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Intestinal transference pattern of calcium and associated changes in the activitics of
intestinal mucosal enzymes, rate of bone turnover and bone metabolism were
evaluated in ovaricctomized rats exposed to cold stress of various intensities i.e.,
mild (15°C) or stronger (8°C and 4°C) for 5 min cveryday for 7 consecutive days.
Except mild cold stress-induced group (15°C), rats of other two groups (8°C and 4°C)
showed considerable decrease in the rate of in sifw intestinal transference of calcium.
Likewise, in these groups, the activities of intestinal mucosal enzymes, alkaline
phosphatase (AP} and calcium ATPasc (Ca®*-ATPase) were decreased significantly
in all the segments of small intestine in a descending gradient. Also significant
changes in bone turnover and bone resorption were confirmed in these animals by
marked alterations in plasma AP activity, urinary calcium and phosphate excretion
and urinary calcium to creatinine ratio (Ca: Cr). The skeletal changes were further
asccrtainef by cxamining other physical and biochemical parameters of bone
metabolism viz., body mass, bone density, ratio of mineral to matrix and mineral
content of bone ash {calcium and phosphate) in the ovariectomized rat model. All
these results suggest that stronger cold stress (8°C and 4°C) may be an important
ecological factor in the development of earlier bone loss in hypogonadal rats.
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INTRODUCTION

A sharp decrease in ovarian estrogen production is the predominant cause
of rapid hormone-related imbalance of calcium homeostasis and subsequent
bone loss during the first decade after menopause (1, 2). In addition, ovarian
hormones similar to glucocorticoid and thyroid hormones, have been reported
to influence intestinal transference of calcium (3, 4). The effect of chronic cold
stress in rat has been reported to cause an increase in ACTH, corticosterone
and thyroid hormone secretion (5, 6). Cold stress also has been reported to
alter other physiological phenomena viz., alteration in hormone secretion, and
decrease in Ca** absorption. (7). The involvement of alkaline phosphatase and
calcium ATPase (Ca®*-ATPase) in calcium absorption has been proposed by
many authors, because the activity of these enzymes correlates with the degree of
calcium absorption in different parts of the intestinal tract under different
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circumstances (8, 9). The activity of both the enzymes are increased by vitamin
D (10). A similar dependency of AP activity on vitamin D has also been
reported (11, 12). It is suggested that AP and brush border Ca®*-ATPase are
expressions of the same molecule (11, 13, 14), since attempts to separate these
activities by various biochemical procedures have not been successful (15).
Previously, we have reported that chronic cold stress may have positive
influence on bone loss for an earlier development of osteoporotic changes in
hypogonadal rats (16).

The main objectives of this study were to quantify, in an ovariectomized rat
model, relationship between the intensity of cold stress and the changes in
various physiological phenomena related to skeletal health. In particular, we
investigated (i) in situ intestinal transference of calcium in different segments of
small intestine and activities of relevant enzymes, and (ii) bone turnover and
resorption phenomena.

MATERIALS AND METHODS

All the experiments were approved by the Ethics committee of Presidency College, Calcutta,
India,

Animals

Female Wistar rats weighing 120—150 g were used for this study. They were housed in an
environmentally controlled laboratory after being divided into five groups consisting six rats
(selected randomly) in each group:

Group A :sham-operated control;

Group B:bilaterally ovariectomized;

Group C:ovariectomized +cold stress (15°C);
Group D:ovariectomized +cold stress (8°C);

Greup E:ovaricctomized +cold stress (4"C).

Under light ether anaesthesia, bilateral (dorsolateral) ovariectomies were performed in the
group B, C, D and E and animals of group A were subjected 1o sham-operation. The animals of all
groups were provided with a control diet (17) composed of 71% carbohydrates (equal parts of
arrowroot starch and sucrose), 18% protein (casein), 7% fat (groundnut oil} and 4% salt mixture
18), while vitamins were supplied according to Chatterjee et af. (19). To overcome the impact of any
altered food intake, control (group A) was pair-fed with experimental groups B, C, D and E. The
animals of all the groups were maintained on a 12 h light/dark schedule with free access to water
supply. The animals of all the groups were maintained in laboratory environment for the next 15
days and were allowed to recover from surgical convalescence. After the recovery period was over,
the animals of groups C, D and E were exposed to cold-swim stress according to Shu et al. (6). In
brief, the animals of groups C, D and E were exposed to cold water of different intensities i.€., 15°C,
8°C and 4°C respectively and were forced to swim for 5 min every day for 7 consecutive days.

