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Apple Cider Vinegar Attenuates Lipid Profile in Normal and Diabetic Rats
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Abstract: In this study, the effect of apple cider vinegar on Fasting Blood Glucose (FBG), glycated haemoglobin
(HbAlc) and lipid profile in normal and diabetic rats was investigated. Diabetes was induced in male Wistar
rats (300430 g) by the intraperitoneal injection of streptozotocin (60 mg kg™ of body weight). Both normal and
diabetic ammals were fed with standard ammal food containing apple cider vinegar (6% w/w) for 4 weeks.
Fasting blood glucose did not change, while HbAlc sigmificantly decreased by apple cider vinegar in diabetic
group (p<0.05). In normal rats fed with vinegar, sigmficant reduction of low density lipoprotein-cholesterol
(LDL-¢) (p<<0.005) and significant increase of high density lipoprotein-cholesterol (HDL-c) levels (p<0.005) were
observed. Apple cider vinegar also reduced serum triglyceride (TG) levels (p<c0.005) and increased HDL-c
(p=<0.005) in diabetic animals. These results indicate that apple cider vinegar improved the serum lipid profile
in normal and diabetic rats by decreasing serum TG, LDL-¢ and increasing serum HDL-¢ and may be of great

value in managing the diabetic complications.
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INTRODUCTION

Diabetes mellitus is one of the major chronic disease
m all populations (Wild et al., 2004). In addition to
hyperglycemia, the most common feature n diabetes is
dyslipidemia which 1s contributed to the development of
atherosclerosis (Creager et al., 2003). Therefore, the ideal
treatment for diabetes would be an agent that controls the
glycemic level and prevents the progression of
atherosclerosis.  The curently available agents for
treatment of diabetes are expensive, not easily accessible
and have several side effects (Ramesh and Pugalendi,
2005). Thus, a large munber of studies are mvolved to find
natural hypoglycemic and hypolipidemic products as
alternatives to the synthetic ones.

Vinegar is produced from fermentable carbohydrate
source such as apples, grapes and molasses
(Johnston and Gass, 2006). Tt is commonly used as a food
preservative and as a seasoning i different diets
(O’Keefe et al., 2008, Hlebowicz et al., 2007). The main
component of vinegar is acetic acid, being present at
concentrations of 3-5% (Sakakibara et al., 2007). Other

constituents of vinegar mclude some vitamins, mineral
salts, amino acids, polyphenolic compounds and organic
acids (JTohnston and Gass, 2006). Recently, vinegar has
been reported to have some beneficial effects on
postprandial blood glucose in healthy and diabetic
subjects (Johnston et al, 2004; Johnston and Buller,
2005; Ostman et al., 2005; Leeman et al., 2005). Apple
cider vinegar which is made by fermentation of apple juice
has been used as a folk medicine and its consumption as
a home remedy for diabetes 13 widely advertised in mass
media. However, scientific database about its biological
effects is scarce. Thus, the present study was conducted
to investigate the effect of apple cider vinegar on fasting
blood glucose, HbAl-¢ and lipid profiles in healthy and
diabetic rats.

MATERIALS AND METHODS

This study was conducted in July 2005 at
Amimal  Research  Center, Ahvaz Jundishapour
University of Medical Sciences, Ahvaz, Islamic Republic
of Iran.
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Animals: Forty male Wistar rats (300+£30 g; 4-5 months
old) were obtained from the animal research center
(TJondyshapow Ahvaz University of Medical Sciences,
Ahvaz, Tran). They were housed in the colony in cages
(2-3 rats 1n each cage) under controlled conditions at a
room temperahure of 22-24°C, 55-60% humidity anda 12 h
light/dark cycle. Standard animal pellets (Chavdane,
Shahreza, Iran)and tap water were provided ad libitum.
Nine rats died accidentally because of diabetes, so the
provided results were from 31 rats.

Induction of diabetes: Streptozotocin (STZ) was
purchased from Sigma-Aldrich (St. Louis, United State).
Diabetes was induced by intraperitoneal injection of a
single dose of streptozotocin (60 mg kg~' b.wt.) dissolved
in normal saline (Yamamoto et al., 2000). The control rats
received only the same volume of saline. STZ-imected
animals were allowed to drink 4.5 g 17" sodium chloride
solution instead of water for the whole period of
treatment to prevent diuresis and were given 5%
glucose solution in the 3rd day after STZ ingestion to
prevent hypoglycemic mortality (Khaksari et al., 2004).
Diabetes was confirmed by measuring fasting blood
glucose, 6 days after STZ injection. The animals with
blood glucose =150 mg dI.™' were considered to be
diabetic (Trivedi et al., 2004).

Treatment diet: Apple cider vinegar (Yeko-Yek, Tran)
was purchased from local shop containing 4.4 g dL™'
acetic acid. The amimal pellets were powdered by a
kitchen blender and mixed with apple cider vinegar
(6 g vinegar/100 g arumal food) (Kondo et al., 2001). This
mixture was then transformed into a pellet form using an
industrial meat mincer. The pellets were then dried at
room temperatwre and used for the experiment. The
treatment was started on the day 8th after STZ-injection
and continued for 4 weeks.

