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RESULTS AND DISCUSSION



Experiment-I

THE PATTERN QOF CHANGES IN THE COMPOSITION OF SELECTED
BONES DURING GROWTH AND MATURATION IN THE RAT

As pointed out earlier, the position and funection of
the indiv;dual"bones in the skeletal system vary and hence
differgnges‘may be expected in the rate of their general
growth, chemical maturation and composition. S%udies were
made of the pattern oflchanges in the chemical composition
of bone during develomment and the possible variations

in this pattern in different bones. Data on bone
compqsitions were obtained in rats at -birth and at 1, 2, 3,
5; 9, 12 and 26 wgeks of age« For certain ages namely,

3, 9 and 12 weeks, data obtained for control animals in
experiments designed to study the effects of ﬁutritional
stress were taken and for the other ages the animals
chosen were representative of their age group for body

weight.

The results are presented in ‘Tables l4-a, 15-a and
16-a« Further data derived from the values are presented
in tables 17-a, b and ¢, in order to facilitate comparison
with published values as different investigators have given
the values in terms of fresh weight (Wakamote and Miller,
19773 Rajalakshmi and Dave, 1977), dry weight (Pavlovitch
et al., 19773 Le Roith and Pimstone, 1973) and fat-free

dry weight (Dickerson, 1962; Wolinsky and Guggenheim, 1970).
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The tabulation enables the study of the data from different
angles. The values for moisture, total lipid, ash,
hydroxyproline, hexosamine and uronic acid are calculated

as g per 100 g of fresh bone.

Although moisture cogtent is very difficult to measure
reliably, the values obtained are presented to get an
overall picture as maturation of the bone is associated
with changes in moisture content. The pattern of the
results obtained gives us a reasonable degree of confidence

about their validity.

It may be added that whatever criticism applies to
moisture applies also in some measure to lipids and ash
and that variations in these components have been used for
monitoring changes with maturation (Dickerson, 1962;
Sakai et al., 1969) as well as' nutritional stress
(Widdowson and McCance, 19603 Dickerson and McCance, 1961).
In previous studies in this laboratory the values for
moisture as determined gravimetrically were compared with
those derived by calculation as the difference between the
total bone weight and the major components other than
moisture, namely, lipids, proteins (taken as ¥ x 6.25) and
ashe The values were found to compare well before 3 weeks
of age. Thereafter, some disparity was found (Table 12).
This céuld be due to several factors including failure to
determine moisture and lipids not extracted by the procedure

used. It has been suggested that the bone should be dried
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at 100*C in order to achieve complete dehydration. ZEven
so, the difference observed between birth and 38 weeks of
age (43%) is large enough to be significant. Therefore

the data may be taken gs valid for what may be considered

a 'labile' component.

On the basis of previous studies in this laboratory
(Dave, 1976), although body and bone growth continue in
the rat well beyond 13 weeks of age the rates of growth
as judged by percentage increments level off after
13 Weeks’(Table 13). The present studies were therefére,
done till 26 weeks of age and the data for this age used

as a standard for comparison.

The body weights in these studies conformed to the
normal pattern of develomment expected, the rate of growth
being rapid during the initial stages, but declining
progressively with age (Tables 14 a and c¢). In the follow=,
ing discussion of the parameters studied, the bone weights
and morrhometric measurements are considered first. followed

by the boné chemical composition.

In figure 5, the four bones studied, namely, relvis,
femur, tarsus and mandible are shown in their various stages

of growth from birth to 26 weeks.

The pattern of growth with regard to bone as judged
by weights and lengths was essentially similar to that of
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Figure: s Stcof development in selected bones

Pelvis

Femur

Tarsus

Age in
weeks Nt birft 1 2 3 o 9 12 26



whole body growthe But the perqentage of increments in the
weights of the bones (Table 1l4-c) were higher during the
initial stages than those in body weight, a phenomenon
consistent with the expectation that skeletal growth takes
precedence over that of many other tissues, e.g. muscle

or body fat.

» The bone values corresponding to 25% and 50% of the
26 week values were reached much earlier in the case of
bone length (Table 14-b) and somewhat later in the case of
other parameters (Table 15~b). It was also observed that
these values were reached earlier in the case of tarsus
and mandible than for femur and pelvis. The percentage

increments were comparable in the case of pelvis and femurs

The ratio of the internal width of the pelvic bone
to its length remained almost constant (Table 1l4-a).
A similar observation was made by Harrison (1958) who

suggested that pelvic growth in rat is not subjected to

sPeciglized local control, but is regulated by general growth

determinantse This was also true of the ratio of mandible
width at the broadest region to the length. On the other
hand the ratio of the epirhyseal width to the»length of
femur at 26 weeks was half the value at birth, as may be
expected in a 'long' bone in which elongation would be

greater than widening.
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The bone maturation is associated with an increase

in the ash content and consequently in the A:R ratio (ratio Q&ﬁ
of ash to non-ash components in the fat~free dry bone). «71§§ ‘
As might be expected tﬁis was associated with an increase

in ealeium and phosphorus. The maturation is also

accompanied by a decrease in the moisture content.

As seen from the tables 15-a and c¢ the increment of
mineral in all the bones was high during the suckling
periods This is in agreement with the obsexrvation of
Kuftinec and Miller (1975) thHat in rat the major portion
of mineralization occurs at approximately 8-19 days post
partume Also it is consistent with the finding that
demands for calcium and vhosphorus by suckling rats are
very high and that rat milk is rich in these nutrients
(Spray, 1950). The concentration of cileium in ra+t milk
is 345'mg per 4l as compared with about 30 mg per dl in
humen milk (Cox and Mueller, 1937) and lactation seems to
be associated in the rat with’considerable_depletion of
calcium from the maternal skeleton; Even when a diet with
an adequate Ca content is given, 15-25% of femur Ca may be
lost (Warnock and Duckworth, 1944). It may be mentioned
here that among the different bones of the mother, the
femur seems to be sensitive to this demand (Rasmussen, 1977)
and that it is the ends, not the shafts of bones which

provide the source of available calcium (Warnock and Duckworth,

1944).

-
-
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In the early stages gf develomment, the Ca:P ratio
(Table 16-b) is low and this may be so because the immature
bone contains more of amorphous mineral as well ag inmperfect
crystals of hydroxyapatite of calcium phosphate, deficient
in calcium (Banes and Posner, 1970; Posner, 1971). In the
rat the average apatite crystallinity is reported to
increase through the first 47 da&s with little change
thereafter (Menczel et al., 1965). Theoretically the Ca:P
value for hydroxyapatite is 2.1, that in the whole body
being 1«8+ The Cas:P ratio in the rat epiphysis was
reporte@ to be 1.0 at birth and increased to 1.9 ét 21 days
attaining a value of 2+2 at 158 days (Dickerson, 1962).

The Ga:? ratio is known to vary markedly under different

—

nutritional conditions.

The A:3 ratio increases steadily during the course
of the development of bones (Table 16-b). Since mandible
is highly mineralised it has the highest A:R ratio at any
age' A similar increase is found in the calcium:hydroxy-
proline ratio and this is due to progressively increasing

mineralization of the matrix.

The calciumshydroxyproline ratio (Table 16~b) is low
in the case of tarsal bone, due to the presence of excess
non-bone collagene The non-bone collagen includes the
tendon, part of which lies buried 4n tﬁe tarsal bone and
the fibres which link together the members of the tarsal
bone. These fibres are not easily removable at the time

of dissection.
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In an earlier study on rat femur in this department
(Dave, 1976), the total nitrogen,as per cent of fresh weight
of the bone, has been shown to remain unchanged with agee.
In the present study it is observed that the hydroxyproline
measured as per cent of fresh4weight increases with age.
This may be due +to the presence of appreciable amounts of
noncollagenous proteins in the ea;ly stages, which are
reméved with maturation of bone, thus leading to a reduction
in their amount in later stagese The values for femur
collagen in this study are compared with those for femur N
in the previous study on similar ages, body weights, femur
weights and femur composition (Table 17). Similar
observations have been made by Dickerson (1962) on the

development of cortex of rat femur.

In this conneetion it may be noted that Pugliarello
et al. (1970) in a study of the bone mineralisation has
reported a sharyp decline in the noncoilagenous yrotein in
the intervel between the formation of the osteoid and
calcification of the matrixe It has been suggested that
the insoluble noncollagenous protein is essential for the
localisation of the initial mineral deposits (Van de Putte
and Urist, 19653 Bang and Urist, 1967) and that the efflux
of the soluble noncollagepous protein prepares the stage
for the influx of calcium, phosphate and other ions in the
formation first of amorphous and later crystalline calcium

phosyhate (Pugliarello et als, 1970\)-
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Both totgl mucopolysacchéfides, measured as hexosamine,
‘and chondroitin sulphate, measured as uronic acid (Table 17-a)
decline with age, thé rate of decline being rapid in
chondroitin sulphate in the later stages. At any age
studied, the amount of these two components as per gram of
tissue was the highest in the tarsus and the lowest in the

mandible.

The exact mechanism of action of mucopolysaccharides
9£§oteoglycans) in biological mineralisation is yet to be
elucidated. However, they are found to have an inhibitory
effect on bone mineral deposition and degradation of
- proteoglycan seems to be essential for biological minerali-
sation to proceed (Blumenthal et al., 1979). The major
glycosaminoglycan in bone is chondroitin-4-sulphate
(Veflens, 1971)- Chondroitin-b=sulphate is specifically ,
mobilized during mineralisation of osteoid (Dorey and Bick,

1977) .

In cartilage keratan sulphate increases with the
a&véqce in age (Kaplan and Meyer, 1959) and aged human
cartilage is composed mainly of keratan sulphate and
chondroitin~6-sulphate with a trace of chondroitin-4-

sulvhate (Mathews and Glagovw, 1966).

~ Svejear (1974) observed that in human fetal develop-
ment, the presence of chondroitin sulphate in the embryo
corresponds with the chondrification (formation of

cartilage) of the skeleton. Chondroitin sulyphate is
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considered to be specific to cartilage. _.In bone, though
it is pregent only in small amounts, it seems to hﬁve a
definite physiological function in bone formation and

resprption.

The presence of a2 high amount of nmucopolysaccharide
and chondroitin sulphate at birth in the tarsus is a
biqchemical indication that it is still in a cartilagenous

states

In the case of the pelvis and femur, the growing ends
have epiphyseal cartilage and growth does not completely
cease In these bones. This may explain the presence of

mucopolysaccharide at 26 weeks.

Although the mandible underg?es membranous bone
formation not involving cartilage, secondary cartilage is
formed at points of contact in the bone and this may account

for part of the relatively small amounts measured.

The proportion of water in all the bones decreased
during the course of development (Table 17-a). It fell
from 67% at birth to 1§% at 26 weeks in the mandible, from
75% %o 31% in the femur, from 74% %o 32% in the pelvis and
from 82% to 23% in the tarsus. The decline was gradual in
the pelvic bone and femur, whereas it was faster in the
tarsug and mandible. During the preweaning period this
decline was rapi@_in the bones as this was associated with

the increased rate of deposition of nineral.
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Aﬁong the four bones, a similarity in the developmental
. pattern is observed in pelvis and femur, whereas the tarsus
and mandible differ from each other and also from the former
two bones with reference to chemical composition at birth

and changes in the postnatal period (Figure 6).

. Baged on moisture and ash content, it is evident that
among the bones studied mandible is the most highly
calcified bone at birth while tarsus is the least calcified

whereas pelvis and femur fall between mandible and tarsus.

It may be mentioned in ?his context that growth
curves and patterns of ogssification at birth show large
variations among mammals (Harrison, 1933) and some of the
biochemical studies (Zika and Klein, 1975) also confirm
these variations. According to Zika and Klein (1975) animals
which walk at birth, such as the guine%gig, present an -
advanced degree of ossification whidh is similar to that
of young adults. In this connection, the maturation of the
CNS is also more advance@ in the guine%@;gs than in species
such as the rat (Dgbbing, 1968). Rodents such ag rats and
mice are born with immature skeletons and are equivalent
to 4-month o0ld human fetus. Newborn dogs and cats are
intermediate in skeletal maturity and are comparable to the

T-month old fetus.

The mandible is one of the few bones to ossify in late
gestat;on in the rat and it undergoes membranous ossification.

Since it is an organ attached to the head which develops
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Figure: 6 Chemicdl Composition of Bong
During Development
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rrenatally, the greater blochemlcal maturlty of éﬁb pandible
> N

g(
at birth as compared to other bones is understaﬁﬁ%biéf ut

grow faster 1mmed1ately after birth. Though the manﬁlble
grovs at a slow rate after weaning, it increases in

minerglization and has the highest A:R value at 26 weeks.

A comparison of pelvic and femur bones with rggard
to concentration of moistqre and ash and A:R ratio shows
that the pelvic bone is siightly more advanced in
calcification than the femur prior to weaning, but is

surpassed in this regard by the femur affer weaning.
a

The' tarsus is only, tissue of cartilage at birth with
almost no calcificatione In the human tarsus, though some
of the members are calcified towards the final stages of
fetal life, cuboid gets calcified only after birth. In the
rat the appearance of ossification centres in the tarsus.
is postnatal. The mineralization of tarsus is very high
between the first and second postnatal week. This period
also coincides with the time when the’pups begin to stand
on their feet and move about actively, reguiring a strong
tarsal bone to bear the weight of the body. By about
12 weeks of age the tarsus has reached its maximﬁm mingrali-
zation after which a conspicuous slowing down of growth is

seene
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In conclusion, the maturation and chemicel composition
of bones may vary depending on their structure, function
and ontogenetic prioritye But in general, the maturation
of bone is associated with an increase in the concentration
of ash and collagen, calcium and phosphorus and a decrease

in moisture and mucopolysaccharides. The concentrations

&)
O A
<k

o~

of total Iipids remain more or less the same. ’Qﬁ
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Experiment-I1T

THE EFFECTS OF DIFFERBNT DEGREES (OF UNDERNUTRITION DURING.
THE SUCKLING PERICD ON THE COMPOSITION OF SELECTED BONES.

