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Oxidative stress-induced pancreas damage is a key event in beta cell impairment and diabetes development.
Catalase (CAT), glutathione peroxidase (GPx), and superoxide dismutase (SOD) are three important cellular
antioxidant enzymes protecting the pancreas against oxidant insult. The present study examines the protective
capabilities of Cellgevity® (a popular poly-antioxidant supplement) on pancreas oxidative stress parameters.
Diabetes was induced by streptozotocin (STZ) intraperitoneal intoxication (55 mg/kg) in adult male Wistar rats.
Control and diabetic untreated (DM-untreated) groups received distilled water, diabetic treated 1 group (DM-
treated 1) received Cellgevity® (25 mg/kg body weight) and Diabetic treated 2 (DM-treated 2) group received
Cellgevity® (40 mg/kg body weight) for twenty-eight days, respectively. The results show that diabetes in DM-
untreated significantly increased MDA compared to non-diabetic control group while Cellgevity® significantly
(p<0.001) reduce level of pancreas MDA (40 and 45%) in DM-treated 1 & 2, respectively compared to DM-
untreated animals. Serum total antioxidant status (TAS) was also significantly increased (55 and 80%,
respectively) in the DM-treated 1&2 groups compared to DM-untreated. The activities of pancreatic superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) were significantly reduced in DM-untreated
compared to control. However, treatment with Cellgevity®in DM-treated 1 & 2 groups improved the activities of
the antioxidant enzymes when compared to DM-untreated group. These results show the protective role of
Cellgevity® against streptozotocin-induced pancreatic damage; which may be due to the support of endogenous

Accepted: February 19, 2021

Abstract:

glutathione system by Cellgevity®.
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Introduction

Diabetes is a multifactorial clinical disorder characterized by
hyperglycemia, resulting from defects in insulin sensitivity of
peripheral tissues and or insulin secretion (Brownlee, 2001;
Negre-Salvayre et al., 2009). Chronic hyperglycemia leads to
oxidative stress which is caused by excess free radicals
produced through glucose autoxidation and macromolecule’s
glycation reactions (Negre-Salvayre et al., 2009).
Hyperglycemia induces the non-enzymatic glycation of
macromolecules such as proteins, lipids, and nucleic acids
thereby altering their functions, increasing lipid peroxidation,
and cells damage (Ceriello, 1999; Gugliucci, 2000; Henning,
2018). The excess free radicals negatively impact the delicate
physiological balance between free radical production and
endogenous antioxidant defence mechanism; causing
exacerbation of oxidative stress, metabolic distress and cell
damages. This leads to various cellular dysfunctions and
physiological complications that could trigger an autocatalytic
cycle of further metabolic disturbances, cell death and several
health complications (King and Loeken, 2004; Asmat et al.,
2016). Oxidative stress in diabetes persists due toloss of
insulin action and impaired glucose uptake which causes
blood glucose concentrations to remain high; this leads to
increased glucose flux, excessive production of reactive
species (ROS and RNS) and exhaustion of the natural
antioxidant defence system.

A complex crosstalk exists between multiple physiological
pathways which are involved in the activation and inhibition
of ROS generation; this is well reviewed elsewhere (He and
King, 2004; King and Loeken, 2004; Hurrle and Hsu, 20173).
Pancreatic beta cells are the site of insulin production and
their loss of function is a key event in the pathogenesis of
diabetes (Drews et al., 2010). Beta cells are highly sensitive
towards oxidative stress because they have diminished
endogenous antioxidant enzymes’ expression (Lei and

Vatamaniuk, 2011); therefore, oxidative stress induced loss of
function is a key factor in beta cell’s impairment and diabetes
development (Kajimoto and Kaneto, 2004; Drews et al., 2010;
Lei and Vatamaniuk, 2011; Hurrle and Hsu, 2017b).

When the generation of free radicals rises beyond the
inhibitory capacities of endogenous antioxidant defence
system, it results in oxidative stress and cellular dysfunction
(Bajaj and Khan, 2012). Diabetes-induced free radicals are
important in the pathogenesis of diabetes and antioxidants
have important roles in curbing these radicals (Bajaj and
Khan, 2012). Antioxidants could act by; free radical
scavenging, inhibition of ROS formation and support of
natural antioxidant enzymes (Bajaj and Khan, 2012).
Glutathione, vitamins C & E, copper, zinc, manganese,
Superoxide Dismutase (SOD), Glutathione peroxidase,
Glutathione  reductase, Catalase, Glucose-6-phosphate
dehydrogenase (G6PD) and 6-phosphogluconate
dehydrogenase (6PGDH) are the key enzymes and molecules
of the endogenous antioxidant defence system, and they have
many essential biochemical, metabolic and physiological roles
(Ulusu et al., 2019).

