from a scorbutic guinea pig, alkaline phosphatase. Marked veduction in enzyie
activity, X 200.

Testis from an insulin treated scorbutic guinea pig, alkaline phosplatase. Markedly pro-
nounced activity in the seminiferous tubules and Leydig'’s cells, X 200.

Testis from a guinea pig recovered from scurvy, alkaline phosphatase. Markedly pro-
nounced activity in the seminiferous tubules and Leydig’s eells, X 200.

Testis from a normal guinea pig, DNA, Feulgen, X 100.

Testis from a scorbutic guinea pig., DINA, Teulgen. X 100. Mavked reduction i the
staining reaction.

Testis from an insulin treated scorbutic guinea pig, DNA, Feulgen. X 100, Ntaining
reaction similar to 5.

Pestis from a guinea pig recovered from scurve, DNA, Feulgen, X 100, Staining reaction
enhanced ag compared to 6,

Testis from a normal guinea pig, acid phosphatase. X 200.

Testis from a normal guinea pig, RNA, methyl green pyronine. X 200,

Pancreas from a normal guinea pig, DNA. Feulgen. X 200.

Pancreas from a normal guinea pig, RNA, X 200.

Liver from a normal guinea pig, DNA, Feulgen. X 200,

Liver from a scorbutic guinea pig, DNA, Feulgen. x200. Enhanced stainiug reaction
of DNA.

YAver from an insulin treated scorbutic guinea pig, DNA, X 20u.

Liver from a guinea pig recovered from scurvy, DNA. X 200,

Liver from a normal guinea pig, RNA. X 200.

Liver from a scorbutic guinea pig, RNA., X 200. Diminished staining reaction for RNA,

Liver from an insulin treated scorbutic guinea pig, BNA. X200, Diminished staining
reaction for RNA,

Liver from a guinea pig recovered from scurvy, RNA. X 200.

Prare XIT

Ovary from a normal guinea pig, alkaline phosphatase. X 200.

Ovary from a scorbutic guinea pig, alkaline phosphatase. X 200. Slight reduction in
enzyme activity.

Ovary from an insulin treated scorbutic guinea pig, alkaline phosplatase. X 200.

Ovary from a guinea pig recovered from scurvy, alkaline phosphatase. X 200.

Ovary from a normal guinea pig, acid phosphatase. X 200.

Ovary from a scorbutic guinea pig, acid phosphatase, X 200, Slight reduction in enzyme
activity. :

Ovary from an insulin treated scorbutie guinea pig, acid phosphatase, X 200.

Ovary from a guinea pig recovered from scurvy, acid phosphatase, X 200.

Ovary from a normal guinea pig, DNA. Feulgen. X 200.

Ovary from a scorbutic guinea pig, DNA, Feulgen, X 200. Diminished staining reaction
for DNA,

Ovary from an insulin treated scorbutic guinea pig, DNA, Feulgen. X 200.
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12.  Ovary from a guines pig recovered from scurvy, DNA, Feulgen. X 200,
13. Ovary from a normal guinea pig, RNA, methyl green pyronine. X 200.
14, Ovary from a guinea pig recovered from scurvy, RNA, methyl green pyronine, X 200,

Prare XIIT

1. Pituitary from a normal guinea pig, alkaline phosphatase. X 200.

2. Pituitary from s scorbutic guinea pig, alkaline phosphatase. X 200. Muarked reduction in
enzyme activity.

3. Pituitary from an insulin treated scorbutic guinea pig, alkaline phosphatase. X 200. Slight
increase in activity.

4. Pituitary from a guinea pig recovered from scurvy, alkaline phosphatase. X 200, Activity
similar to that of 1.

5. Pituitary from a normal guinea pig, acid phosphatase, X 200.

6. Pituitary from a scorbutic guines pig, acid phosphatase. X 200.

7. Pituitary from an insulin treated scorbutic guinea pig, acid phosphatase. X 200.

8. Pituitary from a guinea pig recovered from scurvy, acid phosphatase, X 200. Enhanced

enzyme activity.
9. Pituitary from a normal guinea pig, DNA, Feulgen. X 200.
10. Pituitary from a guinea pig recovered from scurvy, DNA, Feulgen. X 200.
11. Pituitary fromn a normal guinea pig, RNA, methyl green pyronine. X 200.
12. Pituitary from a gninea pig recovered from seurvy. RNA, methyl green pyronine, X 200,

Prate XIV

1. Islet of Langerhans of pancreas from a normal guinea pig. X 52¢.
2. Tslet of Langerhans of pancreas from a scorbutic guinea pig. X 520. Increase in alpha
cells and degranulation of beta cells.
3. Islet of Langerhans of pancreas from an insulin treated scorbutic guinea pig. X 520.
4. Islet of Langerhans of pancreas from a guinea pig recovered from scurvy. X 520.
Rections were stained with chrome alum hematoxylin phloxin method of Gomori.





