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Abstract
Objectives: This study evaluated the effectiveness of vitamin E (vit E) supplementation in
diabetic rabbits in decreasing their hyperglycemic condition and oxidative stress (0O.S.)
status. Materials and Methods: 10 albino rabbits were randomly selected and made
diabetic by administrating Alloxan. Out of 10 diabetic rabbits, five were treated with insulin.
Another ten healthy rabbits were selected and grouped into 2, each having five rabbits. Out
of four groups (5 rabbits in each group), three groups were treated with vit E (80
mg/kg/day) for six months. The rest of one group of rabbits was kept as healthy control.
Their weight, glycaemic parameters like fasting blood sugar (FBS), postprandial blood sugar
(PPBS), glycosylated haemoglobin (HbAlc) and oxidative stress parameters like serum
vitamin C and malonaldehyde (MDA) levels were estimated. All parameters were tested at
the beginning of the study and re-evaluated after six months of treatment. Result: There
was a significant decrease in FBS and PPBS in all the vit E treated groups, but an insignificant
decrease in HbAlc level was found. In all vit E treated groups significant increase in serum
vitamin C and a decrease in serum MDA was found. Conclusion: So vit E protects against
oxidative injury associated with diabetic conditions.
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INTRODUCTION scarcity of these A.O.s can damage organs
and tissues. One of the FR-mediated
oxidative destruction of pancreatic islets
of Langerhans leads to D.M. [2 -5].

Alloxan is used experimentally to
induce Diabetes in animals as reduced
Alloxan causes necrotic death of
pancreatic islets. D.M. can only be
managed, and many studies reported the
usefulness of supplementation of zing,
vitamins E, C, and A, B carotene, dimethyl
thiourea, 1la,25-dihydroxy-vitamin-D3,
etc., in giving protection against D.M. So
adequate intake of vitamin E (vit E) has

As a rising prevalent condition globally,
Diabetes Mellitus (D.M.) is a chronic
endocrine disorder characterizing
increased blood sugar, causing
disturbances in the metabolism of
carbohydrates, fat and protein resulting
from insulin secretion defect or action
defect or both conditions. [1]. The
pathogenesis of several diseased
conditions involves free radicals (F.R.s). All
body cells have adequate quantities of
Antioxidants (A.O.s), which protect
against free radicals toxic effects, and a
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been reported as a reasonable means of
managing D.M. complications. [6 - 20]. On
the contrary, few other studies have
shown that vit E intake is ineffective in
avoiding O.S. associated with D.M. [7, 21,
22]. As D.M. is a common incidence
globally, this study explored the effect of
vit E supplementation on glycaemic index,
lipid profiles, and oxidative stress markers
in experimental D.M. rabbits.

MATERIALS AND METHODS

It was a randomized placebo-controlled
study on laboratory animal models in the
Department of Pharmacology, IMS & SUM
Hospital, Bhubaneswar. The study was
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approved by Institutional Animal Ethics
Committee, IMS & SUM Hospital,
Bhubaneswar [004/IAEC/IMS & SH/SOAU]. A
total of 20 healthy albino rabbits
(weighing range of 1300g-1850g) were
kept under observation in the Central
Animal House of the institute before
starting an experiment for seven days.
They were numbered and put in their
separate cages. Among ten were made
diabetic by administering  Alloxan
intravenously in rabbits' marginal ear
veins with appropriate amounts according
to body weight. [23]. The grouping of
animals is given in Table 1

Table 1. Grouping of animals based on their treatment

Group Number of animals Type of rabbits Supplemented
name in the group drugs
DIE 5 Diabetic + Insulin Vitamin-E
DE 5 Diabetics Vitamin-E
CE 5 Non-diabetics Vitamin-E
Cco 5 Non-diabetics Normal saline

N.B.: DIE: Diabetic rabbits treated with insulin and vit E simultaneously. DE: Diabetic rabbits only treated with
vit E, C.E.: Non-diabetic rabbits treated with vit E, CO: Non-diabetic rabbits neither treated with insulin nor

treated with vit E.

