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Abstract

Background: Optimal use of dietary antioxidants may help to prevent or ameliorate metabolic disorders due to oxidative damage of free 
radicals. 

Objectives: This experimentally controlled designed nutritional study aimed to determine the effects of Vitamin C-supplemented diet on 
body weight gain, glycemic tolerance and lipid profile in diabetic and non-diabetic male Wistar rats.

Materials and Methods: Twenty-eight adult male Wistar rats weighing ≥180g were randomly categorized into four experimental groups 
(n = 7, each): Normal Control (NT); Normal Treated (NT); Diabetic Control (DC) and Diabetic Treated (DT). Diabetes was induced using freshly 
prepared Alloxan monohydrate solution (150 mg/dL, intraperitoneally). Animals were fed according to the experimental design with standard 
and test feeds and water ad libitum for six weeks while body weights were measured twice weekly. Fasting blood sugar (FBS) concentrations 
were determined twice weekly using glucometer while lipid profile was analyzed at the onset and end of study period. Oral glucose tolerance 
test (OGTT) was conducted at the end of study. Data obtained was analyzed using Microsoft Excels and statistical SPSS program version 22. 
Results are expressed as mean ± SEM. Comparison between groups were made using Students’ t-test and one way ANOVA. P values < 0.05 were 
considered significant. 

Results: Vitamin C-supplemented diet significantly (p < 0.05) decreased mean body weight gain, improved glycemic tolerance, reduced TC, 
LDL-C and TG concentrations and increased HDL concentrations in diabetic and non-diabetic rats differentially.

Conclusion: Vitamin C-supplemented diet potentiates beneficial antidiabetic, antilipaemic and antiobesity impacts in experimental rats. 
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Error of Mean

Introduction

The potential effect of L-Ascorbic acid (Vitamin C) on health 
has long been established. Vitamin C is a water-soluble and 
immune system-strengthening antioxidant naturally occurring in 
certain foods and as well available in certain drinks and dietary 
supplements. It is an essential co-factor for the biosynthesis 
of a small protein-like molecule known as carnitine. Carnitine 
mobilizes fat molecules to the site of fat oxidation in tissue cells for  

 
energy metabolism. Thus, fat tends to accumulate in tissues when 
carnitine concentrations are reduced [1]. Due to environmental 
stress and other factors, free radicals are generated through body 
metabolism which results in oxidative injury to the living tissues 
and cells [2]. Several human diseases including diabetes mellitus 
have been established to result from this oxidative damage of 
free radicals [3]. The mechanisms of action of vitamin C has been 
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demonstrated to be mediated via collagen synthesis and regulation 
of hypoxia-inducible factor 1α, pro-oxidant and oxidant activities 
[4-8]. While recent research studies focused on whether vitamin 
C by limiting the damaging effects of free radicals through its 
antioxidant activity, might help prevent or delay the development 
of certain cancers, metabolic, cardiovascular and other diseases 
in which oxidative stress plays a causal role, previous study has 
shown that several people suffering from diabetes mellitus lack 
vitamin C [9]. Thus, any dietary approach targeted towards 
improving antioxidant level in diabetic individuals will potentiate 
a beneficial impact in preventing, improving and minimizing 
associated risks and complications of diabetes mellitus [10,11]. 
This experimentally controlled designed nutritional study 
therefore aimed to determine the effect of vitamin C-supplemented 
diet on body weight gain, glycemic tolerance and lipid profile in 
diabetic and non-diabetic male Wistar rats with the rationale to 
target and optimize dietary antioxidants for diabetes control.

Materials and Methods

Experimental animals and diets

Twenty-eight male Wistar rats weighing ≥180g were 
purchased from a disease-free stock at Ife, Osun state, Nigeria. 
They were fed initially with standard rat chow and water ad 
libitum for the 2 weeks acclimatization period in raised stainless 
steel cages with 6mm2 mesh floor (to maintain same physical 
activity) kept in a well ventilated animal house (at 23°C and a 12 
h light and dark cycle). Replaceable numbered blotters papers 
were placed under each cage to catch the spilled diet that was 
measured to make up for the daily serving ration. The rats were 

weighed twice weekly to ensure that no rat outside the initial 
weight range was used. The entry point weight range was chosen 
to ensure that the rats used were mature enough to withstand the 
study protocol which lasted 6 weeks. After acclimatization, the 
animals were randomly grouped into four groups according to the 
experimental design while the weights of the rats were measured 
and recorded. The study was conducted in accordance with the 
internationally accepted principles for laboratory animal use and 
care [12]. Animal Ethical Committee of the institution approved 
the study protocol.

