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Abstract

The study investigated biochemical effects of aqueous extracts of turmeric,
ginger and black pepper on blood glucose levels of induced diabetic albino
wistar rats. Specifically, it determined effects of aqueous extracts of turmeric,
ginger and black pepper on fasting blood glucose level of diabetic albino rats
and body weight of the rats. Sixty- six healthy rats (138-144 grams) were
used. Rats were distributed into 11 groups (8 test and 3 control groups) of
six rats. Blood glucose level of the rats were determined before diabetes
induction. Rats underwent 16 hours overnight fasting prior to induction.
They were induced with alloxan injection based on body weight. Diabetes
was confirmed using glucometer. Rats with fasting blood glucose level >
200gm/dl were considered diabetic. Various doses of the aqueous extracts
were administered orally to different groups based on body weight. Blood
glucose level was measured on day 1,7, 14, 21 and 28. Data were analysed as
mean + standard deviation. Analysis of variance (ANOVA) was used to test
for differences among all the experimental groups. Duncan’s New Multiple
Range Test was used to separate and compare means for significant
differences. A p - value of < 0.05 was considered statistically significant. The
study revealed significant (p < 0.05) decrease in blood glucose level of
treated rats compared to the untreated (diabetic control) rats. The group
treated with combined extracts of turmeric and black pepper with ratios
80:20 (TBP) (80: 20) had the highest reduction in blood glucose level (35.93%)
than the other test groups. The group treated with TBP (80:20) had the
highest increase in bodyweight (4.08%) compared to the other groups. The
findings showed antihyperglycemic activities of these extracts and suggest
they may be useful in control of postprandial rise in blood glucose
particularly in diabetic condition.
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Introduction

Diabetes mellitus is one of the most
common endocrine diseases that can
affect blood sugar. It is caused by a
breakdown in the glucose metabolic
process which can result in abnormal
blood glucose fluctuations (American
Diabetes Association, (ADA) 2020).
This chronic metabolic disease occurs
either when the pancreas does not
produce enough of the hormone,
insulin or when the body cannot
effectively use the insulin it produces.
This is associated with high blood
sugar and usually with passage of
sugar in the urine (Anita & Abraham,
2010). This impaired insulin secretion
and variable degrees of peripheral
insulin  resistance can lead to
hyperglycemia (Simon & Wittmann,
2019).

High blood sugar is an abnormal
state for the body and creates specific
symptoms and possible long term
health problems. ADA (2018) stated
that fasting blood sugar above 125
mg/dL (7 mmol/L) indicates that an

individual is diabetic. Acute life
threatening consequences of
uncontrolled diabetes are

hyperglycemia with ketoacidosis or
non ketotic hyperosmolar syndrome.
Oxidative stress plays pivotal role in
progression and development
of diabetes and its complications.
Oxidative stress involved in type 2
diabetes mellitus harmfully affects the
insulin activity (Ito, Sono & Ito,
2019; Rehman & Akash, 2017). This
Oxidative stress is produced by an
excess of the reactive oxygen species
and could deteriorate the islets (-cells
of the pancreas resulting in the reduced

release of insulin (Rehman & Akash,
2017).

Unhealthy diet and lack of exercise
could lead to diabetes mellitus. A diet
high in fat, calories, and cholesterol can
increase the risk of diabetes.
Consumption of sugar sweetened
drinks in excess, high-fat diet and high
intakes of saturated fat raise risk of
diabetes metabolic syndrome (Malik
2010 et al, 2010; Popkin, 2015).
Inappropriate diet can contribute to
oxidative stress and thus the risk of
many adverse health conditions,
including the world’s major non-
communicable diseases (NCDs) such as
coronary heart disease (CHD), type 2
diabetes, breast and colon cancers
which shortens life expectancy (ADA,
2020).

Many studies confirmed that
medicinal spices and their extracts may
have some positive biochemical effect
on blood sugar level (Roy & Awasthi,
2017; Zhang, 2015). Biochemical effect
can be defined as the response of an
organism to chemical changes that may
occur in the body (Walker et al., 2011).
Aqueous extract can be defined as elicit
obtained by separation of medicinally
active soluble plant materials or
secondary metabolites using water as
the solvent or extraction medium.
Studies have reported that aqueous
extracts of plants are safe, economical
and eco-friendly alternative to use in
treatment of diseases (Zhu, et al, 2018;
Kocaadam & Sanlier, 2017). Medicinal
plants and their aqueous extracts are
the key bioresources of bio-active
compounds and are well endowed
with a variety of phytochemicals (Ojo
et al.,, 2020; Evuen, Okolie & Apiamu,
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2022). These extracts are currently of
considerable importance because of
their special attributes as a large source
of therapeutic phytochemicals. They
played an essential role in human
nutrition have been linked to a reduced
incidence of chronic health conditions
such as diabetes, cancer,
cardiovascular diseases and other
chronic diseases (Zhu, et al, 2018).

