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Abstract

Diabetes mellitus (DM) is reportedly the commonest metabolic disorder with
multi organ involvement. By inducing DM (with Alloxan) in Wistar rats,
current study investigated the changes in antioxidant activities of selected ga-
strointestinal (GI) tissues [stomach, duodenum, pancreas and liver], upon
treatment with Silymarin and/or Vitamin C. One hundred and twenty five
(125) adult male wistar rats of between 130 to 180 grams were procured for
the study. Five units of one control and four experimental units were desig-
nated with twenty five (25) rats per group (n = 25); Unit 1: Control rats, Unit
2 were DM induced, Silymarin untreated rats, and Units 3, 4 and 5 were DM
induced, vitamin C, Silymarin and Vitamin C + Silymarin treated respective-
ly. Following four (4) weeks of administration of test substance(s), rats were
euthanized and blood samples obtained for biochemical and antioxidant as-
say on aforementioned GI tissues. One way analysis of variance (ANOVA)
and Students t-test at p < 0.05 were set to be statistically significant on analy-
sis of obtained data. First, study found DM to have caused a statistically sig-
nificant decrease in body weight prior to sacrifice. Catalase (CAT), superox-
ide dismutase (SOD) and malonaldehyde (MDA) levels were also seen to sig-
nificant increase (p < 0.05) at comparison of extract treated unit to control.
Study also observed a significant change in pancreatic, liver, and duodenal
anti-oxidant marker levels with Vitamin C, Silymarin and Vitamin C + Sily-
marin co-administrations to diabetic rats. It can therefore be said, that DM
caused a destructive alteration pancreatic histo-architecture with improved
functional capabilities in wistar rats at administration of Silymarin and vita-
min C. Thus, Silymarin posed antioxidant potentials, with ameliorated pan-
creatic dysfunctions.

DOI: 10.4236/0jgas.2019.95010 May 31, 2019 73

Open Journal of Gastroenterology


http://www.scirp.org/journal/ojgas
https://doi.org/10.4236/ojgas.2019.95010
http://www.scirp.org
https://doi.org/10.4236/ojgas.2019.95010
http://creativecommons.org/licenses/by/4.0/

J. U. Ataihire et al.

Keywords

Silymarin, Antioxidant, Diabetes Mellitus

1. Introduction

Overtime, a good number of antioxidants have been exploited in the manage-
ment of Diabetes disorders. These agents reportedly play vital roles in the sca-
venging free radicals. By this act, they provide protection against infections and
degenerative diseases [1] [2]. Over the years, Silymarin and vitamin C have re-
ceived huge attentions on this role through their antioxidant and hepatoprotec-
tive potentials [3].

Silybum marianum (aka Milk thistle), is an ancient medicinal plant of the
member Carduus marianum family. It has explored for centuries in the man-
agement of different diseases such as liver and gallbladder disorders. It is known
to protect the liver against snake bites and insect stings, mushroom poisoning
and alcohol abuse; and can be found in Kashmir, North America, Canada and
Mexico with large leaves and reddish-purple thorny flowers, with medicinal part
as either the seeds or fruits [3] [4] [5].

Studies have shown silymarin as consisting primarily of three varieties of fla-
vanolignans; silychristin (silichristin), silybin (silibinin) and sylichristin B, and
silidianin. It also contains other flavanolignans as dehydrosilybin, 3-desoxysili-
christin, deoxysilydianin (silymonin), siliandrin, silybinome, silyhermin, and
neosilyhermin [6] [7]. Other constituents of silymarin thistle include: taxifolin,
apigenin, silybonol, linoleic and oleic acids, palmitic, myristic, and stearic acids,
betaine hydrochloride, histamine and triamine.

