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This study investigated the hepatoprotective effects of polyphenols from Zingiber officinale on streptozotocin-induced diabetic rats
by assessing liver antioxidant enzymes, carbohydrate-metabolizing enzymes and liver function indices. Initial oral glucose tolerance
test was conducted using 125 mg/kg, 250 mg/kg, and 500 mg/kg body weight of both free and bound polyphenols from Z. officinale.
28 day daily oral administration of 500 mg/kg body weight of free and bound polyphenols from Z. officinale to streptozotocininduced (50 mg/kg) diabetic rats significantly reduced (𝑃 < 0.05) the fasting blood glucose compared to control groups. There was
significant increase (𝑃 < 0.05) in the antioxidant enzymes activities in the animals treated with both polyphenols. Similarly, the
polyphenols normalised the activities of some carbohydrate metabolic enzymes (hexokinase and phosphofructokinase) in the liver
of the rats treated with it and significantly reduced (𝑃 < 0.05) the activities of liver function enzymes. The results from the present
study have shown that both free and bound polyphenols from Z. officinale especially the free polyphenol could ameliorate liver
disorders caused by diabetes mellitus in rats. This further validates the use of this species as medicinal herb and spice by the larger
population of Nigerians.

1. Introduction
Diabetes is a chronic metabolic disorder which has been
in existence since time immemorial and affects about 45% of the population worldwide [1]. Its complications cause
disability in its sufferers leading to frequent hospitalization
and huge financial burden [2]. It is a “modern day epidemic”
and is given attention as a worldwide public health problem.
The number of people suffering from this disease globally is
rising on a daily basis with an estimated 366 million people
likely to be affected by the year 2030 as against 191 million
estimated in 2000 [3]. The management of diabetes mellitus
is considered a global problem and successful treatment is yet
not available.

Studies have shown that diabetes mellitus is related to
oxidative stress, leading to an increased generation of free
radicals such as superoxide radical (O2 ∙− ), hydrogen peroxide
(H2 O2 ) and hydroxyl radical (OH∙ ) or reduced antioxidant
defense mechanism [4, 5]. Effect of oxidative stress in the
progression of diabetes mellitus is not only by free radical
generation but also due to non-enzymatic protein glycation,
impaired antioxidant enzyme system and formation of peroxides [6] which may lead to liver disorder.
Pharmaceutical agents from plants such as polyphenols
have been utilised in the treatment of many diseases including
diabetes and its complications [7, 8]. Polyphenols are integral
part of human diet and are present in plant extracts that have
been used in alternative medicine. The antioxidant potential
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of polyphenols is believed to account in large part for their
pharmacological activities [9]. Polyphenols show several
pharmacological activities including apoptotic, antidiabetic,
antitumor, cardiovascular protection, hepatoprotective, and
cell proliferation activities [10].
This study was aimed at evaluating the hepatoprotective
effects of polyphenols extracted from Zingiber officinale in
streptozotocin-induced diabetic rats. Since the medicinal
attribute of this species has not been reported in any scientific
literature, yet Z. officinale is a medicinal herb/spice in Nigeria
and may also help in the amelioration of liver damages caused
by diabetes.

