
Introduction
Type 2 diabetes mellitus (T2DM) occurs as a result of

insulin resistance leading to impaired glucose

metabolism and insulin deficiency due to β cell

exhaustion.1 The insulin resistance has been attributed

to an abnormal insulin molecule, an excessive amount

of circulating antagonists or target tissue defects

including down regulation and abnormal structure of

insulin receptors. Decreased insulin sensitivity results in

diminished glucose transport and its utilisation by

target cells.2

Cholecalciferol is a fat soluble vitamin, which has been

studied for its possible role in improving insulin

sensitivity of target tissues in T2DM. Cholecalciferol binds

to vitamin D receptor (VDR), which is a steroid hormone

nuclear receptor that mediates transcriptional activation

of genes responsible for the synthesis of insulin receptors

and the insulin molecule itself. By stimulating the

expression of insulin receptors and transcriptional

activation of human insulin gene, cholecalciferol has

been documented to ameliorate insulin resistance and

decreased insulin secretion which are both documented

hallmarks of T2DM.3

Levo carnitine is a vitamin-like compound which is

abundantly present in mammalian plasma and tissues. It

has been documented that levo carnitine

supplementation significantly improves insulin sensitivity

and stimulates glucose oxidation in type 2 diabetic

patients, thereby improving glycaemic control in T2DM.4

It has been shown to regulate hepatic glucose

metabolism by suppressing glucose over-production in

high fructose fed animal models. These properties have

been shown to reduce insulin resistance in experimental

models of T2DM.5

The plausible roles of cholecalciferol and levo carnitine
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Abstract
Objective: To compare the effects of combined and individual supplementation of cholecalciferol and levo carnitine

on plasma glucose, plasma insulin and insulin resistance in type 2 diabetic rats.

Methods: The randomised controlled trial was conducted at the Department of Physiology, Army Medical College,

Rawalpindi, between October 2010 and April 2011. It comprised 80 healthy Sprague Dawley rats who were divided

into four groups (n = 20 each). Rats were fed high-fat diet for 2 weeks followed by an intraperitoneal injection of

streptozocin to induce type 2 diabetes mellitus. Group I served as diabetic control; group II was given cholecalciferol;

group III; levo carnitine; and group IV was administered cholecalciferol and levo carnitine together. After 6 days of

supplementation, terminal intracardiac blood extraction was done and samples were analysed for fasting plasma

glucose and plasma insulin. Insulin resistance was calculated by homeostatic model assessment for insulin

resistance. SPSS 17.0 was used for statistical analysis.

Results: Fasting plasma glucose levels were significantly decreased (p <0.001) in the combined

supplementation group compared to the diabetic control and individual supplementation groups. Combined

supplementation showed a significant increase in fasting plasma insulin levels when compared with diabetic

control and levo carnitine groups (p <0.001), and the effect of combined supplementation on ameliorating

insulin resistance was significantly better (p <0.001) as compared to the individual supplementation of

cholecalciferol and levo carnitine.

Conclusions: The combined supplementation of cholecalciferol and levo carnitine for 6 days markedly

improved the glycaemic control, insulin secretion and insulin resistance in type 2 diabetic rats on high-fat diet.

A prolonged supplementation by both the compounds along with caloric restriction may yield a more

promising outcome.
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in T2DM have been evaluated separately, with

controversial outcomes. Studies have reported an

improvement in glycaemic control with these drugs, but

no study has so far been conducted on evaluating the

effects of combined supplementation of these drugs on

glycaemic control, insulin secretion and insulin

resistance. Considering this, the present study was

designed to compare the effects of combined

supplementation of cholecalciferol and levo carnitine

with their individual supplementation on plasma

glucose, plasma insulin and insulin resistance in type 2

diabetic Sprague Dawley rats.

Materials and methods 
These lab-based randomised controlled trial was

conducted at the Department of Physiology, Army

Medical College, Rawalpindi, from October 2010 to April

2011, and comprised 80 Sprague Dawley rats (250±50g),

aged 60-90 days, which were normally behaving and

were not having any pre-existing ailment, as reported by

the animal supervisor of the National Institute of Health

(NIH), Islamabad. The subjects were picked through non-

probability convenient sampling. A formal approval

from the ethical committee of the Army Medical College

was taken before the commencement of the

experiment. Pre-existing diabetes was ruled out with the

help of blood glucose testing with glucometer. The rats

were kept in a temperature-controlled environment, and

a 12:12-h light-dark cycle was maintained. All the 80 rats

were fed high fat diet (HFD) for 2 weeks. At the end of

the 2nd week, a single intraperitoneal injection of

streptozocin (35 mg/kg) was administered following

which the rats continued on HFD for the 3rd week.6 At

the end of the 3rd week, 1.5ml tail vein blood was

aseptically taken after an overnight fast of 12 hours, and

put in sodium fluoride tubes. The samples were analysed

for fasting plasma glucose and insulin levels, which

confirmed the development of T2DM in all the rats.