Several reports have predicted different mechanisms of action of silymarin to
include its ability to increase regenerative ability damaged hepatocytesvia en-
hancements of DNA and RNA synthesis [8]. Due to its steroid nature, this me-
chanism is theoretically achieved via Alteration of hepatocytes’ external mem-
brane, preventing subsequent entrance of the xenobiotics (poisoning with Ama-
nita mushroom is a noteworthy example of such mechanism), and scavenging free
radicals to increase cellular glutathione content. This act, thus leads to the inhi-
bition of lipid peroxidation in affected tissues. Again, another possible mechan-
ism of action of silymarin is via modification of cellular transporters and recep-
tors. Such transporters as the ABC transporters (P-gp), organic anion uptake
transporter peptides (OATP), bile salt export pump, and TNF-a-dependent
transporters [9] [10].

Antioxidants studies in experimental models have strongly suggested their
beneficial effects in reducing complications in diabetes [8]. However, clinical
evidences for the use of antioxidants are inconclusive. Though clinical trials with
antioxidants in diabetes are limited, few of these trials focus on the use of vita-

mins E, C and lately, a-lipoic acid. Recently however, interests have developed
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on the product Silymarin, a unique flavonoid complex—containing silybin, sily-
dianin, and silychrisin—that is derived from the milk thistle plant discovered by
a German scientist in 1981 [11].

The uniqueness in Silymarin phyto-chemitry has been the subject of decades
of research into their beneficial properties. Over the years, itshepato-protective
and decongestant role has earned it its fame [12] [13] [14]. Revelation from pre-
vious studies has therefore prompted interests for further studies on this prod-
uct. Hence the study intends to research if Silymarin can be used as a better an-
tioxidant than the commonly researched vitamins to relieve the damaging oxid-

ative stress effects generated in diabetes.

2. Aim of Study

This study investigated the anti-oxidant potency of Silymarin, and its usefulness

in addition to conventional anti-diabetic drugs so as to properly harness its

phytochemicalsin modern management of diabetic mellitus. Specifically, Study:

1) Determine the effects of diabetes mellitus and some antioxidants on body
weights of Wistar rats.

2) Examined the changes in the levels of anti-oxidant activities for selected Ga-
stro-Intestinal tissues insilymarin and vitamin C. co-administration to allox-
an induced Diabetic wistar rats.

3) Determined the alterations in oxidative stress markers and attenuating effect

of antioxidants in alloxan-induced diabetes mellitus in Wistar rats.

3. Materials and Methods
3.1. Study Location

Study was conducted in the Department of Human Physiology, College of
Health Sciences, Delta State University, Abraka, Delta State, Nigeria. Delta state
is a 16,842 square kilometer (6503 sq meters) area of land located approximately
between longitude 5°00 and 6°.45' East and latitude 5°00 and 6°.30' North of the
equator. It is a densely populated area of an estimated population of 4112.445
(2,069,309 males and 2,043,136 females) [13].

3.2. Study Design

Two hundred and seventy five (275) adult Wistar rats weighing between 130 to
180 grams and aged between six to eight weeks were used for the study. The
animals were then acclimatized for two weeks and shared into Five groups of
one control (group I) and four experimental units (groups 2-5), each group had

twenty five (25) rats per group (n = 25) as follows:

G Number R X Duration of
roups of rats emar Administration
Group I Fed with standard
25 4 ki
(Control) rat feeds and water ad libitum weeks
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Continued
Group II DM Induced,
R 25 . i 1 week
(Experimental) Silymarin Treated
Group III DM induced,
. 25 . 2 week
(Experimental) Vitamin C treated
Group IV DM Induced,
X 25 . . . . 3 weeks
(Experimental) Silymarin + Vitamin C Treated
Group V DM Induced,
. 25 . . . 4 weeks
(Experimental) Silymarin + Vitamin C Treated
Total 125 4 weeks

4. Procedure

4.1. Resources and Sources

Silymarin was procured from Sigma-Aldrich Chemicals Company (St. Louis,
Mo, USA). Vitamin C is a product of Emzor Pharmaceuticals, Lagos, Nigeria.
Assay kits were purchased from Randox Laboratories Limited, United Kingdom
and Sigma-Aldrich Chemicals Company (St. Louis, Mo, USA). Distilled water
was obtained from Physiology Laboratory, Delta State University Abraka Nige-
ria. Animals for the study were purchased from the animal unit of the College of

Medicine, Ambrose Alli University Ekpoma in Edo State of Nigeria.