Many traditional plant treatments
exist as hidden wealth of potentials.
Spices are also rich sources of
phytochemical ~ compounds  with
antioxidant activity which influence
nutrition through many pathways
(Kocaadam & Sanlier, 2017).
Antioxidants have been shown to
improve insulin sensitivity and reduce
fasting blood sugars. They are
compounds that can decrease oxidative
stress, scavenge free radicals from the
body cells, prevent and eliminate the
damage caused by oxidation. Plant
foods are rich sources of antioxidants.
Foods that are high in antioxidants
may reduce the risk of many diseases,
including heart disease and certain
cancers (Duyff, 2017).

Turmeric is a spice plant of the
ginger family known as Zingiberaceae.
The rhizomes have been used from
antiquity as a spice, condiment, a
textile dye, medicine and stimulant.
Ginger is an underground rhizome
that belongs to the family Zingiberaceae.
It is also a spice with medicinal
properties. Black pepper is spice plant
from the family Piperaceae. The seed is
used as a spice, seasoning, bioenhancer
and medicine. Bioenhancers are
defined as substances that increase
the bioavaliability and bioefficacy of

active substances in foods or drugs
(Patil, et al, 2011). Spices are functional
foods that can be demonstrated to
have a beneficial effects on certain
target functions in the body beyond
basic nutritional requirements (Lobo, et
al, 2010). Turmeric, black pepper and
ginger have been reported to exert anti-
hyperglycemic, anti-inflammatory,
antioxidant, antiproliferative and anti-
angiogenic activities effect both in
laboratory animals and human subjects
(Yadav, et al, 2013; Yadav, et al, 2016).

Nair (2013) stressed that curcumin
in tumeric lowers blood sugar in
multiple ways such as stimulating
insulin production, improving activity
of pancreas cells, improving sensitivity
to insulin and stimulating utilization of
glucose by the body. Piper guineense
possess anti-bacterial, antioxidant and
bioenhancing properties. Zhu, et al,
(2018) revealed that the antioxidant in
ginger could be helpful against a
variety of health conditions, can
manage and may even prevent type 2
diabetes and hypertension. Many oral
orthodox drugs are toxic, contain active
constituents and have a number of
serious adverse effects on health. They
can cause metabolic alterations and
other degenerative conditions. They
often lower blood sugar within range
but actually increase morbidity and
mortality. Many traditional plant
treatments may be more effective,
economical, less toxic in the treatment
and management of chronic health
problems.

Medicinal spices and their extracts
are therefore becoming more popular
because of their potential -efficacy,
minimal or no side-effects and
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synergistic actions (Panda et al. 2013).

Most synthetic oral anti- diabetic
agents are toxic, can cause some
metabolic  alterations and  other

degenerative conditions (Jackuliak, et
al, 2019). Van and Scheen (2015)
reported that some of these synthetic
anti- diabetic agents may lead to

patients becoming overweight or obese.

Epidemiological studies have reported
that intake of plants rich in various
antioxidants and  phytochemicals
reduce the risk of various chronic
diseases (Yadav, et al, 2013; Kocaadam
& Sanlier, 2017).

Unfortunately, some of these
medicinal spices and their aqueous
extracts have not been scientifically
validated. Clinical trials using animal
models are needed to exploit their
therapeutics  potentials.  This is
important for their scientific validation
and for use in prevention, treatment
and management of diabetes. Animal
models such as albino wistar rats are
non human species that are usually
used in nutrition research. These rat
strains have some important roles to
play in understanding the aetiology
and pathophysiology of diseases,
testing herbal efficacy and safety in
humans (Clemens, Jansson, Portal,
Riess & Nguyen, 2014). Thus, the study
investigated the biochemical effects of
turmeric, ginger and black pepper
aqueous extracts on blood glucose
levels of induced diabetic albino wistar
rats.

