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Abstract: In lactating rats consuming a commercial diet adequate in calcium, phosphorus and vitamin 0,
the effect of supplementation of 3000 IV and 7,500 IV of vitamin O} on the lactational performance of the
dams and soft tissue and skeletal growth in the pups has been investigated. On 28th day of age, the pups
in the supplemented groups were significantly heavier than in the control group. Study of the indices of cel
lular growth in the liver and gastrocnemius muscle revealed that the increase in the soft tissue weight was
due to a significant increase in protein, RNA and DNA contents (cellular hyperplasia) without any change
in proteinlDNA ratio (cell size). In the tibia, compared to controls, the dry bone weight and ash weight
were more in the supplemented groups, but ash weight/dry bone weight ratio was not altered. The improve
ment in the neonatal growth was most probably due to the greater milk yield observed in the dams in
supplemented groups and not due to any anabolic effect in the pups since direct administration of 500 IV
or 1,000 IV of vitamin D} in 10 day old pups did not increase their body weight.
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INTRODUCTION

Recent studies in vitamin 0 deficient rats have
revealed that the neonatal growth failure in the pups
of vitamin 0- deficient mothers is produced primar
ily by a defect in the mother, rather than in the tis
sues of neonate (1,2). Vitamin 0- deficient mothers
were found to produce reduced quantities of milk
(3). The possibility of a role of vitamin 0 in the pro
duction of milk is further suggested by the observa
tions of receptors sites for 1, 25-dihydroxy vitamin
D) in the mamary gland (4), and in the prolactin pro
ducing acidophil celIs of the anterior pituitary (5).
However malnutrition in lactating animals per se can
also reduce the milk production (6, 7). Therefore,
the reduction of lactational performance of vitamin
o deficient animals may not be due directly to the
vitamin 0 deficiency since it could be an indirect ef
fect of maternal malnutrition produced by concur
rent anorexia present in such animals. To eliminate
this extraneous variable, the role of vitamin 0 in
growth or lactation may be better investigated by
supplementation rather than deprivation of the vita
min (8). In this work an effort has been made to in-
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vestigate the effect of vitamin 0 supplementation on
the lactational performance and neonatal growth in
the rat.

METHODS

15-17 days pregnant Wistar rats weighing
225-250 g were obtained from Haryana Agricultural'
University, Hisar, and put on a commercial diet
(Lipton India Ltd), containing 1% calcium, 0.6%
phosphorus and 1800 IU vitamin D:/kg diet. The rats
were kept away from direct sun light in an animal
room maintained at 27±1°C. The feed and tap water
were available to the animals ad libitum. The rats
were alIowed to deliver and on the third day of lac
tation (d3) the number of pups in each litter was ad
justed to 8. Two groups of rats were administered
3,000 IU (group II) and 7,500 IU (group III) of vit
amin D) (Dupharinteferan) in 100 M-l of arachis oil as
a single intramuscualar injection. The controllactat
ing rats (group I) received 100M-I of the vehicle (n=8
for each group).

On the 14-16th day of lactation food intake and
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the milk yield of each rat was estimated. After an
overnight separation the pups were allowed 10

suckle the dam between 8-10 a.m. Each litter was
weighed before and after the feeding session and the
difference was taken as the milk yield (9,10).

The dam and the pups were weighed 24 h after
birth and subsequently on the 10th, 20th and 28th
day of lactation/age. On d 28, three pups were
selected from each litter using a table of random
numbers and sacrificed by decapitation (n=24 in
each group). The liver and both the gastrocnemius
muscles were removed. blotted and weighed. Ten
percent homogenate of each tissue was prepared in
icc-cold phosphate buffered sucrose (0.25 M Sucrose
in O.05M phosphate buffer; pH 7.0) using a poller
Elvehjem homogenizer fitted with a Icflon pcstle.
Protein was estimated by biuret method (II). Nuc
leic acids extraction and estimations were done
according to Schneider (12). The cell size (Pro
tein/DNA ratio) and protein synthetic capacity
(RNA/DNA ratio) were calculated.

For estimation of the skeletal growth, both the
tibial bones werc removed from each animal,
cleaned of cxtraneous tissucs, frozen and stored
at-2Cf'C. Later, the bones were thawed, thoroughly
cleaned and placed in distilled water for 6 h for re
rnov"l of any adherent soft tissue. The bones were
then madc fat-free by extracting first with 100%
ethanol and then with 100% diethylether for 24 h
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each using a Soxhlet extractor. After drying at
9Y-lOO"C. for 48 h, the bones were weighed 10 ob
tain the dry weight. The bones were then ashed in
muffle furnace at 550-6OCfC for 24 h. The ash was
weighed (13).

