Current Research in Nutrition and Food Science

Vol. 3(1), 12-19 (2015)

Effects of Calcium and Vitamin D-Fortified Diet on Glycemic
Profile, Biochemical Parameters and Selected Haemostatic
and Haematological Indices in Diabetic Rats

MAGNUS MICHAEL CHUKWUDIKE ANYAKUDO* and ADEDOYIN ADEBUKOLA

Department of Physiology, Bowen University, lwo, Osun State, PM.B 284, Nigeria +234.
*Corresponding author: Dr. M.M.C Anyakudo
Department of Physiology, Bowen University, Iwo, Osun State. Nigeria. PM.B 284 +234.
E-mail: micmagkudos @yahoo.com

http://dx.doi.org/10.12944/CRNFSJ.3.1.02
(Received: March 24, 2015; Accepted: April 03, 2015)

ABSTRACT

Results obtained from studies on the effect of vitamin D supplementation with or without
calcium on glucose homeostasis and hematological parameters have been inconsistent. This
experimentally-controlled designed study investigated the combined effects of Ca?* and Vit.D-fortified
diet on body weight, glycemic profile, biochemical, haemostatic and haematological parameters in
2 groups (n=8, each) of experimental male diabetic and healthy albino rats following treatment with
Ca?* and Vit.D-fortified diet for 6 weeks. 2 similar groups of rats (n=8, each) on normal diets served as
normal and diabetic controls respectively to allow comparison between groups. Induction of diabetes
(100mg/dL, intraperitoneally) was achieved with freshly prepared alloxan monohydrate solution after
15 hours overnight fast while oral glucose tolerance test, biochemical and hematological analysis
were performed on blood samples. Fasting blood glucose (FBG) was taken at study baseline and 6
weeks after feeding. Mean weights were significantly (p < 0.05) lower in calcium/vitamin D-fortifed
diet-fed diabetic and normal rats compared with their respective controls. Actual percentage numerical
weight gain at 6 weeks of study includes: diabetic rats on treatment diet (15.50%); diabetic controlled
rats (18.70%); normal rats on treatment diet (20.40%); normal controlled rats (25.10%). At 6 weeks
of study, experimental diabetic rats showed significant (p < 0.05) reduction (22.83%) in mean FBG
concentration compared with the diabetic control rats. Experimental rats fed on calcium and vitamin
D-fortified diet displayed improved glycemic tolerance over their respective controls. Hematological
analysis revealed insignificant (p > 0.05) difference in hematological and hemostatic indices between
the experimental and controlled rats. In diabetic rats, Ca?* and Vit.D-fortified diet reduced body weight
with beneficial hypoglycemic and remarkable glycemic tolerant effects on glycemic profile without
significant impact on hemostatic and hematological indices.
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INTRODUCTION

Vitamin D deficiency plays an important role
in many diseases such as diabetes’, hypertension?,
cardiovascular disease®, immune disorders,
osteoporosis and cancers*. Exposure to sunlight,
dietary intake and supplementation with vitamin D
are the main sources of vitamin D in human®. Being
a fat-soluble vitamin with hormonal functions, Vitamin

D helps calcium and phosphorus homeostasis
and bone metabolism®. Calcium and vitamin D
supplementation might affect metabolic profiles and
oxidative stress through their effects on cell cycle
regulation’, activation of antioxidant enzymes® and
suppression of parathyroid hormone®. Inappropriate
diets and calories intake have been implicated in
abnormal hematological parameters, poor glycemic
control and profile in diabetics. A few recent studies
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have shown that supplementation with calcium' and
vitamin D" might affect glycemic control in diabetic
subjects however, the combined effects of calcium
and vitamin D supplementation on glycemic profile,
hemostatic and hematological indices have not been
closely investigated in diabetic animal models. Some
studies have reported the effects of single vitamin
D supplementation on glycemic profiles while few
reports have shown that joint supplementation is
much more efficient in influencing glycemic profiles
than single calcium or vitamin D supplementation™2.
Calcium and vitamin D combination have been
reported to improve pancreatic beta cell function
in diabetic subjects'®. Thus, insufficient nutritional
status might adversely affect the outcome of
glycemic control. This study was therefore carried
out to investigate the combined effects of fortified
dietary calcium and vitamin D on the body weight,
glycemic profile, biochemical parameters, hemostatic
and hematological indices in diabetic rats in order
to establish the correlation between combined
dietary calcium and vitamin D consumption and
glycemic control and also to assess the impact
of such combination on weight and hematological
parameters.