2. Materials and Methods
2.1. Plant Material. Zingiber officinale was purchased from
the Central Spices Market in Mile 12 area, Ketu, Lagos,
Nigeria. The identification and authentication of the sample
were done by Dr. Kadiri at the Department of Botany of the
University of Lagos, Akoka, Lagos, and voucher specimen
(LUH 4730) was deposited in the university herbarium.
2.2. Experimental Animals. Albino rats were obtained from
the Animal House of the Department of Biochemistry, Lagos
State University, Ojo, Lagos. All the animals were maintained
under laboratory conditions of temperature (22 ± 2∘ C),
humidity (45 ± 5%), and 12 h day: 12 h night cycle and were
allowed access to food (standard pellet diet) and water ad
libitum.
2.3. Chemicals. Streptozotocin (STZ) was a product of Alexis
Biochemical, San Diego CA (92101), USA, while glibenclamide was a product of Sigma, St. Louis (93101), MO, USA.
The assay kit for glucose was obtained from Randox Laboratories, Antrim (BT41), UK. Other chemicals and reagents
were of Analar grade, and water used was glass distilled.
2.4. Extraction of Free Phenolic Compounds. A known mass
(3 kg) of Zingiber officinale was crushed in 80% acetone (1 : 2
w/v) using a Waring blender (Waring Commercial, Torrington, CT) for 5 minutes [11]. The sample was homogenized in
a Polytron homogenizer (Glen Mills Inc., Clifton, NJ) for 3
minutes. The homogenates were filtered under vacuum using
Buchner funnel and Whatman no. 2 filter paper (Whatman
PLC, Middlesex, UK). The filtrate was concentrated using a
rotary evaporator under vacuum and later freeze-dried in a
lyophilizer (Ilshin Lab. Co. Ltd, Seoul, Republic of Korea).
The extract was stored frozen at −20∘ C for 24 h before the
commencement of the experiment.
2.5. Extraction of Bound Phenolic Compounds. Residue from
the free phenolic extraction was drained and hydrolyzed with
2 L of 4 M NaOH for 1 h with constant shaking [11]. The
mixture was acidified with concentrated hydrochloric acid to
pH 2. The acidified mixture was extracted six times with ethyl
acetate by partitioning and the supernatant pooled together
and concentrated using rotary evaporator and subsequently
freeze-dried using Virtis Bench Top (SP Scientific Series,
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USA) freeze dryer. The extract was stored frozen at −20∘ C for
24 h before the commencement of the experiment.
2.6. Induction of Diabetes. Rats were fasted for 18 h after
which diabetes mellitus (type 2) was induced by single
intraperitoneal injection of freshly prepared STZ (50 mg/kg
bw) in 0.1 M citrate buffer (pH 4.5) [12]. Diabetes was
confirmed in these rats within a period of 7 days. The
control animals were administered citrate buffer (pH 4.5).
To overcome the initial hypoglycaemic shock, which may
occur as a result of the STZ administration, diabetic rats were
given 5% glucose solution ad libitum for 24 h. Blood was
collected from the tail, and the blood glucose level of each rat
was determined. Rats with a fasting blood glucose range of
15–20 mmol/L were considered diabetic and included in the
study [12].
2.7. Oral Glucose Tolerance Test (OGTT). Twenty-four rats
were randomised into 8 groups of 3 animals each. All the rats
were fasted overnight (12–14 h) prior to this test. Group 1 was
made up of normal rats while the others were streptozotocininduced diabetic rats. Groups 3, 4, and 5 were administered
125, 250, and 500 mg/kg body weight of free polyphenol from
Z. officinale while groups 6, 7, and 8 were administered 125,
250, and 500 mg/kg body weight of bound polyphenol from
Z. officinale, respectively. Forty-five (45) minutes following
the various treatment schedules, each rat was administered an
oral glucose load (3 g/kg body weight). All rats were tested for
blood glucose levels at 45 minutes before the administration
of the extracts, 0 minutes (just before the oral administration
of glucose load), and 30, 45, 60, and 120 minutes after the
glucose load.
2.8. Experimental Design. A total of 40 male rats weighing
200 ± 10 g (8 normal; 32 STZ-diabetic rats) were used. The
rats were randomised into five groups of eight animals each.
Group 1 comprises normal rats administered with vehicle
alone (distilled water) and serve as normal control; group 2
consisted of STZ-induced diabetic rats only; groups 3 and
4 comprise STZ-induced diabetic rats administered with
500 mg/kg bw free and bound polyphenol extracts of Z. officinale, respectively. Group 5 consisted of STZ-induced diabetic
rats administered with glibenclamide (0.6 mg/kg bw). The
extract was suspended in distilled water and was orally
administered daily for 28 days using orogastric tube. Day 1
was regarded as the first day of treatment with polyphenol
extracts or glibenclamide. After 28 days of administration,
animals were humanely sacrificed under halothane euthanasia, and blood was collected through cardiac puncture, and
serum was separated immediately. The rats were dissected;
the liver was excised, freed of surrounding tissues, blotted
with clean tissue paper, weighed, and homogenized in icecold 0.25 M sucrose solution (1 : 5 w/v). The homogenates
were centrifuged at 105 ×g for 15 minutes to obtain the
supernatants that were kept frozen overnight at –20∘ C before
being used for the assays.
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2.9.1. Determination of Glucose Concentration. Glucose concentration was estimated by the glucose oxidase method
described by Trinder [13].
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2.9.2. Determination of Hepatic Antioxidant Enzymes. Catalase (CAT), superoxide dismutase (SOD), and glutathione
peroxidase (GPx) activities were determined using the procedure described by Aebi [14], S. Marklund and G. Marklund
[15], and Paglia and Valentine [16], respectively. Reduced
glutathione (GSH) content was determined according to the
method described by Ellman [17].
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2.9.4. Liver Function Test. Alanine aminotransferase (ALT),
aspartate aminotransferase (AST), albumin and bilirubin
were measured by standard techniques using Reflotron Plus
Dry chemistry analyzer (Roche Diagnostics, Mannheim,
Germany).
2.9.5. Statistical Analysis. Statistical analysis was performed
using GraphPad Prism 5 statistical package (GraphPad Software, USA). The data were analysed by one way analysis
of variance (ANOVA) followed by Bonferroni test. All the
results were expressed as mean ± SE for 8 rats in each group.