Blood samples were collected from the
marginal ear with the help of a 24-gauge
butterfly catheter needle in a 5 ml
sterilized syringe. The glucometer did
blood glucose estimation. Glycosylated
haemoglobin was estimated by modified
ion-exchange high-performance liquid
chromatography. [24]. Serum
malondialdehyde (MDA) (nm/ml) was
estimated manually by Ohkawa H et el.,
1979 method using Thiobarbituric acid,
sodium sulphate, trichloroacetic acid and
sulphuric acid. [25]. Serum ascorbic acid
(in mg/dl) is estimated manually by J.
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George, 2003; using a 2,4-
dinitrophenylhydrazine reagent, sulphuric
acid and trichloro acetic acid. [26]

RESULTS

Results were expressed as Mean =
Standard Deviation of the Mean.
Statistical data analysis was performed
using paired 't-tests for intragroup and
paired 't-tests, and ANOVA tests were
used for the inter-group analysis of rabbits
SPSS 20 version software was used for
statistical analysis.
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Table 2. Weight (grams) of study groups

Group Weight (g)
Before treatment After treatment p-value
DIE 1400 + 93.541 1730 £ 103.682 <0.01, **
D.E. 1400 + 145.773 1320+ 130.384 >0.05, ns
C.E. 1390 +41.833 2050 + 35.355 <0.001, ***
co 1390 + 65.192 1960 + 41.833 <0.001, ***

N.B.: In a comparison of weights of rabbits in them before-treatment and after-treatment values, p-value
<0.001 is considered very highly significant (***), p<0.01 is highly significant (**), p<0.05 is significant (*), and
p>0.05 as not significant (ns). Group names DIE, DE, C.E. and CO are explained in Table-1.

Table 3: Diabetic parameters of study groups

Group FBS (mg/dl) PPBS (mg/dl) HbA1c (%)
Before | After p- Before | After p- Before | After p-
t/t t/t value | t/t t/t value | t/t t/t value
DIE 195.8 + | 105.0 + | *** 225.4 + | 157.0 + | *** 7.6 +£|53 & | *¥**
8.871 6.442 11.631 | 8.270 0.343 0.073
D.E. 196.6 + | 163.0 + | ** 219.2 + | 196.8 + | ** 6.96 + | 7.12 *|ns
11.392 | 16.370 16.932 | 12.029 0.531 0.584
C.E. 974 £ /946 £ |ns 122.2 £ | 1224 £ | ns 486 + 478 % |ns
6.107 3.435 4.024 4.335 0.482 0.408
Co 942 £ 950 £ | ns 118.6 £ | 118.8 £ | ns 466 + 472 % | ns
10.329 | 9.016 5.639 5.761 0.327 0.443

N.B.: In the comparison of values, p-value <0.001 is considered very highly significant (***), p<0.01 as highly
significant (**), p<0.05 as significant (*) and p>0.05 as not significant (ns). Group names DIE, DE, C.E. and CO
are explained in Table-1. t/t: treatment. FBS: fasting blood sugar, PPBS: postprandial blood sugar, HbAlc:
glycosylated haemoglobin.

Table 2 shows the weight of all rabbits (in significant increase (p<0.001) in the

DIE, DE, C.E., and CO groups) showed a
non-significant difference (P>0.05) in
them. But after vit E supplementation
comparing the weights showed a

Table 3 shows significant differences in
FBS and PPBS in the DIE group (p<0.001)
and the D.E. group (p<0.01) when
comparing the after-treatment values
with the before-treatment values. But
there found no significant change in the
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rabbits' weight, except in the D.E. group,
which showed a non-significant decrease
in their weights.

C.E. group (p>0.05) and the CO group
(p>0.05). The HbAlc shows a significant
decrease in the DIE group (p<0.001) but
no significant differences between before
and after values in D.E., C.E. and CO
groups (p>0.05).
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effect of vit E supplementation on serum
vitamin C level in rabbits
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GRAPH 1: Changes in serum Vit C (mg/dL) of DIE, DE, C.E. and CO groups.