Preparation of intestinal loops

After the experimental period was over, body weight of all animals were recorded. They were
fasted for 16 h and then anaesthetized with urethane (1.7 mg/g. b. wt). The preparation of intestinal
loops for the study of Ca?* transference in situ were made following the method of Levine ef af.
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(20). The abdomen of each animal was opened through a midline incision and duodenal, jejunal
and ileal segments were located. Two ligatures, one proximal and other distal, were applied tightly
on each loop, measuring about 8 cm in all the duodenal, jejunal, and ileal segments. Loops were so
selected that each contained 810 blood vessels and care was taken so that no major blood vessel
was occluded by the ligature.

Measurement of intestinal calcium transference

For the measurement of intestinal calcium transference, 1 ml of Tris-HCI buffer solution
containing 0.2 mM CaCl, was injected into the lumen of cach loop with a syringe. Tris-HCI buffer
solution was prepared following the method of Singh er al. (3). The intestinal loops were placed in
their usual positions and the abdomen was closed. After 1 h, animals were sacrificed, the
preselected loops were removed and the fluid from each loop was collected separately, together
with a few washings of the lumen with distilled water. The collected fluid was then made up to
a definite volume with distilled water. A fraction of this fluid was then used for the estimation of
calcium by the method as described by Adeniyi et al. (21) using a Double-Beam Spectrophotometer
{Shimadzu, 160 A). The difference between the amount of calcium introduced and the amount of it
left unabsorbed was used as an estimate of the amount of calcium absorbed. The intestinal part
constituting the loop was dried on a watch glass in an electric oven at 90°C to attain a constant
weight, which was recorded as the weight of the dried loop.

Preparation of enzyme extracts and estimation of enzyme activities

For preparation of intestinal mucosal extracts and estimation of enzyme activities, the animals
were sacrificed and the whole of the small intestine was quickly removed. The portions comprised of
the duodenum, jejunum and ileum were separated and chilled in ice. Intestinal mucosa was collected
as described by Maenz and Cheesemann (22), and the scrapings were homogenized according to the
method of Koyama et af. (23). Mucosal scrapings were homogenized with 5 volume of Tris-HCI
buffer (pH 7.4). The activity of AP was estimated using the p-nitrophenyl phosphate method of
Maenz and Cheeseman (22). The protein content of the homogenate, used for the study was
determined essentially following the method described by Lowry er al (24). The activity of
Ca?*-ATPasc was studied according to the method of Rorive and Kleinzeller (25). Phosphate
liberated during enzyme activity was estimated by the method of Lowry and Lopez (26).

Estimation of wrinary calcium, phosphate and creatinine

For estimation of urinary content, urine was collected for 24 h (8 a.m. to 8 a.m.) according to
the standard laberatory procedure (27) as described elsewhere by Chanda et al. {4). Care was taken
so that no urine was lost through evaporation. Total volume was measured. Calcium, phosphate
and creatinine content of urine were estimated according to the methods as described respectively
by Adeniyi er al. (21), Lowry and Lopez (26) and Nath (28).

Estimation of plasma calcium, AP, corticosterone, T, and TSH

Blood was collected directly from the heart under urethane anaesthesia (1.7 mg/g. b. wt.).
Heparin was used as anticoagulant. Plasma calcium was estimated by the methed of Adeniyi er al.
(21). For estimation of plasma AP activity, the method as described by Maenz and Cheeseman (22)
was cssentially followed. Plasma corticosterone was estimated according to the method of Glick er
al. (29) by using a Perkin-Elmer fluorescence spectrophotometer (model 44 B) [excitation
wavelength 460 nm and emission wavelength 518 nm]. Plasma concentration of T, and TSH were
estimated by the ELISA technique using test kit (Enzymun-test T, and TSH) of Boehringer
Mannheim Immunodiagnostics, India.
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Measurement of bone density, bone calcium and phosphate

For the study of physical and biochemical parameters of bone metabolism, one femur and one
rib were excised, cleaned of adhering soft tissue, and hydrated for 24 h. Bone volume and density
were determined by hydrostatic weighing (30). Brieftly, each bone was put in an unstoppered vial
filled with deionized water, and the vial was placed under a vacuum for 90 min to ensure that all
trapped air diffused out of the bone. Each bone was removed from the vial, blotted with gauze
sponge, weighed and returned to the vial containing deionized water. The bone was reweighed in
water and the density was calculated. These bones were subsequently dried to constant weight in
an oven at 90°C, milled with dry ice, carbonized on an open flame, and ashed in a muffle oven at
600°C for 15 h (31). Ash was dissolved in 20 ml of 20% HCI, after which solutions were analyzed
for calcium and phosphate content.