——

The postnatal period is a critical period for the
growth of the animal as the accelerated growth and maturation
of tissues which begin in the fetal period continue during
this period, and in the case of bissues such as the brain
are almost completed during this period. It is not
suryrising that attempts have been made to study the impact
of nutritional stress during this period on the growth and

maturation of different tissues.

; Ag mentioned earlier, an appreciable prevalence of
skeletal retardation is found in infants and young children.
Previous studies in this laboratory (Dave, 1976) showed that,
in the rat, undernutrition during the suckling period is
associated with a number of changes such as lighter and
thinner bones, increased concentrations of moisture and the
organic constituents and decreased concentrations of
inorganic constituents. OSimilar observations concerning

some of these parameters have been made by a number of
investigators (Dickerson and Widdowson, 19603 Di Orio et al.,

1973; Nakamoto and Miller, 1977)-.

Most of these studies were confined to the femur or
in some cases both femur and tibia which show similar
vatterns of develorment and response to stress. Comparative

studies have also been made of mandible and long bones for



calecium, protein and DNA (Nakamoto and Miller, 1977), of
the mandible and tibia for their weights and the growth of
incisors and molars (Di Orio et al., 1973) and of the
long bones and parietal bones for bone weights (Dickerson
and Wid%g&pon, 1960)+ No other studies appear to have
beenﬁgn a comprenensive way on the comparative effects of
nutritional stress on chemical composition of different
bones which differ appreciably in chemical composition and
ratterns of maturation. Also very seldom has a systematic
effort been made to interpret the changes observed in
terms of a maturational framework. The present studies
were designgd in this gontext to study the impact of
nutritional status om selected bones, namely, mandible,
femur, pelvis and tarsus, which were slso studied from the

development point of view.

As mentioned earlier, different degrees of wnder-.

nutrition were induced either feeding the mother a low

124

e

protein diet after partus (GTL7) or by inereasing the litter

size from 8 to 16 and feeding the mother the normal diet (LL).

In this connection it should be mentioned that there are

quite a few reports claiming that feeding the mothers a low

rrotein diet during lactation results in diminished milk
production but does not affect the composition of milk
(Perisse and Salmon-Leganeur et al., 1960; Chow and Lee,
1964; Hueller and Cox, 19463 ZLuckey et al., 1954) so that

the net effect of a low protein diet is believed to be



undernutrition for the progeny.

The results of these gtudies are presented in
~Tables 18-a to 22-b. The bones studied are seen in
Figure 7. Asg expected, the deficits in body weight, bone
weight and length were found in both experimental groups,
with greater deficits in GTL™ group (Table 18-a and
Figure 8). They were found to be the least in the mandible
and increased progressively in the order mandible, tarsus!

femur and pelvis.

The percentage deficits in body weight with under-
nutrition were of the order of 44% in LL and 69% in ¢ty
(Table 18-a). The deficits in the weights of mandible and
tarsus were less and those of femur and pelvis more than
those in body weight. However, the deficits in linear
measurements in all the bones were much less than those
in either body weight or bone wéight, and were of a similar
order in all the bones in spite of the variations in weight
deficits suggesting that bone growth is maintained even in

the face of nutritional adversity.

When expressed as mg/g of body weight (Table 18-a), th

weights of mandible and tarsus, in relation to body weight,
from the malnourished group were higher than those from
controls. This observation suggests that the growth of
mandible and tarsus is protected to some extent in spite of

overall growth retardation. On the other hand, the weights

12

e
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Table 18-b: Statistical significance of differences between
groups in table 18-a. '

Significance of differences between means

e e <o v

192  § 1»3 293

1
oo as] s 6a]

ve aaf os w0

l
]
1
!
i
!
!

P less than
Fresh weight: ' |
 Mandible 0.001 0-001 0.001
Femur 0.001 0.001 0.001
Pelvis 0.001 0.001 0.001
Tarsus 0. 001 - 0001 0.001
Bone measurements:
Length:
Mandible 0.001 0.001 0. 010
Femur 0.010 0.00L 0.001
Pelvis 0.001 0.001 0-010 .
Tarsus ‘ 0+010 0001 0+050
uith: |
Mandible o.oéo, 0.001 0.050
Femur 0+050 - 0+001 0.010

Pelvis 0.001 0.001 0+001
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of the fgmur and pelvis in relation to body weight were
reduced suggesting that the long bones wre more susceptible
to the effects of the overall growth retardation.

Di Orio et al. (1973) and Nakamoto and Miller (1977) also
found that the developmental deficits in the mandible and
long bones differed in malnourished animgls. Similar
observations were made of other bones in rats reared in
large litters. The skull was found to be less affected than
the spine and the brain case less than the face (Williams

and Hughes, 1978).

The increment in body weight over the wvalue at birth
is about 50% in LL group, whereas it is less than 25% in the
™1™ group (Table\lB-c)-

The percentage increments iﬂ the‘;engths (ranging from
51 to 68%) of the bones are higher than those with regard to
bone weight (ranging from 20 to 41) an observation consistent
with the smaller impact of malnutrition on linear measure- |

ments.

The increments in bone weight seem to be higher in
femur and pelvic bones than in the obther two in all the three
groups. But in terms of dry weight, the inecrement was the
highest in the tarsus of the threeﬂgroups an observation .
consistent with the fact that the appearance of ossification
centres and the rapid phase of development are postnatal in

these bones (Table 19-c).
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Table 19-b: Statistical significance of differences between
groups in Table 19-a.

e os - %
Significance of difference between means

- o

12 P 13 1 203

1
s asjer eef

ss ssfer w0

. p less than

Body weight: 0.001 0.001 0001
Fresh weight: ,

Mandible 0.001 0.001 0.001
Femur 0.001 0+«001L 0001
Pelvis 0.001 0.001 0.001
Tarsus 0+001 0001 0+001
Dry weight: ,

Mandible 0.001 0.001 0.001
Femur 0.001 0.001 0.001
Pelvis 0.001 0+001 0.001
Tarsus C.00L1 0.001 0001
Fat-free dry weight:

Femur 0-.001 0.001 0.001L
Pelvis 0.001 0.001 0.001
Tarsus 0.001 0.001 0.001
Ash:

Mandible 0.001 0.00L 0.001
Femur 0001 0.001 : 0.001
Pelvis 0+001 0+001 0001

Tarsus 0-001 0.001 0.001



Table 19-~b continued

Significance of differenceé between means

«» asfes oo}

-
*

102 1 1w3 | 203
- - galess than
Hydroxyproline:
Mendible 0001 0001 0+00L
Femur 0.001 0001 0+ 001
Pelvis 0-001 0.001 0+001
Tarsus 0001 0.001 0+010
Hexosamine:
Mandible 0.001 0+001 0+010
Femur 0001 0.001 0001
Pelvis 0.001 0001 0+00L
Tarsus 0.001 0.001 0050

-~ —

i
o a W T e SO O o W— s

s - s

fos orlee s}
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Tn the case of the mandible, the increment during the
postnatal period is less than in other bones, presumably
because its critical develorment period is prenatal. Even
at the time of birth the development of mandible is well
advanced over thalt of other bones as judged by the AR

ratioe.

Among - the constituents of bone, ash, both in terms
of content (Table 19-a) and concentration (Table 21-a) was
significantly reduced. The reduction in ash was least in
mandible and highest in tarsus, especially in the @'L~
groups However, the composition of ash was not changed-
The phosphorus content tended to be lower in the under-
nourished groups, and this raised the Ca:P ratio (Table 20-a).
A similar increase in Ca:P ratio has been reported in pups

born of mothers deficient in B, and 312, suggesting an

2
impaired utilization of phosrthorus (Grainger et al., 1954).
Supporting this suggestion is the observation that bone
alkaline phospnatase activity and the incorporation of
labelled phosphorus were reduced in'th%e animals (Grainger
et al., 1954). 1In this connection intestinal alkaline
vhosrthatase activity has been found to be decreased with
neonatal undernutrition (Subramaniam, 1978)« The increase

in the CasP ratio in the present case could be due to &

gimilar phenomenone

The decrease in AR ratio (Table 20-a) in the bones

of the undernourished animals reflects the decregse in ash



143

e o 100 fo  solo Tt et Thec sussg

0z T momw..wﬂ.mw.a moﬂ.m.mmw.m | eﬁm\m.mmw g staTSg

T2 o oamw.»mw.ﬂ .:m.%.m.mw.m omnw + w L - anueg

v s ot w0y EEL sTarousH

Ge \ 0g 2T°0 ¥ 92 60°0 F T°G 0%°0 ¥ 2+0T snsaey,

02 o 2T*0 F T°¢ 600 ¥ 19 TE*0 F 6T STATeg

2e 67 020 F G*¥ 9%+0 ¥ 6°6 0G0 F v+02- anmeg

44 8% 020 + 26 $T°0 Freet C€L*0 ¥ 0°12 STqTPUBH

6 9 9 STeWIwe Jo +of

s (5w) guejuoo Usy

3+ ¥ ueswW

@ (@ (m i
PLT® ” 1 L9 s : +I0 :
LS mme

SurTions ayy Futanp

*S8U0¢ JO w0T4TsodWOO TBOTWOUD SYJ U0

po txed
UO TR TIjNUIOPUN JO 99aFep 3UaI8JITP JO ©309FF0 aYj

te=0¢ oTq®y]



144

8 6L  2TO0 ¥ ¥T°0  £20°0 F £2°0 . £00°*0 F 62°0 sn8xsy,

LS 65  600°0 T 2T-0  620°0 T 61°0 6200 F 2£+0 sTATOR

cy TL 2100 # ¥2*0  $£0°0 ¥ 0¥*0  2T0°0 F 95°0 anme g

09 88  2200°0 ¥¥0°0  ¥00+0 ¥ L0*0  §00+0 F 80°0 STATPUBYH

] 9 9 STEWFWB JO <ON

$(Fw)(pToe OFUOIN) o3B8YdINS ULGTOIPUOUD

12 Ly mao%.»&«é : SA.m m.s 6°0 o.ﬂmm.m.cm.,m snexsy,

8T oY Soﬁw wﬂw momw..mdNA moﬁw e 0°¢ sTATeq

6T 187 mmoA.W § mvz. *0 momw.m.cb..n Am.wd 4 4 anmey

TV 96 momu. F V\L..ﬁ momm.mdm.w mm ' vaé oTQTPUsH

s{5w) enxoydsoug

*0+8 ¥ uesW

: (9 2 (@) t Q9 N
S 95 R S & S %) : - : +I.D :
: : + -+
P jo g sesenter (In0ap

poenutau0o =02 9TqBI



14

69 LL TT0°0 ¥ £h*0  OTO+0 * 8¥*0 4200 ¥ 29°0 SNSTBY
68 98.  0TO-0 ¥ 95°0  L00*0 ¥ LG°0  9T0°0 F 99°0 STATeg
68 88 GTO*0 + TG*0  £TO°0 ¥ €6°0  200°0 ¥ 09°0 anueg
6L 8 020°0 ¥ 26°0  OTO°*0 * 86°0  ¥£0°0 ¥ LT°T , oTATPUBY
***“§
GTT 60T  OY0°*0 ¥ ¥T°2  060°0 ¥ £0°Z  <¥0°0 ¥ 98°T susaeg
LTT TIT  £V0°0 ¥ 90°2  6L0°0 ¥ G6°T  TELO*0 F 9L°T sTATSg
TTI 90T  TY0*0 ¥ L0*2  OF0°0 ¥ L6°T 920°0 ¥ 98°1 anmegd
GOt GOT  0S0*0 ¥+ 00°2  820°0 + 66°T 9£0°0 ¥ 06°T aTqTpusy
$0T38X J°8)
c0+s T weom * .
: @ @ ;o (0
P 2 TT P Ly 1 T
B o R

penuTiuco -0z 9TqBL



1486

ot 91T a0 9¢.+0 T¢+0 sneaey

6ot 2¢T 06+0 6V 0 L&-0 8TATSJ

62T 9¢T ¥G6+0 LG=0 rA ALY amueg

00T 01 20 TALS 20 9TqTpuUBK

. eutTOxd AX0IpAH

$0T3ex SUTHES0Xo |

8 001 vL°0 88+0 88°+0 susaey]

c0T Gl 98+0 £9+0 780 8TaATeg

LOT 06 26°0 LL*0 98°0 A0wa g

91T 21T ¥y +0 L¥0 8¢°0 eTqTpusl

. SUTWEE0XoH

$0T3BL PEO® OFuUOLf

: : : (€) : (e) . (1) : )
Pl r T P Tk T £ T,0 :
!  gour®a TOXWO : : :
P 30 4 s® seurmp . »InoTH :

PONUTLUOD B=02 OTqBT



147

‘q=02 oTqB] 908 SSOUSISIITP JO OSOUBOTITUSTS TBOTISTIe3S JIOF

*9TqTpueW U ouU0q Lap oUs UTF s3usuwodwod UYSe-uou 04 yse JO 0T3®y ¢snsas)
pue stared ‘anwey ur 2uoq AIp #3xJ-3BI 8YZ UT EqusuOdwWOD UYSE = UOU 03 US® JO OTIBY #**x

yse J0 queo xod sk eae soseoyjusxed UT sauTBp *x*
*POUTBIULEW (8) OZTS J033TT

pIEpUBYE PUB WOT4e40BT PuUFAnp TNITGFL DO $OTD UTe30ad %G ud pey SISUION - JI9 (€)

. _UO0T3e30BT Fulanp 91 O3 peseaaoul

SBA 02ZTS I933TT oU3 3nq ¢WALTQFT pe 39Tp uresoad %0g U0 pey sxeUjol - TT (2)

_— *U0T4e408T SUTanp pouUTe}ULBW

(8) 92Ts Io44TT paepUBLS PUB WNLTATIT PB 38Tp ute3oad %0z w pey SIeUIOH - T.H (T) *

€9 6L 0T*2 ‘ v9e2 9¢ *¢ . susaey

GL 69 6°¢ 19°<¢ 1 744 STATSg

L9 Vi ggog oLe¢ L6°¥ auueg

S8 98 94G°.L €9°L 988 oTqTPuBH

| " . surtoad £xo xphy

$0T3BX SRT5TED
: . : (€) : (2) : (1) :
T I R T TI +T,0
*  gouTeA TOX3UOO : :
. 3O 9 s®e geuls) : *ﬂsouw .