N.B.: values are graphed in bars showing vit C values in their means. p<0.01 as highly significant (**),
p<0.05 as significant (*) and p>0.05 as not significant (ns). Group names DIE, DE, C.E. and CO are
explained in Table-1.

C.E. group (p<0.01), whereas non-
significant change in the CO group

(p>0.05).

GRAPH-1 shows serum vitamin C values
having a significant increase in the DIE
group (p>0.05), D.E. group (p<0.05) and

effect of vit E supplementation on serum
MDA level in rabbits
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GRAPH 2: Changes in serum MDA (nm/mL) of DIE, DE, C.E. and CO groups.

N.B.: values are graphed in bars showing vit C values in their means. p<0.01 as highly significant (**), p<0.05 as
significant (*) and p>0.05 as not significant (ns). Group names DIE, DE, C.E. and CO are explained in Table-1.

GRAPH-2 shows serum MDA values significantly decreased in the DIE group (p<0.01), D.E.
group (p<0.05) and C.E. group (p<0.05), but insignificant changes in the CO group (p>0.05).
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DISCUSSION

There was no significant difference in the
FBS, PPBS and HbAlc before the
supplementation. But after six months of
supplementation of vitamin E, FBS level in
the DIE (p<0.001), the D.E. (p<0.01) group
significantly decreased. But in C.E. and CO
groups, significant changes were found in
the FBS level. Similarly, PPBS level (mg/dL)
in DIE (p<0.001) & D.E. (p<0.01) level
significantly decreased supplementation
of vit-E as compared to their previous
value. But in C.E. and CO groups,
insignificant (p>0.05) changes were found.

The HbAc% was found to decrease
significantly in the DIE group, but in other
groups (D.E., C.E., CO0), there were
insignificant changes (p>0.05) found after
the vit E supplementation. These changes
in FBS & PPBS values in diabetic and
healthy rabbits can be explained by the
ability of vit E to reduce hyperglycemia.
This may be brought by the suppression of
glucose output and gluconeogenesis from
the liver, which was linked to lipolysis
prevention in adipose tissue. According to
Shamsi MSA et al. research, vit E
treatment in diabetic rats led to
decreasing circulating levels of glucagon.
It is essential to preserve glucose
homeostasis as it plays a vital part in
regulating hepatic metabolic activities and
maintaining blood glucose concentration
within the normal range. [27, 28]. Jain N
et al. study on diabetic rabbits suggested
that vit E prevents hyperglycemia by
scavenging the reactive oxygen species
(ROS). [29].

In Diabetes, undesirable more
circulating glucose is a reactant molecule
involved in the glycosylation of other

Eur. Chem. Bull. 2023,12(10), 9055-9065
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tissues and biomolecules. Glycosylation of
haemoglobin is of considerable value in
clinical utility and is very popular.
Glycosylated haemoglobin (HbAlc) s
formulated as a percentage (%) of total
haemoglobin concentration, and it gives a
distinct past evaluation of the mean
plasma glucose concentration during the
last 6-8 weeks; its evaluation is believed
as a very reliable method of evaluation of
glycemic control. The higher the HbAlc %
in the diabetic animal, the lower the mean
diabetic control. [30 - 32]. It is surmised
that glycemic control will reduce the long-
term complications of Diabetes mellitus.
Once a haemoglobin molecule has been
glycated, it stays inside the red blood cell
till its life span (120 days). Many studies
have shown that HbAlc is an index of
average blood glucose over the preceding
few weeks and months. The HbAlc does
not reflect the exact mean blood glucose;
somewhat, it is weighted relatively
towards recent levels [33]. The mean
glycemia during the month preceding the
measurement of HbAlc contributes 50%
of the result, and 30-60 days before the
measurement contributes the final 25%
[34].