4.2. Weighing the Rats

With minimal restraint each rats were carefully placed in electronic animal
weighing scale and weighed in grams. This was done each week before and after

treatment throughout the period of the experiment.

4.3. Drug Administration

Alloxan: Alloxan monohydrate was administered at 140 mg/kg b.wt by ip in-
jection for induction of diabetes mellitus [14].

Silymarin: Silymarin was administered at 30 mg/kg bodyweight once daily
using oral intubation, (gavage) with ad libitum provision of food and water [15].

Vitamin C: was administered at 100 mg/kg body weight once daily also
throughout the experimental period using oral intubation (gavage) with ad /ibi-
tum provision of food and water [16] [17].

Thiopentone Sodium: Thiopentone sodium was administered using 30 mg/kg,

intraperitoneally [18].

4.4. Induction of Diabetes Mellitus

Diabetes mellitus was induced in the group of rats by a single intraperitoneal in-
jection of 140 mg/kg body weight alloxan monohydrate freshly dissolved in ci-
trate buffer (pH 4.5) after overnight fast Wistar rats [19]. Body weight and basal

blood glucose levels were measured just prior to Alloxan injection using ani-
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mal-balance and an automated glucose analyzer (glucometer) respectively. A

drop of blood sample was collected by a prick on the tail vein.

4.5. Confirmation of Hyperglycemia

The level of serum glucose considered to be normal in Wistar rat ranges from 50
to 135 mg/100ml (Harkness and Wagner, 1993). Diabetes mellitus was con-
firmed 48 hours after Alloxan injection in the rats by the presence of blood glu-
cose levels above 200 mg/dl. Monitoring of the glucose was continued weekly to
ensure sustained diabetes throughout the experiment. A rest period of 12 days
for the rats was allowed before commencement of the experiment during which

they have free access to food and water [20].

4.6. Collection of Blood Samples for Analysis

After preparation of the rats, they were anaesthetized as done by Shivkumar us-
ing 30 mg/kg, i.p thiopentone sodium [21]. The abdomen was opened and blood
samples were collected directly from the heart by cardiac puncture. Various tis-
sues were collected, weighed, homogenized in phosphate buffer and centrifuged
at 4000 rpm for 10 mins and the supernatant was stored in refrigerator at 4°C

before use. Homogenization of tissues was done for tissue antioxidants.

4.7. Analysis of Oxidative Markers

Oxidative stress Markers analyzed includes; Superoxide Dismutase (SOD), Cat-
alase (CAT) and Malondialdehyde (MDA) activities

5. Determination of Superoxide Dismutase (SOD) Activity

SOD activity was determined as described by Misra and Fridovich (1972) and
adopted by Isamabh, ef al, 1994 [19] [21]. The principle is based on the fact that
SOD inhibits the auto-oxidation of Epinephrine by superoxide radical genera-

tion.

Procedure

The reaction mixture containing 0.2 ml of the tissue suspension and 2.5 ml of
0.05 mM of carbonate buffer at pH of 10.2 was mixed by inversion. A reference
cuvette containing 2.5 ml of the buffer, 0.2 ml of water and 0.3 ml of the sub-
strate (epinephrine) was then added. The increase in absorbance was monitored
at 480 nm every 30 seconds for 150 seconds. Percentage inhibition of SOD activ-
ity was then estimated as the volume of supernatant corresponding to 50% inhi-

bition of the reaction. It was expressed as.ug/mg protein

6. Determination of Catalase (CAT) Activity

Catalase activity was determined as described by the method of Aebi (1983) [22].
The principle is based on the understanding that Catalase converts H,o, to water

and molecular oxygen according to the equation
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2H,0, -»2H,0+0,

Procedure

0.1 ml of the homogenates (supernatant) was pipette into a cuvette containing
1.9 ml of 500 mM phosphate buffer, pH 7.0. The reaction was started by the ad-
dition of 1.0 ml of freshly prepared 30% v/v hydrogen peroxide (H,0,). Catalase
activity was measured spectrophotometrically from decrease in absorbance at
240 nm. Decrease of absorbance was recorded in every 15 seconds up to 3 min.