Objectives of the Study

The general objective of the study was
to investigate the biochemical effect of
aqueous extracts of tumeric, ginger and

African black pepper on blood glucose

level of alloxan induced diabetic albino

wistar rats. Specifically, the study
determined:

1. effects of aqueous extract of
turmeric, ginger and black pepper
on the fasting blood glucose
(mg/dl) among the diabetic albino
rats

2. effect of aqueous extracts of
turmeric, ginger and black pepper
on body weight of the diabetic
albino rats.

Materials and Methods
Plant materials Collection and
identification of samples: Fresh

Turmeric rhizome (Curcuma longa),
black pepper seed (Piper guineense) and
ginger rhizome (Zingiber officanale)
were procured from Ogige market
Nsukka and were identified in the
Department of Plant Science and
Biotechnology, University of Nigeria,
Nsukka.

Processing  of  samples: Two
kilogrammes of each of the three
samples (Curcuma longa, Zingiber
officianale and Piper guineense) were
sorted to remove debris and defects.
The samples were, carefully washed
with running tap water to remove dirt
and sand and then allowed to drain in
a plastic sieve. The samples were
peeled, sliced and was dried in an oven
at a temperature of 55°C for 24 hours.
The pepper was oven-dried for 4 hours.
Each of the three dried samples were
ground separately into flour using a
high speed electric blender (Soyona,
Japan). Samples were then packaged in
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plastic air tight containers, labeled and
stored under refrigeration for analysis.

Preparation of the extracts: Four
hundred grammes (400g) of each of the
flour sample (Curcuma longa, Piper
quineense and Zingiber officanale) were
macerated with 800ml of distilled
water with frequent shaking for 24
hours. They were filtered and the marc
was again subjected to maceration with
distilled water for complete extraction.
The mixtures were filtered using
Whatman No.42 filter paper to obtain
the filtrate. After filtration, the aqueous
extracts were concentrated with the
help of an oven dryer at 50°C to obtain
the crude extracts. The extracts were
stored in an air tight container and
were kept in a refrigerator prior to use.
The desired consistency for feeding the
rats was later reconstituted with
distilled water for a known weight of
the dried filtrate to give the required
dose which was administered during
the study. Water was added to the
crude extracts of each sample (turmeric,
ginger and African black pepper) in the
ratio of 10: 1 (weight/volume). This
provided 100mg/ml of each extract.
Volume = dose (mg/kg) x weight (kg)
stock concentration (mg/ml).

Procurement and housing of rats:
Sixty- six (66) healthy male albino rats
with no prior drugs treatment
weighing between 138-144 grams were
used for the experimental study. The
rats were purchased from Department
of Veterinary Pathology University of
Nigeria, Nsukka. The rats were
randomly distributed into eleven (11)
groups of six rats each based on body

weight. They were allowed to
acclimatize for 5 days and were fed
with standard pellets. The rats had
access to water and feed ad libitum.

Each group was allotted into
metabolic and standardized rat cages
equipped to separate feaces and urine
of the animals during the rat study
period. The study was carried out in
the animal house (metabolic laboratory)
of the Department of Nutrition and
Dietetics, University of Nigeria Nsukka.
They were maintained under standard
environmental conditions (ambient
temperature (25°C + 2°C), humidity
(45% £ 5%) and 12 hours light and 12
hours dark condition during the study.

Experimental Design: Pure
experimental research design was
adopted. The study was conducted for
twenty- eight (28) days. This consisted
of four days acclimatization period, 1
day for inducement of diabetes, two
days for establishment of diabetes and
21 days of treatment with aqueous
extracts. All rats were fed commercial
pellet diet (rat chow) and water ad
libitum throughout the period of
experiment. The daily dose of the
extracts that was administered to the
rats was calculated from the result of
acute toxicity test (LDsp). During the
study period (28 days), blood samples
of the rats were collected on day 1, 7,14,
21 and 28 to determine blood glucose
level.

Inducement of diabetes: The blood
glucose levels of the rats were
determined before the inducement of
diabetes. After the acclimatization
period of four days, diabetes mellitus
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were induced on the fifth day. The rats
underwent 16 hours overnight fasting
prior to induction of diabetes mellitus.
The rats were induced of diabetes
using single freshly prepared five
percent aqueous solution of alloxan
monohydrate  powder (chemically
called 2, 4, 5, 6-tetraoxopyrimidine).
This was dissolved in normal saline
solution (0.9g sodium chloride in
100ml). It was intraperitoneally injected
to the rats at a single dose depending
on body weight of the rats. The rats
were allowed free access to 5% glucose
solution for 48 hours to overcome the
early hypoglycemic phase.

