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ABSTRACT

Background and objectives. Ovariectomy leads to an alteration of estrogen status associated with impaired
calcium metabolism, reduced bone mineral density, and disorder in lipid metabolism. Calcium deficiency may
enhance the effect of estrogen-deficiency condition. Therefore, this study aimed to define whether a calcium
deficit in a diet affected the body composition, glucose, and lipid blood parameters in ovariectomized rats.
Materials and methods. This study included thirty female Wistar rats (three months old). The rats were ran-
domly assigned into three groups: Group 1 (n = 10) consisted of rats in the control group (C) fed the standard
diet, group 2 (n = 10) consisted of ovariectomized rats (OVX) fed the standard diet, and group 3 (rn = 10)
consisted of ovariectomized rats fed the calcium-deficit diet (OVXD). The body composition, blood glucose,
and blood lipid profile were determined.

Results. Obtained results demonstrated that a calcium-deficient diet and a standard diet had a similar effect
on feeding efficiency and body composition in ovariectomized rats. Moreover, the liver’s relative weight,
heart, kidneys, pancreas, brain, and femurs significantly decreased in both ovariectomized groups. The blood
levels of cholesterol (CHOL), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and high-
-density lipoprotein cholesterol (HDL-C) increased similarly in the ovariectomized groups OVX and OVXD
in comparison to the control group. Glucose concentration was comparable between groups.

Conclusions. Calcium deficiency did not enhance the ovariectomy effect on body composition, glucose, and
lipid status in rats during the 12-week study.
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INTRODUCTION

After menopause, decreased oestrogen levels alterorex-  food intake and weight gain (Brown and Clegg, 2010).
igenic and anorexigenic factors leading to increased  Additionally, due to the low concentration of estrogen
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in the body, the lipid profile also changes and nega-
tively affects postmenopausal women’s health leading
to increased total cholesterol, triglycerides, and low-
-density lipoprotein (LDL) cholesterol and decreased
high-density lipoprotein (HDL) cholesterol in the
blood serum (Tawfik et al., 2015). In postmenopausal
women, lipolysis is reduced, while de novo lipogenesis
in the liver increases, resulting in fat accumulation and
fatty liver (Palmisano et al., 2017). Decreased HDL
levels are most likely due to elevated liver lipase lev-
els, while higher LDL levels may be due to these mol-
ecules’ slow metabolism (Chamberlain et al., 2008).

Estrogen status is also associated with calcium
metabolism. Estrogen deficiency alters intracellular
calcium ions concentrations, which may impair lipid
metabolism. In turn, calcium deficiency may cause en-
ergy expenditure, glucose, lipid, and bone metabolic
dysregulation in a menopausal state (Park et al., 2020).
It is suggested that low calcium in the diet may be an
obesogenic factor and may increase the risk of insu-
lin resistance development in early growth. Moreover,
calcium inadequacy in early life may predispose to
increase susceptibility to obesity and metabolic disor-
ders later in life (Marotte et al., 2014). Some authors
indicated the mechanism of calcium in the organ-
ism — the anti-obesity mechanism involved regulation
of adipogenesis, modulation of fat metabolism and
thermogenesis, and modification of gut microbiota
(Zhang et al., 2019). Additionally, it was found that
a low calcium diet increased cholesterol levels and
an insufficient calcium status in early life predisposes
to dyslipidemia and hepatic lipid accumulation (Alo-
maim et al., 2019; Li et al., 2018).

Several studies show that women after menopause
usually intake a low calcium diet (Purdue-Smithe et al.,
2017; Quesada-Gomez et al., 2013). It seems that cal-
cium deficiency may enhance metabolic disorders and
osteoporosis, often associated with menopause (Ko and
Kim, 2020). Therefore, this study aimed to investigate
the effect of a calcium deficit diet on the body composi-
tion, glucose, and lipid status in ovariectomized rats.