3. Results
3.1. Effect on Postprandial Blood Glucose. The effects of
administration of free and bound polyphenol extracts from
Z. officinale on postprandial blood glucose of male Wistar rats
are presented in Figures 1 and 2. The groups of diabetic rats
treated with 500 mg/kg of both free and bound polyphenol
extracts of Z. officinale, respectively, displayed most significant reduction (𝑃 < 0.05) at all periods tested in comparison
to the diabetic control group. Generally, the reduction in
postprandial blood glucose was more pronounced in the
free polyphenol treated animals compared to the bound
polyphenol treated animals and control groups, respectively.
3.2. Effect on Fasting Blood Glucose. The results of fasting
blood glucose (FBG) of the polyphenol treated animals during the 28-day experimentation are presented in Table 1. The
diabetic control animals had increasing fasting blood glucose
throughout the period of the experiment rising from 18.34
on the 1st day to 24.87 mmol/L on the 28th day. The FBG of
all groups was significantly different from the normal control
(𝑃 < 0.05). However, the animals treated with Zingiber
officinale free polyphenol displayed significant reduction
(𝑃 < 0.05) in fasting glucose reaching 12.22 mmol/L from
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Figure 1: Effect of free polyphenol extract of Z. officinale on
postprandial blood glucose in streptozotocin-induced diabetic rats.
Values are given as mean ± SEM, 𝑛 = 3. CON: normal control, DBT:
diabetic control, F125: diabetic rats + 125 mg/kg bw free polyphenol,
F250: diabetic rats + 250 mg/kg bw free polyphenol, F500: diabetic
rats + 500 mg/kg bw free polyphenol.
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2.9.3. Determination of Hepatic Carbohydrate Enzymes. Hexokinase, phosphofructokinase, glucose-6-phosphatase, and
fructose-1,6-bisphosphatase activities were assayed in the
liver by the methods of Brandstrup et al. [18], Castano et al.
[19], Hikaru and Toshitsugu [20], and J. M. Gancedo and C.
Gancedo [21], respectively. Glycogen content was determined
according to the procedure described by Ong and Khoo [22].
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Figure 2: Effect of bound polyphenol extract of Z. officinale on
postprandial blood glucose in streptozotocin-induced diabetic rats.
Values are given as mean ± SEM, 𝑛 = 3. CON: normal control,
DBT: diabetic control, B125: diabetic rats + 125 mg/kg bw bound
polyphenol, B250: diabetic rats + 250 mg/kg bw bound polyphenol,
B500: diabetic rats + 500 mg/kg bw bound polyphenol.

the initial 20.44 mmol/L at the end of the experimental
period. Similarly, there was significant reduction in fasting
glucose level in the animals treated with bound polyphenol
(from 21.80 to 16.56 mmol/L) but not compared to the free
polyphenol and glibenclamide treated animals.
3.3. Effect on Hepatic Antioxidant Enzymes. The activities
of catalase (CAT), superoxide dismutase (SOD), and glutathione peroxidase were significantly decreased (𝑃 < 0.05)
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Table 1: Effect of administration of polyphenols from Z. officinale on the fasting blood glucose of normal and streptozotocin-diabetic rats.
Group

Glucose (mmol/L)
Day 14
4.44 ± 0.20a
21.8 ± 0.67b
21.38 ± 0.95b
22.46 ± 0.91b
17.56 ± 0.39c

Day 1
4.51 ± 0.18a
18.34 ± 0.47b
20.44 ± 0.72b
21.8 ± 0.67b
20.48 ± 0.83b

Normal control
Diabetic control
Diabetic + free polyphenol
Diabetic + bound polyphenol
Diabetic + glibenclamide

Day 28
4.78 ± 0.36a
24.87 ± 1.13b
12.22 ± 1.63d
16.56 ± 0.95c
9.22 ± 0.78d

Values are mean ± S.E.M. of 8 rats per group. Test values down the vertical columns carrying different superscripts for each day are significantly different (P <
0.05).