PONUT4LUOD B=0Z STqRBJ



148

Table 20-b: Statistical significance of differences between
groups in Table 20~a.

W U S0 S 20 o S -—— --:
L4

Significance of differences between means

3

*
——— --—7

PY T Y

w2 P 103 23 :
B P 1;;s thag_ o

Uronic Aecid: :
Mandible NeSe 0-.00L 0.001
Femur 0.010 0001 0.001
Pelvis 0.010 0.001 0.001
Tarsus 0050 0.001 0.001
Calciums
Mandible 0.001 0.00L 0.001
Fenur 0.001 0.001 0.001
Pelvis 0.001 0.001 0.001
Tarsus 0.001 0.001 0.001
Fhosphorus :
Mandible 0.001 0.001 0.001
Fenur ‘ 0-001 0-001 0.001
Pelvis 0.001 0.001 0.001
Tarsus 0001 0001 0.001
CasP ratio:
Mandible NeSe NeSe N.S.
Femur 0.050 0.010 NeSe
Pelvis 0010 0.001L NeSe
Tarsus 0.050 0001 NeS.
A/R ratio:
Mandible 0.001 0.001 0.050
Femur 0.001 0.001 N.Se
Pelvis 0.001 0001 NeSs

Tarsus 0001 0001 C.010

——— —_—— . ——
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Table 21-b: Statistical significance of differences between
groups in Table 2l-a.

Significance of differences between means

102 R 213

* b4
* -

o» oo es O3

oo eefne we

———

G per 100 g of fresh bone

, ‘p less than
Moisture:
Mandible 04050 0-010 | N.S.
Femur 0.050 0.001 0.010
Pelvis 04050 0001 0.001
Tarsus 0.050 0+001 WeSHo
Total lipids
Femur 0.010 0-001 N.S.
Pelvis 0001 0.001 N.S.
Tarsus 0-050 0.050 N.S.
Ash:
Mandible 0-010 0001 NeSe
Femur - 0.001 0-.001 0.010
Pelvis 0.001 0.001 0.050
Tarsus 0.001 0.001 0.001
Hydroxyproline:
Mandible N.Se 0,001  N.S.
Femur NeSe - 0.050 NeSe
Pelvis 0.010 0.001 N.S.

Tarsus NeSe N.Se E.S.



Table 21-b continued

-

Bignificance of differences between means

one ds o0 P

.
.

102 : 103

Tos o

23

- — G g e e

g rer 100 g of fresh bone

p less than
Hexosamine: |
Mandible N.S. NeSe
Femur : 0001 0-001
Pelvis 0.001 0.001
Tarsus - N.S. 0001
Uronic acid: i
Mandible NeSe NeSe
Femur 0.050 0.001
Pelvis N.S. 04001

Tarsus N.S. 0.001

NeSe
N.S.
N.S.
0+050

NeSe
0-050
0+010
0.001

{or enfae o

1

13



Table 22«3

The effects of different degrees of under~

nutrition during the suckling period on the

percentage composition of bonese.

1

: Group f
ettt L ¢tm
: (1) s (2) (3)
g per 100 g of dry bone
Total 1ipids
Femur 5.7 + 0040 946 4+ 021  13.0 + 1.18
Pelvis 52 £ 0:84 9.5 0.61 12.1 + 0460
Parsus 16+5 + 0455 21.1 + 0458 24.9 + 2.34
Ash:
Mandible 53¢7 £ 0+67  49+8 £ 0452  48.1 % 0+59
Femur 5547 + 0019  31.5 + 0047  29¢2 £ 0e71
Pelvis 5942 £ 0285  33:2 & 0237 31e5 £ 0466
Tarsus 31094 0485 2549 + 0454 22.6 + 0468
Collagen (Hydroxyproline):
Mandible 2037 + 0.076 212 + 0087 2408 + 0+050
Femur 2060 + 0.105 2.46 + 0.016 245 + 0-049
Pelvis 2060 + 0:048 2.45 + 04026 2438 + 04109
- Tarsus 2-§9 + 0:158 272 + 04026 2.64 + 0+053
Total MS (Hexosamine):
Mandible 0:52 4+ 0037 058 + 0-020 0-57 & 0+054
Femur 1018 + 0.074 1+68 + 0.037 1.8L + 0.088
Pelvis 0-97 + 0+038 1.67 % 0-114 1.89 % 0-130
Tarsus 1.04 + 0.087 135 + 04150 2421 + 0.150



Table 22-a continued

155

: Group’ f
;o ett : LL s
N I - N AR O N
g per 100 g of fat-free dry bone
Ashs .
Femur 3746 + 0213  35.2 + 041  33.2 + 0.91
Pelvie 4103 & 1e14  36:9 £ 0-29  35.5 + 0-60
Tarsus 3802 & 0-97 3208 £ 0¢57 3042 & 1.05
Collagen (Hydroxyproline): ‘
Femur 281 + 0-117 2468 + 0+028 277 + 0+062
Pelvis . | 2.7L & 0:059 2465 & 04021 2477 + 0107
Palrsus 3449 + 0+178 3436 + 0-031 3+41 & 0107
Total MIS (Hexosamine): _
Pemur 1423 + 0-074 185 + 0.030 2409.+ 0.118
Pelvis 1.04 £ 0.050 1.84 + 0-135 2.19 # 0.152
+ 0.094 156 + 0.140 2.91 + 0+228

Tarsus Le 27

x (1) 6*1Y - Mothers fed on 20% protein diet ad libitum and
standard litter size (8) maintained during lactation.

(2) I - Mothers fed on 20% protein diet ad libitum;
but the litter size was increased 0 .16 during

lactation.

(3) 6TL™ - Mothers fed on 5% protein diet ad libitum
during lactation and standard 1ITter size €8)

.maintained.

For statistical significance of differences see Table 22-b.



Pable 22-bs

Statistical significance of differences between
groups in Table 223

156

Significance of difference between means

s asjes 4

w2 ¢ 103 ¢ 203
g per 100 g dry bone
p less than

Total 1ipid:
Femur 0.001 0.001 0.050
PelYis 0.001 0.001 . 04050
Tarsus 0.001 0.001 NeSe
Ash: :
Mandible 0001 0+001 04050
Femur 0.001 0.001 - 0« 050
Pelvis 0+001 0+001 0+050
Tarsus 0.001 0+001 0.010
Collagens

\ Mandible HeS. 0.010 N.S.
Femur ‘WeSe N.S. NeSe

. Pelvis 0050 N.S. N.S.
Tarsus NeSe NeSoe N.Se
Total MPS:
Mandible N.5. N.S. NeS.
Femur 0001 0001 N.S.
Pelvis 0.001 0.001 NeSe
Tarsus N.S. O-dOl 0.:001

oo wof 2o oo
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Table 22-b continued

Significance of difference between means

!
§ 45 sefee oo

- -a—-‘--—u-!'-.

193 . 23

192 . .

g per 100 g fat-free dry bone

#s asfen o
[

p less than
Femur 0.001 0.010 NeS.
Pelvis 0-.010 0.010 NeSe
Tarsus ’ 0.001 0.00L 0050
Collagen:
Femur NeSe NeSo NeS.
Pelvis NeS. NeSe NeSe
Tarsus NeSe HeSo NeS.
Total MPS:
Femur 0001 0.001 " NeSe
Pelvis 0001 0.001 NeSe

Tarsus HeBSe 0.-001 0001
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content. This could conceivably be due to deficiencies

in the matrix which prevent proper mineralization and

roor absorption of calecium as the synthesis of calcium
binding protein (CaBP) is found to be impaired with
nutritional stress (Kalk and Pimstone, 1974). These
effects in turn could be due to poor hormonal regulation of
the synthesis of 25(QH)E3, 1,25,(OH)ZD3 as a number of
hormones such as thyroxine (Shrader et al., 1977; Roberts
and Zeman, 1978), growth hormone (Ati%mo et al., 1976)

and cortieosteroids (Dearder and Espi&nosa, 1974) are
affected by undernutrition. It is also relevant that
calcitonin involved in the regulation of osteoblastic

activity is produced by the thyroid.

Collagen (Hydroxyproline) too was reduced both in
content (Tables 19-a and b) and concentration (Tables 21-a
and b). However, the decrease fell short of significance
in the LL group except in the case/of pelvis, but wgs
significant in the GfL' except in the tarsus. Similar
observations have been made by Singh (1978) in the case

of bones of rat pups whose mothers were fed a 3% protein

diet during the suckling period.

On the other hand as reported in an earlier study in
this laboratory (Dave, 1976); the totzal-N concentration of
fenur was greater in the undernourished rats. From this
it may be inferred that in undernutrition the bone formed

has an increased proportion of under~hydroxylated collagen
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and/or an increased amount of non~collagenous protein as

“in immature bone.

In this connection, an increase of prolineshydroxy-
proline ratio has been reported (Singh, 1978) in the bones
of progeny born of protein deficient rats suggesting under-
hydroxylatione But the mechanism by which the hydroxylation

ig reduced in the undernourished animsl is not known.

A higher concentration of mucopolysaccharide
(Table 21-a) with undernutrition was found generslly although
the difference fell short of significance in the mandible

of the two undernourished groups and the tarsus of LL group.

Among the constituents of the bone (Table 21-a),
moigture content was greater in all the bones in the under-~
nourished groups, the lowest moisture content being found
in the mandibles, indicating its advanced stagé of calei-
fication compared to the other bones. The size of the
difference varied with the severity of undernutrition,

being generally more in G L™ group than in the IL group-

The lipid content of the mandible was not measured as
stated earlier. The lipid contents of the other three bones
were greater in the undernourished groups and again the
difference was legs in the ILL group. Since the lipid content
vag determined on the whole bone the increase in lipid
concentration may be due to the presence of more merrow

svaces in the bones of the undernourished animals.
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Undernourished animals were found to differ from
control with reference to bone size and composition as judged
by weight, linear measurements and concentrations of ash
and collagen which were found to be 1gss and concentrations
of moisture, total lipid, mucopolysaccharide and
chondroitin sulphate which were found to be greater (Figure 9).
This rattern of changes suggests a delayed maturation, as the
overall composition qf the uvndernourished animals reéemble
that of a younger animal. The mandible and tarsus showed
a comparative pattern of changeg which were in general of
a smaller degree than those in femur and pelvis in spite of
appreciable differences in chemical composition. This
similarity in the face of appreciable differences between
the two in chemical composition and pattern of maturation
is of interest. It is interesting to consider that this
similarity is probably due to the ontogenetic pattern of the
two bones, the mandible undergoing its most rapid thase of

maturation before birth and the tarsus soon after birth.



Figure: 8 The effects of digferent degrees of umdernuteition
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Experiment-IIT

THE EFFECTS OF POSTWEANING DEFICIENCIES OF IROTEIN AND
ENERGY ON THE CHEMICAL COMPOSITION OF SELECTED BONES

P

The observations on the effects of undérnutrition
on bones during the suckling period prompted further
studies on the effects of nutritional stress after weaning.
In human protein calorie malnutrition which occurs mainly
after weaning overall growith rebtardation is believed to be
associated with retarded skeletal growth (Garn et al., 1964)
narked by thinning and immaturity of the epiphyéis (Jones and
Deans, 19963 Higginson, 1954) and trabecular bone loss

(Wayburne, 1968).

In experimental animals postweaning defieiency of
protein is found to be associated with several bone changes
such ag thinning of the epiphyses, rarefaction of bone,
appearance of transverse trabeculae, altered shape and
anatomical relationship of jaws in pigs (Flatt and Stewart,
1962; Tonge and McCance, 1965), delayed ossification,
increase in the diameter of the Haversian canal and
reduction in the lamellae in the sheep (Floresey, 1974),
reduced appositional growth and remodelling of bone
(Jha et al., 1968) and changes in skeletal proportioms,

pattern and shape (Fleagle et al., 1975).

Growth retardation in rats subjected to undernutrition

has been found to be associated with reduced density



(Reddy, 1972) and osteoporosis (EL Maraghi et al., 1965).
ﬁarrow epiﬁhyseal plates and reduced cglcium accretion were

alsd common features (Le Roith and Pimstone, 1973).

In previous studies in this laboratory undernutrition
during the postweaning period in the rat was found to be
associated with a decrease in ash and an increase in the
concentration of total lipids and moisture in the femur /
(Rajalakshmi and Dave, 1977)+. In these studies the effects
of protein deficiency were found to differ in some respects
from those of undernutrition. As pointed out earlier, since
the microenvironment (Papapo@:ychroniou et al., 1979) as
well as the developmental history of each particular bone
(as evident from the developmental studies in the present
series of investigations) is different, the sensitivity of
different bones to nutritional stress may be expected to
vary. The present studies were an extension of previous'
studies in this laboratory on the femur to ‘bther selected

bones. ;

For this purpose weanling rats of standard weight
(40-45 g) were fed for 6 weeks a diet containing either
a 5% or 20% protein diet ad libitum or the latter in amounts
gso restricted as to get a group matched for weight with low

rrotein ratse.