MATERIALS AND METHODS
Animal grouping and study design

Thirty female Wistar rats (three months old) were in-
cluded in this experiment. The rats were purchased
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from the Wielkopolska Centre for Advanced Tech-
nologies of Adam Mickiewicz University (Poznan,
Poland). The Local Ethics Committee approved the
animal experiment in Poznan, Poland, registration
number 34/2019. Subsequently, the animals were ha-
bituated by adapting to laboratory conditions during
the first five days and housed individually in stainless
steel cages coated with metal-free enamel and kept
under cycles of 12 hours light to 12 hours dark. In the
first stage of the experiment, twenty rats underwent
ovariectomy. An expert on animal ovariectomy car-
ried out the procedures. Ketamine and cepetor were
used for anaesthesia during the surgery. After the sur-
gery, the animals were fed a semi-synthetic diet based
on AIN-93M (Reeves and Suppl, 1997) and drank
distilled water ad libitum. After seven days, the rats
were randomly assigned to three groups consisting of
ten rats. Group 1 included rats in the control group
(C), group 2 consisted of rats in the ovariectomized
group (OVX) fed the standard diet, while group 3 in-
cluded ovariectomized rats fed a calcium-deficit diet
(OVXD). In the calcium-deficient diet, no calcium
was added to the mineral mixture of AIN-93M. The
intake of the diet was monitored daily. The animal
study design is revealed in Figure 1 and the daily in-
take data are shown in Table 1. After 12 weeks of the
experiment, all animals were euthanized by decapi-
tation (after 12 h fasting), and blood samples were
collected. Blood samples were collected in serum-
separated tubes to obtain serum. The liver, kidney,
heart, spleen, pancreas, and femur were dissected,
weighed, and stored at —80°C. To determine animal
suffering during the 12 weeks after surgery humane
endpoint criteria were established as follows: sudden
weight loss, inability to take food and water, vocali-
zation, long-term diarrhea, apathy, chronic inflamma-
tion at the suturing site. After surgery, any of these
symptoms were noted.

Serum and tissues

Each blood sample obtained in experimental studies
was collected in serum separator tubes and left undis-
turbed at room temperature for 30 min. Afterwards,
these samples were centrifuged for 15 min at 2,500 rpm
at 4°C, and the supernatants were removed and stored
at —80°C. The tissues (femur, liver, spleen, kidneys,
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Fig. 1. Schematic of animal study design

heart, pancreas, brain) were dissected, weighed, and
stored frozen at —80°C for analysis.

Body composition and blood parameters analysis
Body composition was examined by measuring body
weight, body weight gain, fat tissue, free body liquid,
and lean using Bruker’s all-new 2nd generation min-
ispec LF90I1 Body Composition Analyzer. At the same
time, blood basal biochemical parameters were ana-
lyzed, including glucose (GLU), cholesterol (CHOL),
triglycerides (TG), low-density lipoprotein choles-
terol (LDL-C), and high-density lipoprotein cho-
lesterol (HDL-C). Those serum concentrations were
assayed using routine enzymatic methods in a certi-
fied diagnostic laboratory. Meanwhile, LDL was cal-
culated with the Friedewald equation (Friedewald et
al., 1972):

Cholesterol LDL, mmol/L =
= TCH, mmol/L — HDL, mmol/L — TG, mmol/L /5

Statistical analysis

Data were presented as means #standard deviation.
The Shapiro-Wilk test was performed to check the
normality of the distributions of the variables. Statisti-
cal significance was determined with a one-way anal-
ysis of variance (ANOVA) using Statistica (StatSoft,
Tulsa, USA). When the ANOVA indicated a signifi-
cant difference among the means, the differences were
further evaluated using Tukey’s test. The difference
was considered significant when p < 0.05.
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RESULTS

Result of body composition

The results of the study are presented in Tables 1-3.
We did not find a significant difference between group
OVX and OVXD in any analyzed parameters.

Daily intake of the diet and water were comparable
between the groups (Table 1). Body weight and body
weight gain were significantly higher in groups OVX
and OVXD than group C. Similarly, the body compo-
sition analysis showed differences between group C
and groups OVX and OVXD. Fat tissue and free body
liquid were markedly higher in ovariectomized rats
(groups OVX and OVXD) than in healthy ones. It is
worth mentioning that the values concerning fat tissue
in ovariectomized groups were almost twice as highas
in group C. In ovariectomized groups, the feeding ef-
ficiency was twice as high as in the control group and
led to body weight gain.

When analyzing the relative weight of tissues, sig-
nificant changes between the groups were observed
(Table 2). The relative weight of the heart, kidneys,
pancreas, brain, and femurs was significantly higher in
group C than groups OVX and OVXD. On the other
hand, the relative weight of the liver and pancreas dif-
fered statistically between group C and OVXD (it was
lower in the group with calcium deficiency).

Result of glucose and lipid parameters

The analysis of biochemical parameters in serum
showed that the rats’ lipid profiles from the control
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Table 1. The profiles of diet intake, body composition at the
end of the study, and feed efficacy

Group
Profiles

C (0)%:¢ OVXD

Daily food intake, g 25.08 25.11 26.52
+0.63 +1.70 +2.18

Daily water intake, ml 4991 44.65 40.39
+5.30 +5.10 +6.86

Body weight, g 325.86 421.90 441.90
+25.97* +55.10° +70.97°

Body weight gain, g 54.96 106.20 120.18
+17.99° +36.08" +47.73°

Fat tissue, g 113.66 225.68 246.19
+42.99° +66.19° +83.14°

Free body liquid, g 34.08 52.90 55.98
+7.02° +12.33° +15.99°

Lean, g 194.64 199.76 194.82
+21.21 +29.27 +24.77

Feed efficacy 2.60 5.00 5.32
+0.82° +1.66° +1.88°

C — the control group, OVX — the ovariectomized group,
OVXD - the ovariectomized group with calcium-deficit diet.
*bSignificant differences between groups: ANOVA and Tukey’s
test.