Experimental design: The ammals were randomly divided
into four groups of ten, classified as: normal: normal rats
treated with apple cider vinegar, diabetic control:
diabetic rats treated with apple cider vinegar. Blood
samples (2-3 ml.) were collected after 12 h fasting from the
tail vein under ketamine anesthesia (90 mg kg™, ip.),
before and after the treatment period (end of the
4th week).

Serum was separated by centrifugation at 3000 x g at
4°C for 15 min and stored at -20°C for biochemical
analysis. Fasting blood glucose, Total Cholesterol (TC),
triglyceride and high density lipoprotein cholesterol
concentrations were determined by enzymatic
colorimetric assays using commercially available kits
(Pars Diagnostics, Iran). Low density lipoprotein
cholesterol was estimated using Freidewald formula

(Friedewald et ¢l., 1972). The concentration of HbA1-c in
whole blood was measwed by 1on-exchange column
chromatography (Hb-Gold system, Ttaly).

Statistical analysis: All results are presented as the
MeantSD. Statistical analysis were performed with the
SPSS software (version 15 SPSS Ine, Chicago, T1.). The
comparisons of mean values within a group were
performed using paired t-test, whereas those between the
groups were assessed using independent sample t-test.
The p-values of <0.05 were considered significant.

RESULTS

FBG and HbA1-c: As shown in Table 1, imitial values for
FBG were similar in normal rats and remained unchanged
after intervention with apple cider vinegar. Diabetic rats
exhibited elevated level of blood glucose as compared
with normal rats (p=<t0.05). Although, diet containing apple
cider vinegar had no significant effect on FBG, 1t resulted
in a significant decrease in HbAl-c by 18.8% in diabetic
rats (p<t0.05).

Lipid profiles: The total serum cholesterol did not change
inany group (Table 2, 3). Innommal rats treated with apple
cider vinegar, 47% reduction mLDL-c levels (p<0.005) and
34% increase in HDL-c levels (p<0.005) were observed.
Significant differences in these parameters were also
observed in respect to normal rats (p<0.005) (Table 2).

There was a marked elevation in serum TG
concentration (1.8 fold) after STZ injection in diabetic
control group (p<0.005). However, supplementation with
apple cider vinegar significantly reduced the serum TG
compared with control group (Table 3). Serum HDL-¢ was
significantly reduced in diabetic control rats (compared
with initial values), however treatment with vinegar
resulted in a marked elevation (18%) in HDL-c in diabetic
anmimals (p<0.05).

Table 1: Concentrations of Fasting Blood Glucose (FBG) and HbAl-c
before and after 4 weeks treatment with apple cider vinegar in
normal and diabetic rats

FBG {mg dL.™!) HbAl-c (%)

Betore After Betore After
Groups treatment treatment treatment treatment
Normal 98+13 94414 2.9+0.3 2.8+0.2
n=8
Normal+vinegar 92+15 T5+24 2.9+0.3 3.2+04
(n=10)
Diabetic control 2354+68 23680 6.0+0.8 6.0+0.9
=6
Diabetictvinegar  249+84 200469 6.4+0.9 5.2+0.8%
m=7

Data are expressed as Mean+8D. °p<0.05 as compared to initial values
(before). ®p<<0.05 as compared to control group. Nommal+vinegar: Normal
rats treated with apple cider vinegar, Diabetictvinegar: Diabetic rats treated
with apple cider vinegar
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Table 2: Concentrations of senun triglyceride (TG), total cholesterol (TC),
high density lipoprotein cholesterol (HDL-c) and low density
lipoprotein cholesterol (1.LD1.-c) before and after 4 weeks treatment
with apple cider vinegar in normal rats

Nommal (n =8) Nommaktvinegar (n = 10)
Variables Betore After Betore After
(mg dL.”YH treatment. treatment treatment treatment
TG 33£10 3448 318 2789
TC T0£14 T0£11 T3£14 TOL9
LDL-c 3646 3647 3648 19£7%
HDL-c 2747 2746 2946 44+£08"

Data are expressed as MeantSD. *p<0.005 as compared to initial values
(before). ®p<<0.005 as compared to normal rats treated with apple cider
vinegar (Normaltvinegar)

Table 3: Concentrations of serurn triglyceride (T (), total cholesterol (TC),
high density lipoprotein cholesterol (HDL-c) and low density
lipoprotein cholesterol (LDL-¢) before and after 4 weeks treatment
with apple cider vinegar in diabetic rats

Diabetic control (n =6)

Diabetictvinegar (n=7)

Variables Before After Before After
(mg dL™") treatment treatment treatment treatment
TG 368 65=+15 30+21 28+17°
TC OBES T4+8 T2+15 63+13
LDL-c 25£7 3619 37+10 2619
HDIL.-c 36+3 28+4° 27+7 33+¥