The body weights (Figure 10) and the daily food

intake of these rats in the different groups are shown in



Fiqure:10 The e4fects of postweaning Olegiciencies

of food energy and potein on
growth in rats
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. Table 23. As expécted,'the animals fed a low protein diet
had a reduced food intake\throughout- As in previous
studies in this laboratory (Rajalakshmi et al., 1974) and
elsevhere (Miller and Payne, 1962; Samonds and Fleagle,
1973), the high protein animals needed much less food than

the low protein animals for comparable weight gains.

Figure 11 shows the four selected bones at 9 weeks
of age in the contrdl and in experimental ﬁats subjected

to postweaning nutritional stress.

The results of these studieg are given in iables 24-a
to 28-b. As expected, the body weights of the calorie
" restricted as well as the protein deficient groups were
significantly reduced, the defieits beiﬁg 65% in both.
This growth retardat;on was associated with a reduction
in the weights and size of all the bones in both the
experimental groups. As in the préweaning experiment,
the deficits in bone weight were less than those in body
weight but more than in bone iength and width (Table 24-a

and Figure 12).

Although the bone we;ghts were found to be affected
with uwmndernutrition in relation to body weight they were

more than in the controls (Table 24-a).

During the postweaning period the pelvis has the
highest rate of growth and the tarsus, the leagbt on the

basis of bone weights. Deficits varied in different bones



Table 233 The effects of postweaning deficiencies of food
energy and protein on the chemical composition

of selected bones.

f Group* f
! Gontrol ! HP-R : p
Noe. of observations 7 -~ 6 6
Food intake (g/day) 10.5=-11.5 2¢5=340 5¢5=64+0
Body weight:
Initial 44 44 44
Final®* i 59 59
Weight as 4 of control ‘
value 35 35
Weight gain (g/veek) 2.0 245 2.5
Weight gain (g) per g of
food intake 0.27 0.13

0-06

* Control - Weanling rats fed on 20% protein diet ad libitum;
HP-R - Weanling rats fed on 20ﬁ protein diet in restricted

amnountse.

P ~ Weanling rats fed on 57 protéln diet ad libitum.

*% Period of treatment, 6 weeks.
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Table 24-b: Statistical significance of differences between
groups in Table 24-a.

-

Jos «of su ae}

: Significance of differéncesbetweeﬁ means
102 1 1e3 203
L p less than
Body weight: 0.001 0.001 N.S.
Fresh weight:
Mandible 0.001 0.001 NeSe
Femur 0+001 0+001 NeSe
Pelvis 0.001 0+001 NeS.
Tarsus 0001 0.001 NeSe
Bone measurements:
Length:
Mandible 0.001 0.001 Ne.S.
Femur 0.001 0.001 NeS.
Pelvis 0.001 0.001 NeSe
Tarsus NeS. 0.010 N.S.
Widths
Mandible 0001 04001 N.S.
Femur 0-001 0.001 NeS.
Pelvis 0+001 0.001 N.S.
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but were found %o be related %o the rate of srowth during
the period under study as seen in the percentage increments
'in the control between 3 and 9 weéks of age (Tables 24-c

and 25-¢). The same pattern applies to bone length. Bone
width was less affected than length in the case of femur

ag judged by epiphyseal width and the reverse being true of -
the mandible (Table 24-a). |

Although increments in bone parameters were less
affectéé than‘increments in body weight, the tarsus was
the least affected with regard to growth in the postweaning
| period and the pelvis the most affected with the femur and

mandible coming next in that order.

The ﬁeficits in ash in the ﬁndernourished animals

were found to be greater in the femur and pelvis than in
at weaning

the ma’ndible and tarsus (Table 25-a). The ash contents /
of the mandible and tarsus were 10.8% and 12.4% respectively
of adult values whereas those of the pelvis and femur were
4~5% and 4.6% respectively (Table 15-b). Thus mandible:
and tarsus were more advanced with reference to ontogenetic
develoment than pelvis and femur. It is not surprising
that the latter bones were more affected than the former
with undernutritién during the postweaning period when
their chemical maturation was more rapid as judged by

increments in ash content.

The A:R ratio (the ratio of ash to non-ash components

in the fat-free bone) (Table 26-a) was less in the
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Table 25-b: Statistical significance of differences between
groups in Table 25-a.

T S S G . S g W - - - w———

Significance of differences between means

. asfae o
sel ne o

102 T 1w 213 X
P less than

Body weight: 0.001 0.001 N.S.
Fresh weight:
Mandible 0.001 0.001 NeSe
Femur 0.001 0.001 N.Se.
Pelvis 0.001 0.001 N.S.
Tarsus 0001 0.001 NeSoe
Dry weight:
Mandible 0.001 0.001 Ne.S.
FPemur 0.001 0-001 NeSe
Pelvis 0+001 0.001 N.S.
Tarsus 0« 001 0001 N.S.
Fat-free dry weight:
Femur : 0001 0.001 N.S.
Pelvis 0+001 0.001 N.S.
Tarsus 0.001 0001 NeSe
Ash:
Mandible 0+001 0-001 NeS.
Femur - 0001 0+001 0050
Pelvis 0.001 0.001 0050

Tarsus 0001 0001 © NeS.



Table 25-b continued

-, - -——— - - . ——

significance of differences between means

[ 3

a8 sjee o0
&8

102 7 1e3 L 203 :
. p less than

Collagen (Hydroxyproline): .
Mendible 04001 0+001 N.S.
Femur 0+001 _ 0+001 N.S.
Pelvis 0+001 0-001 N.S.
Tarsus 0.001 0.001 N.S.
Iotal MPS (Hexosamine): ‘

. Mandible 0.00L . 0+001 NoSe
Femur 0+001" 0-001 N.S.
Pelvis 0.001 ' 0.001 N.S.

Tarsus 0+050 9. 050 NeS..

S —— o —— ———
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Table 26-b:

———

s se]oe oo
]

Ash:
Mandible
Femur
Pelvis
Tarsus

Calciums
Mandible
Femur
Pelvis
Tarsus

Thosphoruss
Mzndible

Penur
Pelvis
Tarsus

CasP ratio:
Mandible
Femur
Pelvis
Tareus

AsR ratio:
Mandible
Fenur
Pelvis
Tarsus

i
I

-

192 . 1»3 . 203
p less than

0.001 0001 NeSe
0.001 0«001 0050
0.001 0.001 0050
0.001 0.001 NsSe
0«00L 0.-00L NeSe
0.00L 0001 NeSe
0-001 0001 Ne3e
0‘001 0001 Nosc
0001 0001 NeSe
0+001 0001 NeSe
0.00L 0.001 NeSe
0.00L 0001 NS
NOSO NOS. . N-.s-
N'S‘ NOSO NoSo
NoSo N‘SO NOSO
NOS' NOSO NCSJ
04001, NeSe 04001
0001 0001 0050
0001 04050 0010
Qe ODL WeSe 0+050

Significance of differences between means

Statistical significance of differences between
groups in Table 26-a.

s as)

s as

H
1
L
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undernourished animals as might be expected from the
foregoing observations, sSuggesting the presence of an
increased amount of uncalecified matrix in the bone of
the deficient animals. However, the decrease was not
significant in the mandible and tarsus. The AR ratio
was more affected in the calorie restricted group than

in the protein deficient groups

The calcium ané phosphorus contents of bones in the
deficient animals followed the same pattern as ashe The

Cas:P ratio was not affected (Table 26-a).

Among the bones studied the concentration of ash
in the mandible was the highest, the other three bones
having almost the same concentration (Table 27-a). The
percentage of bone ash was less in the deficient animals
showing a poor calcification or mineralization of bone
(Table 27-a). This may be due to improper calcium
utilization because of reduced intestinal CaBP activity
resulting from a reduced synthesis of CaBFP found in protein
deficiency (Kalk and Pimstone, 1974). Or it may be due %o
excegsive faecal loss of calcium of endogenous origin J

(Shenolikar and Rao, 1968).
h

The contents of collagen gﬂydroxyprcline) and total -
nucopolysaccharide (hexosamine) were significantly less in
the experimental groups (Table 25-a and b). However, the

difference in collagen content followed the same pattern as
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Table 27-b: Statistical significance of differences between

groups in Table 27-a.

0 9] 49 ¢4

102

P 1m3

-
[
*
-
*

2:3

Moisture:
Mandible
Fenur
Pelvis
Tarsus

Total lipid:
_ Femur

Pelvis
Tarsus
Agh:
Mandible
Fenur
Pelvis
Tarsus

& yer 100 g of .fresh b;ne
P less %han

0-001
0-00L
0.050
0+050

0+001L
0.001
0001

0001
0.00L
0+001
0.001

Collagen (Hydroxyproline):

Mandible
Femur
Pelvis
Tarsus

N.S.
NeSe.
HeSe
NeS.

Total MPS: (Hexosamine):

Mandible
Femur .
Pelvis
Tarsus

0050
0050
0.010
0.-00L

0+010
0.001
0001
0.001

04050
0.050
0.001

0.010
" 0-001
0001
0.001

N.S.
NeSe
NeSe
N.S.

0.050
0050
0.050
0.050

N.Se.
0010
0+050
N.S.

0.00L
0.001
NeSe

N.S.
0.001
0«001

0050 |

N.S.
N.S.
N.S.
NS

NeS.
N.S.
NeSe
NS

1

11
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Tgble 28=3: The effects of postweaning deficiencies of
" food energy and protein on the percentage
composition of bones.

f Group* i
:  Control ¢ HP-R LP :
3 (1) : (2) = (3)

ﬂ g per 100 g of dry tissue
Total 1lipids

370 6.9

L

Femur 3¢3 & 037 18.9 + 1.06
Pelvis 443 £ 039 181 £ 102 645 £ 087
Parsus \ 848 £.0:78  24+5 + 3477 217 £ 1.82
Ash: .

Mandible 61+5 + 0.86 56e1 + 0.90  60+9 + 0-54
Femur 5"5-*3}, 0+67 36e4 + 1019 4648 + 1.10
Pelvis 54:0 + 0489 3746 + 0485 467 + 0+45
Tarsus | 50e4 + 0.70 35.1 + 1.56 40.9 + 1.11
Collagen (Hydroxyproline):

Mandible 206 + 0-110 2405 + 0+200 2+10 + 0+100
Femur 2.17 £ 0-070 2.00 # 0-123 2-é’4 + 04150
Pelvis * 224 4 04030 2423 + 0-096 2.40 + 0.122
Tarsus : 2073 £ 0:060 2450 + 04256 272 + 0+061
Total MES (Hexosamine): , A

Mandible | 0026 & 0-028 0-37 + 0:027 0438 + 0+030
Femur 0435 £ 0.0L0 0+55 + 0-040 0-60 + 0+055
Pelvis 0:34 & 0014 0:62 + 0042 0+54 & 0+063
Torsus 0+38 + 0-0L8 0-58 + 0-036 0.55  0-052



Table 28-a continued

19

f Group* :

f Control : HP-R f LP f

. . (2) : (3) :

g per 100 g of Fat-free dry tissue
Ashs ] o
Femur 5648 & 0090 452 £ 1+12 506 % 0-84
Pelvis 5601 & 0-76 45¢4 + 0-76 502 + 0+82
Tarsus 5502 £ 0s75 4640 £ 0480 525 + 1.66
- Collagen (Hydroxyproline):
Femur 2027 + 04089 2432 + 0.187 2438 + 0+152
Pelvis 2051 4+ 0¢17L 2452 + 0+166 255 + 0124
Tarsus 3.08 + 04088 3013 + 0+230 3+45 + 0.090
Total MES (Hexosamine)s
Femur 0¢34 + 04009 0.65 + 0.037 0463 + 0-055
Pelvis 0436 + 0.016 0469 + 0.041 0+61 + 0+056
Tarsus 0¢42 £ 04016 070 % 04057 072 + 0068
# (1) Control - Weanling rats fed on 20% protein diet ad libitum.
(2) HP~R © - Veanling rats fe& on 20% protein diet in
restricted amounts.
(3) LP - Weanling rats fed on 5% protein diet ad libitum.

For statistical significance of difference see Table 28-bs

3



Table 28-bs Statistical significance of differences between
groups in Table 28-a.

- —————— -

Significance

of differences between means

H
|

: 1oz 1 103 1 203
g per 100 g dry bone
P less than

Total 1ipid:
Femur 0.010 0.010 0.010
Pelvis 0.00L 0050 0.001
Tarsus 0-001 0.001 NeSe
Ash:
Mandible 0.001 NeS. - 0.001
Femur 0.00L 0.00L 0.001
Pelvis 0.001 0-001 0.001
Tarsus 0.001 0.001 0.050
Collagen: )
Mandible NeSe. NeSe NeSe
Femur HeSe N.S. NeSe
Pelvis NeS. N.S. NeSe
Tarsus NeS. NeSe N.S8.
Total MES:
Mandible 0+050 0+010 N.S.
Femur 0.001 0-001 N.S.
Pelvis 0.001 0.050 NeS»
Tarsus 0+001 0-050 N.S.

oo as] ss e}

[y
o

i



Table 28-<b continued

: Significance of differences between means :
1wz 1 103 1 203
g per 100 g fat-free dry bone
) p less than

Ashs

Femur 0.001 0.001 0.010

Pelvis 0.001 0-001 04010

Tarsus 0.00L NeSe 0010

Collagen:

Femur NeS. NeSe NeSe

Pelvis NeSe NeS. NeSe

Tarsus HeSe 0.050 NeS.

