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Introduction

Hyperlipidemia is one of the main causes of cardiovascular 
disease, atherosclerosis, and other metabolic disorders [1]. 
There is ample scientific evidence to document an important 
link between complex oxidation reactions and the devel-
opment of atherosclerosis [2]. Oxidative stress is known 
to result in inflammatory neutrophil infiltration, increased 
protease secretion, and a large number of oxidative inter-
mediates being formed which play an important role in 
cardiovascular disease pathogenesis [3]. Increased oxida-
tive stress also contributes to the subsequent formation and 
progression of atherosclerotic plaques [4]. In particular, oxi-
dized low-density lipoprotein (LDL) induces inflammation 
and favors atherosclerosis by encouraging the development 
of cytokines.

A hot subject in research is finding safe and effective 
drugs extracted from natural products for diseases such 
as hypertension, hyperlipidemia, and atherosclerosis [5]. 
Accumulating evidence indicates that medicinal plants that 
have an abundance of flavonoids, phenolics, and saponins, 
as well as Vitamin C, can reduce oxidative stress [6] and 
have the potential to protect against cardiovascular diseases 
and other metabolic disorders.

Vitamin C protects against oxidative stress-induced cel-
lular damage by scavenging reactive oxygen species and 
recycling the eNOS cofactor, tetrahydrobiopterin, which is 
relevant to arterial elasticity and blood pressure regulation. 
Various studies document the antioxidant, anticancerous, 
and antiaging properties of Vitamin C [7] but the anti-hyper-
lipidemic property of Vitamin C has not been fully explored. 
The present study envisages evaluating the effect of Vitamin 
C on a high-fat diet-induced hyperlipidemic rat model to 
validate the use of this vitamin as an effective intervention 
strategy for hyperlipidemia and CVD.

Abstract
Excessive dietary fat is mainly responsible for metabolic 
diseases including atherosclerosis and cardiovascular 
disease. We have evaluated the role of Vitamin C in an 
experimental hyperlipidemic model of rats (male Wis-
tar rat 12–16 months). The hyperlipidemic model of the 
rat was created by treatment with an atherogenic suspen-
sion: cholesterol, cholic acid, and coconut oil, for 30 days 
once daily, and supplemented with Vitamin C (Ascorbic 
acid) doses of 0.5  g/kg body weight (orally) for the 30 
days once daily. Bodyweight, fasting glucose, triglycer-
ide, cholesterol, ROS (Reactive oxygen species), MDA 
(Malondialdehyde), FRAP (Ferric reducing the ability of 
plasma), GSH (Reduced glutathione), PCO (Protein car-
bonyl), PON-1(Paraoxonase-1), AGE (Advanced glycation 
end product), PMRS (Plasma membrane reduced system), 
and inflammatory cytokines (TNF-α and IL-6) were esti-
mated in blood and plasma. Our result shows that oxidative 
stress, and inflammatory markers, were increased in the 
HFD-treated group of rats. Vitamin C supplementation pro-
tected against lipidemic and, oxidative stress. We conclude 
that Vitamin C may be useful in maintaining cellular redox 
balance and protecting against lipidemic stress.
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Materials and Methods

All the chemicals and reagents used in this study were pro-
cured from Sigma, St. Louis, USA, and Merck, Germany. 
Ascorbic acid and Cholic acid were purchased from SRL 
Chemicals (India).

Laboratory Animals, Treatment, and Groups

This study was performed on male Wistar rats with a body-
weight of 220 ± 30 g. All rats were fed a standard laboratory 
pellet diet and had free access to drinking water. The research 
was performed using standard lab protocols accepted by the 
University of Allahabad Ethical Committee, India.

Experimental Hyperlipidemic Model in Rats

The atherogenic suspension administrated to rats was made 
in the lab by the method published [8]. Vitamin C was sup-
plemented to rats in doses of 0.5 g/kg body weight [9] dur-
ing the study.

The following were the experimental group of rats:

Group I  Control group of rats (n = 6) (without any treat-
ment) having-free access to drinking water and lab feed.

Group II  Experimental hyperlipidemic group of rats (n = 6). 
This group of rats received orally 1.0 ml of atherogenic sus-
pension every day (morning 0.5 ml and evening 0.5 ml) for 
30 days.