Amount of catalase enzyme was expressed as pig/mg protein.

7. Determination of Malondialdehyde (MDA) Activity

Malondialdehyde (MDA) activity was determined as described by Buege and
Aust (1978) and modified by Popham and Novacky (1991) [18] [19] [20]. The
principle is adopted because MDA causes Changes in lipid peroxidation, indica-
tive of oxidative stress. This principle then adopts the measurement of the ab-
sorbance at 535 nm spectrophotometrically of the color that MDA forms with
Thiobarbituric acid, (TBA) in the acidic media. The amount of MDA formed in
each sample was then quantified by its reaction with thiobarbituric acid reactive
substance (TBARS).

Procedure

Lipid peroxidation in the tissue was estimated spectrophotometrically by thi-
obarbituric acid reactive substance (TBARS}, according to the method of Buege
and Aust (1978) as modified by Popham and Novacky (1991) [23]. 0.1 ml of the
stomach tissue homogenate (Tris-HCI buffer, Ph 7.5) was treated with 2 ml of
(1:1:1 ratio) TBA-TCA-HCL reagent (thiobarbituric acid 0.37%, 0.25N HCL and
15% TCA). The mixture was boiled at 95°C for 30 min and cooled on ice for 5
min. After centrifugation at 10000xg for 10 min, absorbance of the supernatant
was determined at 532 nm and corrected for non-specific turbidity by subtract-
ing the absorbance at 600 nm. The concentration of MDA was calculated from
its extinction coefficient (155 mM'cm™) and measured in nmols/ml, Nazi Ercan
and Mustafa Kockaya (2017) [24].

8. Ethical Considerations

Ethical approval was sought and obtained from the Bio-Research and Ethics
Committee of the College of Health Sciences Delta State University, Abraka, and
Delta State.

9. Analytical Approach

Results were expressed as mean + SEM. The evaluation of data for significance
was done using one-way Analysis of Variance (ANOVA). The statistical data
were analyzed using the statistical software SPSS-20. A p < 0.05 was considered

statistically significant.
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10. Results
10.1. Effects of Alloxan-Induced DM on Catalase Levels

Three markers of oxidative stress; Catalase (CAT) activity, Superoxide Dismu-
tase activity (SOD) and Malonaldehyde (MDA) levels were measured in various
tissues and their responses to diabetes and consequent treatment with Vitamin C

and Silymarin were compared as shown in Figures 2-5.

10.2. Effects of Alloxan-Induced DM on Superoxide Dismutase
(SOD) Levels

Superoxide Dismutase(SOD) activity in the stomach, duodenum, pancreas and
liver, similarly showed an increasing enzyme activity when diabetic tissues were
compared with treated tissues using vitamin C, Silymarin and a combination of
both in all the organs as demonstrated in Figures 6-9. In these tissues it was also
clear that diabetes significantly reduced catalase activities when compared with
control rats. These findings were found to be similar to catalase activities in sim-

ilar organs investigated.

10.3. Effects of Alloxan-Induced DM on Malonaldehyde (MDA)
Levels

The levels of lipid peroxidation using Malondialdehyde (MDA) in the Stomach,
Duodenum, Pancreas and Liver, were also investigated in diabetic and diabetic
treated groups. An interesting result different from that seen in CAT and SOD
was observed. This is shown in Figure 10 & Figure 11. MDA was noted to be
stable during the first two weeks, but these levels increase with continuous oxid-
ative stress. Also their activity was more pronounced in the stomach, duodenal

and pancreatic tissues compared to the liver.

11. Discussion

This study was conducted to evaluate the modulatory effects of silymarin and
vitamin C on Diabetes, and in alteration of anti-oxidant activity levels in selected
tissues of the gastrointestinal tract, using wistar rats as experimental model.