Table 2: Effect of administration of polyphenols from Z. officinale on antioxidant enzymes’ activities in the liver of normal and streptozotocindiabetic rats.
U/mg protein

Group

CAT
65.20 ± 2.89a
11.25 ± 1.16b
34.56 ± 2.31c
21.27 ± 1.83d
40.42 ± 1.76c

Normal control
Diabetic control
Diabetic + free
Diabetic + bound
Diabetic + GBN

SOD
33.60 ± 1.73a
7.83 ± 1.21b
24.35 ± 2.17c
18.53 ± 1.17d
25.45 ± 1.29c

GPx
51.63 ± 2.75a
19.63 ±1.24b
25.47 ± 1.68b
23.75 ± 2.76b
35.20 ± 1.79c

GSH
16.21 ± 1.16a
28.74 ± 2.67b
23.37 ± 1.19b
25.46 ± 1.70b
20.26 ± 1.12c

Values are mean ± S.E.M. of 8 rats. Test values down the vertical columns carrying different superscripts for each parameter are significantly different (P <
0.05). CAT: catalase, SOD: superoxide dismutase, GPx: glutathione peroxidase, GSH: reduced glutathione.
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Figure 3: Effect of oral administration of polyphenols from Z.
officinale on the glycogen concentration in the liver of normal and
streptozotocin-induced diabetic rats. Values are mean ± S.E.M. of 8
rats. Bars carrying different superscripts are significantly different
(𝑃 < 0.05). CON: normal control, DBT: diabetic control, Free:
diabetic rats + free polyphenol, Bound: diabetic rats + bound
polyphenol, GBN: diabetic rats + glibenclamide.

in the diabetic control rats while the reduced glutathione had
significant increase (𝑃 < 0.05) (Table 2). The activities of
CAT and SOD in the free polyphenol treated animals were
compared favourably with those treated with GBN. Although
there were increases in the CAT and SOD activities of the
bound polyphenol treated animals but the increase was not
comparable to what is obtained in the CAT and SOD of free
polyphenol treated animals. Similarly, there was significant
increase in the GPx and GSH of GBN treated animals but

these enzymes level remained similar in both diabetic control
and polyphenol-treated animals.
3.4. Effect on Carbohydrate Metabolizing Enzymes. Table 3
shows the effect of administration of polyphenols from Z.
officinale on the activities of carbohydrate metabolic enzymes
in the liver of normal and streptozotocin-induced diabetic
rats. There were fluctuations in the activities of hexokinase
and phosphofructokinase in all the groups of animals studied
but was not significantly different (𝑃 > 0.05) from one
another. The activities of fructose-1,6-bisphosphatase and
glucose-6-phosphatase, significantly reduced (𝑃 < 0.05) in
the diabetic control rats compared to the normal control.
The 28-day administration of polyphenols especially free
polyphenol from Z. officinale significantly increased fructose1,6-bisphosphatase and glucose-6-phosphatase activities in
the diabetic rats.
3.5. Effect on Glycogen Concentration. There was a significant
reduction (𝑃 < 0.05) in the glycogen content of diabetic
control rats in comparison to the normal control (Figure 3).
Diabetic rats treated with polyphenols of Zingiber officinale
increased the level of glycogen and it is particularly significantly elevated (𝑃 < 0.05) in the free polyphenol treated
animals. The results were compared favourably with the
glycogen, concentration of the glibenclamide-treated diabetic
rats.
3.6. Effect on Liver Function Indices. There was significant
elevation (𝑃 < 0.05) in the activities of both aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in the
diabetic untreated animals when compared to the normal
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Table 3: Effect of administration of polyphenols from Z. officinale on carbohydrate metabolic enzymes’ activities in the liver of normal and
streptozotocin-diabetic rats.
Group
Normal control
Diabetic control
Diabetic + free
Diabetic + bound
Diabetic + GBN