Formulation of aqueous extract of
Curcuma longa and Piper guineense
blend: Four different formulations of
Curcuma longa and Piper guineense with
different ratios were used to determine
the dose response of different
concentration of Piper guineense on
Curcuma longa. These were obtained by
combining two different concentrations
of Curcuma longa and Piper guineense.
Each blend was formulated by
combining the two aqueous extracts in
different ratios to obtain 100g of each of
the samples. These combined extracts
were administered based on body
weight. The ratios were;

TBP90:10 = Turmeric and black pepper
(90:10); TBP80:20 = Turmeric and
black pepper (80:20)

TBP70:30 = Turmeric and black pepper
(70:30) TBP60:40= Turmeric and
black pepper (60:40)

Keys: T= Turmeric; BP= Black pepper

Feeding trial: Feeding trial commenced
when diabetes had been established.

Sixty-six (66) albino rats were used for
the study. Rats that were diabetic were
grouped and treated with the extract
samples. They were grouped into 11
groups of six rats per group. The rats
were fed normal rat chow and water ad
libitum throughout the period of the
experiment. The rat groups were
treated by oral administration of
different doses of the aqueous extracts
at regular intervals of 12 hours. The
treatments (different grams of various
extracts, and antidiabetic = drug
dissolved in water) commenced the
day the rats were confirmed diabetic.
The treatments were given orally every
day via a cannula attached to a syringe
for 21 days.

Collection of Blood samples: Blood
samples were collected from the
animals before and after treatment
from the animals. Blood samples were
taken from the rats after 48 hours of
inducement of diabetes to estimate the
blood glucose level and to confirm
diabetes. Blood glucose concentration
was measured by a glucometer on a
drop of blood from the tail. This was
confirmed using accu-check
glucometer and its test strip. Rats with
fasting blood glucose level > 200gm/dl
were considered diabetic and were
selected for the experiment (Mahmoud,
2013). When diabetes was established,
treatment commenced with extracts.
The dose of the extracts that were
administered were based on mean
lethality (LDso) of the extracts.

At the end of the 28 days experimental
period, the rats were anaesthetized
using anaesthetic ether. The blood
samples  were used in  the
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determination of biochemical
parameters such as blood glucose
levels.

Body weight measurement: The initial
individual body weights of the rats
were taken at the beginning and at the
end of the experiment for all animals to
determine weight gain using the
following equation. Body weight gain
= final weight - initial. The initial and
final weights of the rats were measured
and recorded wusing an electronic
weighing balance.

Biochemical analysis

Determination of Blood Glucose:
Glucometer was used for estimation of
blood glucose. Determination of blood
glucose was measured by the Trinders
principle using One Touch Basic
glucometer (Lott & Turner, 1975). Rat’s
tail was cleaned and pricked with a

Table 1: Effects of aqueous extract
diabetic rats

sharp-pointed  surgical instrument
(lancet). 0.5 pl of blood was taken using
a glucometer strip. The strip is then
inserted into a glucometer. The test
strip was inserted in the glucometer
which automatically turns on. A small
quantity of blood was dropped on the
top white edge of the test strip. The
blood glucose level in mg/dl was read
on the meter and recorded.

Data Analysis Techniques: Data were
analysed using mean * standard
deviation and analysis of variance
(ANOVA). was used to test for
differences among all the experimental
groups. Duncan’s New Multiple Range
Test was used to separate and compare
means for significant differences. A p -
value of < 0.05 was considered
statistically significant.

Results

on the fasting blood glucose (mg/dl) of

Groups Baseline Endline % Difference
T100 259.404+11.72 237.00°4 + 6.63 11.60
Ta00 235.80% +10.85 204.80° +14.39 14.15
Gioo 243.80°9+ 14.86 201.20° + 20.06 18.47
Gaoo 264.809+22.73 205.80°+19.12 21.38
TBPgo:10 246.80°+ 8.23 224.60° +9.39 20.01
TBPso:20 269.004+ 8.86 195.60° +17.30 35.93
TBP70:30 253.60¢+ 8.26 223.40¢ + 8.88 17.91
TBPeo.40 260.209 +7.56 241.40°4 +10.48 14.23
Normal control 75.202 + 8.84 74.802+8.23 0.93
Standard control 233.60 +28.38 166.402° + 8.14 40.77
-ve control 252.80 22.74 293.40¢ £+ 9.58 15.06