In this study, induction of DM in rats resulted in a statistically significant de-
crease (p < 0.05) in the blood glucose level of rats fed with a single intraperito-
neal injection of 140 mg/kg body weight of alloxan monohydrate, compared to
those of the control group of rats (Figure 1).

Alloxan is known to cause DM by rapid depletion of the pancreatic beta-cells,
leading to reduction in serum insulin level [22]. Also, the treatment of these di-
abetic rats with vitamin C, silymarin, and a combination of vitamin C and sily-
marin all showed a statistically significant reduction in glucose levels when
compared to diabetic rats (Figure 1). Similar studies done earlier by Obembe et
al, 2008 [25] using Rutin (also an antioxidant) and vitamin C and their com-
bined treatments for 5-weeks on diabetic rats caused a decrease in glucose levels,

with an unprecedented increase in insulin concentrations when compared to
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diabetic control group of rats [24] [25]. However, in that study, the effects were
more pronounced in the group of rats treated with combined vitamins and Ru-
tin. Hamden et al. therefore recommended the combined treatments with anti-
oxidant vitamins for DM.

Similarly in this study, the combined effects of using Silymarin and vitamin C
as antioxidants can be clearly seen from Figure 1 to be more readily significant
than using either vitamin C or silymarin alone. Results from this study showed
that treatment of diabetic rats with silymarin and vitamin-C significantly ameli-
orated hyperglycaemia, lipid peroxidation, and increased the activities of serum
and tissue antioxidant enzymes. Therefore, adjunct treatment of diabetics with
vit-C and/or silymarin may be beneficial.

Okon et al, (2003) had earlier reported that antioxidants partake in the gener-
al mechanism of glucose transport inhibition and lactate transport stimulation
in neuronal and non-neuronal cells. Ascorbic acidis also transported into cells
by facilitative glucose transportvia a member of the GLUT family [6] and so-
dium-dependent, electrogenic process [27]. Results from this study showed that
blood glucose level was reduced in diabetic group treated with Silymarin and
Vitamin C compared to the untreated rats. This finding is in agreement with a
previous study that Vitamin C caused a reduction in blood glucose level in al-
loxan-induced DM [26]. Thus, inhibition of glucose transport could be a possi-
ble mechanism of reduction of blood glucose by vitamin C in diabetic condition.
However, the hyperglycemic state observed in rats became less severe with in-
creasing number of days as depicted by the blood glucose level at the 3 and 4™

weeks following induction of diabetes compared with the first week of the ther-

apy.

® Normal H Diabetes
250 1 ®DM + VitC EDM + SM
B DM + VitC + SM

200
#
150 -

100 -

Body Weight (kg)

Basal Week 1 Week 2 Week 3 Week 4

Figure 1. Effects of Alloxan-induced Diabetic on Body Weights of Wistar Rats. The fig-
ure shows a significant decrease (p < 0.05) in body weight of the rats between second and
fourth week following DM induction when compared to the normal rats. However, Vit. C,
Silymarin, and vit C + Silymarin treated diabetic rats showed a significant increase in
body weights from second to fourth week of treatment when compared with the diabetic
rats. * = Significant reduction of weight at p < 0.05 when compared with normal # = sig-
nificant increase in body weights p < 0.05 when compared with diabetes group.
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Also, administration of antioxidants vitamin C, silymarin or a combination of
both showed a significant inhibition of alloxan-induced diabetes mellitus and
exerts a potent anti-hyperglycemic effect as demonstrated by the significant de-
crease (P < 0.05) in blood glucose with the 100 mg/kg of vitamin C and 30 mg/kg
bodyweight daily of silymarin usedin this study. The insufficient release of insu-
lin caused hyperglycemia which resulted in oxidative damage by generation of
reactive oxygen species (ROS) [28] and the development of diabetic complica-
tions [29]. Therefore as part of the metabolic process free radicals and reactive
oxygen species (ROS) which are destructive to the body are produce by cells [30]
from reactivation of fatty acids resulting from the tissue damage.