Total MES:

Femur 0.00L 0.001 N.8.

Pelvis 0.001 0.010 N.S.

Tarsus 0.001 0.010 NeS.




bone weight and concentration was not affected. On the
other hand total MBS was significantly increased (Tables

In the rat, protein and calorie restriction affect
collagen metabolism as evident from the reduced urinary
hydroxyproline excretion which is attributed to decreased
turnover of body collagen (Anasuya and Rao, 1970). Angeleli
et ale (1978) found that the amount of collagen nitrogen
in carcass, liver and muscle was maintained whereas the
amount in skin diminished ag periods of protein deprivation
increased in young adult rats. Also in protein deficient
rats the cross linking and maturation of skin collagen
geem to be impaired (Prasad and Bose, 1974) and the
incorporation of l4C-proline into hydroxyproline decreased

(LeRoith and Pimstone, 1973).

In the femur of adult mouse the amount of céllagen
was found to be unchanged after 20 days on a protein-free
diet (Harkness et al., 1958). In the present study although
the amount of collagen was significantly decressed, the
coacentration remained unchanged when compared to the
age-matched controls. This may be because of differences
in the age of. the experimental animal and the period of

treatment.

The concentrations of moisture, total 1lipid and

total mucopolysaccharide were greater in the experimental

196
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groups vhereas that of ash was less (Tables 27-a and b3
Pigure 13). No significant differences were found with
regard to collagen. ThHe difference in moisture was
greater in the protein deficient group vwhereas that in
lipid as well as ash was greater in the calorie-deficient
groupe Similar differences between protein-deficient

and calorie:deficient animals with regard to moisture and
lipid have been found in this laboratory (Upadyay, 1974
Dave, 1976) and elsevhere (Gontea et al., 1974). In these
studies similar differences were not found with regard

to ash, but this might be because the undernocurished
grouyrs used in these studieg have been generally those
pairfed with the protein group whereas in the present
study food intake was restricted so as to achieve a weight
matched group. However, this observation concerning ash
is in accordance with the finding of some other investi-

gators (Shenolikar and Rao, 1968).

Differences with regard to moisture content were more
or less comparable in all the four bones studied. In the
calorie deficient group the femur, pelvis and tarsus had
higher lipid concentrations when compared to control in
that or&ei- In the protein deficient group, however,
the order was tarsus, femur and pelvis. With regard to
concentration of ash the mandible was the least affected
and the femur the most affected. 1In this connection the

ash content of femur has been generally tused as 2 sensitive
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Figure:'3 The effects of postweaning -deficiencies of foodt envrgy
and juotein on the peicentage Composition of pogs
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index of bone mineralization specially in nutritional
stress. This approach seems Jjustified on the basis of

this.

In conclusion, deficiencies of food energy and
protein in the bones are associated with a reduction
in ash and an increase in the moistu;e and total lipid.
The concentration of collagen is not affected whereas
the concgntration of the %total mucopolysaccharide is
greater than in controls. As maturation is associated
with a decrease in moisture and mucépolysacdharide and
an increase in ash, the observations with regard to these
constituents are consistent with a pattern of delayed
maturation. The disturbance in intestinal calcium
transport and the depressed collagen synthesis seem
to affect growth of bones lgading to formation of bones
which are shorter and lighter than in age-matched controls.
0f the bones selected for the study the mandible and
tarsus which seem to have an ontogenetic priority are
relatively spared when compared with the pelviec and femur

bones which are severely affected.

Although the deficits in the body weights of the ~¥)}l? —
rats subjected to protein defieciency during the preweaning
(69%) and postweaning (65%) periods are comparable, the
deficits in bone weights and the contents of ash, collagen

and total MFS of the femur, pelvis and tarsus were less



with the postweaning nutritional stress, whereas that

in the mandible remained the same (Table 29). The deficit
in length was less in the postweaning period, especislly
in mendible and tarsus. This observation therefore,
suggests that the preweaning period is the critioal

period for the growth of the bones.

200
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Table 29: Comparative deficits for the preweaning and
postweaning undernutrition.

Undernutrition as % of control values

!
as esfur aulee ae

&9 S0jan esfen wuw

Preweaning f Postweaning

IL ¢ e*L” & HPR : IP
Body weight: 44 69 65 65
Fregh weight:
Mandible 35 49 53 50
Femur 48 T2 58 59
Pelvis 50 73 64 63
Tarsus 32 59 33 ‘ 30
Dry weight:
Mandible ) 35 51 54 53
Femur 48 73 60 64
Pelvis 53 75 66 65
Tarsus 38 65 35 34
Fat-free dry weight:
Femur 51 T4 66 65
Pelvis 55 T7 70 66
Tarsus 42 69 44 42
Boqe megsurementss
Length:
Mandible 13 26 10 12
Femur 15 30 24 26
Pelvis 19 34 28 28
Tarsus 15 25 3 8
Width: ‘
Mandible 13 19 - - 16 20
Femur 11 28 11 12

Pelvis 21 37 26 30



202

Table 29 continued

*
— - - -

: Undernutrition as % of control values :
: mEreweanlng : Pogstweaning :
: IL : 6" : HPR : LD :
Chemical composition:
Ash: .
Mandible 42 55 58 55
Femur 51 78 73 ’ 69
Pelvis 60 80. 76 T0
Tarsus 50 T4 54 47
Collagen (Hydroxzyproline): A
Mandible 33 49 53 52
Femur 40 69 67 63
Pelvis 41 73 70 65
Tarsus / %3 61 49 43
Total MPS (Hexosamine): ‘ _
Mandible 29 48 37 37
Femur - 20 60 30 30
Pelvis 21 6% 40 40
Tarsus 21 42 3 8
AsR ratio: ,
Mandible 16 21 24 8
Femur 12 15 31 23
Pelvis 14 15 28 12

Tarsus 23 31 31 12
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Experiment-~IV

EFFECTS OF MATERNAL VITAMIN A DEFICIENCY DURING GESTATION
AND LACTATION ON THE BONES OF THE OFFSIRING

As mentioned earlier, vitamin A deficiency has an
appreciable prevalence among the poor in developing countries,
particularly in the interior rice-eating areas, as rice is
practically devoid of carotene. Vitamin A plays a role in
the formation and renewal of cartilage and bone and
skeletal changes are seen in both hypo- and hypervitaminosis A
(Irving, 1949; Howell and Thompson, 1967; ZLucy et al.,

19613 Grey et al., 1965; Wolke et al., 1969).

A number of studies have shown that various bone
components are affected when vitamin A deficiency is imposed
on growing animals (Dziewiatkowéki, 19543 Havivi gnd Wolf,
1967; Havivi and Tal, 1974; Harris and Navia, 1978).

Owing to variations in their experimental designs and
experimental animals the results were not in égreement-

The effects of vitamin A deficiency on different tissues are
shown in Table 30.

The present experiment was concerned with the effects
on bome of vitamin A deficiency during thg suckling period
in rats. To induce vitamin A deficiency dﬁring the neonatal
reriod mothers were fed a standard diet with vitamin A content

reduced to 500 I.U. per kg or 10% of the amount fed to control,
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Table 30s Effects of vitamin A deficiency on differeht tissues.

- - ——— i W

Type ' Vitamin-A Deficiency

' o L ot o

Epithelial tissues (DeLueca, 1977)

Rat: Small Intestine Columnar, mucus Decrease in goblet
secreting cell
Testis - - Columnar, Degeneration
germinal epithe- .
. lium \
Pancreatiec Islets. Columar mucus Squamous metaplasia,
secreting keratinization
Urinary tract Columnar Squamous metaplasia,
keratinization
Tracheal Epithelium Columnar, mucus Squamous metaplasia
secreting keratinization
Vagina Columnar, mucus Squamous metaplasia
' secreting keratinization
Mammalians \ )
Epidermis Keratinized w1th Squamous metaplasia
mucous gebaceous of glands
glands
Taste bud Columnar, mucus Squamous metaplasia
gecreting keratinization
Glandular Tissues Mucus secreting Squamous metaplasia
_ keratinization
Rat: Eye (Dowling, 1961) Rods and Co&é atrophied -
Bone:

Guinea pigs:

Bone implant Osteoblasts More osteoblasts and
(Harris et al.,1978) gore coarsely woven
one

Rat: Bone (Mellanby, 1950) Osteoblasts and Excessive osteoblastic
Osteoclasts activity and
periosteal bone
formation and reduced

osteoclastic
resorptions.
Brain: (Ridgon, 1962) Optic thalamus, Degeneration

optic femoral
and sciatie
nerves

(Bhat and Rama Rao, 1978) Optic thalamus, Impairment of
Optic femoral and myelination
Sciatic nexrves
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from a2 month before mating until partus after which a diet
devoid of vitamin A was fed. As mentioned earlier, a diet
containing at least a smgll amount of vitamin 4 was found

t0 be needed to prevent resorption of the fetus and to get
viable pups While achieving vitamin A deficiency in the
pupse The controls were fed the standard diet containing
5000 I+Us of vitamin A acetate per kg diet throughout.

The pups were killed at él days of age. The liver vitamin A
in the experimental mothers was found to be reduced to 104

of control values (Table 3l-a).

The data obtained were compared with those obtained
previously for animals reared in large litters (ILL) with
a comparable degree of growth retardation in order to ensure
that any effects observed in the deficient animals were not

due to growth retardation produced by undernutrition.

The results of these studies are given in the
Tables 31l-a to 35-b and the bones studied are shoﬁi in
Figure 14. The body weights of the weanling rats reared by
the vitamin A deficient mother and those in large litters were

respectively 71% and 569 of the control values (Table 31l-a)e.

As in the case of the undernourished rats bone weight
and length, ash, ealcium, phosphorus, collagen (hydroxy-
proline), total M (hexosamine) and chondroitin sulphate

(uronic acid) content were reduced in the deficient groupe
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Table 31-b: Statistical significance of differences
between the groups in Table 3l-a.

Significance

--u.—:-
L]
-
.

-

: of differences between means
102 ¢ 103 L 203
p less than
Fresh weight:
Mandible 0-001 0.001 0.001
Femur 0.001 0.001 0.001
Pelvis 0.001 0.001 0.001
Tarsus 0.001 0.001 0.001
Bone measurements:
Length:
Maméible 0.001 0.001 NeS.
Femur 0001 0.001 NeSe
Pelvis 0.001 0.001 NeSe
Tarsus 0.001 0.001 NeSe
Width:
Mandible 0«00L 0.010 NeSe.
Femur 0.001 0001 NeSe.
Pelvis 0.001 0.001 N.Se

%.S. wNov Gitdni-\%tm“\—

Fres

10
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As in undernutrition, the length of the bones was
less affected than bone weight and body weight (Figure 15).
The length of the pelvis and femur were found to be affected
relatively more than the tarsus and mandible. The same
pattern was observed when the bone weights are expressed as

mg per g of the total body weight (Table 31-a).

The mean values for the fresh weight of different
bones ranged from 68% to 86% of the control values in the
vitamin A deficient rats whereas they ranged from 49% %o
68% in the ILL rats, the deficits being less in the mandible
and tarsus in both groups (Table 31-a)e The deficits in
fresh weight, dry weight and fatufpee dry weight of the
bones of the vitamin A deficient rats were less than those
in the IL groups This could be due to differences in the

degree of growth retardation (Table 32-a).

In the bones of vitamin A deficlent rats, the amounts
of ash, collagen, total mucopolysaccharide and chondroitin
sulrhate were less than in the controls (Table 32-a).

A similar decrease was found in the content of caleium and

phosphorus (Table 33-a).

Although decrease was observed in the content of
calcium and hydroxyproline in both the groups, the decrease

in the calciumshydroxyproline ratio, was greater in the

undernourished rats, than in the vitamin A deficient animals.

21

AR ratio was significantly decreased in the pelvis and femur,
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Table 32-b: Statistical significance of differences
between the groups in Table 32-a.

: Significance of differences between means :
12 P13 L 2003
) P less than
Body weight 0.001 0-001 0010
Fresh weight:
Mandible 0.001 0.001 0-001
Femur 0-001 0+001 0+001
Pelvis 0.001 0.001 0-00L
Tarsus 0«001 0001 0.001
Dry weight:
Mandible 0.010 0.001 - 0+001L
Femur 0+001 0.001 0+001
Pelvis 04001 04001 04001
Tarsus 0.001 0.001 0.00L
Fat-free dry weight: \
Mandible - - -
Femur 0-001 0001 0+001
Pelvis 0.001 0.001 0.001
Tarsus 0.001 0001 0.001
Agh:
Mandible 0010 0.001 0-010
Femur 0001 0+001 0001
Pelvis 0.001 0.001 0.00L
Parsus 0.001 0.001 0.001
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Table 32-b continued

Significance of differences between means

!
Jos walns o

. - —

% safes oo

102 P 103 P 203
, P less than

Collagen (Hydroxyproline):
Mandible 06050‘ 0.001 0-010
Femur , 0.001 0-00L NeSe
Pelvis 0+010 0.010 ' 0.001
Tarsus 0.050 0001 NeSe
Total MBS (Hexosamine):
Mendible oS- .S, N.S.
Fenmur 0050 0.001 NeSe
Pelvis 0.00L  0.050 NeS.

Tarsus 0.050 0.010 NeSe
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- Table 33-b: Statistical significance of differences
between the groups in Tgble 3%~a.