Data are expressed as MeantSD. *p<0.005 as compared to initial values
(before). ¥ p<0.005 as compared to control group. “p<0.05 as compared to
initial vahies (before). Diabetic+vinegar: Diabetic rats treated with apple
cider vinegar

DISCUSSION

Results from the present study indicated that feeding
a diet containing apple cider vinegar has a beneficial
effect on serum lipid profiles of normal and diabetic rats.
HbAl-c levels were also reduced in diabetic rats.
However, the fasting blood glucose concentration was
not altered by apple cider vinegar. Present results
regarding HbAlc is consistent with the findings by
Sakakibara et al. (2007), who reported a significant
reduction of HbA1-c by acetic acid-mixed diet in diabetic
KK-A(y) mice. JTohnston et al. (2009) was also found that
daily consumption of vinegar at meal time reduced the
HbAl-¢ values in diabetic patients. The improved
HbAl-c levels by vinegar could be explained by the
effect of acetic acid (its main component) in lowering
the glycemic index of diet (Ostman et al., 2005,
Sugiyama et al., 2003). Tt has been demonstrated that the
consumption of diets with low glycemic index improve
HbA1-¢ in subjects with type 2 diabetes (Wolever et al.,
1992; Brand-Miller et al., 2003). These results suggest
that vinegar may improve glycemic control. However, this
is contrary to the result of the earlier study that showed
no changes in HbAl-c after administration of white
vinegar (Shishehbor et al., 2007). Further studies will be
required to confirm the beneficial effects of vinegar on
FBG and HbAl-c.

Diabetes mellitus is associated with profound
alterations in plasma lipid and lipoprotein profile which are

considered as risk factors for coronary heart disease
(Betteridge, 1997, Creager et al., 2003). Increased plasma
TG and reduced HDL-c levels are the key characteristics
of dyslipidemia in type 2 diabetes (Lehto et al., 1997). The
current study showed that the administration of apple
cider vinegar decreased the elevated plasma TG levels in
diabetic rats. This 1s comsistent with the finding by
Bender et af. (2002), who reported that oral administration
of apple cider vinegar to normal mice induced a significant
reduction in plasma TG levels. Sumilar results were also
observed 1n the earlier study in diabetic rats treated with
white vinegar (Shishehbor et af., 2007). Furthermore,
Fushismi et al. (2006) have reported that acetic acid
lowered serum TG in rats which were fed a cholesterol-rich
diet. Although higher plasma TG concentrations in
diabetic mice treated with acetic acid were observed by
Sakakibara et al (2007), while TG levels in the liver was
significantly decreased. Taken together, these results
indicate that ingestion of vinegar may affect plasma TG
concentrations. The hypotriglyceridemic effect of apple
cider vinegar might be due to the reduction of hepatic TG
storage (Bender et al., 2002). This could be further
supported by the findings of Fushismi et al. (2006), who
reported that dietary acetic acid reduces serum TG
concentrations in rats through inhibition of lipogenesis in
the liver, together with a concomitant enhancement of
fatty acid B-oxidation.

The observed reduction in plasma triglyceride seen
1n diabetic rats was paralleled by increased plasma HDL-¢
concentration. Furthermore, apple cider vinegar lowered
serum LDL-c and increased serum HDL-c¢ in normal rats.
These remarkable effects were also induced by white
vinegar in normal rats in the earlier experiment
{(Shishehbor et al., 2007). The possible mechanism
attributed to these findings could be related to the
lowering effect of vinegar/or acetic acid on the glycemic
index (Ostman et al., 2005, Sugiyama ef af., 2003). It has
been found that the lower glycemic index diets are able to
increase HDL-¢ and reduce LDL-c levels (Leeds, 2002,
Slyper et al., 2004). Furthermore, the low glycemic diet
has been shown to decrease serum LDL-c concentrations
in diabetic patients (Jarvi et al., 1999). Ford and Liu (2001)
also reported an inverse relation between dietary glycemic
index and plasma HDL-¢ concentrations in adults. The
results of the present study might also be due to the
effect of polyphenols in apple cider vinegar (Kahle ef af.,
2006). Apple polyphenols have been shown to decrease
the serum LDL-c levels i healthy human (Nagasako-
Akazome et al., 2007) and increase the serum HDL-c in
rats (Osada et al., 2006) and in hamsters (Lam et al., 2008).
These changes m HDL-c and LDL-¢ concentrations could
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be possibly contributed to the suppression of intestinal
lipoprotein secretion by apple polyphenols (Vidal et al.,
2005). These results suggest that apple cider vinegar may
unprove lipoprotein pattern not only by lowering the
glycemic index but alse by its polyphenolic
compounds.

Findings of the present study show a favorable effect
of apple cider vinegar on plasma lipoprotein modification

managing the diabetic complications.
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