Statistical analysis

Data was expressed as mean+ SEM. Significance was determined using the student’s t-test.
P < 0.05 was considered significant.

RESULTS

Plasma corticosterone, T, and TSH

A comparative assessment of plasm concentration of corticosterone, T, and
TSH of ovariectomized rats subjected to different intensities of cold-swim stress
are shown in Table I. An insignificance (p > 0.05) in plasma concentrations of
corticosterone, T, and TSH level were noted in the ovariectomized group,
compared with the sham-control group. Note further than in hypogondal state,
when rats were exposed to diffrent intensities of cold stress (15°C, 8°C and 4"C},
a significant (p < 0.05) rise of these hormones were observed compared to
hypogonadal (ovariectomized) state alone. However, cold-swim stress at 15°C
was not effective in producing significant increase in TSH level.

Tuable I. Effects of different intensities of cold stress on plasma corticosterone, T4 and TSH level of
different groups of ovariectomized rats.

Significant level % increase
Parameters | Group A {Growp B |Group C |Group D | Group E

AvsB | BwsC | BwD | BwsE | AwsB | Bw( | BwD | BwsE

Cortioosterone [220+ 1362304 1.55[2904 2 4[380+ 1301460+ 282 p > 005 [p <001 [p <001 [p<00l| 554 | 2609 | 6522 | 10000
(ng/dl)
T, (ug/dl) [218+002[219£002[224+001(230+002(235 +002| p > 005 [p <005 [p <001 [p<0ol| 046 | 228 | 502 | 731
TSH U006 £001 007001 D09:001 012002(014 £002 p > 005 [p>005 |p<005 [p<001 | 1667 | 257 | 7143 | 10000

Group A = Sham-control; Group B = ovariectomized; Group C = ovariectomized + cold
stress [15°C]; Group D = ovariectomized +cold stress [8°C] and Group E = ovariectomized +
cold stress [4°C). Values are expressed as mean+ SEM. (n = 6).
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Mucosal calcium (ransference profiles

A comparative mucosal calcium transference profile of different intestinal
segments of ovariectomized rats exposed to different intensities of cold stress
are shown in Table 2. Calcium transference in the different intestinal segments
of ovariectomized rats were significantly reduced (p < 0.05) compared to
control. Note further that in hypogonadal state, when rats were exposed to
stronger cold stress (8°C and 4°C), a greater decrease in mucosal transference
of calcium in all segments were observed compared to hypogonadal state alone,
but mild cold stress (15°C), however, was not efective in producing any
significant change.

Table 2. Effects of different intensities of cold stress on mucosal transference of Ca?* of different
groups of ovariectomized rats.

Segments Significant level % decrease
of small  |Group A |Group B |Group C |Group D]Group E
intestine AviB | BwsC | BwD | BE | AwB | BwC | BwD | BwE

Duodenum  [112£0.181613201T[3.T2 £ 018 4854+ 0.134.13 2020 p <001 [p> 005 |p<001 |p<001] 1390 | 669 | 2088 | 3263
Jejenum 1698+0.36(5.85 1 0491564 + 0,19 4.80£ 0131468 + 0.18) p <05 |p > 005 |p <005 |p<DOS| 1619 | 359 | 1785 | 2000
Tleum 5832023491 104017500293 85 037065 £027) p <005 p> 005 [p< 005 |p<005] 1578 | 326 | 2159 | 2566

Group A = Sham-control; Group B = ovariectomized; Group C = ovariectomized +cold
stress [15°C]; Group D = ovariectomized +cold stress [8°C] and Group E = ovariectomized +
cold stress [4°C]. Values are expressed as mean+ SEM. (n = 6). Ca?* is expressed in umol/g dry
weight/h.