¥

Joe ealan e}

Significance of differences between means

o snfan o

1072 A R A L
p less than

Agh:
Mandible 0.010 0-001 0010
Femur 0.001 0+.00L 0.001
Pelvis 0001 0.001 0.001
Tarsus 0001 04001 ~0.001
Oélcium:
Mandible 0010 0.001 0.001
Fenur 0.001 0.001 0.001
Pelvis : 0-001 0.001 0+001
Tarsus 0.001 0.001 0.001
thosphorus: , _
Mandible 0+010 0.001 0-001
Femur 0.00L 0.001 0+001
Pelvis 0.00L 0.-001 0.001
Tarsus 0001 0.001 0.00L
Uronic acid:
Mandible N.Se. NeSe NeSe
Femur 0.001 0010 N.S.
Pelvis 0.001 0.010 NeS.

Tarsus 0010 0+050 NeSs



Table 33~b continued

T : Signifi;ance of differences between m;ans f
I T B o

| P less than

CasP ratio:

Mandible N.S. 0+050 N.S.

Femur NeSe 0050 NeBSe

Pelvis N.Se 0+050 NeSe

Tarsus NeSe 0:050 NeSe

A:R ratios

Mandible N.S. - 0001 0-.-001

Fenur 0.010 0.010 NeSe

Pelvis 0.010 0.010 N.S.

Tarsus NeSoe 0-050 0.050




as observed in earlier gtudies in this laboratory for femur
(Dave, 1976)s But the decrease in mandible and tarsus was

not significant (Table 33-a and b).

Although the Ca:P ratios were generally greater than
in controls and the increases were significant in under-
nourished rats, they were not significant in vitamin A

deficient rats (Table 33a and b).

As in undernutrition, ash content and concentration
(Tables 34-a and b) were found to be reduced. However,
in the mandible the percentage of ash was affected. in
undernutrition but not in vitamin A deficiency. The deficits
were progressively less in the order mandible, femur, pelvis
and tarsus and less in all cases than in undernourisﬁed'
animals (Tables 3%3-a and %4-a). This is in agreement with
the finding of Harfis and Navia (1977) who reported a
decreased calcium content in newly formed bone from vitamin A

deficient guinea pigs compared with controls.

The amounts of collagen (hydroxyproline) were signi-
ficantly decreased in the bones of the vitamin A deficient
rats (Tables 3%2-a and b). But the concentration of hydroxy-
proline, however, was not affected (Tables F4-2 and b).
Similar observations have been made in vitamin~A deficient
chicks (Havivi and Wolf, 1967). According to earlier studies
in this laboratory, the concentration of total nitrogen was

increased (Dave, 1976) suggesting variations in the ratio of

225
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collageninon-collagen nitrogen and an increase in proteins

other than collagens

The amount of total mucopolysaccharide (Tables 32-a
and b) was significantly reduced in the bones of the vitamin A
deficient rats, but concentration was not affected (Table 34-a)
although it was significantly increased in the femur and pelvis
of undernourished rats, suggesting the immaturity of these

two bones compared to the mandible and tarsuse.

The amount of chondroitin sulphate, measured as uronic
acid (Tables 33-a2 and b) and its concentration (Tables 34-a
and b) were significantly decreased in all the bones except
the mandible in which case the difference was in the same -
direction but fell short of significances The decrease in
chondroitin sulphate may be related to the lack of adequate
vitamin A. Vitamin A is known to be associated with the
metabolism of sulphated glycosaminogiycans (mucopolysdccharides)
in the epithelial tissue (Wolf and Varandani, 1960) and chond-
roitin sulphate is closely involved in the process of
mineralization (Dorey and Bick, 1977). Whether the decrease
in chondroitin sulphate is due to a failure of synthesis

or due to an increased degradation is not known.

In the epiphyseal cartilage én increase in the concent-
ration of chondroitin sulphate was found by Havivi and Wolf
(1967) while a lowered uptake of sulphate, both in vovo and
in vitro, by epiphyseal cartilage (Dziewiatkowsky, 1954;
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Pahle 34-b: Statistical significance of differences

between the groups in Table 34-a.

S

s

gnificance of differences between means

o ssfes o
i

1er2

103

293

Jor snjes wn}

g per 100 g of fresh bone

Moigture:

Mandible WeSe
Fenur 0-050
Pelvis 0.050
Tarsus 0-050

Iotal Lipid:

Mandible -
Femur NeSe
Pelvis NeSe
Tarsus Nigos
Ash:

Mandible NeSo
Femur 0+050
Pelvis 0.001
Tarsus 0.010
Collagen (Hydroxyproline):
Mandible N.S.
Femur NeS.
Pelvis NeSs

Tarsus NeBSoe

p less than

04050
04050
04050
04050

EIof;a
0.050

WS

0.010
0.010
0+001
0.001

No So
6.0%0

0.050

N.S.

0.010
0.001

0010

0.001

NeSe
NoSo

N.8,”

0. 001
0.001
0001
0.010

0010
0«00L
0+050
N.S.

230



Table 34-b continued

as sslse @0

1~ 2

Significance of differences between means

O s £ s S S o S e o M Gt

103

(3
*

4
*

2073

i
es arfes es

Total MBS (Hexosamine):

Man@ible
Femur
Pelvis

Tarsus

O W

- -

g per 100 g of fresh bone

N.S.
NeSe
N.S.
NeSe

Chondroitin sulphate (Uronie

p less than

acid):

Mandible
Fempr
FPelvis

Tarsus

NeSe

0.050
0.010
0.010

N.S.
0001
04001
N.S.

NoS.
N.S.
Nede
NeS.

NeSe
0.050
0.001
H.S.

0.050
0010
NeSe

0.050

- ——y

NS. N Signifreant

oo

-



Table 35-8: The effects of maternal vitamin A deficiency

during gestation and lactation on

composition of boness

th

e percentage

Group’ :

Control : Vit.A™ IL :

: (1 (2) (3)

g per 100 g dry bone
mean + Seee

Total lipid:
Pemur 8ol £ 0054 845 + 0272 906 + 0021
Pelvis Te2 4 0067 7¢O + 0edd 95 + 0s61
Tarsus 18¢7 4+ 0491 21«7 + 0461 2101 + 0.58
é_gg_:
Mandible 52¢9 + 0050 5242 + 0032 49+8 + 0052
Femur 3540 4 0eTL  3Le6 + 052 315 + 047
Pelvis 37«3 + 0053  34+3 + 0437 532 £ 0037
Tarsus 3046 £ 1.10 27+3 £ 0-81 25.9 + 0:54
Collagen (Hydroxyproline):
Mandible 2043 + 04158 2.57 + 0+083 2.12 + 0.087
Pemur 2046 + 04063 2457 + 04048 2+46 + 0.016
Pelvis 2.55 + 0:130 2068 + 0117 2.45 4 0026
Tarsus 285 £ 00088 2497 + 04192 2.72 + 0.026
Total MES (Hexosamine)s
Mandible 0049 + 0042 0453 + 0-034 0458 + 0-020
Femur 1021 4 04034 1¢26 + 0+097 1468 i 0+037
Pelvis 0096 + 04044 0-99 + 04029 1+67 + 0117
Tarsus 1017 4 04040 1.18 # 04092 1+35 + 0+150

-

4
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Ny
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Table 35-a continued

; Group f

: Control : Vited™ : 1L -f

: (1) : (2) : (3) :

g per 100 g of faj—free dry bone
mean + See.

Ash:
Femur 3804 + 0048  35.7 + 0046  35¢2 + 0+41
Pelvis 4045 + 1230 374 £ 0427 3649  0.29
Tarsus ) 37e7 + 1041 34-5 + 117 3248 + 0.57
Collagen (Hydroxyproline): | _
Femur 2061 + 0:080 2.83 + 0.062 2068 + 0-028
Pelvis 2.68 + 00140 2490 + 0115 2.65 + 0021
Tarsus 3.28 £ 0-130 3.92 £ 0-231 3+36 + 0081
Total MFS (Hexosamine):
Femur 1020 4 04039 1e38 & 0.088 1.85 + 0.030
Pelvis 1.04 + 04051 1e15 + 04038 1.84 + 0.135
Tarsus 1039 + 0032 1e42 + 0.095 1.56 # 0e140

-y ———

# (1) Control

(2) Vit.A"

(3) LL

For statistical

-

Mothers fed on a 20% protein diet (Vit.A™)

ad libitum.

Mothers fed on
deficient diete.

Mothers fed on

a 20% protein, v

itamin A

a 20% protein diet (Vit.a't),
but the litte; size increased to 16.

significance of differences see Table 35-b.

, .
V%)
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Table 35-b: OStatistical significance of differences
between the groups in Table 35=a.

- g W G B s WO o D i, S e T S U s W fpmg B —— — T i S G 50 S TS g P S S A0 TS g YR YOO e S

Significance of differences between means

e W5

*s ssfan os

T T N
T g pe;“£56 z dry bone
p less than
Total lipid: K
Fenmur NeSe ' 005 NeSo
Pelvis NeSe 0.05 NeSe
Tarsus 0.05 0.05 N.S.
Ash:
Mandible N.S. 0.01 0.01
Femur 0.01 - 0.01 0.05
Pelvis 0.01 0001 NeSe
Tarsus 0.05 0.01 N.Se
Collagen (Hydroxyproline):
Mandible N.S. NeSe 0.01
Femur NeSe NeSe NeSe
Pelvis N.Se. NeSe HeSe
. Parsus N.S. NeSe NeSe
Total MES (Hexosamine):
Mandible NeSe WeSe N.S.
Femur NeSe ©.001 0.01
Pelvis HeSe 0.00L 0.001

Tarsus NOS’ NOSO N.SQ



Table 35-b continued

Significance of

-

differences b

[y ) ool.n i 1)
!

102

e w6

len3

LA 1

etween means

T S S iy S g O P . S GO TN St S

- e S-— — p—

. g per 100 g fat-free dry bone

Ash:

Femur 0.0lL
Pelvis 0.05
Tarsus NeSe

Collagen (Hydroxyproline):

Femur HeSe
Pelvis F.S.
Tarsus 0-05

Total MIS (Hexosamine):

Femur N.S.

Pelvis NeSo
Tarsus NeSe

p less than

0001 |
0405
0+05

NoSo
NOSO
HeBe

0.001
0.010
N.S.

- - - —— S

NS. Nk Siguiticant

— S o g 2 gy -

NeSe
NeSe
NeSe

]ﬂ"s'
NeSe
N.S.

0.00L
0.001
NeSe

235



Wolf and Varandani, 1960) and by costal cartilage (Mohan
and Rao, 1980) by others. The concentration of total MES
has not been found to be reduced in the skin (Mohanram

,9_,'!1 f}}_-_'y 1976)'

Thus contradictory reports have been made about the
incorporation of 35S~sulphur in the bone in vi{amin A
deficient conditionse These differences may be due to the
difference in their experimental models. Dziewlatkowski
(1954) reported a decrease in 35S-sulphur incorporation
into the mucopolysaccharide fraction of fﬁe whole skeleton
in rats whereas Harris and Navia (1978) found in in fitro
and in vivo studies of bone tissue an increased 3SS—sulphur
intake. 1In the latter studies, the authors do not rule out
the possibility of an increased sulphation of the glycos-
aminoglycans (mucopolysaccharides) molecules rather than
an overall increase in the glycosaminoglycans (mucopoly-

saccharides) present.

The moisture content was greater in both the groups.
However, the increase in moisture was not significant in the

mandible (Table 34wa).

Although mean values for total lipid were numerically
greater in the stressed groups in the case of all the bones,
showing a consistent trend, the differences were not signi-
ficant , because of the wide variation in the lipid content

(Table 34~a).
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In conclusion, deficiency of vitamin A in the
preweaning period is associgated with an increase in the
concentration of moisture, a reduction in the concentration
of ash and chondroitin sulphate agd no varigtion in the
concentration of total lipid,collagen and total MIS

(Pigure 16).

The object of these investigations was to study the
effects of vitamin A deficiency in the suckling period.
But to achieve this, the maternal diets had to be made
marginally deficient in vitamin A during gestation.
However, the effects are observed to be mainly due %o OK;
deficiency in the suckling period since no differences
were evident in the birth weigﬁt- In vitamin A deficiency
the bones are less affected than the undernourished
animals regarding the various parameters and differ from

them in having a reduced level of chondroitin sulphate.
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Experiment-V

THE EFFECTS OF VITAMIN A DEFICIENCY DURING
THE POSTWEANING FERIOD

T o ——

Studies described previously were concerned with the
effects of vitamin A deficiency during the suckling period
on bone growth and composition. The present studies were

concerned with the effects of deficiency after weaning.

To induce vitamin A deficiency during postweaning
period, groups of weanling rats of standard weights (40-45 g)
were fed either the standard diet or the same free from
vitamin A +$ill deficiency symptoms were observed in the
experimental groupe A weight matched group was fed the 20%
protein diet with vitamin A in restricted amount so that
body weights were comparable to those of the vitamin A
deficient rats (Figure 17). Deficiency symptoms such as
corneal xXerophthalmia and hind limb paralysis generally
ayppeared in the eighth week and the animals were killed soon
after, that is in the ninth week. Liver vitamin levels in
the vitamin A deficient rats were found to be reduced to

87 of control values at this point (Table 36-a).

Inflamed eyelid margins, low weight, loss of appetite
and pale white incisor are some of the vitamin A defieiency
symptoms reported in rats (Beresford, 1969). Iimb paralysis
characterized by incoordination of movement in dogs maintained

on diets deficiént in vitamin A was reported by Mellanby (1931)
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and he related the condition to lesions of the central
nervous system caused by pressure from malformed bonee
Howell et al. (1969) related the central nervous system
conyression to the increased periosteal deposition of bone
in vitamin A deficient animalse. Increased periosteal bone
formation was also shown to result in the narrowing of

the anditory canal in vitamin A deficient rats (Chole and
Quick, 1976). The increased bone formation may be due to
altered bone growth with increase in osteoblastic activity
and unchanged osteoclastic activity -(Gallina et ale, 1970).
Irving (1949) found in vitamin A deficient rats neither
altered endochondral growth nor decreased osteoclastic
activity. However he reported a marked and uncontrolled

increase in osteoblastic activity.