U/mg protein
HK
2.95 ± 0.03a
0.93 ± 0.36a
2.55 ± 0.23a
2.17 ± 0.29a
2.68 ± 0.21a

PFK
3.81 ± 0.06a
2.56 ± 0.23a
3.34 ± 0.17a
2.86 ± 0.58a
3.69 ± 0.17a

F-1,6-BP
3.56 ± 0.58a
8.42 ±1.16b
4.23 ± 0.29a
5.96 ± 0.58c
4.06 ± 0.51a

G-6-P
10.50 ± 1.16a
25.62 ± 2.89b
13.25 ± 1.16a
15.63 ± 1.73a
12.36 ± 2.05a

Values are mean ± S.E.M. of 8 rats. Test values down the vertical columns carrying different superscripts for each parameter are significantly different (P <
0.05). HK: hexokinase, PFK: phosphofructokinase, F-1,6-BP: fructose-1,6-biphosphatase, G-6-P: glucose-6-phosphatase.

Table 4: Effect of administration of polyphenols from Z. officinale on liver function parameters of normal and streptozotocin-diabetic rats.
Group
Normal control
Diabetic control
Diabetic + free
Diabetic + bound
Diabetic + GBN

Liver function
AST (U/L)
67.2 ± 4.67a
191.4 ± 22.94b
95.60 ± 15.91c
121.0 ± 3.54d
83.3 ± 5.54c

ALT (U/L)
131.1 ± 9.44a
251.4 ± 36.96b
156.6 ± 13.20c
181.2 ± 7.87d
136.5 ± 11.92a

ALB (mg/dL)
5.29 ± 1.10a
5.84 ± 1.50a
5.04 ± 0.93a
6.27 ±0.71a
4.89 ± 0.87a

BIL (mg/dL)
3.30 ± 0.54a
4.84 ± 0.53a
3.10 ± 0.49a
4.15 ± 0.72a
2.31 ± 0.60a

Values are mean ± S.E.M. of 8 rats per group. Test values down the vertical columns carrying different superscripts for each parameter are significantly different
(P < 0.05). AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALB: albumin, BIL: bilirubin.

control (Table 4). In contrast, there were significant reductions (𝑃 < 0.05) in these enzyme activities in animals
treated with 500 mg/kg polyphenols from Zingiber officinale
and glibenclamide in comparison to the diabetic control rats.
There was no significant difference in the concentration of
albumin (ALB) and bilirubin (BIL) of the animals in all
groups studied.

4. Discussion
The choice of 500 mg/kg body weight of both free and bound
polyphenol extracts of Zingiber officinale used in the 28-day
treatment of diabetic rats in this study was predicated upon
the most effective reduction of postprandial blood glucose
of diabetic rats following single dose of oral administration
in diabetic rats within two hours (oral glucose tolerance
test). Though, 125 mg/kg and 250 mg/kg of the polyphenols
also decreased postprandial blood glucose but were not
comparable to the reduction elicited by the 500 mg/kg dosage
(Figures 1 and 2).
Antioxidant enzymes (SOD, CAT, and GPx) play important role in the maintenance of physiological concentrations
of oxygen and hydrogen peroxide by enhancing the dismutation of oxygen radicals and mopping up organic peroxides
generated from exposure to STZ [23]. The data generated
from the present study indicated that STZ-induced diabetes
disrupted the activities of hepatic antioxidant enzymes [24].
SOD mop up superoxide radicals by converting them to
H2 O2 and oxygen while both CAT and GPx are involved
in the elimination of H2 O2 [5]. The observed decrease in
the activities of SOD, CAT, and GPx in the liver of diabetic
rats may be due to the rise in generation of ROS such as
superoxide (O2 − ) and hydroxyl (OH− ) radical [5, 25] by STZ.