Group III  This group of rats (n = 6) were supplemented with 
Vitamin C (freshly prepared) orally (0.5 g/kg BW) and dis-
solved in water for 30 days. The selection of dose was based 
on previous reports [10].

Group IV  This group of rats (n = 6) received orally 1.0 ml of 
atherogenic suspension and Vitamin C orally (0.5 g/kg BW) 
dissolved in water for 30 days.

It needs to be clarified that there are substantial differences 
between rodents and human timescales in normal biological 
processes. However, these differences only become impor-
tant when the results need to be translated into clinical prac-
tice [11]. Our protocol of 30 days refers only to time period 
with reference to human timescale.

Isolation of Blood, Plasma, Serum, and RBC

After the 30 days of treatment with either atherogenic sus-
pension/ Vitamin C or both, blood samples were obtained 
by cardiac puncture and collected under light anesthesia in 

heparinized syringes (pentobarbital 50 mg/kg body weight). 
Erythrocyte, plasma, and serum were isolated by centrifuga-
tion, and plasma and serum were stored at 80 ° C, for further 
use. For biochemical analysis, red blood cells (RBCs) were 
then washed three times with cold phosphate buffer saline 
(PBS).

The study of serum triglyceride and total cholesterol was 
performed utilizing reagent packs from ERBA diagnostics 
(Transasia India) on an Erba Mannheim Chem. − 7 analyzer. 
The fasting glucose level was estimated by the Roche Accu-
chek blood glucose checking unit.

Intracellular ROS in PRBCs

Oxidative stress was measured by using DCFH-DA fluores-
cence dye by following the protocol [12] on a Cary Eclipse 
fluorescence spectrophotometer (Agilent Technologies). 
485 nm set as excitation wavelength and 528 nm emission 
wavelength. The control group value of ROS is set as 100%.

Estimation of Lipid Peroxidation in the Terms of 
MDA

MDA was assayed by protocol [13]. In brief 0.2 ml PRBCs, 
1 ml of 10% trichloroacetic acid, and 2 ml of 0.67% thiobar-
bituric acid mixed well and kept in a boiling water bath for 
20 min and subsequently cooled Centrifuged at 1000 g and 
the supernatant collected, read at 532 nm. Extinction coef-
ficient (1.56 × 10 5 M− 1 cm− 1) was used for the calculation 
and reported as nmol/ml of PRBCs.

Estimation of Total Antioxidant Activity in the Terms 
of FRAP

The plasma FRAP value was measured by a standard 
method [14]. In short, 100 µl of plasma sample and 900 µl 
of FRAP reagent containing 300mM acetate buffer, pH 3.6, 
20mM ferric chloride, and 10mM 2,4,6-tripyridyl-s-triazine 
in 40mM hydrochloric acid in the ratio of 10:1:1 was mixed 
well and absorbance was taken at 593 nm at 30 s interval 
for 5 min.

Estimation of Glutathione (GSH) in Erythrocytes

Erythrocyte GSH value was measured by using the estab-
lished protocol [15]. In brief, the assay is based on the 
reduction of 5,5,-dithiobis, 2-nitrobenzoic acid by sulphdryl 
group (SH). The concentration of GSH is reported in mg/
mL PRBCs. The absorbance was read at 412  nm and the 
value of GSH is reported in terms of mg/ml PRBCs.
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Total Protein Content in Plasma

Plasma protein was evaluated by the method of Lowry et 
al. [16].

Plasma Protein Carbonyls (PCO)

Protein carbonyl in plasma was estimated by following the 
method given [17]. Protein carbonyls react with 2,4-dini-
trophenylhydrazine (DNPH) and produce hydrazones, these 
hydra zones are detected spectrophotometrically at 370 nm. 
The carbonyl content is reported in nmol/mg protein by 
using an absorption coefficient of 22,000 M− 1 cm− 1.

Paraoxonase − 1 Activity (PON-1 Activity)

The PON-1 activity was measured by the protocol given by 
[18]. The value was reported in U/ml, 1 U of arylesterase 
hydrolyses 1 mmol of phenylacetate per minute.