The results of these studies are given in Tables 36-a
t0 40~b and the bones studied are ghown in Figure 18. As in
other studies, the body weights which were about 35% in the
experimental groups were affected more than the weight and size

of the bones (Table 36-a and b and Figure 19).

In the case of linear bone measurements, the deficits
were less in the vitamin A deficient animsls except for
femur length than in the undernourished animals. However,
the length of tarsus, remained unaffected in vitamin A
deficiency (Table 36-a)e The reduction in length seems
to be relatively more in the femur than in the other bones

in vitamin A deficiency. This may be because of the change
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Table 36-b: Statistical significance of differences
between the groups in Table 36-a.

S . . 2 SO0 S WS ey M TS e SV - —— S T S gy Vet e SO e S S A Doy T

f Significance of differences between means ;
102 ! 103 [ 203
o p less than o
Body weights 0.001 0.001 HeSe
Fresh weight of bones:
Mandible 0-001L 0.001 0.010
Femur ' 0-001 0+001 0+010
Pelvis 0.001 0.001 0.001
Tarsus 0.001 0.001 0+050
Bone measurements:
Lengths
Mandible 0.001 0.001 NeS.
Femur ‘ 0-001 04001 N.S.
Pelvis 0001 0.001 NeS.
Tarsus NeS. N.S. N.S.
Hidta:
Mandible 0001 0.001 N.S.
Femur NeSe N.S. N+Se.

Pelvis 0001 0-001L NeSe
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in the shape of the femur which appears bulky and slightly
bent in vitamin A deficient animals.

The mean values for fresh weight, dry weight and fat-
free dry weight were significantly less in the two experi-
mental groups as compared to the controlss The deficits were
relatively smaller in the vitamin A deficient group with
reference to the fresh and dry weight but greater with
reference to fat-free dry weights. In vitamin A deficiency
the fresh weight seems to be less affected because of greater
moisture content and dry weight because of greater lipid

content (Tables 37-2 and D).

The content and concentration of ash (Tables 38-a2 and b,
39~a and- b) were also significantly less in both the test
groups, the deficits being greater in vitamin A deficient
groupe The greater deficit in the vitamin A deficient group
as comparéd to the undernourished group is probably because

of decreased mineral accretion.

The significantly smaller gmounts of caleium and
phosphorus in both the test groups as compared to the controls
and in the vitamin A deficient group as compared to the
weight matched controls are consistent with the pattern found
with reference to ash. Consequently the Cas:P ratios were
significantly less in the vitamin A deficient rats than in
the age matched controls, but not in the undernourished group

(Tables 38~-a and b)e The deficits in calcium were relatively
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Table 37-b: Statistical significance of differences between
the groups in Table 37-a.

- -~

Significance of differencesbetween means

s esfoe fae

1«2

Body weight

Fresh weight:
Mandible

Femur
Pelvis
Tarsus

Dry weights:
Mandible
Femur
Pelvis

Parsus

Fat-free dry weight:

Mandible
Femur
Pelvis

Tarsus

Ashz

——

Mand;ble

Femur

.+ Pelvis

Parsus

0.001

0.001
0001
0001
0.001

0.001
0.001
0.001
0001

Oe 001
0001
0.001

0001
0«001
0. 001

0-001.

L1 I 14

T3

Fos os

or aslee o»

203

P less than
0001

0.001L
0.001
0.001
0.00L

0+ 001
0+001
04001
0.001

0+001
0.001
0.001

0.00L
0001
0.00L
0.001

NeSe

0+010
0.010
0.001
He.S.

NeSe
N.S.
HeSe
NeSe

NeSe
NOS‘.
N.S.

N.S.
Ne.Se.
HeSe
0010

2

3



Table 37-b continued

oo ssles os

- —

Significance of differencesbetween means

0 R . S TR S G o A e e i A W ot N SOV W . 1 s e S s, s S8 102 Y o SV R O g S e, S s S P S

| L esfes Lad ]

1oz 13 i 203
P less than

Collagen (Hydroxyproline): /
Mandible 0.010 N.S. NeS.
Femur 0.010 0.010 NeSe
Pelvig 0.001 0.010 NeS.
Tarsus WeSe NeSe Ne.S.
Total MIS (Hexosamige): ‘
Mandible Ne.S. N.S. N.S.
Femur 0.050 N.S. 0050 .
Pelvis 0-050 NeSe 0050
Tarsus N-‘S-‘ ‘NeS. NeS.

———

N.S. Nob Siguifeant:

254



200

loo oo seles o on}

0L

JO % swe seutey

09 202 9¢2 Leg snsaeq
6¢ 6¢ c62 L62 bsL STATeT
¢t Ly 2Lz 662 0¢9 anus g
- - - - - TATpuUel
$QUSTOM ATp 90II~3B]
99 17} a8t Log 182 snsaey
v/ ¢ G9¢ L1¢ PeL STATOF
T4 0% 0T¢ L0¢% 809 musg
T8 oL 182 9t 6v< aTqTPUBK
$3USTOM AJ(
09 69 al ag VLA snsxeg
6% TP TG2 eLT A4 STATSg
6§ 8Y 1 ZAN LAAN L62 anusg
18 L9 86T T¢T 96T aTqTpuel
$3USToN Usody
e (4 YeT 2ET 884 3usten Lpog
' powogem P} powogem :
~Ve4TA . AWSEAM . _yesTA JusSten . TOa3WOH |
SenTBA TOIIUOD : ASoaw :

-

+S38X FUTTUBOM JOT

SonTeA ISAC0 JUSWLEIOUT 3Us0

T83  20-f¢ eTqey,



246

91T 04 \ T2 6 8T susasy
zZoT VA’ 91T 04 ¢TIt sTATed
00T 8¢ 84 ze 84 , aueg
00T 64 62T 9L 62T 9TqTPURH
’ 1 (euTwWesoxe) GIW 16304
26 6L 912 LLT 9¢e snsae]
69 8¢ 2L L1e 894 STAT®I
L9 %7 88¢ 68T g8ch anumeq
26 29 L2 612 94¢ 9TqTPUBl
: t{eUTTOXdAX0IpAH) UOSELLOD
9t 69 042 \7X4 447 snsae]
2¢ 8¢ 444 TO0h 2G0T sTAaTed
129 ¢y 94¢ . 09 090T anmeg
89 177 L62 , 2¢e 9¢ ¥ 9TATPUBH
~ TET
¥ potpgem ' peuogem :
_V°3TA ,  3USTeN ~V°3TA : $USTON |,  TOIIWOD

gsenTea TOI}FUOD

JO % se senTejp dnoxp

on oo safer oo on
fos ve sefsr se o

e 96 esfes oo e

PeNUTIUCO O=4C OTqR(



™,
N‘u
i
-

v

JOo 9% s® seut®y

— . -

(2°8¢) (¥e8¢) (8+9¢)
ENy 04 €eeC F Legg 92°C F 6°Ct  L6°G * 0°lg anweg
(¥+8¢) (LeLE) wx(6°LE)
A 8L 802 F 0°2¢  $5°0 F v+¢C 02T F Lezt aTqFPUBH
1 (5W) wafores
44 ¥L 68°2 F LeGg Y0z ¥ ce8v  L6e2 ¥ Ge69 susxeq
8¢ Va4 L2+G F 2+99 09*F F L*9L  L6°6 F 2e9.T STATST
6< 8y 09¢L ¥ 0°€6  9L°G F Co¥TT 68°LT F Le9c2 Tomeg
YL 6. 066 F ¢o¢g T/*0 ¥ 0468  £9°2 + 9e2TT aTqTPUBH
9 ¢ 9 sTeuTu®R JO <Oy
s(ou) usy
*3+8 ¥ UBOW
: : : (€) (z) i (1)
. . beyogem . petojem | .
: -V°3TA , 4uSTen ALY ¥ S 1uUSTON |, Toxyuwop
m gonTeA TOIJUOD m *msOQw m

+3BI UT SaU0q

JOo uotgtsodwod TBOTWSYD

913 uo potaed Furuwesjgsod ay3 Suranp AOUSTOTIOD Y UTWEBLTA JO 308IJ0 8YJ te=-0¢ 9Tq®Bl



(L+6T) (0+6T) (8T)
29 8l GG°0 F oL L9*0 F 2+6 GG*0 _..ﬂ, LeTT susaey
(2+02) (0+6T) (0+81)
TV o 88°0 F 6°CT  90°T F 9°¥T  6L°T F L°T¢ sTaTeq
(og) (9+6T) (0+8T)
4% €S PreT + 9°81 ¥0°0 ¥ 8Lz 9v+z F ¢e2¥ anwag
(L+6T) (&£°87T) (L*8T)
08 08 €8°0 F £+9T 62°0 F £°9T 9%°0 F ¢+02 oTqTPuBl
$(sw) snIoOYASOyT
(9°6%) (6+6¢) (2+8¢)
96 LL 9T*T ¥ T°VT 98°0 F €*6T OT*T + 0+G2 snsIey
(2+8¢) (G8%) (6°9%)
6< 9% GL*T ¥ 2462 EGeT F G°62  LL°C F 9°99 STATSI
. *P3uoo (2m) aswoﬂmo
*8+8 F uBomW
(€) (2) (1)
[ ] - ﬁGQOPmS . » @w.ﬂﬁop“a L3 *
s _V°3TA , juUSTOM | _VeaTA . 4USTON  ,  Toaguop
! sonres Tompwoa : ) :
P 70 4 s® sentey . »30OTH :

PONUTLUCD B~Q¢ 8Tqe]



209

29 28 060°0 + T8°0  T80°0 F LO*T O¥0°0 F 0C*T snsae]
19 28 ¥20+0 F LL*0  O¥0°0 F €O*T 6£0°0 F 92°T sTaTeg
84 ¢l ¥€0°0 ¥ 28¢0  020°0 F CO*T 090°0 F g¥eT aawag
17 86 060°0 ¥ 82°T  G20*0 F TL*T +¥0°0 F yL°T oTqFPUEH
. ‘ . ey (O THEE WY
1 86 920°0 ¥ $6+T  £40+0 T 0T+ T#0+0 T #T+2 snsxeg
¢6 L6 22040 T 68°T 9700 T 20°2 £T0+0 T +0°2 STATST
26 L6 0S0°0 F T6T TC0*0 T 102 9T0+0 ¥ 802 xomeg
6 86 Cv0+0 T L6°T 690+0 T 602 8T0+0 T 0Tz oTqTPUEH
t0THBI g€
*De8 4+ UBDUW
Ppewsen P ) L@, 0 W
s V°3TA . SuBTOMN | ALY TN . IUSTON |, TOTIUOD .

B-8¢ eTq®e]



260

¢

JySTen mﬂp YogBW 04 3UNOWE POlOTI}SSI UT 49Tp ULS)

‘anway 0y suoq LIp eoII-

Sutueesssod Suranp 38TpP JUSTOTIOP ¥ UIWBETA

*Q~8¢ ©TqB)} 088 SeOUSISTITP JO SOUBOTITUSTS TBOTLSTLRIS IOg

*9TqTpuBwW JO0F 8u0q LJp oYs UT pur snsaey pue stated

483 9Uj UT S3uouoduwod USe-UOU O3 US® JO OT4BY 0T8I UMY *%%

*UsSe JO 3ue0 Jod se oame mmwoﬁpﬁmﬂmm UT sonTep *%

T3 LALT pe UOHHm&

.qﬁmponm %02 uo pagy edng - _V*3TA (€)
*81BIX _Ye4TA OULF JO

peuos e

oxd %0z wo pag sdug - 3USTOM (2)
“UNTTQTT Ppe 99Tp uregoad %0z uo pey sdng = TOXLUOH (1) *

60T 60T Z2T+0 2T*0 TT+0 snsaey,

2Pt A4 LT+0 LT*0 2T°0, sSTATSd

8¢T 9Pt 8T+0 6T+0 €10 anweg

80T 80T €T+0 €T+0 2T+0 oTqTpueH

g $0F38a OULLOXIAXOAPAH/ SUTWEEO0XD 1

T9 149 AN G+9 6°9 susIe]

14 96 2°G 0+6 Y6 STATOg

94 ¥6 29 - ¥+0T 11T aame g

08 00T 48 G+0T G*0T aTaTPUEl

¢0T4BI SULTOXIAXOApAL/WATOLE)
: @ ) T :
. . pevpgjem | . peuogewm | :
: V°3TA ., juSTeM | SVEITA . JUSTON  ,  TOI3uWOD :

1

>

PENUTLUOD B=gQ¢ OTUBYT



Table %8-b:

-

Statistical significance of differences between
groups in table 38-a.

the

-

as gof e &

Significance of differences between means

1
we avfee vof

102} 103 ! 203
p less than

Ash:
Mandible 0.001 0.001 N.S.
Femur 0001 0.001 NeS.
Pelvis 0.001 0001 Ne3.
Tarsus 0001 | 0.00L 0.010
Calciums
Mandible 0001 0001 NeSe
Femur 0001 0.001 N+S.
Pelvis 0.001 0001 N.S.
Tarsus 0010 0001 0.010
FPhosphorus:
Mandible 0001 0.001 N.Se
Femur 0.001 0.001 N.Se
Pelvis 0.001 0.00L NeS.
Tarsus 0.050 0.001 NeSe
CasP ratio:
Mandible NeSs 0050 NeS.
Femur NeSe 0010 NeSe
Pelvis NeSe 0.001 NeS.
Tarsus N.S. 0010 " N.S.
A:R ratios
Mandible NeS» 0.001 0010
Femur 0001 0.001 0.-001
Pelvis 0.001 0.001 0.001
Tarsus 0.050 0.001 0050
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more than in the case of phosphorus. Similar observations
were made by Harris and Navia (1977) in the newly formed

bone of vitgmin A deficient animalse.