In another series of experiments, 10 female rats
(on commercial diet) were allowed to deliver and
suckle their young ones. On d3, the number of pups
in each !iller was adjusted to 8. On d 10, 4 pups in
cach litter were randomly selected and administered
500 IV (Group A) or 1000 IV (Group B) of vitamin
0) in 100 ~I of arachis oil as a single intramuscular
injection. The other four pups in each liUer received
100 j.tl of the vehicle only and served as control.
Both the comrol and vitamin 0 treated pups (in each
liller) continued to suckle their mother. Body
weights of the two groups of pups (n=20 in each
group) were compared at d 10, d 20 and d 28 of age.

The data were analysed by Student's '1' test.

RESVLTS

The mean body weights of the dams were simi
lar in the three groups from d I to d 28 of lactation.
AI d I and d 10 mean body weights of the pups were
also similar in the. three groups but at d 20 and d 28,
groups II and III pups were significantly heavier
(P<0.05) than group 1 pups (Table I). The increase
in the tOlal body weight of the pups at d 28 (about

TABLE I Effect of adminiSlrfllion of vilamin OJ in laclating rats on tbe weight of dams
and their pups 31 diffcrent stages of lactalion. Values arc mean ± (g).

Lac/alion day Control Vilamin D admini.l/ralion
(Group I) 3.000 IU 7,500 IU

(Group Il) (Group III)

D,=
dI 188.2 ± 10.5 195.4 ± 7.6 191.8 ± 9.1
dlO 194.3 ± 7.2 196.8 ± 8.1 193.6 ± 10.0

'20 195.3 ± 6.1 205.2 ± 8.1 193.5 ± 98
'28 189.2 ± 69 193.0 ± 6.1 190.8 ± 7.2

Pups
dI 5.9 ± 0.4 6.0 ± 0.2 5.9 ± 0.3

• dlO 12.9 ± 1.0 14.1 ± 07 14.2 ::t: 0.5
'20 23.0 ± 1.4 27.\ ± 1.9' 27.5 ± 1.9'

'28 36.9 ± 2.0 43.0± 2.1' 42.8 ± 2.0'

'p < 0.05. n "" ~ each group
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TABLE II EffeC1 of administration of vitamin OJ in lactating rats on the indices of soft tissue
and skeletal growth of the pups at d 28. Values are mean ± SE.

Li~u

Weight,g
Protein, mg
RNA,mg
DNA, mg
ProteinIDNA
RNAIDNA

G(U/rocntmius
musclt

Weight,mg
Protein, mg
RNA,mg
ONA,mg
ProteinIDNA
RNAIDNA

COnlrol Vitamin D adminislration
3,(}()() IV 7,5{J() IV

(Group f) (Group f1) (Group III)

L7 , 0.1 2.0 , 0.1' 2.1 ± 0.1'
341.2 ± IR.2 430.3 , 17.1" • 438.0± 19.7""

31.5 , L7 41.1 ± 1.9" • 40.9 ± 2.5'"

"
, 0.1 5' ± 0.2" 5.49 ± 0.3"'

76,6 , 25 60.3 , 2.5 79.78 ± 21
7.1 , ".3 7.7 , 0.3 7.45 :t. 0.3

<00.0 ± 20.2 460.7 ± IU.7" 470.0 ± 20.0'

369 ± L3 41.5 , 1. I •• <0, ± 1.0'

3.3 , 0.2 3.9 ± 0.2' 3.9 ± O.Z-

0' , 0.0 0' , 0.0 0.4 :f 0.0
103.3 , 3.7 91.7 , 6.1 101.4 , '.1

93 ± 0.4 92 , 0.5 9.0 ± 0.5

Tibia
Dry bone weight, mg
Ash weight, mg
Ashlbone weight

·P<O.05, "P<O,OI.

6" , 2.9 77.5 ± 3.1" 74,4 , 3.5'
37.1 , I' 42.9 , 1,9' 43.1 ± 2.1'
06 ± 0.01 0.55 ± 0.01 0,58 ± 0.01

·'·P<O.OOI, " 24 in each group

TABLE III Effect of administration of vitamin OJ during laC1ation on the daily food intake
and milk yield of the dams on d 14-16 of lactation (Values are mean ± SE).

Vifllmin D administration
7,5{J() IU
(Group /If)

3.(}()() IU
(GrQUP If)

Control

(G'QUP f)

Food intake glday
Milk yield, g

52.1 ± 1.0
15.6 + 1.4

56.'} ± 1.2'
21.R± 1.8"

57.2±1.11·
21.0 ± 1.7'

·P<0.05, • 'P<O.02, n 8 in l:ach group

TABLE IV Effect of administration of 500 IU (Group A) and 1000 IU (Group B) of vitamin OJ
to pups at d 10 on their body weight. Values are mean ± SE (g),