MATERIALS AND METHODS

Experimental Animals and Diets

Thirty two male albino rats weighing 200-
250g were purchased from the disease-free stock of
the animal house of the Department of Biochemistry,
Bowen University, Iwo, Osun state, Nigeria. The
rats were kept in polypropylene plastic cages and
maintained at normal and standard laboratory
conditions of temperature (28 + 2 °C) and relative
humidity (46 + 6%) with 12-hour light-dark cycle
and adequate ventilation for two weeks to allow
for acclimatization to their environment. The rats
were weighed twice weekly to ensure that no rat
outside the initial weight range of 200g-250g was
used. The rats were initially fed with commercially
available standard rat feed (Ladokun feeds Nig. Ltd.)
purchased from a commercial branch depot and
water ad libitum during the period of acclimatization
and thereafter were grouped into four groups: two
groups (n=8, each) containing diabetic rats and
other two groups (n=8, each) containing healthy
rats. One of the healthy and diabetic groups

respectively were fed with normal diet as controls
while the remaining groups were fed with calcium
and vitamin D - fortified diet as experimental groups
according to the experimental design for a period of
6 weeks. The weights of the rats were recorded for
the six weeks period of the study prior to laboratory
investigations. This study using experimental animals
was conducted in accordance with the internationally
accepted principles for laboratory animals?.

Induction of Diabetes

After 15 hour overnight fast, rats in two
groups were injected intraperitoneally with freshly
prepared alloxan monohydrate (Sigma chemicals,
USA) dissolved in sterile normal saline at a dose of
100 mg/kg body weight. Diabetes was confirmed 4-7
days later by use of glucometer (On Call Plus Blood
Glucose Monitoring System, ACON Laboratories,
Inc. San Diego, USA.). Rats with Fasting Blood
Glucose (FBG) level > 150mg/dl were considered
diabetic and used for this study.

Test Diets

The normal and the calcium and vitamin
D-fortified diets as shown in Table 1 constitute the
test diets for this study. The normal diet served
as the control diet while the calcium and vitamin
D-fortified diet served as the treatment diet. Both
were formulated by an animal science nutritionist
in the department of Animal Science and Nutrition,
Bowen University, lwo, Osun State, Nigeria with the
following feed compositions (% per 100g of feed):

Experimental Design
The animals after 2 weeks acclimatization
period and induction were randomly divided into 4
broad categories of 8 rats each:
GROUP A
Diabetic rats on calcium and vitamin D —
fortified diet (DTD group)
GROUP B
Diabetic rats on normal diet (DCD group) —
Diabetic control
GROUP C
Non-diabetic rats on calcium and vitamin D
— fortified diet (NTD group)
GROUP D
Non-diabetic rats on normal diet (NCD group)
— Normal control
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Biochemical Assays

Fasting blood glucose (FBG) and oral
glucose tolerance (OGTT) tests: The mean FBG
level was taken at study baseline and 6 weeks after
feeding for all groups by use of glucometer (On Call
Plus Blood Glucose Monitoring System, ACON
Laboratories, Inc. San Diego, USA.). The OGTT
was conducted at the end of the 6 weeks of study.
Animals in all groups after 15 hour overnight fast
with free access to water were treated with an oral
D glucose load of 2 gm kg 1 (dissolved in distilled
water) administered by means of cannula. Blood
samples were withdrawn from the cordal (tail) vein
of each animal (tail snipping) to determine the fasting
blood sugar concentrations at time 0 minute (before
ingestion of glucose) and subsequently at intervals
of 30, 60, 90, 120 and 150 minutes after oral glucose
administration.