In this study, we induced diabetes in male rats through high
caloric feeding and drug (streptozotocin) intoxication. High
sucrose feeding was to stimulates insulin resistance (Santuré
et al.,, 2002) while streptozotocin intoxication produces
reactive oxygen species, which destructs pancreatic beta cells
causing disruption in insulin production, thereby mediating
the development of diabetes (Konrad et al., 2001; Ulusu et al.,
2019). Many diabetes drugs are formulated to achieve
hypoglycaemia but they show limited efficacy at ameliorating
diabetes complications (resulting from ROS mediated tissue
damages). Antioxidant pharmacotherapy aimed at boosting
natural endogenous defence system could achieve broader
therapeutic targets in diabetes due to antioxidants’ numerous
modulatory roles in the cell; antioxidants could therefore
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function to enhance greater all-round cell rejuvenation and
system repairs in diabetogenic management. This study was
designed to evaluate the effect of Cellgevity® treatment
(marketed for glutathione enhancement) on serum total
antioxidant status, pancreas antioxidant enzymes (SOD, CAT
and GPx) and pancreas lipid peroxidation (TBARS level) in
streptozotocin induced diabetic male rats.

Materials and Methods

Chemicals

Cellgevity® was purchased from Max international, (USA).
Streptozotocin (STZ) was purchased from Sigma Aldrich;
table sugar (sucrose) was obtained at the local market and
assay kit for total antioxidant status and GPx activity were
purchased from Abcam (UK). All other chemicals and
reagents used were of analytical grade.

Animals care

The study protocol was approved by the human and animal’s
ethics committee of Olabisi Onabanjo University, Ago Iwoye,
Nigeria and followed the National Institutes of Health Guide
for the Care and Use of Laboratory Animals. Adult male
Wistar rats (180 — 210 g) were maintained under standard
laboratory conditions and fed with normal rat chow and clean
water ad libitum to habituate.

Induction of diabetes and experimental design

After habituation, seven (7) rats were randomly selected into
the control group while the remaining animals (designated
experimental diabetes group) were maintained on high sucrose
(HS) feed (60% wi/w) for 3 weeks after which diabetes was
induced by a single intraperitoneal injection of 55 mg/kg
Streptozotocin (in 0.1M citrate buffer, pH 4.5). The FBG of
the animals were confirmed after 72 h and rats with fasting
blood glucose (FBG)> 250 mg/dL were considered diabetic.
The diabetic rats were then randomised into three groups of
seven rats each: DM-untreated (received 2 ml distilled water),
DM-treated 1 (received Cellgevity® 25 mg/kg bw/day) and
DM-treated 2 (received Cellgevity® 40 mg/kg bw/day). The
animals were thereafter treated and fed according to their
grouping for 28 days.

Tissue harvest

At the end of treatment regime, animals were fasted overnight,
anaesthetised and blood obtained through cardiac bleeding
into plane bottles. Serum was separated at 4000 rpm for 10
minutes and stored at -20°C. The pancreas was quickly
excised, perfused with ice-cold phosphate buffer saline (0.1M
pH 7.4) and homogenised in Tris-HCI (0.1M, pH 7.4) 10%
(w/v). Pancreas homogenate was there after centrifuged for 20
min at 20,000 rpm 4°C to obtain the post mitochondria
supernatant. The supernatant was kept at -20°C and used for
the antioxidant enzymes activity, lipid peroxidation and
protein concentration assays.

Analytical procedures

Determination of blood glucose level

The blood glucose level of the rats was measured weekly after
a 12 h fasting period using AccuChek Active® glucometer
(Accu Check Roche, Germany) with blood obtained by tail
vein puncture.