Antioxidant refers to a compound that can inhibit the oxidation of lipids by
deterring the initiation of oxidative chain reactions and which can thus prevent
or repair damage done to the cells by oxygen. These compounds act by one or
more of the following mechanisms: reducing activity, free radical-scavenging,
potential complexing of pro-oxidant metals and quenching of singlet oxygen.
The formation of ROS is prevented by an antioxidant system that included
non-enzymatic antioxidants (vitamin C, vitamin D and glutathione), enzymes
regenerating the reduced forms of antioxidants, and ROS-scavenging enzymes
such as SOD, CAT, GPx and GST [31].

Epidemiological, studies have shown that manyphytonutrients of fruits and
vegetables might protect the human body against damage by ROS. The con-
sumption of natural antioxidant phytochemicals was reported to have potential
health benefits [32]. Flavonoids are known to have powerful antioxidant activity
that could play a protective role inoxidative stress-mediated diseases, and recent
attention has been focused on the potential uses of flavonoids-based drugs for
the prevention and treatment of these pathologies [33]. Vitamin C and silymarin
a flavonoid have strong antioxidant properties.

Several experimental studies showed their potential effects individually against
oxidative stress induced by metabolic disorders including diabetes, inflamma-
tion, hepatotoxicity and cardiovascular diseases [31].

Figures 2-9 showed the effects of diabetes on Catalase and Superoxide dis-
mutase in the various gastrointestinal tissues of stomach, duodenum, pancrease
and liver respectively in alloxan-induced diabetic mellitus. In this study, there
was a significant marked increase in these enzyme activities in all the tissues
when compared to normal tissues. This is in agreement with several clinical and
experimental studies [34].

From these results, the enzymes were observed to respond in compensatory
mechanism, increasing enzyme activity in the diabetic rats, in an attempt to
maintain homeostasis. SOD activity was increased in the diabetic control rats
compared to that of the non-diabetic control rats. The higher SOD activity is be-
lieved to be due to increased dismutation of superoxide anions due to their in-
creased production [34]. The activity for the diabetic rats treated with combina-
tion of silymarin and vitamin C was shown to be closer to that of the non-dia-

betic rats. This could mean that there was an initial increase in SOD activity
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B Normal B Diabetes
70 1 =DM+ VitC EDM + SM *

=DM + VitC + SM

Catalase (ng/mg)

Basal Week 1 Week 2 Week 3 Week 4

Figure 2. Effects of Alloxan-Induced DM on Gastric Catalase Levels. From Figure 2
above, Catalase activity in the Stomach showed an increasing enzyme activity in diabetic
tissues when compared with treated tissues using Vitamin C, Silymarin and a combina-
tion of both. In these tissues it was also clear that diabetes significantly reduced catalase
activities when compared with non-diabetic rats. * = Significantly increased when com-
pared with diabetic group. # = Significantly reduced when compared with normal group.

B Normal H Diabetes

o - 5 DM + VitC EDM + SM
B DM + VitC + SM *

Catalase (ng/mg)

Basal Week 1 Week 2 Week 3 Week 4

Figure 3. Effects of Alloxan-Induced DM on Duodenal Catalase Levels. *Significantly in-
creased at p < 0.05 when compared with diabetic group. #Significantly reduced at p < 0.05

when compared with normal group.

70 ¥ Normal H Diabetes

60 . DM+ VitC EDM+SM  *
= =DM + VitC + SM
£ 50
2 40
5]
E 30
]
8 20

10

0
Basal Week 1 Week 2 Week 3 Week 4

Figure 4. Effects of Alloxan-Induced DM on Pancreatic Catalase Levels. *Significant in-
crease when compared with diabetic group. #Significantly decreased when compared with

normal rat group.

DOI: 10.4236/0jgas.2019.95010 82 Open Journal of Gastroenterology


https://doi.org/10.4236/ojgas.2019.95010

J. U. Ataihire et al.

40 ® Normal ® Diabetes N
35 = DM + VitC =DM + SM
=DM + VitC+ SM

Catalase (ng/mg)

Basal Week 1 Week 2 Week 3 Week 4

Figure 5. Effects of Alloxan-Induced DM on Liver Catalase Levels. *Significant increase
when compared with diabetic group. #Significantly decreased when compared with nor-

mal rat group.