Mucosal alkaline phosphate activity profiles

Table 3. Effects of different intensities of cold stress on alkaline phosphate activity of intestinal
mucesal extracts of different groups of ovariectomized rats.

Sepments Significant kevel % decrease
of small | Group A | Growp B | Group C | Greup D | Group E
intestine AwB | BwC | BvsD | BwE |AvsB | BvsC | BwsD | BusE

Duodenum 2343+ 1280| 1652390 | 15624890 | 14564570 | 13324690 | p <001 [p>005 (p <005 [p <000 {2544 | 545 | 1186 |19.37
Jeyunum | 1480 £874 | 11224609 | 107.0£354 | 9612348 | 8604609 | p< OO |p>005 p<0.05|p <00l {2424 | 46) | 1435|2335
Hleum BIB4409 | 6154432 | 5774496 | 506154 | 471182 | p<ODI (p>005|p<005|p< 00l {2452 | 768 | 1904 | 2484

Group A = Sham-control, Group B = ovariectomized; Group C = ovariectomized +cold
stress [15°C]; Group D = ovariectomized +cold stress [8°C] and Group E = ovariectomized +
cold stress [4°C]. Values are expressed as mean+SEM. (n =6). Alkaline phosphatase activity is
expressed as p-nitrophenol liberated in pmol/g protein/min at 37°C.

Shown in Table 3 are the mucosal alkaline phosphatase activity profile in
the different intestinal segments of ovariectomized rats exposed to different
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intensities cold stress. Similar to calcium transference results, alkaline
phosphatase activity too showed significant (p < 0.01) differences between the
control and hypogonadal states. Cold stress-induced groups (8°C and 4°C) were
found to be more prone for greater decrease in alkaline phosphatase activity in
all segments of hypogonadal rats. Mild cold stress (15°C) in such ovariectomized
rats showed no significant decrease in alkaline phosphatase activity.

Mucosal calcium ATPase profiles

The mucosal calcium ATPase activity in the different intestinal segments of
ovariectomized rats subjected to different intensities of cold stress are shown in
Table 4. Mucosal calcium ATPase activities also were reduced in stronger cold
stress-induced groups (p < 0.05 for 8°C and p < 0.01 for 4°C), compared to
ovariectomized group. Under similar situations, when ovariectomized rats were
exposed to mild cold stress (15°C), no significant change was observed. Compared
to control, a significant (p < 0.01) difference of calcium ATPase activity was also
observed in all segments of small intestine of ovariectomized group.

Table 4. Effects of different intensities of cold stress on calcium ATPase activity of intestinal
mucosal extracts of different groups of ovariectomized rats,

Segments Signthcant level % decrease

of small | Growp A | Group B | Group C | Group D | Group E

intestine AvsB | BwsC | BwD | BwE |AvwsB | BvsC | BusD | BvsE
Duodenum | 159+0.57 | 1354064 | 1294062 | 114+049 | 108049 | p<0BL {p> 005 |p <005 [p <001 [ 1509 | 444 {1555 | 2000
Jeunum | 1114047 | 861036 [ 80+025 | 75£032 | 68+025 | p< 001 |p>005|p<005|p <081 |2432 | 476 | 1071 | 1905
Tleum TAE02D | 581025 | 564024 | S0+027 | 442027 | p< OOl |p>005|p<005[p<001 (2162 | 347 | 1379 | 2414

Group A = Sham-control; Group B = ovariectomized;, Group C = ovariectomized +cold
stress [157C]; Group D = ovariectomized +cold stress [8°C] and Group E = ovariectomized +
cold stress [4°C]. Values are expressed as mean+SEM. {n =6). Calcium ATPase activity is
expressed as P; liberated in pmol/g protein/min at 37°C.

Plasma calcium and alkaline phosphatase activity profiles

The plasma calcium and alkaline phosphatase activity profiles of
ovariectomized rats exposed to different intensities of cold stress are shown in
Table 5. Compared to controls, ovariectomized animals showed a significant
(p < 0.01) increase in plasma alkaline phosphatase (AP) activity. Similar
increase in plasma AP activity also were noted when ovariectomized animals
were exposed to stronger cold stress (8°C and 4°C). But no significant change
was observed in mild cold (15°C) stress-induced rats. Under the conditions of
our study, when ovariectomized rats were subjected to stronger cold stress,
a significant (p < 0.05) alteration in plasma calcium level was observed.
However, in the ovariectomized rats, compared with either sham control or
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mild stress-induced groups, plasma calcium level did not change significantly
(p > 0.05).