Insulin resistance was calculated by homeostatic model

assessment for insulin resistance (HOMA-IR). Plasma

glucose level > 220mg/dl was taken as the cut-off value

for the confirmation of T2DM.7 After the induction and

confirmation of T2DM, the rats were randomly divided

into four equal groups (n=20 each) using random

number tables:

Group I (Diabetic control) comprised diabetic rats which

continued on HFD for another 6 days (4th week of study)

and no drug was administered to this group; Group II

(Cholecalciferol group) comprised diabetic rats which

continued on HFD and cholecalciferol was administered

subcutaneously (10 ng/100 g) daily for 6 days;8 and Group

III (Levo carnitine) comprised diabetic rats which

continued on HFD and levo carnitine was administered

intraperitoneally (200mg/kg) daily for 6 days;9 and Group

IV (Combined supplementation) comprised diabetic rats

which continued on HFD and both cholecalciferol (10

ng/100g) and levo carnitine (200mg/kg) were

administered daily for 6 days.8,9

At the end of the 4th week, the rats were kept on

overnight fast (12 hours). Rats were anaesthetised by

keeping them in a chamber containing ether soaked

cotton, for 3-5 minutes. Terminal blood samples (4-5 ml)

were taken by intracardiac extraction with 18-gauge

needles attached to 5ml syringes. The samples were put

in sodium fluoride tubes and were centrifuged for 15

minutes at 4000rpm (Eppendorf centrifuge 5810R,

Germany). Plasma was pipetted out of the sodium

fluoride tubes and transferred to Eppendorf tubes.

Plasma glucose was estimated by glucose oxidase

method (GLUCOSE - L, Minias Globe Diagnostics, Italy).

Plasma insulin levels were estimated with insulin (Rat)

ELISA (DRG Instruments GmbH, Germany). Insulin

resistance was calculated by HOMA-IR.10

The data was analysed on SPSS version 17.0. The mean

and standard deviation (SD) values were calculated for

quantitative variables i.e. plasma glucose, plasma insulin

and insulin resistance. Data within the groups were

analysed by using one-way analysis of variance (ANOVA),

followed by post-hoc Tukey HSD. P < 0.05 was considered

statistically significant.

Results
Fasting plasma glucose (mg/dl) of rats at the end of the
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Figure-1: Fasting plasma glucose levels amongst the groups after drug

supplementation (end of 4th week).

*: p <0.001 compared to diabetic control. #: p = 0.011 compared to levo carnitine.

**: p <0.001 compared to diabetic control. †: p <0.001 compared to cholecalciferol.

††: p <0.001 compared to levo carnitine.



4th week (after drug supplementation) showed a

significant statistical difference (p <0.05) amongst all

the groups (Figure-1). The combined supplementation

revealed a highly significant effect (p <0.001) on

glycaemic profile compared to the diabetic controls

(Table-1). Individual supplementation with

cholecalciferol markedly decreased (p <0.001), whereas

levo carnitine did not affect (p >0.05) plasma glucose

levels compared to the diabetic controls. The glycaemic

control exerted by the combined supplementation of

both the drugs was significantly pronounced (p <0.001)

compared to that of individual supplementation of

either drug.

The comparison of fasting plasma insulin levels (µU/l)

amongst various groups after the supplementation of

drugs showed a significant statistical difference (p

<0.001) (Figure-2). The combined supplementation

significantly increased the plasma insulin levels in

T2DM rats (p <0.001). The effect of combined

supplementation in increasing the plasma insulin

levels was not statistically different (p >0.05) from the

effect of individual supplementation of cholecalciferol.

Cholecalciferol increased the plasma insulin levels

significantly (p <0.001) compared to levo carnitine (p

>0.05). Therefore, cholecalciferol supplementation

increased plasma insulin levels when given in

combination or alone, whereas levo carnitine did not

have any effect on plasma insulin levels of T2DM rats.

HOMA-IR after drug supplementation showed a

significant (p >0.001) difference across the groups

(Figure-3). The individual and combined

supplementation of cholecalciferol and levo carnitine
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Figure-3: HOMA-IR amongst the groups after drug supplementation (end of 4th

week).