A decreased calcium content in vitamin A deficient
implant was reported by Harris and Navia (1977). In support
of this their histological studies revealed the presence
of less mature bone spicules in the vitamin A deficient
tissue implants (Harris et al., 1978)« These spicules
were reported to contain more cells and to be less organized.
In this context it may be noted that reorganigzation of the
cancellous to compact bone was reduced and in the most
severe cages wag abgent in vitamin A deficient animals
(Mellanby, 1947). Posner et al. (1954) proposed the. existence
of a series of apatite molecules deficient in calcium but
containing normal amounts of rhosphoruss The lack of vitamin A
could in some way disrupt the normal addition of calcium ions

to the less mature apatite forms.

In vitamin A deficiency the activity of alkaline
rhosphatase which is known to be involved in bone caleifi-
cation has been reported to be decreased in both bone (Ludwig,
1953; Zile et al. 1973) and plasma (Zile et al. 1973). On the
basis of studies on rats the secretion and physiologic actioﬁ
of FTH are not impaired in vitamin 4 deficiency suggesting
perhaps that vitamin A is not needed for the mobilization of

calciume.



NS
o
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The AR ratio was significaﬁtly less in the bones
of the two test groups as compared to controls, the only
exception being the mandible in the undernburished gﬁoup-
A reduction in AsR ratio in the femur of vitamin A deficient
rats was observed in previous studigs‘in this laboratory
(Dave, 1976). In this context it may be noted that in
vitamin A deficient calves the amount of osteoid was found
to be greater in the vertebrae and that these bones tended

to contain less compact bone (Gallina et al. 1970).

Collagen content (Tables 37-a and b) and concentration
(Table 39-a) were affected in both groups but less so in
vitamin A deficiency than in undernutrition. This‘is
consistent with the impact of vitamin A deficiency on bone
remodelling, relatively larger bone size and the greater

osteoid content.

In this connection, decrease in hydroxyproline céntent
in the proximgl part of tibia in vitamin A deficient rat had
been reported by Firschein (1970). However, in the vitamin A
deficient chick Havivi and Wolf (1967) found no deficit with
reference to concentration of collagene Cousins (1969)
reported an increase in the hydroxyproline concentration
of the duramater in vitamin A deficiency. The duramater
forms an internal periosteum of bones of the skull and also
forms an outer envelope for the brain (Sisson and Grossman;

1953).

- In spite of bone size being smaller the amount of total

mucopolysaccharide (hexosamine) in the two groups were not
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Table 39~b: Statistical significance of differences 5etween
the groups in Table 39-a.

Moisture:
Mandible
Femur
Pelvis
Tarsus

Total 1ipid:

Femur
Pelvis
Tarsus

!

Ash:
Mandible
Femur
Pelvis
Tarsus

Significance of differences between means

or osfas ¢

o S A v v oy

T £ g A Foren. S A sin TR (00 S . Wl s ) i

o ot T s s s S D YK A T O St I s S S s €T . U Y TONNE . SO T it SN g SO . I S SR Gl S . O, . e i O S Mo

N.Se
0.050
0.050
NeSe

0.001
0.001
0050

NeSe

0.001
0.010
0. 050

Collagen (Hydroxyproline):

Mandible NeS.
Femur N.S.
Pelvis NeS.
Tarsus NeSe
Total MPS (Hexosamine):

Mandible NeS.
Fenur N.3.
Pelvis N.Se.
Tarsus N.S.

r less than

NeSe
0.001
0.001
HeSe

0001
0-.001
0.001

0.010
0.001
0001
0.001

NeSe
NeSe
WeBo
NeSe

0.050
0.010
0.001
HeSe

N.8. Mot S\'%V\i,g“co.«k

HeSo
0.010
0-010
NeSe

0-010
10.010
H.S.

0.010
0-001
0.00L
0.010

NeSe
WeS.
N.Se
NeSe

N.S.
N.S.
HeSe
N.S.

— A g ho S o Pt S S B Yy (o SR e Pty S O
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Table 40-a:

The effect of vitamin A deficiency during the

postweaning period on the percentage composition
on the b?sis of dry weight and fat-free dry

weight.
- ) Group”

T Comtrol ¢ Weight ¢ Vit.a- | ®

. ; matched :

: (1) : (2) : (3)

& per 100 g_of dry bone
_ mean i S.e.

Total lipid:
Pemur 208 + 0018 Te5 & 061 136 + 2430
Pelvis - 3oL + 0036  TeT + 0076  14e3 + 177
Tarsus 6ed + 0435 9:0 + 090 12+5 + 1.34
Ash:
Mandible 6306 + 0055 6302 + 0232 5600 + 1465
Femur 5648 & 1e02  4Te4 £ 0TL 387 + 1.34
Pelvis 5440 + 0485 4646 + 0.28  36.8 + 1.19
Tarsus 53¢2 + 049 4742 + 1432 38¢4 + 124
Collagen (Hydroxyproline):
Mandible 2:06 + 0-044 2.21 + 0.109 2424 + 04900
Pemur 1.85 + 04040 1.72 + 0-169 1.96 + 0.064
Pelvis 2¢02 £ 0:035 1.98 + 0.162 2.37 + 0.058
Tarsus _ 2097 + 04152 2488 + 0+323 3.14 & 0.113
Total MBS (Hexosamine): .
Mandible 0026 # 0-012 0430 # 0+061L 0438 + 0.011
Fenur 0¢28 + 00015 0033 £ 00031 0+44 + 0+018
Pelvis 0025 + 04007 0434 + 0-041 0+45 + 00022
Tarsus 0435 £ 0023 0036 + 0.044 0441 + 0.027

.

ae 68 8o
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Table 40-a continued

i
]
1
1
]
t
I

: Group” :

* Control °  Weight  °  Vit.a”™  }

: . matched : :

¢ : (2) X (3) :
g per 100 g of fat-free dry bone

 Ash:

Femur 587
Pelvis 562
éarsus 57-1

Collagen (Hydroxyproline):

Femur , 1.90
Pelvis 2407
Tarsué B2

Total MPS (Hexosamine):

Femur 0«29
Pelvis 026
Térsus . 0.38

I+ I+ "+ M

TR

+

+

mean + Seee

053

1:10 5046 +

0¢53 50¢4 + 1.03
0+60 516 + 200
0:041 1.96 + 0.224
0:035 2422 + 0.193
0159 330 &+ 04395
0:014 0437 + 04039

0.008 0438 + 0+051
0:022 0443 + 0.090

449 + 099
435 £ 0-83
447 + 1.44

222 0.084
262 + 04072
372 + 0142

-+

051 + 0.021
0453 + 0+030

0446 + 0.034

% (1) Control - Pups fed on

(2) Weight =~ Pups fed on
matched amount to match

(3) ViteA™ = Pups fed on 20%

20%
20%

protein diet ad libitum. .

protein diet in restricted
the weight of the Vit.A rats.

protein, vitamin A deficient
diet during postweaning period ad libitum.

For statistical significance of differences see Table 40-b-.
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Table 40-bs: Statistical significance of difference between

p

the groups in Table 40~-a,

e o

- -~

Significance of differences between means

- - gyt S S gy

Joe sejee oo

: L2 1ln3 : 203
p less than

g per 100 g dry bone:
Total lipid:
Femur 0+001 0.001 0+050
Pelvis O-OQl 0.001 0.010
Tarsus 0+050 0.010 NeSe
Ashs
Mandible NeSe 0-010 0.010
Femur 0+001 0+ 001 0001
Pelvis 0-00L 0001 0.001
Tarsus "0.010 0.001 0010 -
Collagen:
Mandible NeSe N.S. HeSe
Femur NeS. NeSe NeSe
Pelvis NeSe 0.001 NeSe.
Tarsus N+Se. NeS» HeSo
Total MPS:
andible N.S. 0-001 N.S.
Femur NeSe 0+001 0+050
Pelvis NeSe 0.001 0.050
Tarsus NeS» N.8. NeSe
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Table 40=b continued

271

Significance of differences between means

o cafer ¥

Joo sojes oef

192 ] 1le3 i 203
) P less than

g per 100 g fat—-free dry bone:
Ashs
Femur 0.001 0.001 0050
Pelvis 0.010 0001 0.001
Tarsus 0.050 0.001 0-050
Collagens
Femur NeSo 0.010 N.Se
Pelvis N.S. 0.001 NeS.
Tarsus NeSe NﬂS- N+Se.
Total MIS:
Femur N.S. 0.001 0-050
Pelvis N.S. 0.001 0.050
Tarsus NeSe NeSe N.S.

N.8. Nob Si%u\ Heomt



3N
NI
e,

significantly different from the controls except in the femﬁr
and pelvis of the weight matched animals (Tables 37-a and b).
The concentration of the total mucopolysaccharide was
increased in both groups and significantly so in vitamin A
deficiency. The only excepbion to this statement was the
tarsus with reference %o which the difference was not
significants However the concentration of total MPS in the
vitanin A deficient animals was not significéntly different

from the weight matched controls (Tables 39-a and D).

Higher concentrations of moisture as compared to
controls were found in both groups, but the differences fell
short of significance in the case of the mandible and tarsus

(Tables 39-a and b).

Similarly higher concentrations of total lipids were
found in both the experimental groups, the differences being
gregter in the vitamin A deficient group, especially in the

femur and pelvis (Tables 39-a and b).

These observations are in agreement with those of the
pioneering observations of Mellanby (195G). He found long
bones of vitamin A deficient dogs to be bulky with a thick
cancellous cortex and an indistinct endosteal surface. The
increased bulk was related to an excessive periosteal
deposition of bone, the enlarged marrow cavity and the
numerous interstices of the cancellous wall being filled
with fatty marrow. Fat and water were increased. Reorgani-

zation of the cancellous bone was reduced. The rhysical



appearance of the bomes suggested similar changes in bone

marrow cavity in the present studies.

From the degree of deficits in ash and AR ratio, as
well gs other features, it is observed that in vitamin A
deficiency the least affected bone is the mandible, the
impact increasing in the order tarsus, femur and pelvis.
This is in accordance with the observation of Mellanby
(1947) that in vitamin A deficilency the changes in mandible
and long bones do not affect the énimél as much as the
malformation of the pelvis and of the bones adjacent to the .

central nervous system.

In conclusion, it is found that vitamin A deficiency
during the postweaning period leads to a higher concentration
of moisture, total 1ipid and MBS, to a reduction in the
concentration of ash and no variation in the concentration

of collagen (Figure 20).

If we compare the effects of vitamin A deficiency
in the ﬁreweaning and postweaning periods, certain points
emerge. With reference to the deficits in fat-free dry
weight and ash (Table 41), the femur and pelvis seemed to
be affected more during the postweaning period than during
the preweaning period. Again these effects seem to depend
on the ontogenetic patterns of ﬁaturationo Because of
the longer and probably more severe deprivation, growth

deficites as judged by body weight were greater in the animals



Fig ure 20 The effects of émvsiwzaﬂ{.sqg Vitamin A dejiciency

on percentage  (omposition of bones
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Table 41:

postweaning Vitamin A deficiency.

T o S S G T b S S s s B i, ot S

s S s s S Bt s s NS T R0 St U S D s DO P® e G

as % control values

Comparative deficits for the preweaning and

; Irewe;ning i Postweaning “:
POLL P ViteAT | Welght ¢ ViteA~
; ; . nmatched ; :
Body weight: 44 29 65 64
Fresh weight:
Mandible 32 14 22 12
Femur 49 32 39 31
Pelvis 51 28 48 33
Tarsus %6 26 17 23
Dry weight:
Mandible 33 15 23 17
Fenur - 53 32 43 42
Pelvis 56 30 49 45
Tarsus 48 33 20 26
Pat-free dry weight:
Femur 53 33 ‘ 45 49
Pelvis 58 32 52 52
Tarsus 50 %6 . 23 20
Bone measurementg:
Length:
Mandible 14 11 12 8
Femur 15 16 13 16
Pelvis 18 16 16 13
Tarsus 16 13 6 0
Hidth:
Mandible 11 11 17 10
Femur 11 9 4 3
Pelvis 19 15 17 13
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Table 41 continued

as % control values

. e e - - o

f Preweaning f Postweaning f
YOI ! ViteAT P Weight | TVitea-
; : N matched :
Chemical composition:
Ash:
Mandible 43 20 21 26
Fenur 54 36 52 61
Pelvis 61 %6 56 62
Tarsus 56 42 26 45
Collagen:
Mandible 35 15 30 7
Fenmur 39 33 46 27
' Pelvis ) 42 25 K2 29
Tarsus 33 2% 18 6
Total MBS
Mandible 21 11 23 0
Fenur 19 20 2% 0
Pelvis 19 27 30 G
Tarsus 32 21 8 0
A:R ratios
Mandible 13 3 2 26
Femur 13 12 27 42
Pelvis 14 12 RECHE 39

Tarsus 20 12 18 38

—— — - N it GOSN e POOR S Gt S P B st P . S . Wb




subjected to vitamin A deficiency. In spite of this, the
deficits with reference to many bone parameters were
comparable in both experiments suggesting that the effects
of pre-weaning deficiency were more pronounced wheﬁ we
consider the shorter period of treatment and the more

moderate nature of the deficiency.