In T2DM cases, Vit-E intake caused
improved glycaemic control in many
studies. [35 — 36] Supplemented vit E
prohibits Hb from glycation; it interrupts
glycosylation of Hb in the Maillard
reaction at an early step. It also inhibits
Advanced Glycation End product (AGE)
formation. [36 -37]. It preserves
pancreatic B- cell function and reverses B-
cell apoptosis. [38 — 39]. Some studies
also revealed that the supplementation of
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vit E in T2DM cases having low serum vit E
concentration caused a very noticeable
effect on serum HbAlc levels and fasting
insulin levels. [40 - 41]

In a study on STZ-induced Diabetes
in male albino rats, supplementation of
Vit E for 16 weeks revealed the reversal of
most biochemical parameters, including a
significant decrease in FBS, HbAlc and
lipid profile levels [42]. In another study
on Wistar rats (normal and STZ-induced
diabetic),  400-500 IU/Kg  vit E
supplementation for 8 months recorded a
significant decrease (p<0.001) in their FBS,
HbA1c levels in vit E supplemented group
as compared to the control group. [43].

Numerous plasma compounds in
different concentrations exhibit
antioxidant properties; vit E, vit C, and
reduced glutathione are some of the
plasma compounds acting as antioxidants
by scavenging the free radicals and acting
on the propagation phase of lipid
peroxidation [44]. Any variations in their
levels are significant O.S. markers. But in
certain conditions, these vitamins also
promote toxicity by production of pro-
oxidants. Vit E levels in different studies
showed different concentrations in
diabetic cases [45]. The harmful effects on
vascular changes in diabetic animals and
humans were reported by many reviewers
[46]. Like other studies, our study
revealed markedly reduced vitamin C
levels in diabetic animals [47 — 50].

The increase in vitamin C status
after supplementation with vit E is more
difficult to explain in GRAPH-1. Still, it
might be linked to increased absorption
and/or decreased plasma clearance of
ascorbic acid. [51 - 52]. D.M. produces
disturbances in the body's lipid profile
which causes cell susceptibility to lipid

Eur. Chem. Bull. 2023,12(10), 9055-9065
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peroxidation. [53]. Due to multiple bonds,
polyunsaturated fatty acids of the cell
membranes are prone to attack by F.R., as
reported in many experimental studies.
[54]. Through intermediate reactions of
F.R., lipid hyper peroxidation (LHP)
generates more lipid radicals that are so
toxic and reactive that it forms new LHP.
As a result of lipid peroxidation
Malondialdehyde (MDA) is formed, which
is used to measure lipid peroxidation by
Thiobarbituric acid (TBA) reaction. [44, 55
-57].

Figure-2 shows a significant
decrease in MDA level (p<0.01) in all
vitamin E-supplemented groups compared
to their basal values. Similar results were
also found in other studies. An author
demonstrated that supplementation of
streptozotocin (STZ) diabetic rats with
vitamin C, E and beta-carotene for 8
weeks significantly reduced MDA and GSH
(glutathione) levels. [58]. In another
study, treatment with vit E & C
significantly lowered MDA and GSH levels
compared to diabetic animals without any
supplementation. [59]. Another study in
the STZ-diabetic rat aorta demonstrated
that supplementation with vitamin E
significantly lowers the lung and liver
MDA concentrations and causes
improvement in impaired endothelium-
dependent vasorelaxation [60].

SUMMARY & CONCLUSIONS

In Vit E pre-clinical study, it was found
ineffective in maintaining weight in
diabetic rabbits. Data suggests vit E to be
beneficial in maintaining  fasting,
postprandial blood sugar, and diminishing
HbA1c% in  experimental animals.
Similarly, vit E is beneficial in decreasing
0.S. marker MDA and increasing A.O.

9060



Evaluating the effect of vitamin E supplementation in alloxan-induced diabetic rabbits

status, as shown by increasing levels of vit

C level. Supplementation of vit E
significantly reduces oxidative stress
induced by D.M. (as indicated by

reduction in MDA levels and increase in vit
C levels), but also had reduced effect on
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the hyperglycaemic state. Our findings
support the A.O. supplementation like vit
E in preventing DM-induced OS and
suggest potential therapeutic benefits for
reducing diabetic conditions and their
associated complications.
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