Induction of diabetes

After 15 hours overnight fast, rats in DC and DT groups 
were injected intraperitoneally with freshly prepared alloxan 
monohydrate (Sigma chemicals, USA) dissolved in sterile 
normal saline at a dose of 150 mg/kg body weight. By glucose 
oxidase method using a glucometer (ACCU-CHECK Active Roche, 
Mannheim Germany), diabetes was confirmed four days after 
induction by determining the fasting blood glucose concentration 
using blood samples from the tail veins. Rats with Fasting Blood 
Glucose (FBG) level > 150mg/dL were considered diabetic and 
used for this study since the level of serum glucose considered to 
be normal in rattus norvegicus ranges from 50 – 135mg/dL [13]. 
Diabetes was allowed to stabilize for 5 days before exposure to 
experimental diets. 

Test diets

The normal (control) and vitamin C- supplemented (test) 
diets were prepared with the assistance of an animal nutritionist. 
Table 1 below shows the composition of the control and test diets.

Table 1: Percentage composition of experimental (control and test) diets.

Nutrient Compo-
nents Ingredients Used Normal Diet (% per 100g of Feed) Vitamin C Supplemented Diet (% Per 100g of 

Feed)

Carbohydrates
Maize 40% 40%

Wheat offal 15% 15%

Fat and Oil

Palm kernel cake 20% 20%

Groundnut cake 10% 10%

Soya bean meal 10.50% 10.50%

Protein
Oyster shell 1.00% 1.00%

Bone meal 3.00% 3.00%

Vitamins
Growth premix 0.25% 0.25%

Vitamin C - 0.00%

Mineral Salt Salt 0.25% 0.25%

Additives
Lysine 0.10% 0.10%

Methionine 0.10% 0.10%

Total 100% 100%
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Experimental design

The rats were randomly divided into four groups of seven rats 
each as follows:

a)	 NC Group: Non-diabetic rats fed with normal diet 
(Normal Control)

b)	 NT Group: Non-diabetic rats fed with Vitamin 
C-supplemented diet (Normal Treated) 

c)	 DC Group: Diabetic rats fed with normal diet (Diabetic 
Control)

d)	 DT Group: Diabetic rats fed with Vitamin C-supplemented 
diet (Diabetic Treated)

The rats were monitored daily for food and water intake 
while their body weight and blood glucose levels were assessed 
bi-weekly. 

Biochemical assays

Oral glucose tolerance test (OGTT): The OGTT was carried 
out on the last day of the 6th week of study. Animals in all groups 
were fasted 15 hours before the test with free access to water while 
oral D glucose load of 2gm kg‐1 (dissolved in distilled water) was 
administered by improvised cannula. Blood samples withdrawn 
from the tail vein of each animal were used to determine the FBS 
concentration at time 0 minute and subsequently at intervals of 
30 minutes for 2 hours. The mean FBS concentrations obtained 
for each group was plotted against time to construct the glycemic 
tolerance curves.

Lipid profile test (LPT): The lipid profile was conducted at 

the beginning and at the end of the study. Blood samples from 
the Posterior Vena Cava vein were collected and transferred 
into the k3 EDTA (Ethylene Diamine Tetraacetic Acid) sample 
bottles. Samples were centrifuged at 3000 revolutions to obtain 
the plasma fractions which was kept in a refrigerator (at -70ºC) 
until used and the sera obtained were used for the biochemical 
assay of the lipid profile. Plasma concentration of total cholesterol 
(TC), high density lipoprotein (HDL) and Triacylglycerol (TAG) 
were measured by the enzymatic colorimetric method after 
centrifugation using a dry-chemical automatic analyzer AU-5200 
OLYMPUS (Randox Laboratories, San Francisco, USA). LDL level 
was determined by the Friedewald formula [14] as follows: 

VLDL (mg/dL) = TAG/5

LDL (mg/dL) = TC - VLDL – HDL

Statistical analysis

Data was analyzed using appropriate statistical method and 
program of Microsoft Excel and SPSS version 22. Results are 
expressed as mean ± SEM. Comparison between groups were 
made using Students’ t-test and one way ANOVA. P values < 0.05 
were considered significant. 