Estimation of advanced glycation end products 
(AGEs)

Advanced glycation end products were estimated by using 
a spectrofluorometer, following the method of [19]. In brief, 
serum was diluted at 1:50 with PBS, pH 7.4. Emission 
(440 nm) and excitation at 350 nm were used for the assay. 
The result was reported in arbitrary units (AU) and AU/g 
protein.

Erythrocyte PMRS activity

The erythrocyte PMRS activity was assayed by the method 
described earlier [20]. PRBCs were suspended in PBS (con-
taining 5 mM/L glucose and 1 mM/L potassium ferricya-
nide) up to a final volume of 2.0 ml. The suspension was 
incubated at 37 °C for 30 min and later centrifuged at 4 °C at 
800 g. The absorbance was measured at 535 nm. The coef-
ficient (= 20,500 M− 1 cm-1) was used to assess the result and 
the results are reported in the terms of µmol ferrocyanide/
ml PRBCs/30 min.

Estimation of Cytokine levels (IL-6 and TNF – alpha) 
in the serum

Cytokine levels were estimated following the instructions 
provided in the manufacturer’s manual (Krishgen BioSys-
tem, India), as described in detail [8]. Briefly, antibody-
coated plates (either TNF-α or IL-6) were loaded with 
standard (known concentration) and experimental samples 
and kept for incubation at 37 °C for 1 h. After incubation and 
washing (at least five times), a specific detection antibody 

was added for 30 min at 37 °C. After the incubation, a sec-
ondary antibody (streptavidin-conjugated HRP) was added. 
After 30 min of incubation, the stopping reagent was added 
and the blue color generated was read at 450 nm by using 
an ELISA microplate reader, Spectrostar Nano (BMG-Lab 
Tech). The results are reported in Pg/mL.

Statistical Analysis

Data were analyzed by one-way ANOVA and compared 
between all experimental groups using the software PRISM 
5.01. All data are expressed as mean ± SD for six indepen-
dent experiments. A value of p < 0.05 was considered statis-
tically significant.

Results

ROS Level in HFD Treated and Vitamin C Supplemented 
Group of Rats  Intracellular ROS determination is repre-
sented in Fig. 1 A. The ROS level was found to be signifi-
cantly (p < 0.05) increased (144.17%) in the HFD treated 
group with respect to the control group. while a significant 
(p < 0.05) decrease (42.54%) was found in the ROS level of 
the HFD + Vitamin C group with respect to the HFD group 
of the rat. A one-way ANOVA was conducted to compare 
the effect of Vitamin C on the HFD + Vitamin C treated 
group of rats.

Lipid Peroxidation (MDA) Level on HFD Treated and Vitamin 
C Supplementation Group of Rats  The lipid peroxidation 
measured in the form of MDA is represented in Fig.  1B. 
Our finding shows that it is a significant (p < 0.05) increase 
(32.28%) in the MDA level in the HFD group of rats with 
respect to the control group and is significantly (p < 0.05) 
decreased (21.56%) when the HFD group of rats is supple-
mented with Vitamin C and compared with HFD group of 
rats.

The Impact of HFD Treatment on Ferric Reducing the Antiox-
idant Ability of Plasma Value is Represented in the Form of 
FRAP in Fig. 1 C  Data shows a significant (p < 0.05) decrease 
(38.00%) in the FRAP value in the HFD treated group, after 
the supplementation of Vitamin C the HFD group of rats 
show a significant (p < 0.05) increase (40.57%) in the FRAP 
value with respect to HFD treated group.

Figure 1D Represents the Intracellular GSH Level  Our find-
ing shows a significant (p < 0.05) decrease (57.44%) in the 
GSH level in the HFD group of rats with respect to the con-
trol group and a significant (p < 0.05) increase (63.33%) 
when the HFD group of rats is supplemented with Vitamin C 
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was conducted to compare the effect of Vitamin C on the 
HFD + Vitamin C treated group of rats.

PCO and PON-1 level in HFD treated and Vitamin sup-
plementation group of rat

PCO and PON-1 levels are represented in Fig.  2 A & 
2B respectively. Our result shows that there is a significant 
(p < 0.05) increase in both the value in HFD treated group 
of rats respectively with respect to the control group, while 
after the treatment with Vitamin C significantly (p < 0.05) 
decreased both values when the compared with HFD group 
of rats.