Group A Group 8

A" Conl,ol Vifllmin DJ Comrol Vitamin DJ

5001U l(}()() IU

dlO 13.3 ± 0.8 13.7 ± 0.8 13.5 ± 0.9 14.1 ±0.6

'20 24.3 ± 0.5 23.2 ± 0.9 24.0±0,7 22.2 ± 0.8

'28 36.6 ± 1.0 36.1±1.2 37.5 ± 1.2 36.7 ± 1.4

n '" 20 in each group

16%) was renected by an almost similar increase in
the weight of the sofl tissues as well as the tibia. In
the soft tissues, study of the indices of cellular

-growth revealed a significanl increase in protein,
RNA and DNA contents of the liver and gastroc
nemius muscle of the pups in the supplemented
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groups. However, protein/DNA ratio and RNN
DNA ratio were similar to the control values (Table
II). In the tibia, the dry bone weight and ash
weighlldry bone weight ratio was similar to that of
group I. Comparison of the data of groups II and III
revealed that administration of 3,000 IV or 7,500 IV
of vitamin 0 3 produced similar improvement in the
neonatal growth.

On 14-16th day of lactation, food intake and
milk yield in groups II and III were significantly
higher than in group I (Table III).

Administration of 5,00 IV or 1,000 IV of vita
min OJ directly to the pups at d 10 did not produce
any improvement in their body weights measured at
d 20 and d 28 (Table IV).

DISCUSSION

The study has shown a significant increase in the
neonatal growth of the pups whose mothers received
moderate supplements of vitamin 0 3 in 1.he early
stage of lactation (Table I). The accelerated growth
involved the soft tissues as well as the bone (Table
II). In the soft tissues, analyses of the pattern of cel
lular growth revealed evidence of cellular
hyperplasia (significant increase in DNA content)
without any difference in the cell size (protein/DNA
ratio). In the bone significantly greater osteogenesis
involved both the organic as well as inorganic com
ponents since dry bone weight and ash weight of the
tibia in the supplemented groups were significantly
greater than controls but the ash weight/dry bone
weight ratio was not affected. The generalized accel
eration of body growth in the pups of supplemented
groups, suggested by these results, could be either
due to greater lactational performance of the
mothers or an anabolic effect in the pups due to im
provement in their vitamin D status.

Measurement of milk yield on d 14-16 of lacta
tion revealed significantly better (P<0.05) lacta
tional performance of vitamin D supplemented darns
(Table III). An additional evidence of improved lac
tational peformance of the supplemented groups was
the fact that ir~spite of significantly greater food in-
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take during lactation (Table III) groups II and III
dams had mean body weights similar to that of con
trols at d I and d 28.

Between d 10 and d 20, the increase in total
body weight of the pups was about 77% in group I
and 93% in groups II and III. On the other hand.
between d 20 and d 28, the increase in the body
weight of the pups was similar (about 60%) in all the
groups (Table I). In view of the fact that in rat, milk
yield declines after d 21 postpartum, the data suggest
that improved lactational performance of the
mothers was the chief cause of growth acceleration
in the pups in the supplemented groups.

In an earlier study, improved lactational perfor
mance and neonatal growth was observed by us on
administration of similar doses of vitamin D on
1O-12th day of pregnancy (8). However, in that study
significanl improvement in the body weight of the
pups could be observed from d 10 onwards, whereas
in this sludy the supplemented group~ of pups were
heavier than controls only al d 20 and d 28. The dif
ference in the resuhs of these two studies could be
due to the difference in the duration of action of vit
amin 0 3,

Thc presenl work supports the view that mam
mary gland is one of the target tissues for vitamin 0
metabolites (14). Receptor sites. for 1,25 (OHh DJ

have been reported in not only lactating and non-lac
tating mammary tissues (15) but also anterior pitui
tary cells involved in ~ecretion of growth hormone
(16) and prolactin (5). Moreover, human breast
tumour cells in tissue culture have been shown to
respond to addition of vitamin 0 metabolites in the
medium by grealer DNA synthesis (17,18). Besides
mammary glands, proliferation and differenliation
of many other tissues seems to be modulated by vit
amin 0 3 , It is believed that, like other steroid hor
mones, I, 25 (OHh 0 3 modulates the genomic
events which might result in the anabolic effect.
Secondary alterations in intracellular Ca++ may also
be involved in the process (19)-

Besides the evidences cited above, the anabolic
effect of vitamin 0 was suggested long ago by the
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clinical observation that while a daily dose of 100 IU
of vitamin D was sufficienl to prevent rickets, op
timum growth of the infants occurred with adminis
tration of 40()..600 IU of the vitamin (20). In view of
the transfer of vitamin D and its metabolites in the
milk. (21), the improved neonatal growth of pups in
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Ihe supplemented groups might have been due to an
improvement in their vitamin 0 status. However.
such a possiblility was ruled out by the observation
Ihat administration aof vitamin DJ supplements (500
IU or 1,000 IU) directly to the pups did not improve
the neonatal growth (Table IV).
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