Measurement of serum total antioxidant status [TAS]

TAS in serum was determined using a commercial kit by
Abcam Laboratories, USA following the manufacturer’s
protocol; the principle involves the suppression of coloured
(dark blue green colour) 2,2'-azino-di-(3-
ethylbenzthiazolinesulphonate)  radical (ABTS*)  with
antioxidants (present in the sample or standard). The change
in absorbance is measured at 660 nmand compared with
Trolox (a vitamin E analogue) calibration. The assay results
are expressed as Trolox equivalent (mmol Trolox/L).
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Estimation of lipid peroxidation (MDA level)

The extent of pancreas lipid peroxidation (LPO)
(concentration of thiobarbituric acid reactive substances -
TBARS) was determined according to the method of Ohkawa
(Ohkawa et al., 1979). The reaction forms a stable
pink/reddish  chromophore  (TBARS) which  absorbs
maximally at 532 nm. TBARS concentration was expressed as
pmol of malondialdehyde (MDA) per mg protein.

Estimation of catalase (CAT) activity

Catalase (CAT) activity was measured as previously described
(Cohen et al., 1970; Sinha, 1972). Catalase preparation is
allowed to split H20. for different periods of time. The
reaction is stopped after a particular time by the addition of
dichromate/acetic acid mixture and the remaining H202 is
determined by measuring chromic acetate colorimetrically at
610 nm. CAT enzyme unit is defined as the amount of
enzyme that catalyses the degradation of 1 mmol of hydrogen
peroxide /min/mg protein.

Estimation of superoxide dismutase (SOD) activity

The level of SOD activity is determined as previously
reported (Misra and Fridovich, 1972). The principle is based
on the ability of superoxide dismutase to inhibit the auto-
oxidation of epinephrine. 0.2 ml of enzyme preparation is
added to 2.5 ml of 0.05 M Carbonate buffer (pH 10.2) to
which 0.3 ml of freshly prepared 0.3 mM epinephrine is added
and the increase in absorbance at 480 nm is monitored over a
time course against a reference. 1 Unit of SOD activity is
defined as the amount necessary to cause 50% inhibition of
the oxidation of adrenaline to adrenochrome during an
interval of one minute.

Estimation of glutathione peroxidase (GPx) activity
Glutathione peroxidase (GPx) activity was measured using
commercial assay kit (Abcam, UK) according to
manufacturer’s instructions. The assay involves a coupling
reaction in which reduced glutathione (GSH) is oxidised to
GSSG (as GPx reduces cumene hydroperoxide). GSSG is
reduced back to produce GSH by Glutathione reductase (GR),
using NADPH. The decrease of NADPH is measured at OD
340 nm and is proportional to GPx activity.

Protein assay

Protein concentration was measured according to Bradford’s
method (Bradford, 1976) using bovine serum albumin as
standard.

Statistical analysis

Results were expressed as mean + standard error of mean
(SEM). Data were subjected to one-way analysis of variance
(ANOVA) followed by Turkey’s multiple comparison test.
All statistics were carried out using GraphPad prism 8.4.3
software. Values of p < 0.05 were considered statistically
significant.

Results and Discussion

Cellgevity® significantly improved serum total antioxidant
status (TAS) of diabetic rats

The level of TAS was determined in the serum and the result
(Fig. 1) shows that there was a significant (P < 0.005)
decrease in the serumtotal antioxidant status of diabetic
untreated rats compared with control non-diabetic rats.
Treatment with Cellgevity® (DM-treated 1 & 2) significantly
improved TAS (p< 0.05 and P < 0.005) compared with the
untreated animals
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Fig. 1: Effect of Cellgevity® treatment on serum total
antioxidant status

Chart shows the level of serum TAS in control and diabetic.
The data are expressed as mean with error bars representing
SEM. *indicates p< 0.05 and*** indicates p< 0.005. Value for
the diabetic untreated group was compared with the
corresponding value for normal control animals or diabetic
treated animals.
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Fig. 2: Effect of Cellgevity® treatment on fasting serum
glucose level

Chart shows the level of serum glucose in control and
diabetic. The data are expressed as mean with error bars

*® & LR B

representing SEM. *** indicates p< 0.005 when value for the
diabetic untreated group was compared with the
corresponding value for normal control animals or diabetic
treated animals.

Cellgevity® significantly improved blood fasting glucose of
diabetic rats

The fasting blood glucose level was determined and result
presented in Fig. 2. There was significant (p< 0.005) increase
in the fasting blood glucose of diabetic untreated rats
compared with control non-diabetic rats. However, chronic 28
days’ treatment with Cellgevity® (DM-treated 1&2)
significantly reduced FBG (p< 0.005) compared with the
untreated animals.