Table 5. Effects of different intensities of cold stress on plasma calcium and alkaline phosphatase
activity in different groups of ovariectomized rats.

Significast level % decrease
Parameters | Geoup A | Group B | Growp C | Group D | Group E

AvsB BysC | BwsD | BvsE |AvsB | BysC | BusD | BwsE

Calcium 724007 | 7204008 | 724+0.09) 7564008 | 7584014 | p> 005 [p>008|p <005 p<005] 256|036 | 300 | 530
(mg/dl)
AP 11004776 | 14004837 | 1520392 | 17204921 [1%0021013| p< 001 |p > 005 [p < 005 |p < 001 |27.27 | 857 | 2286 | 3571
{un

Group A = Sham-control; Group B = ovariectomized; Group C = ovariectomized + cold
stress [15°C]; Group D = ovaricctomized +cold stress [8°C] and Group E = ovariectomized +
cold stress [4°C). Values are expressed as mean +SEM. (n =6).

Urinary calcium and phosphate excretion and calcium to creatinine ratio

The results of urinary calcium and phosphate excretion and calcium to
creatinine ratio (Ca: Cr) of ovariectomized rats exposed to various intensities of
cold stress are listed in Table 6. Compared to sham-operated control,
ovariectomized animals showed a significant (p < 0.01 for calcium; p < 0.05 for
phosphate and p < 0.01 for Ca: Cr ratio) increase in all the three parameters.
Such an increase in al these parameters was further pronounced when
ovariectomized animals were exposed to stronger cold stress (8°C and 4°C).
Under similar situations, in mild cold (15°C) stress-induced rats, no significant
change was observed in all these parameters.

Table 6. Effects of different intensities of cold stress on urinary excretion of phosphate and calcium,
and calcium: creatinine ratio of different groups of ovariectomized rats.

Significant Jevel % decrease
Parameters | Group A | Group B | Group C | Growp D | Group E

AvB | BwC | BwD | BwsE |AwsB |BwsC | BysD | BsE

Phosphate | 36.64+2.92 | 46934405 | 50854310 | 58234214 | 60354 184 | p <005 |p> 005 p<005|p< 005|808 | 535|408 | 2860
{mgh
Ca LISH0.2S | 4854032 | 5724035 | 6324035 | 6661034 | p< 00l |p>005 p <001 |p< 001 5397 117543031 | 3232
{mg)
Ca:Cr 1024007 | 1384009 | 1484008 | 160004 | 1644004 [ p< 001 |p>005 |p<005|p< 001 (35291 72511594 [ 1834
ralio

(mg:mg)

Group A = Sham-control; Group B = ovariectomized; Group C = ovaricctomized +cold
stress [15°C]; Group D = ovariectomized + cold stress [8°C] and Group E = ovariectomized +
cold stress [4°C]. Values are expressed as mean+SEM. {n =6). Urinary calcium (Ca) and

creatinine (Cr) excretion is expressed in mg/24 h urine. Urinary phosphatase excretion is expressed
in mg/dl.
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Bone density, bone calcium and phosphate profiles

Physical and biochemical parameters of bone metabolism are presented
in Table 7 and 8. Significant differences in body mass, femoral fresh weight,
dry weight and femoral density were found between sham-control and
ovariectomized rats. More significant differences in all these parameters were
observed when ovariectomized animals were exposed to stronger cold stress
(8°C and 4°C). For ribs, a similar change in all these parameters were
observed under similar condition. However, mild cold (15°C) stress-induced
rats showed no significant change in the physical parameters of femurs and
ribs. The ratio of mineral to matrix (percent ash) of femurs and ribs and
mineral (calcium and phosphate) content of ash were significantly (p < 0.05)
different between sham-control and ovariectomized rats. Such an increase
in all these parameters were observed when ovariectomized animals were
exposed to stronger cold stress (8°C and 4°C). Cold-swim stress at 15°C,
however, was not effective in producing any significant change in these
parameters.

Table 7. Effects of different intensitics of cold stress on bedy mass and physical parameters of femur
and rib of different groups of ovariectomized rats.