Haematological Assays

After 6 weeks of feeding, rats were fasted
overnight and thereafter weighed to determine
their final body weights prior to collection of blood
samples. To avoid variation due to circadian rhythm,
all samples were collected in the morning hours
between 7am and 9am. By conventional method
[15], whole blood samples were collected via a slow
puncture of the retro-orbital sinus with the tip of the

350
300
250
200

150

Mean Blood Glucose Concs. (mg/dL)

50

0 30 60

100 .--'_."‘.h i

microhaematocrit (70 ml heparinized microcapillary
tubes haematocrit) inserted in the medial angle of
the eye into tubes (vacutainer tubes; Becton Dickson,
Franklin lakes NJ) containing EDTA (ethylene
diamine tetra-acetic acid 8.5%) anticoagulant for
hematological analysis. Hematological parameters
analyzed include: white blood cell (WBC) and
differential counts, packed cell volume (PCV),
hemoglobin concentration (Hb), mean corpuscular
hemoglobin (MCH), mean corpuscular volume
(MCV), mean corpuscular hemoglobin concentration
(MCHC), platelets count (PL), prothrombin time (PT)
and activated partial thromboplastin time (APTT). All
haematological parameters were analyzed in the
Hematology Department of the University College
Hospital (UCH) Ibadan, Oyo State, Nigeria using the
automated method with hematology auto analyzer
(SYSMEX KX21-N, JAPAN).

Statistical Analysis

Data was analyzed using appropriate
statistical methods and program of Microsoft Excel
and SPSS. Values are expressed as group mean
+ SEM (Standard Error of Mean) while results
were analyzed using Student’s t-test with one way
ANOVA followed by Duncan’s multiple range tests.
Significance level was set to P < 0.05.
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NTD = Normal rats on treatment diet; NCD = Normal rats on normal diet (normal control); DTD = Diabetic rats on treatment

diet; DCD = Diabetic rats on normal diet (diabetic control)

Fig. 1: Glycemic profiles of experimental and control rats showing the effects of test diets on
glycemic tolerance.
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RESULTS

Body Weight

As shown in Table 2 below, the mean body
weights of the rats in all groups were almost the
same (~200 g) at the onset of the study while the
final weights at the end of 6 weeks of feeding show
some differences: NTD group (240.83+1.66g); NCD
group (250.17+2.96g), DTD group (231.33+1.14Q)
and DCD group (237.33+1.23g). Mean weights of
the experimental rats were significantly (p< 0.05)
lower than that of their respective controls.

Fasting Blood Glucose and Glycemic
Tolerance

The effects of the test diets on the fasting
blood glucose levels (FBG) taken at the onset of
study and 6 weeks thereafter is depicted in Table 3

as shown below. A significant (p < 0.05) reduction
(22.83%) in FBG level was observed in experimental
diabetic rats (DTD) compared with the diabetic control
(DCD) while no significant difference was observed
between NTD and NCD groups. The postprandial
glycemic response to calcium and Vitamin D-fortified
diet during oral glucose challenge showed improved
glycemic tolerance in both experimental rat groups
over that of their respective controls with lower
incremental areas under the glycemic response
curves of DTD and NTD compared with that of
DCD and NCD respectively. Controlled diet-fed rats
displayed quicker and higher glycemic responses
compared to slower and delayed glycemic responses
observed in calcium-vit.D-fortified diet-fed rats. This
observed positive impact of combined calcium and
vitamin D on the glycemic profiles was more marked
in the non-diabetic healthy rats compared with the

Table 1: Composition of Test Diets (g/100g of Feed)

Nutrient Ingredients Used Normal Calcium and Vit.
components (Control) Diet  D-fortified Diet
Carbohydrates Maize, wheat offal 15 15