* p<0.001 compared to diabetic control. 

# p< 0.017 compared to levo carnitine. 

** p<0.001 compared to diabetic control. 

## p< 0.001 compared to cholecalciferol. 

† p <0.001 compared to levo carnitine. 

HOMA-IR: Homeostatic model assessment for insulin resistance.
Figure-2: Fasting plasma insulin levels amongst the groups after drug

supplementation (end of 4th week).

* p < 0.001 compared to diabetic control. 

# p <0.001 compared to levo carnitine.

Table: Comparison (Post Hoc) of fasting plasma glucose, plasma insulin and HOMA-IR amongst various groups after drug supplementation.

Parameters Plasma glucose (mg/dl) Plasma insulin (µU/l) HOMA - IR

Comparison between groups Mean difference P-value Mean difference P-value Mean difference P-value

Diabetic control vs Cholecalciferol 135.73 < 0.001 -25.68 < 0.001 38.07 0.001

Diabetic control vs Levo Carnitine 38.73 0.585 -0.31 1.000 10.19 0.685

Diabetic control vs Combined 275.90 < 0.001 -22.44 < 0.001 74.09 < 0.001

Cholecalciferol vs Levo Carnitine -97.00 0.011 25.37 < 0.001 -27.88 0.017

Cholecalciferol vs Combined 140.17 < 0.001 3.23 0.893 36.02 0.001

Levo Carnitine vs Combined 237.17 < 0.001 -22.13 < 0.001 63.90 < 0.001

HOMA-IR: Homeostatic model assessment for insulin resistance.



revealed a significant effect (p <0.001), whereas

individual supplementation of levo carnitine revealed

no significant effect (p >0.05) on reducing insulin

resistance when compared to the diabetic controls. The

combined supplementation of both the drugs revealed

a significant decrease in insulin resistance compared to

the use of individual drugs (p <0.001).

Discussion
The animal model of T2DM described by Srinivasan et

al. in 2005 was used in this study because it closely

resembled the natural course and metabolic

characteristics of the disease. This model had been

documented to manifest the similar response to

standard anti-diabetic drugs as in human T2DM. We

induced T2DM in HFD rats by injecting a single dose of

streptozocin (35mg/kg) which reduced the β cell mass

in islets of Langerhans and resulted in frank

hyperglycaemia and insulin resistance.6

The development of T2DM in all the groups of the

study was confirmed by estimating plasma glucose

and HOMA-IR at the end of the 3rd week. The glucose

levels in all the groups ranged between 513-534mg/dl

and HOMA-IR was found to be >2 (confirmative of

T2DM). Cholecalciferol has been documented to

decrease the plasma glucose levels in T2DM Sprague

Dawley rats.11,12 In this study, cholecalciferol (10

ng/100g subcutaneously for 6 days), significantly

decreased (26.31%) the glucose levels of

cholecalciferol treated rats (380.05 mg/dl) compared

to the diabetic control (515.78 mg/dl). It has been

documented that cholecalciferol (5000 IU/kg body

weight/day for 15 days by gastric Gavage method

which involves insertion of a feeding tube in the

animal being fed to ensure proper supplementation of

medication) decreased the blood glucose levels to

near-normal values in alloxan-induced diabetic rats.13

In a study conducted on obese Wistar rats,

cholecalciferol (12.5 µg/kg body weight for 14 days by

gastric Gavage) was found to decrease plasma glucose

concentrations by as much as 40%.14 It is evident that

the difference in the duration of supplementation and

route of administration of cholecalciferol lead to a

better glucose-lowering effect in these studies

compared to ours.

A dose of 200mg/kg levo carnitine was administered

intraperitoneally daily for 6 days. In this study the

plasma glucose levels in levo carnitine-treated group

(477.06 mg/dl) were found to be reduced by 7.5% (p

>0.05) compared to the diabetic controls

(515.78mg/dl). These results were not consistent with

the findings of studies in which administration of levo

carnitine decreased blood glucose level in inbred

strain of rats.15,16 The most potent effect (53.49%) in

lowering plasma glucose level was observed in the

combined supplementation group (239.88 mg/dl).

Although this value was close to the cut-off value (220

mg/dl) of plasma glucose to establish T2DM in our

study, the combined administration of cholecalciferol

and levo carnitine could not develop

normoglycaemia. It is suggested that the combined

administration of these drugs along with the

commonly used oral hypoglycaemic agents (OHAs)

may help in reducing the required dose of the latter

and this effect may be more beneficial if the diet is

also regulated. To our knowledge no study has so far

been conducted on T2DM rats in which the combined

supplementation of cholecalciferol and levo carnitine

was given.