B Normal H Diabetes
100 - =DM + VitC EDM + SM
=DM + VitC + SM

SOD Activity (ng/mg)

Basal Week 1 Week 2 Week 3 Week 4

Figure 6. Effects of Alloxan-Induced DM on GastricSOD Levels. *Significant increase
when compared with diabetic group. #Significantly decreased when compared with nor-

mal rat group.

100 7 mNormal H Diabetes "

= 80 - =DM + VitC EDM+SM
% ® DM + VitC + SM *
= *
= 60
z
S 40
<
g
2 20 -

0 -4

Basal Week 1 Week 2 Week 3 Week 4

Figure 7. Effects of Alloxan-Induced DM on Duodenal SOD Levels. *Significant increase
when compared with diabetic group. #Significantly decreased when compared with nor-

mal rat group.
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B Normal B Diabetes
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SOD Activity (ng/mg)
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—_
(=}

(=}

Basal Week 1 Week 2 Week 3 Week 4

Figure 8. Effects of Alloxan-Induced DM on Pancreatic SOD Levels. *Significant increase
when compared with diabetic group. #Significantly decreased when compared with nor-
mal rat group.

120 ® Normal ® Diabetes
=DM + VitC =DM + SM *

100 =DM + VitC + SM .

80
60
40

20

Liver SOD Activity (ng/mg)

Basal Week 1 Week 2 Week 3 Week 4

Figure 9. Effects of Alloxan-Induced DM on Liver SOD Levels. *Significant increase
when compared with diabetic group. #Significantly decreased when compared with nor-
mal rat group.

due to production of superoxide anions at the onset of diabetes but the adminis-
tration of antioxidant vitamins would reduce further production of ROS with
resulting decrease SOD activity. However, some previous investigators have
shown conflicting reports on Superoxide dismutase (SOD) and Catalase (CAT)
activities in diabetes, with reports indicating increased concentrations, decreased
concentration, or no change at all, depending on the enzyme activity investi-
gated. In our study, activities of antioxidant enzymes in the untreated diabetic
rats were significantly reduced. These findings are in accordance with previous
reports of Saravanan [35] in which low levels of SOD and CAT activity of di-
abetic rats were significantly increased in the antioxidant supplemented group
compared with controls. Hyperglycemia results in the generation of free radicals
which can exhaust antioxidant defenses thus leading to the disruption of cellular
functions, oxidative damage to membranes and enhanced susceptibility to lipid
peroxides [35]. Depression of the activities of antioxidant enzymes suggests in-
creased ROS generation in the untreated diabetic rats, and therefore increased
oxidative stress. The low levels of SOD and CAT activity of diabetic stress were
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significantly increased in the antioxidant supplemented group compared with
controls. The increased activities of serum SOD and CAT due to vit-C and sily-
marin supplementation (treatment), apparently, resulted in the amelioration of
the toxic effects of the ROS, generated in excess during diabetes. Based on the
above, previous work had therefore suggested that antioxidant therapy may be
an important adjunct treatment regimen for diabetes. Findings from present
study experimentally demonstrated that the antioxidants, vitamin C and silyma-
rin are beneficial in mitigating the oxidative stress-induced adverse effects, asso-
ciated with diabetes mellitus.

Malondialdehyde (MDA), a lipid peroxidation product, is known to be an
important predictor of oxidative stress. As part of the metabolic process free
radicals and reactive oxygen species (ROS) are produce by cells [26]. Changes in
lipid peroxidation are thought to be indicative of stress, aging, or damage re-
sulting from toxic effects in cells. Free radicals caused by reactivation of fatty
acids resulting from tissue damage cause increases in MDA levels. Following
this, the antioxidant defense mechanism becomes active [22]. The results of our
study also showed that hyperglycaemia was accompanied with increased lipid
peroxidation, as evidenced by the significant increase in Malondialdehyde
(MDA) concentration in the serum, stomach small intestines liver and pancreas
of untreated diabetic rats. The increase in serum MDA concentration in the un-
treated diabetic rats may be associated with the destruction of erythrocytic
membranes and various tissues, caused by the oxidative stress (Figure 10 and
Figure 11). This result is in agreement with the finding that diabetes induces a
significant increase in lipid peroxidation [24] [25] [26]. The significant higher
level of MDA in the untreated diabetic rats, observed in the present study is also
consistent with the findings of Saravana et al [35] who noted a significant high
level of MDA in the untreated diabetic rats in oxidative stress. However we
noted that MDA levels remained relatively stable in the early period of stress but