Fibres Rice thusk 0.1 0.1

Fat and oil Soya bean, Palm kernel and groundnut cake 25 25
Protein Fish meal 50 46.55
Calcium Qyster shell, Bone meal 4.0 7.0
Premix (Vitamins)  Vitamins B, C, D 0.45 0.9
Mineral salt Salt 0.25 0.25
Amino acids Lysine, Methionine 0.2 0.2
Water Water 5 5

Table 2: Effects of Normal and Calcium-vit. D-fortified Diets
on Body Weights of Experimental Rats (n=8)

Experimental Animal Categories

NCD NTD DTD DCD
Body Weight (g)
Initial 200.00+0.122 200.05+1.002 200.25+0.052 200.00+0.012
Final 250.17+2.96° 240.83+1.66° 231.33+1.14¢ 237.33+1.23¢
% increase 25.1% 20.4% 15.5% 18.7%

Means with different superscript letters within the same row are significant at P value < 0.05
NTD = Normal rats on treatment diet; NCD = Normal rats on normal diet (normal control);
DTD = Diabetic rats on treatment diet; DCD = Diabetic rats on normal diet (diabetic control)
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diabetic rats. Figure 1 below shows the glycemic Packed Cell Volume (Hematocrit) and

profiles of the experimental and control rats. Haemoglobin Count
No significant difference in PCV and Hb
Haematological Parameters count observed between the experimental rats

Effects of the test diets onthe haematological ~ and their respective controls (p > 0.05). Values of
parameters were investigated and the results are  the hematocrit and hemoglobin concentrations are
shown in Table 4 below: shown in Table 4 below.

Table 3: Effects of Normal and Calcium-vit. D-fortified Diets
on FBG of Experimental Rats(n=8)

Experimental Animal Categories

NTD NCD DTD DCD
FBG Concs. (mg/dL)
0 week 90.00+1.00a 85.50+0.10b 150.36+0.05¢ 152.40+1.20c
6 weeks 88.60+1.20a 84.20+0.20b 116.00+2.00d 163.20+0.04e
% Change in FBG 0.02% 0.01% 22.83% 7.09%

Means with different superscript letters within the same column are significant at P value <0.05.
NTD = Normal rats on treatment diet; NCD = Normal rats on normal diet (normal control);
DTD = Diabetic rats on treatment diet; DCD = Diabetic rats on normal diet (diabetic control),
FBG = Fasting blood glucose concentration

Table 4: Effects of Test Diets on Haematological Parameters
of Experimental and Control Rats fed for six week (n = 8)

Experimental Animal Categories

Parameters NTD NCD DTD DCD
PCV (%) 46.2+1.74 44 .4+0.87 42.8+0.92 43.2+1.19
Hb (g/dL) 12.34+0.55 13.14+0.49 11.8+0.33 12.7+0.42
MCV (fL) 58.20+1.40 57.00+1,20 55.40+1.00 57..20+0.40
MCH (pg) 17.40+0.10 17.80+.008 16.80+1.20 16.40+0.02
MCHC (g/dL) 30.60+0.01 30.60+0.01 30.20+0.01 30.00+0.02
WBC (x 10%L) 10.64+0.11 11.34+0.24 10.62+0.08 10.32+0.42
Neutrophils (%) 32.40+0.04 33.20+0.12 31.80+0.24 33.60+1.28
Eosinophils (%) 1.40+0.00 1.20+0.01 1.00+0.02 1.60+0.01
Basophils (%) 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Lymphocytes (%) 46.60+0.42 47.20+0.18 50.24+0.22 49.20+0.48
Monocytes (%) 9.60+0.80 9.40+0.02 9.00+0.02 10.60+0.18
Platelets (x 10%L) 641.20+2.44 644.60+1.86 672.80+1.20 670.40+2.26
PT (sec.) 11.60+0.02 10.60+0.01 12.00+0.04 11.40+0.16
APTT (sec.) 38.60+0.10 40.20+0.08 40.60+0.02 40.00+0.24