AGE Level on High-fat Diet Treated and Vitamin C Supple-
mentation Group of Rat  The advanced glycation end prod-
uct is shown in the form of AGE depicted in Fig. 2 C. Our 
data showed a significant (p < 0.05) increase (144.77%) 
in the AGE level in the HFD group of rats with respect to 
the control group, and a significantly (p < 0.05) decrease 
(31.14%) level in Vitamin C supplemented group of rat 
when compared with HFD group of the rat.

Role of HFD and Vitamin C Supplementation on PMRS 
Level  PMRS activity is represented in Fig.  2D. PMRS 
activity is significantly (p < 0.05) increased (227.19%) in the 
HFD group of rats, whereas HFD with supplementation with 
Vitamin C shows a significant (p < 0.05) decrease (37.80%) 
in PMRS activity when compared with HFD group.

Cytokine Level After the Treatment of HFD and Vitamin C 
Supplementation  Inflammatory Cytokine levels are shown 
in Fig.  3 A & 3B respectively. The activity of both cyto-
kines (Il-6 & TNF- α) is significantly (p < 0.05) increased 
(41.32% &38.97% ) in HFD groups of rats with respect to 
control. A significant (p < 0.05) reduction (25.64%,28.05%) and compared with HFD group of rats. A one-way ANOVA 

Fig. 3  (A & B) represents the cytokines IL-6 and TNF-α levels in 
serum. The value is expressed as pg/ml serum. * represent (p < 0.05) 
when compared with a normal control group of the rat. # (p < 0.05) 
represent when compared with HFD group of the rat

 

Fig. 2   Protein carbonyl (PCO) & PON-1 are represented in Fig. 2(A& 
B).* represent (p < 0.05) when compared with normal control group of 
rat. # (p < 0.05) represent when compared with HFD group of rat. (C 
& D) represent the AGE and PMRS level in all experimental group of 
the rat. Data are shown as mean ± SD of six independent experiments.* 
(p < 0.05) when compared with normal control. # (p < 0.05) represent 
when compared with HFD group of the rat

 

Fig. 1  (A) Intracellular ROS was analyzed with fluorescent dye 
DCFDA in all groups of rats with Spectrofluorimetric. Data are shown 
as mean ± SD of six independent experiments, and the generation of 
ROS is expressed as % change of normal control.* (p < 0.05) when 
compared with normal control. # (p < 0.05) represent when compared 
with HFD group of the rat
(B) Lipid peroxidation is represented in terms of MDA in all groups.* 
represent significantly increased (p < 0.05) in MDA level of the HFD 
group when compared with the control group. # represents a significant 
decrease (p < 0.05) in the HFD + Vitamin C group when compared with 
the HFD group
 FRAP and GSH values are represented in Fig.  1(C &D). Data are 
shown as mean ± SD of six independent experiments, * (p < 0.05) when 
compared with normal control. # (p < 0.05) represent when compared 
with HFD group of the rat
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superoxide anions, hydroxyl radicals, peroxynitrite, and 
radicals of nitric oxides [7].

AOPPs and AGEs are important oxidative stress bio-
markers [29]. In the atherogenic treated rat which is charac-
terized by increased oxidative stress, a high level of plasma 
AOPP was found. Vitamin C supplementation mitigates 
this effect. In accumulating random damage to extracellular 
proteins, AGEs play a causative function. These advanced 
end products of glycation have potentially adverse effects 
on biological function and are related to aging and many 
degenerative diseases, such as diabetic complications, ath-
erosclerosis, and chronic renal failure [30].

Paraoxonase 1 (PON-1) is an enzyme linked to HDL that 
provides LDL and HDL for lipid peroxidation protection. It 
has been identified that PON-1 is a protective factor in dis-
orders associated with inflammation and oxidation, such as 
diabetes mellitus and non-alcoholic liver fat disorders. The 
role of polyphenols in stimulating PON-1 is shown in a few 
studies [18]. Enzyme-SH group maintenance justifies the 
significance of plasma redox status as an important factor 
in the modulation of the behavior of PON-1 [31]. The anti-
oxidant function of Vitamin C is illustrated by our observa-
tion of vitamin C supplementation reversing the impact of 
hyperlipidemic stress in atherogenic supplemented rats.