Significant level
Parameters Group A | Group B | Group C Group D Group E

AvsB | BvsC | BwsD | BusC

Body mass [gm) | 135138 122+2% 119435 114434 3t28  |p<001|p>003|p <005 |p <005
Femur
Fresh wi. {mg) | 033440001 [033020.002 |032940.001 | 03260001 | 032440002 |p<0.05(p > 0.05|p <005 |p < 0.05
Dry wit. (pm)  10222+0001 |0.218+0.001 |0.21740.001 | 021540001 | 021440002 |p<0.05|p > 0.05|p <005 |p < 0.05
Yolume {ml) 019120001 | 0.181+0.001 | 0.191£6.002 | 0.191+0.0004 | 0.19140.0004 |p > 0.05 [p > 0.05|p > 0.05 |p > 0.05

Density 17520005 | 17320008 | 1.73£0006 | 17120006 | 1.70+0005 Jp<005|p> 005|p <005 |p <00l
{fresh wi.vol)

Rib
Fresh wi (mg) | 2894007 | 286001 | 2854001 | 2821006 BIZ001 |p<005(p>005|p <005 |p< 001
Dry wi. {mg) | 1764008 | 174+007 | 1732007 | 1724007 | 1712009 [p<005|p>005|p <005|p < 005

Yolume (ul} 186007 | 187+007 | 187006 | 1874008 1874007 [p>005|p>0.05|p>005|p> 003
Density L5520.006 | LS3z0005| 13220009 (51£0007 | 15040006 |p<005|p>005|p<005|p<001
{fresh wtjvol)

Group A = Sham-control; Group B = ovariectomized; Group C = ovariectomized + cold
stress [15°C]; Group D = ovariectomized + cold stress [8°C] and Group E = ovariectomized +
cold stress [4°C]. Values arc expressed as mean+SEM. (n =6).
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Table 8. Effects of different intensities of cold stress on ash percentage and mineral content of
dissolved ash of femurs and ribs of different groups of ovariectomized rats.

Significant level
Parameters Group A | Group B | Group € Group D Group E

AvsB | BwC | BwsD | BwE

Femur
Ash, % dry wi. | 5064079 | ST61062 | §7.1+042 5%.2+0.19 5591040 |p<005|p>005p<005|p <005
Calcium, % ash | 3844091 | 3664036 | 363+044 355-040 35310 [p<0.05|p>005|p<005|p <005
Phosphate, % ash| 1534034 | 1414009 | 1411060 1332019 1332014 |p<001|p>005 [p<005)p <00l
Rib
Ash, % dry wi | 4614022 | 4504030 | 4454014 4A40+028 4354057 Ip< 00 {p>003|p<005|p <005
Caleum, % ash | 410+ L18 | 3B0+082 | 314153 B0 WRSLLIT  [p<003{p>003 [p<003|p <0l
Phosphate, % ash| 130+0.39 | 121026 1194033 1104031 106+030 |p<003{p>003(p<003|p<0M

Group A = Sham-control; Group B = ovariectomized; Group C = ovaricctomized +cold
stress [15°C]; Group D = ovariectomized +cold stress [8°C] and Group E = ovariectomized +
cold stress [4°C]. Values are expressed as mean+SEM. (n =6),

DISCUSSION

In these studies, we quantified the relationship between the intensities of
cold stress and the different bone profiles in ovariectomized rats. The principal
finding of this study is that graded cold stress causes variable degree of changes
in certain physiological phenomena viz., intestinal transference of calcium,
bone turnover and bone loss which earlier (16) we suggested might contribute
substantially for a rapid onset of hypogonadal osteoporosis.

To examine whether graded experimental stress could produce effective
changes in the secretion of ACTH, corticosterone and thyroid hormones as was
reported earlier (5, 6), we verified the plasma levels of corticosterone, T, and
TSH in all groups of animals in our study (7able [). For further assessment of
the effectiveness of graded cold stress, an attempt was made to establish
a correlation between these hormones and calcium balance. Our findings and
the literature are most consistent with the reports that glucocorticoid and
thyroid hormone, both decrease intestinal transference of calcium (8, 9, 32—37)
and glucocorticoid only elevates fasting urinary calcium excretion (31, 32).
Therefore, it is likely that variable alterations in hormone level as well as in
calcium balance found in this study were probably caused by graded stress
given to animals.