Values are expressed in mean + SD. NTD = Normal rats on treatment diet; NCD = Normal rats on
normal diet (normal control); DTD = Diabetic rats on treatment diet; DCD = Diabetic rats on normal
diet (diabetic control).
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Mean Corpuscular Hemoglobin (MCH), Mean
CorpuscularVolume (MCV) and Mean Corpuscular
Hemoglobin Concentration (MCHC)

No significant difference was observed in
MCV, MCH and MCHC values (Table 4) obtained
between the experimental rats and their controls (p >
0.05). Combined calcium and vitamin D-fortified diet
had no significant effect on the above parameters in
both healthy and diabetic rats.

Total White Cell and Differential Counts

Values of the WBC and the differential
(neutrophils, eosinophils, basophils, lymphocytes
and monocytes) counts are shown in Table 4.
No significant difference observed in white cells
hematological parameters between the experimental
rats and their respective controls (p > 0.05).

Platelets count, Prothrobim Time (PT) and
Activated Partial Thromboplastin Time (APTT)

The platelets count, prothrombin time
and activated partial thromboplastin time were
insignificantly (p > 0.05) different when compare
between the experimental rats and their respective
controls as shown In Table 4.

DISCUSSION

This study determined the combined effects
of fortified dietary calcium and vitamin D on body
weight, glycemic profile, biochemical parameters,
hemostatic and hematological indices in diabetic
rats. The findings obtained from the study revealed
the beneficial hypoglycemic and weight reducing
effects of calcium and vitamin D combination on
glycemic control and profile in diabetic rats without
adverse impact on the hematological parameters.

Consumption of calcium and vitamin D
— fortified diet in this study significantly enhanced
weight reduction in diabetic rats. At the end of 6
weeks of feeding, mean body weight of diabetic
experimental rats was significantly reduced (p <
0.05) in the experimental rats compared with their
respective controls. However, an increased weight
gain was observed in rats fed with control diet.
This observed effect on body weight agrees with
the findings of few studies which suggested that
combined calcium and vitamin D supplementation
enhances weight reduction especially in obese

individuals'®'” while a diet low in calcium and vitamin
D or their deficiency state predisposes to weight
gain18"9.

Hypoglycemic effect of calcium and vitamin
D on blood glucose level (Table 3) was investigated
in this study which revealed a significant reduction
in FBG level in experimental diabetic rats on
treatment diet 6 weeks after feeding compared with
the diabetic control with elevated blood glucose
level. This finding agrees with the study of Asemi
et aP® which reported a significant reduction in
fasting plasma glucose following combined calcium
and vitamin D supplementations in women with
gestational diabetes. Beneficial effects of vitamin D
supplementation on improved insulin action might
result from its effect on calcium and phosphorus
metabolism and through upregulation of the insulin
receptor genes?'. Furthermore, vitamin D via the 1,
25-dihydroxyvitamin D3-mediated Ca?* signaling
pathway may be involved in the regulation of insulin
secretion from the pancreatic beta cell?®. The
beneficial hypoglycemic effect of combined calcium
and vitamin D manifested in the observed improved
glycemic profiles in the experimental rats following
oral glucose challenge as depicted in Figure 1
above. Calcium and vitamin D — fortified diet caused
improved glycemic tolerance in both experimental
rat groups over that of their respective controls.
However, the effect was more marked in the healthy
experimental rats than the diabetic counterpart.
This observational difference may be explained
by the different glucose handling capacity in both
experimental rats.

No significant difference observed in
hematological and hemostatic indices between the
experimental and the controlled rats. This finding
comply with the results of other studies?®2.

In conclusion, Ca?* and Vit.D-fortified diet
reduced body weight with beneficial hypoglycemic
and remarkable glycemic tolerant effects on glycemic
control and profile without significant impact on
hemostatic and hematological indices. This study
therefore suggests the recommendation of combined
calcium and vitamin D — fortified diets to diabetics
and obese individuals to improve glycemic control
and weight reduction.
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