In erythrocytes, the plasma membrane redox system 
(PMRS) is an essential mechanism for preserving plasma 
redox status in different situations, including aging and 
diabetes [32]. The behavior of the PMRS is focused on the 
transfer of electrons to its extracellular acceptors from intra-
cellular donors NADH and/or ascorbate (ASC). Previous 
reports indicate that in vivo polyphenols exert their anti-
oxidant effects through a process based on PMRS activation 
[20]. Our results on the effect of Vitamin C on erythrocyte 
PMRS activity support our earlier findings with resveratrol 
[33] and tea catechins [34] emphasizing the important role 
Vitamin C may play during the hyperlipidemic condition.

In hyperlipidemic conditions we observe higher lev-
els of inflammatory cytokines, this has also been reported 
in our previous findings [8]. In the hyperlipidemic condi-
tion, a high degree of lipid peroxidation occurs and leads 
to the activation of nuclear factor kB (NF-kB), a redox-
sensitive transcription factor that plays an important role in 
the inflammatory cytokine secretion. Inflammation in the 
vasculature caused by reactive oxygen species (ROS) is a 
key connection between cardiovascular disease and meta-
bolic syndrome. Atherosclerosis is characterized by chronic 
inflammation, which is a harmful characteristic. Endothe-
lial dysfunction activates innate immunological inflamma-
tory pathways upstream of the nuclear transcription factor 
NF-kB. As a result, ROS-induced inflammation contributes 
to endothelial dysfunction and promotes inflammation [35]. 
Both cytokines IL-6 and TNF-alpha levels are found to be 

is seen in both parameters in the HFD + Vitamin C group of 
rats when compared with HFD groups of rats.

Discussion

Vitamin C is a multi-function vitamin with a powerful anti-
oxidative property, wound healing effect, cooperation with 
iron absorption, and activation of hemoglobin. Ascorbic acid 
is also a cofactor for collagen biosynthesis, carnitine, cat-
echolamines, and some neurotransmitters [21]. High dietary 
fat intake leads to altered lipidemic balance, leading to the 
production of reactive oxygen species and thereby inducing 
a permanent state of inflammation through the development 
of white adipose tissue that secretes pro-inflammatory fac-
tors [22]. Increased development of reactive oxygen species 
is directly related to atherosclerosis and various cardiovas-
cular diseases. Dyslipidemia-induced impaired redox status 
is commonly seen in women with menopause. Although 
menopause is an inevitable part of getting older it may also 
speed up the aging process [23, 24].

Malondialdehyde (MDA) influences the exchange of 
ions from the cell membranes, allowing membrane-located 
compounds to cross-link, increased lipid peroxidation may 
alter membrane fluidity, and affect the activity of enzymes 
and receptors which are bound with the membrane [25]. 
The lipid-phase surface charge polarity and the formation 
of protein oligomers increase as lipid oxidation of the cell 
membrane increases. The molecular mobility of lipids, 
the number of groups of -SH (Thiol), and the resistance to 
thermal denaturation also may reduce. Our observation of 
a decrease in MDA after Vitamin C treatment is explained 
due to its ability to protect against lipid peroxidation by act-
ing as a scavenger of ROS and by one-electron reduction of 
lipid hydroperoxyl radicals via the vitamin E redox cycle 
[26].

ROS targets plasma proteins and, under stress, conditions 
contribute to carbonyl groups on multiple amino acids. Dif-
ferent molecular pathways have been suggested for protein 
carbonation, some of them caused by direct ROS attacks 
and by the radical formation of alkoxides that lead to pro-
tein cleavage. According to a previously published research 
article high PCO has been recorded in atherogenic rats [27]. 
The anti-hyperlipidemic effect of vitamin C is validated by 
our vitamin C-induced decrease in PCO findings. Reports 
document that there are several possible mechanistic expla-
nations for the observed beneficial effects of systemically 
administered vitamin C on endothelial function [28]. As 
stated above, one explanation is that vitamin C eliminates 
intracellular superoxide that would otherwise deactivate NO 
by forming peroxynitrite, and can neutralize ROS including 
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Group II
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Group III
(Vitamin 
C)

Group IV
(HFD + Vita-
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All values are expressed as mean ± SD of (n = 6)
*Significant (p < 0.05) when compared with the control group
# Significant (p < 0.05) when compared with, HFD group
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