became significantly increased in chronic stress.
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Figure 10. Effects of Alloxan-Induced DM on GastricMDA Levels. *Significant increase
when compared with diabetic group. #Significantly decreased when compared with nor-
mal rat group.
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Figure 11. Effects of Alloxan-Induced DM on Liver MDA Levels. *Significant increase
when compared with diabetic group. #Significantly decreased when compared with nor-
mal rat group.

The lower levels of serum MDA in rats treated with silymarin and vitamin-C
compared to untreated rats is suggestive that both antioxidants ameliorates the
detrimental effect of oxidative stress in diabetic rats and are in accordance with
the findings of Okon et al. [27]. The MDA concentration indicates the extent of
lipid peroxidation and is used as a biomarker in chronic oxidative stress in cells
and tissues [25].

The results of the present study also suggest that lipid peroxidation was great-
er in the untreated diabetic rats, and, also went further to show that silymarin
and vit-C administration, especially their combination, in diabetic rats decreased
the levels of serum and tissue lipid peroxidation considerably, subsequently res-
toring the activities of antioxidant enzymes. Lipid peroxides and hydroperoxides
are the secondary products of oxidative stress and are unleashed as a result of the
toxic effect of ROS produced during LPO in diabetes [36].

Figures 2-11 showed the effects of DM on MDA, CAT and SOD levels across
selected (pancrease, stomach, duodenum and liver) gastrointestinal tissues of
DM-induced, silymarin + vitamin C. treated rats.

Here, Malondialdehyde (MDA) levels were found to significantly increase
from the third week of diabetes. This showed that unlike CAT and SOD, MDA
levels remains stable during the early periods of stress, but as stress becomes
chronic, these levels increases [30].

The immediate response of the body to the presence of these radicals is the
antioxidant defense enzymes systems which arise to render them ineffective.
They therefore play an important role in scavenging the toxic effects from these
free radicals. These include catalase, superoxide dismutase, glutathione perox-
idase and nonenzymatic antioxidants. Also, Malondialdehyde (MDA), a lipid
peroxidation product, is known to be an important predictor of oxidative stress.

The improvement in body weight, (weight gain) in diabetic rats supplemented
with silymarin and vitamin C and their combination highlights the improve-

ment in blood glucose homeostasis which in turn promotes the body weight gain
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showing their synergistic anti-inflammatory and anti-oxidative properties. From
the study this was noticed from the third week and may be attributed to the mi-
tigation of catabolic processes by vitamin C and silymarin. It was also noted that
the control group, animals apparently were in a generally good condition, with

normal appetite, and progressive weight gain.

12. Conclusion

In the bid to maintain homeostasis, observations from this study show antioxi-
dant enzymes to respond in compensatory mechanism with increasing enzyme
activity indiabetic rats.SOD activity increased in the diabetic control rats com-
pared to that of the non-diabetic control rats. The higher SOD activity is be-
lieved to be due to increased dismutation of superoxide anions due to their in-
creased production. However, the diabetic rats treated with silymarin and vita-
min C showed reduced activity. The activity for the diabetic rats treated with
combination of silymarin and vitamin C was shown to be closer to that of the
non-diabetic rats. This could mean that there was an initial increase in SOD ac-
tivity due to production of superoxide anions at the onset of diabetes but the
administration of antioxidant vitamins would reduce further production of ROS
with resulting decrease in SOD activity. The current findings suggest that the
increase in oxidative stress in diabetic rats was effectively reduced and controlled

via the administration of antioxidant vitamins.
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