Results

Effect of vit c-supplemented diet on body weight gain

The initial and final mean body weights for each group are 
shown in Table 2 below. The overall percentage weight gain at the 
end of 6 weeks was significantly (p < 0.05) reduced in treated rats 
compared with their respective control. The reduction effect on 
weight gain was more in NT (7.22%) than DT (10.67%) rats.

Table 2: Effect of Vit.C-supplemented diet on body weight gain (n = 5/group).

Parameters
Experimental Animal Categories

Normal Control NC Normal Vit. C Treated NT Diabetic Control DC Diabetic Vit. C-Treated DT

Final Mean Weight (g) 200.60±16.22 193.00±4.40 217.60±20.31 199.20±12.91

Initial Mean Weight (g) 181.00±12.72 180.00±3.05 180.00±14.55 180.00±14.55

Mean Weight change (%) 10.83 7.22* 20.89 10.67**

Values are expressed in mean ± SEM, *Significant (P < 0.05) when compared with normal control -NC. 
**Significant (P < 0.05) when compared with diabetic control DC.

Effect of vit c – supplemented diet on glycemic status

The hypoglycemic effect of vitamin C-supplemented Diet on 
mean FBS (mg/dL) in non-diabetic and diabetic rats is shown 
in Table 3 below. A significant (p < 0.05) percentage reduction 
in mean FBS concentrations was observed in treated healthy 
rats (22.96%) and diabetic rats (11.29%) compared with their 
respective control. The comparative difference between treated 
groups was significant (p < 0.05).

Effect of vit. c-supplemented diet on glycemic tolerance

Effect of Vit.C-supplemented diet on glycemic tolerance was 
assessed by the incremental areas under the glycemic response 

curves as depicted in Figure 1 below. Vit.C-supplemented diet 
significantly enhanced glycemic tolerance in NT and DT rats 
compared with their respective control. The glycemic tolerance 
effect on healthy rats is comparably improved over that of the 
diabetic rats.

Effect of vit. c-supplemented diet on lipid profile

Figure 2 below shows the effect of Vit. C-supplemented diet 
on the lipid profile of the grouped rats. Vit.C-supplemented 
diet caused significant (p < 0.05) decrease in TC, TG and LDL-C 
concentrations (mg/dL) and concomitant increase (p < 0.05)  in 
HDL (mg/dL) concentration in treated healthy and diabetic rats 
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compared with their respective controls: DT (TC-115.0 vs 97.9 
mg/dL; TG - 60.2 vs 40.2 mg/dL; LDL-C - 72.9 vs  49.4 mg/dL; 
HDL - 30.1 vs 40.4 mg/dL) and DC (TC- 115.1 vs 113.9 mg/dL; TG 

- 59.1 vs  60.0 mg/dL; LDL-C – 74.7 vs 65.1 mg/dL; HDL - 30.1 vs 
36.7 mg/dL) respectively. The effect on lipid profile parameters is 
more remarkable in diabetic rats than healthy rats.  

Table 3: Effect of Vit.C-supplemented Diet on mean FBS Concentrations (mg/dL)

Parameters
Experimental Animal Categories

Normal Control NC Normal Vit. C Treated NT Diabetic Control DC Diabetic Vit. C-Treated DT

Final Mean FBS (mg/dL) 61.00±3.50 49.00±2.81 194.60±8.02 177.60±11.22

Initial Mean FBS (mg/dL) 63.40±4.71 63.60±2.38 202.60±7.02 200.20±21.76

% Change in Mean FBS 3.79 22.96** 3.95 11.29*

Values are expressed in mean ± SEM, **Significant (P < 0.05) when compared with DT and NC. *Significant when compared with DC. (n = 5/group)

NC: Normal Control; NT: Normal Treated; DC - Diabetic Control; DT: Diabetic Treated
Figure 1: Effect of Vit. C-supplemented diet on glycemic tolerance/profile (n = 5/group).