Oxidative stress parameters

Cellgevity® stalls lipid peroxidation
pancreas

Lipid peroxidation across the groups was estimated and
results presented in Fig. 3A show a significant increase (P <
0.01) in tissue MDA of diabetic untreated versus control.
However, this increase was significantly reversed (P <0.05 &
P<0.005) with Cellgevity® treatment in DM-treated 1&2
respectively compared to DM-untreated group.

3

in diabetic rats

et
. 4000- g~ _***
=] || * Y
% I— i * % I
5 3000- » T 64
2 s PO
£ 8
S 2000 S 4
= Y £ 4
E = [ ]
[= ]
= 1000 ¢ S 2
o oy
=
o
0 0
C
150 D
oo 50— - - .
= ! wd | .
2 004 * - £ ¢ ]
& [ 2 30 . ¥
L= ]
E L g * Control
% 50— - E 20 & ®  DM-untreated
% 5 0 A DM-treated 1
¥ DM-treated 2
0 0

Fig. 3: Effect of Cellgevity® on pancreas LPO and antioxidant enzymes
Charts show; Level of lipid peroxidation in pancreas (3A) and the activities of pancreas antioxidant enzymes; SOD (3B), GPx
(3C) and CAT (3D). The data are expressed as mean with error bars representing SEM. * indicates p< 0.05, ** indicates p< 0.01
and *** indicates p< 0.005. Value for the diabetic untreated group was compared with the corresponding value for normal

control animals or diabetic treated animals.
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Cellgevity® improved pancreas antioxidant enzymes in STZ-
diabetic rats

The activities of pancreas cytosolic antioxidant enzymes;
superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx) were determined in the pancreas
homogenate post mitochondrial supernatant. Fig. 3B, 3C and
3D show significant decreases in the enzymes’ activity in
untreated diabetic (DM-untreated) rats compared with control
while treatment with Cellgevity® in DM-treated 1&2
increased the enzyme’s activity compared with DM-untreated.
Supplementation with antioxidants as a complementary
pharmacotherapy could exert beneficial effects in diabetes.
This study investigated the therapeutic potential of
Cellgevity® at preventing oxidative damage in pancreas of
diabeticrats. The antioxidant enzyme system works to prevent
oxidative stress by scavenging excess ROS thereby preventing
its accumulation within the system (Asmat et al., 2016).
Similar to our current results, other workers have reported
decreases in the levels of SOD, GPx and CAT in organs of
diabetic rat’s models (Ueno et al., 2002; Kuhad and Chopra,
2008; Drews et al., 2010; Kataya et al., 2011) possibly by
inhibiting mitochondrial free radical generation. The
glutathione system (consisting of SOD, GPx, GR and CAT) is
an important endogenous antioxidant enzyme mechanism that
guards the cells against free radical-induced tissue insults
(Lutchmansingh et al., 2018). Disruption in oxidant-
antioxidant balance would cause alterations in the antioxidant
enzymes’ activity, causing impaired glutathione metabolism
(Maritim et al., 2003). Beta cells of the pancreas are highly
vulnerable to ROS induced damages because the pancreas is
relatively low on antioxidant enzymes’ expressions. As a
result, hyperglycaemia induced excess ROS production leads
to pancreatic damages and beta cell disruption. Our current
results show that STZ-induced diabetes impairs the activity of
pancreatic antioxidant enzymes; which may be due to
excessive production of free radicals such as superoxide (O2),
hydrogen peroxide (H202), and hydroxyl radical (OH*) that
could reduce the activity of these enzymes (Onozato et al.,
2002). Increases in antioxidant enzymes expression and/or
activities may occur in some organs in response to increased
free radicals; however, excessive free radical increase would
overwhelm the coping capacities of the enzyme system,
causing impaired ROS signaling and oxidative distress (Ha
and Lee, 2005).

Antioxidants may act at different levels; inhibiting ROS
formation, ROS scavenging and supplementing the
antioxidants defence system through enhanced enzyme
expressions. Diabetes-induced overproduction of free radicals
and protein glycation could cause reductions in the activity of
the antioxidant enzymes (Ceriello, 1999).

Conclusion

The present study highlights that Cellgevity® treatment could
reinforce the pancreas antioxidant defence system thereby
inhibiting lipid peroxidation and tissue damage. Cellgevity®
also improved the total antioxidant status in the STZ-diabetic
rats. The effects of Cellgevity® could be due to glutathione
enhancement (GPx, SOD and CAT are members of the
glutathione enzyme system) in the animals as well as
antioxidant actions of other compounds present in Cellgevity®
(Awodele et al., 2018).
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