Insulin secretion has been documented to increase

consequent to cholecalciferol supplementation in

response to glucose tolerance testing in T2DM rats with

reduced insulin secretion.11 In another experimental

T2DM model, obese Wistar rats were found to have

increased insulin secretion upon cholecalciferol

supplementation.14 Similar results were observed in a

study conducted on alloxan-induced T2DM rats in

which the insulin secretion was increased up to 98%

after daily administration of cholecalciferol.13 In our

study, the level of insulin secretion in cholecalciferol-

treated group was enhanced by114.54% (45.61µU/l)

compared to the diabetic controls (19.93µU/l). This is

due to the fact that cholecalciferol enhances the insulin

secretion by transcriptional activation of insulin

production by the pancreatic β cells.17

We employed HOMA-IR for the calculation of insulin

resistance in our study, which is a reliable surrogate

index that provides an approximation of formal

measures of insulin resistance when applied to rats

and mice as they do in humans.18 Reports on

association between insulin resistance and serum

cholecalciferol levels have been inconsistent. Several

cross-sectional studies in humans have shown

negative association between serum cholecalciferol

levels and fasting plasma glucose and HOMA-IR,

whereas a few have provided either no or minimal

association. The difference in this relationship is likely

due to the diferences in subject populations and

different methods to determine insulin secretion. A

significant positive association between serum

cholecalciferol levels and oral glucose tolerance test

(OGTT) induced insulin secretion was reported in East

Vol. 63, No.3, March 2013

Effect of cholecalciferol and levo carnitine on plasma glucose, plasma insulin and insulin resistance in type 2 diabetic rats 377



London Asians at risk for T2DM.19 On the other hand,

no association was documented between serum

cholecalciferol levels and meal-induced insulin

secretion in men with T2DM.20 It is possible that

cholecalciferol is unable to augment insulin secretion

in uncontrolled T2DM subjects who have already

exhausted their insulin secretory capacity. Analysis of

the National Health and Nutrition Examination Survey

1989-1994 (NHANESIII) disclosed that serum

cholecalciferol levels were inversely associated with

the risk of diabetes and help to measure insulin

resistance.21 Interventional human studies have

reported contradictory results between

cholecalciferol supplementation and HOMA-IR. A non-

significant decrease in HOMA-IR was found in

Bulgarian women with T2DM on oral cholecalciferol

supplementation for one month.22 HOMA-IR was

found to have been improved in American adults,

with daily oral supplementation of cholecalciferol for

3 years.23 No change in HOMA-IR of T2DM Norwegian

adults was observed who were treated with weekly

supplementation of cholecalciferol for 6 months.24 It

is possible that the difference in duration of

intervention between these studies led to the

contradictory outcome of results. To our knowledge,

no study has so far been conducted to assess the

effects of combined supplementation of

cholecalciferol and levo carnitine on insulin

resistance. In our study the effect of combined

supplementation was highly significant (p <0.001)

compared to the individual supplementation of the

drugs on insulin resistance. The significant

improvement of HOMA-IR in our study showed a

positive contribution of cholecalciferol in normalising

the plasma glucose levels, and levo carnitine in

shuttling the fatty acids in to the mitochondria for

oxidation, suggesting the contribution of both the

compounds in improving glycaemic control. HOMA-IR

was significantly (p <0.05) decreased by

cholecalciferol supplementation compared to the

diabetic control. The finding that cholecalciferol had a

significant effect in lowering HOMA-IR was consistent

with the findings of Norman et al.25 A similar outcome

was found in another study conducted on Sprague

Dawley rats.26 Levo carnitine has been shown to

improve insulin resistance in a randomised controlled

study on humans. However, these subjects were given

a low-calorie diet throughout the study period.27 In a

human randomised controlled trial, levo carnitine

supplementation has been shown to improve HOMA-

IR significantly.28 We found that levo carnitine did not

have any significant effect on HOMA-IR (p >0.05). 

Conclusion
The study not only substantiated previous studies of

individual efficacy of cholecalciferol and levo

carnitine, but also suggested that combined

supplementation of both the drugs had a significant

effect of decreasing insulin resistance (p <0.001).

However, keeping in view the limited number of rats in

the study, it is concluded that increasing the number

of rats and duration of the supplementation of both

cholecalciferol and levo carnitine may yield more

promising prospects in this area.
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