It may also be that the free radicals generated inactivated the
activities of these enzymes [26, 27]. This may be responsible
for the insufficiency of antioxidant defences in mitigating
ROS mediated damage [6]. However, administration of
free polyphenol extract of Zingiber officinale reduced the
imbalance between the generation of ROS and antioxidant
enzymes’ activities in diabetic rats. Therefore, treatment with
free polyphenol extract of Zingiber officinale improved the
activities of these antioxidant enzymes and may help to
control the production of free radicals in sufferers of diabetes.
Glucose-6-phosphatase (G-6-P) is an important enzyme
in the last step of gluconeogenesis and glycogenolysis where
it catalyzes the hydrolysis of glucose-6-phosphate to glucose.
Glucose is transported out of the liver to increase blood glucose concentration. Physiologically, insulin slows down hepatic glucose production by reducing glucose-6-phosphatase
and fructose-1,6-bisphosphatase activities [28, 29]. The hepatic gluconeogenic enzymes, glucose-6-phosphatase, and
fructose-1,6-bisphosphatase were elevated significantly in
diabetic rats. This may be due to the increased synthesis of
the enzymes contributing to the rise in glucose production
during diabetes by the liver [30]. The administration of
free polyphenols from Zingiber officinale normalizes the
activities of these enzymes, and this is comparable to both
the normal control and glibenclamide-treated diabetic rats.
The observed activity may primarily be by modulating the
activities of these enzymes, either through the regulation by
cyclic adenosine monophosphate (cAMP) or inhibition of
glycolysis and gluconeogenesis [30, 31].
Glycogen is the primary intracellular form in which
glucose is stored and its levels in various tissues, particularly
the liver, are a direct indication of insulin activity as insulin
enhances intracellular glycogen deposition by stimulating
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glycogen synthase and inhibiting glycogen phosphorylase
[32]. Because streptozotocin causes selective destruction of
𝛽-cells in the pancreas, resulting in a noticeable reduction in
insulin levels, it implies that glycogen levels in the liver reduce
because they depend on insulin for the influx of glucose [33].
Oral administration of free polyphenol extracts of Z. officinale
significantly improved hepatic glycogen levels of diabetic animals. This is possibly due to the reactivation of the glycogen
synthase system as a result of improved insulin secretion
following 28-day administration of polyphenol extract to
diabetic rats [33]. It may also be due to insulinomimetic
activity of the polyphenols giving rise to direct peripheral
glucose uptake [34].
Aspartate aminotransferase, alanine aminotransferase,
albumin, and bilirubin are considered as part of liver toxicity
markers [35]. In streptozotocin-induced diabetic animals,
change in the serum enzymes is directly related to alteration
in the physiological functions of aspartate aminotransferase,
alanine aminotransferase, albumin, and bilirubin [36]. It
has been reported that the elevated activities of transaminases under insulin deficiency [37] were responsible for the
increased gluconeogenesis and ketogenesis during diabetes.
The increase in the activities of these serum enzymes indicated that liver dysfunction might be induced due to diabetes.
Previous report has shown that the induction of diabetes in
rats with STZ usually leads to necrosis of the liver tissues
[38]. Therefore, increase in the activities of serum AST and
ALT in diabetic untreated control animals may be due to
the leakage of these enzymes from the liver cytosol into the
blood stream [39] which is a pointer to the hepatotoxic effect
of STZ. Conversely, treatment of the diabetic rats with free
and bound polyphenol extracts of Zingiber officinale caused
reduction in the activity of these enzymes when compared to
the diabetic control group and consequently alleviated liver
damage caused by STZ-induced diabetes [40].
The difference in the activities of both free and bound
polyphenol extracts of Z. officinale may not be unconnected
to the difference in their structures and compositions. Free
polyphenols occur as phenolic acids and flavonoids. They
are freely available and more readily absorbed, and, thus,
exert beneficial bioactivities in early digestion [41]. Bound
polyphenolic compounds, on the other hand, are present
as a component of plant cell walls. They are present as
monomeric, dimeric, or oligomeric compounds, which are
esterified to the cell wall. Bound phytochemicals may not
be digested by human enzymes and could survive stomach
and intestinal digestion to reach the colon and be digested by
bacteria flora releasing phytochemicals with health benefits
[11, 42]. Therefore, the potent antioxidant and antidiabetic
activities observed in the free polyphenol treated animals may
be due to its reported beneficial bioactivity coupled with the
ease of digestibility that made it to permeate into the blood
system of the treated animals.

5. Conclusion
It can be concluded from this study that polyphenols from
Zingiber officinale offer protection to the liver of diabetic rats.
However, free polyphenols of this plant elicited better effect
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possibly due to the fact that they are freely available and more
readily absorbed and exert beneficial bioactivities in early
digestion. This study supports the ethnobotanical usage of
Zingiber officinale rhizome in the treatment of diabetes and
its associated complications.
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