Table 2. The relative weight of tissues in rats, % body
weight

Group
Tissues
C ovX OVXD
Liver 2.82 +0.24° 2.49 +£0.68* 2.21+0.17
Heart 0.34 £0.03° 0.26 £0.03® 0.25 +0.02¢
Kidneys 0.65 £0.07° 0.47 £0.05° 0.47 £0.05°
Spleen 0.19 +0.03 0.17 £0.02 0.17 £0.02
Pancreas 0.33 +£0.06° 0.28 £0.05®  0.27 £0.04*
Brain 0.59 £0.04° 0.47 £0.07° 0.47 +0.08°
Femures 0.66 +0.06° 0.52 +0.06 0.48 £0.07°

Data are presented as mean +standard deviation.

C — the control group, OVX — the ovariectomized group,
OVXD - the ovariectomized group with calcium-deficit diet.
*bSignificant differences between groups: ANOVA and Tukey’s
test.

462

Table 3. Blood basal biochemical parameters in rats, mg/dl

Group
Parameters
C OvVX OVXD

GLU 109.60 £14.11 103.80 £11.72 110.55+12.13
CHOL 92.10 £14.25* 148.58 £33.44> 143.34 £28.56°
TG 77.37 £10.88* 115.61 £40.56° 115.06 £39.80°
LDL-C 8.24 £2.72*  23.79+6.35>  25.64 +£7.52°
HDL-C 85.03 £11.23* 124.31 £24.53> 119.10 +£20.02°

Data are presented as mean +standard deviation.

C — the control group, OVX — the ovariectomized group,
OVXD - the ovariectomized group with calcium deficit diet,
GLU — glucose, CHOL — cholesterol, TG — triglycerides, LDL-
-C — low-density lipoprotein cholesterol, HDL-C — high-densi-
ty lipoprotein cholesterol.

«bSignificant differences between groups: ANOVA and Tukey’s
test.

group differed significantly from that of ovariec-
tomized rats (Table 3). Total cholesterol, LDL-C,
HDL-C, and triglyceride levels were higher in the ova-
riectomized groups (OVX and OVXD) than group C.
The LDL-C concentration attracted the most attention,
as it is three times higher in ovariectomized groups
than in the control group. Glucose concentration was
comparable between groups.

DISCUSSION

The most important finding in this study is that low
calcium with a standard diet does not affect body mass
and lipid and glucose status in ovariectomized rats.
However, several studies show the connection between
calcium intake, lipid metabolism, and body composi-
tion (Hsu and Culley, 2006; Park et al., 2020). The lack
of confirmation with the results of other studies may
be because we used a standard diet in this experiment.
Using an atherogenic diet or high lipid diet resulted
in significant lipid disorders in experimental animals
with calcium deficit (Hsu and Culley, 2006; Park et al.,
2020). It was found that calcium deficiency changed the
expression of genes related to lipid metabolism in the
liver, calcium level in the diet influenced on fat absorp-
tion and fecal fat extraction, and low calcium intake
generated lipid peroxidation (Li et al., 2018; Marotte
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et al., 2014; Zhang et al., 2019). Additionally, Park et
al. (2020) showed that ovariectomy-induced obesity in
rats and a high-fat diet exacerbated menopausal symp-
toms, including increased body fat mass. It seems that
calcium deficiency may exert the detrimental effect of
high cholesterol and fat level in the diet on lipid metab-
olism and fat accumulation in tissues. In our study, the
effect of low estradiol caused by ovariectomy may be
large enough for body composition and lipid metabo-
lism that the lack of any additional harmful factor (e.g.,
high fat diet) suppresses the effects of a low calcium
supply in the organism of ovariectomized rats.

Paradis and Cabanac (2005) found that different
calcium levels did not affect body weight in healthy
rats on the standard diet. In this experiment men-
tioned, the authors explained that calcium deprivation
had some metabolic influence, and the defense mecha-
nism adjusts body size to calcium availability.

There are several limitations in this study that may
have affected its results. No sham group was included
in the study, and therefore no effect of sham surgery on
rats was noted. Moreover, we did not include param-
eters such as serum calcium level, serum parathyroid
hormone, serum creatinine, serum estradiol, and bone
mineral density which may broaden interpretation and
discussion of the results.

CONCLUSIONS

This study can be summarised by stating that calcium
deficiency does not alter the ovariectomy effect on an-
thropometry and biochemical parameters in rats dur-
ing the 12-week study.
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