Figure 2: Effect of Vit.C-supplemented diet on lipid profile (n = 5/group)
NC: Normal Control; NT: Normal Treated; DC - Diabetic Control; DT: Diabetic Treated; TC:  Total cholesterol; TG: Triglycerides; VLDL: Very 
Low-Density Lipoprotein; HDL: High Density Lipoprotein; LDL-C: Low Density Lipoprotein Cholesterol

Discussion

This experimentally controlled nutritional study 
demonstrated the beneficial impacts of vitamin C-supplemented 
diet on body weight gain, glycemic tolerance/control and 
lipid profile in diabetic and healthy rats. Findings obtained 

revealed that vitamin C-supplemented diet impacts antiobesity, 
antidiabetic and antilipaemic effects in both diabetic and non-
diabetic state. Weight reduction in diabetic control is an essential 
target of interest in the management of diabetes mellitus and one 
way of achieving this is through dietary control among others. 
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According to various findings of research studies, several diets or 
parts of plants have been recommended for weight reduction. In 
this study, consumption of vitamin C-supplemented diet caused 
significant reduction in percentage mean body weight gain in 
both healthy and diabetic rats. However, the effect on weight 
was more pronounced in healthy rats. The observed decrease in 
body weight gain agrees with the reports of previous study which 
suggested that vitamin C status is inversely related to body mass 
and it was reported that individuals with adequate vitamin C 
status oxidize 30% more fat during a moderate exercise bout than 
individuals with low vitamin C status [15]. In this manner, vitamin 
C has been proved to boost body immunity and facilitates weight-
loss thus correlating higher vitamin C intakes with lower body-
mass indexes. Consequently, vitamin C-depleted individuals may 
be more resistant to fat mass loss. Being destroyed by exposure 
to light, oxygen, and/or heat, vitamin C concentration in highly 
processed foods especially those involving high photothermal 
techniques is remarkably reduced. Thus, highly processed foods 
should be discouraged in diabetics while diet rich in vitamin C 
should be encouraged and incorporated in dietary plan menu.

A significant percentage decrease in the mean FBS 
concentrations together with improved glycemic tolerance was 
observed in both healthy and diabetic treated rats. This finding 
agrees with other study [16] which reported that supplementation 
of vitamin C reduces blood glucose and improves glycosylated 
hemoglobin in type 2 diabetes mellitus. These effects may result 
from the anti-oxidant activity of vitamin C which has been 
reported to cause a slower and decreased glycemic responses to 
oral glucose challenge [17]. In this study, the positive impact of 
Vitamin C on the glycemic tolerance was more in the non-diabetic 
than diabetic rats. This may be as a result of a better glucose 
handling in the absence of diabetes. However, regardless of the 
differences, vitamin C-supplemented diet, impacts beneficial 
hypoglycemic potential in both diabetic and non-diabetic state.

Vitamin C-supplemented diet caused significant decrease 
in TC, TG and LDL-C concentrations with concomitant increase 
in HDL concentration in healthy and diabetic treated rats as 
shown in Figure 2. This effect on lipid profile parameters is more 
pronounced in diabetic than healthy rats. A study [17] reported 
that the amount of vitamin C in the blood stream is directly related 
to fat oxidation - the body’s ability to use fat as a fuel source - 
during both exercise and at rest. This may explain the observed 
improved lipid profile observed in treated rats. Human obesity is 
a serious health problem that is exacerbated by easy availability of 
foods rich in sugar and fat as well as relatively sedentary lifestyle 
in developed societies. Obesity increases the risk of high blood 
pressure, heart disease, diabetes mellitus, arthritis, cancer, as well 
as breathing and digestive problems [18-20]. It is very important 
therefore that any modality that favors the reduction in weight 
and fat accumulation will consequently reduce the risks and 
complications associated with obesity.

The aim of diet therapy in diabetics is to achieve 
normoglycemia, maintain ideal body weight and improve lipid 
profile. Dietary advice is primarily given in diabetes mellitus to 
avert symptoms of hyper and hypoglycemia and to eliminate or 
postpone secondary complications which may arise. Thus, dietary 
recommendations of vitamin C-rich diets in diabetes which aim 
at minimizing body weight gain and normalizing blood glucose 
concentrations and lipid abnormalities should be encouraged. 
However, excess consumption of vitamin C in form of drugs or 
otherwise supplements should be discouraged to avoid effects of 
hypervitaminosis.  

Conclusion

This nutritional study revealed that vitamin C-supplemented 
diet decreased body weight gain, enhanced glycemic tolerance/
control and improved lipid profile in diabetic and healthy rats 
suggesting that targeting and prioritizing dietary antioxidants-
rich foods in dietary plan menu of the diabetic individuals will 
help in diabetes control.
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