Calcium transference in ovariectomized rats showed segmental variation,
and was seen to have a descending gradient from duodenum to ileum
irrespective of groups (Table 2). In addition, it was observed that all these
changes related to inhibition of calcium transference were more pronounced
when ovariectomized rats were subjected to cold stress of different intensities
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(15°C, 8°C and 4°C) thus assuming that different intensities of cold stress might
have different degree of inhibitory influence over segmental transference of
calcium. Literature survey accord our findings, that (i) calcium transference has
a descending gradient from duodenum to ileum (38), (i) ovarian hormone,
estrogen and its influence on hydroxylation of vitamin D (39, 40—42) modulate
intestinal transference of calcium (43) and in addition, (iii) cold stress also
decreases intestinal transference of calcium (7).

In an attempt to elucidate the mechanism of such cold stress-induced
alterations in intestinal transference of calcium, an assessment of the activities
of relevant enzymes, AP and Ca?*-ATPase was made. Results of our study
revealed that, compared to control, activities of both of these enzymes were
significantly inhibited in bilaterally ovariectomized rats as well as in rats of
different groups exposed to cold-swim stress of different intensities (Table 3
and 4). These results propose that the possible cause of reduction of calcium
transference in our study might be because of an inhibition of activities of these
enzymes as both the enzymes have been reported to be involved in calcium
transference (44, 45). Similar decrease in calcium transference due to cold stress
in ovariectomized rats was correlated with intestinal mucosal enzymes in one
of our earlier studies (16).

Both the enzymes, AP and Ca®?*-ATPase showed similar pattern of
activities in our studies which confirmed all previous speculations (11, 13, 14)
that both the enzymes are expression of the same molecule. This study might
also account for an earlier suggestion that AP activity is under the control of
estrogen (3). In addition, a decrease in calcium transference in cold
stress-induced rats might be attributed to the decreased formation of active
metabolites of vitamin D, (46) which eventually reduced AP and Ca?*-ATPase
activity.

Compared to sham-controls, we observed a greater loss of urinary calcium
and phosphate in bilaterally ovariectomized rats. This loss was progressively
enhanced when these animals were exposed to cold stress of various intensities
(Table 6). We and other authors (47) did not observe any change in plasma
calcium level under similar experimental conditions. In contrast, with stronger
cold stress (8°C and 4°C), a significant increase in plasma calcium level was
observed {Tabie 5).

So far as the relevance of this study with calcium homeostasis is concerned,
our results strongly argue in favour of the notion that the experimental
situations of our study, i.e., ovariectomy and ovariectomy + stronger cold stress
(8°C and 4°C) possibly help to set in a hypocalcemic condition. Incidentally,
this notion finds its justification since an increased urinary loss in these
experimental animals have always been associated with simultaneous decrease
in intestinal transference of calcium and these physiological changes are
considered as the most important contributing factors for the development of
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hypocalcemia and secondary increase in PTH secretion (48, 49). Mild cold
stress (15°C) in our study, however, could not produce any significant
alteration either in intestinal mucosal enzyme or plasma calcium parameters.

Biochemical markers of bone turnover, namely plasma AP activity and
urinary calcium to creatinine ratio (Ca: Cr), were also found to be progressively
enhanced when ovariectomized rats were subjected to various intensities of
cold stress (Table 5 and 6). A rise in serum AP level and urinary Ca: Cr ratio
has been linked with collagen degradation, bone resorption and osteoporosis
by earlier investigators (47, 50—52). Data on changes in body weight of
different groups of animals (Table 7) suggest that a decrease in body weight
might be related with bone loss and osteoporosis. Earlier, similar loss of body
weight was attributed to osteoporosis (50) or cold exposure (53) suggesting that
cold exposure, in our model of study too, possibly has a positive influence on
bone turnover and bone loss. Since bone density in normal rats has been
related to body mass (54), the development of osteoporosis in these animals
was evident with decreased femoral and rib density and decreased mineral
content (Table 7 and 8). Thus, the positive influence of cold exposure on bone
turnover and bone loss, under the conditions of the present study, becomes
evident.

In summar, this study quantifies the relationship between the intensities of
cold stress and the changes in various physiological phenomena related to
skeletal health in a hypogonadal condition.
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