n=3. Results expressed as means +SD . value; %D = percentage difference; * = (P < 0.05); baseline =
after induction; end-line = after treatment; increase = ; decrease =
Keys: T100=rats treated with 100mg/kgBW of turmeric extract; T200= rats treated with
200mg/kgBW  of turmeric extract;G100= rats treated with 100mg/kgBW of ginger extract;
G200= rats treated with 200mg/kgBW of ginger extract; TBP90:10= rats treated with 90:10mg
/kgBW  of turmeric and black pepper extract; TBP80:20= rats treated with 80:20mg/kg BW of
tumeric and black pepper extract ; TBP70:30= rats treated with 70:30mg/kg BW of tumeric and
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black pepper extracts; TBP60:40= rats treated with 60:40mg/kg BW of tumeric and black pepper

extracts; Normal Control=

rats fed with normal rat chow + water ; standard control=- treated

with standard drug (glibenclamide) 0.6mg/kg body weight; negative control= rats fed with normal

rat chow and water(induced but not treated)

Table 1 shows the effect of aqueous
extracts of turmeric, black pepper and
ginger on the fasting blood glucose
levels of hyperglycemic rats. The
fasting blood glucose level of the rats
after induction of diabetes ranged from
233.60mg/dl to 269.00mg/dl with the
highest found in the group treated
with combined aqueous extracts of
turmeric and black pepper at ratio
80:20mg/kg (TBP80:20). (269.00mg/dl).
It was observed that initial blood
glucose level of group treated with
200mg/kg turmeric extract only
(235.80mg/dl) and standard control
(233.60mg/dl)  were  significantly
similar at (p < 0.05). Moreso, groups
treated with combined extract with
ratio 70 30 with bodyweight

(253.60mg/dl) and negative control
(252.80 mg/dl) were significantly
similar at (p < 0.05). The final blood
glucose level of the treated rats ranged
from 166.40mg/dl to 241.40mg/dl. The
diabetic control group (negative
control) had the highest blood glucose
level of 293.40mg/dl. The group that
was treated with standard drug
(standard control) had the highest
percentage decrease (40.77%) when
compared with other groups. Among
the group that was treated with
aqueous extract, group 6 which was
the group treated with combined
aqueous extract TBP80:20 had the
highest percentage decrease of 35.93%.
The diabetic control group recorded an
increase (15.06%) in blood sugar level.

Table 2: The effect of the aqueous extracts on body weight of the

hyperglycemic rats
Groups Initial weight Final weight % Difference
T100 141.80° £6.69 141.982 £7.83 1.137
T200 139.202 £9.01 140.402 £9.10 1.581
G100 140.20° £6.53 140.80° £6.38 0.717
G200 139.002 £8.19 140.702 £8.94 1.447
TBP90:10 142.60° £6.84 143.802 £6.69 0.841
TBP80:20 138.00° £8.76 141.802 £9.76 4.081
TBP70:30 141.802 £6.69 143.402 £7.83 3.137
TBP60:40 140.202 £6.53 141.202 £6.38 1.511
Normal control 142.202 £6.53 146.00? +9.63 5.087
Standard control 142.202 £7.40 145.00% +6.67 4.091
-ve control 144.002 £9.76 140.002> +9.75 5.04|
n=3. Results expressed as means + SD. % D = percentage difference; increas ; decrease =

Keys: T100 = rats treated with 100mg/kgBW of turmeric exjtract; T20

= rats treated with

200mg/kgBW  of turmeric extract;G100 = rats treated with 100mg/kgBW of ginger extract; G200
= rats treated with 200mg/kgBW of ginger extract; TBP90:10 = rats treated with 90:10 mg/kgBW
of turmeric and black pepper extract; TBP80:20 = rats treated with 80:20mg/kg BW of tumeric
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and black pepper extract ; TBP70:30= rats treated with 70:30/mg/kg BW of tumeric and black
pepper extracts; TBP60:40 = rats treated with 60:40mg/kg BW of tumeric and black pepper
extracts; Normal Control = rats fed with normal rat chow + water; standard control =- treated
with standard drug (3libenclamide) 0.6mg/kg body weight; negative control= rats fed with normal

rat chow and water( induced but not treated)

Table 2 shows the effect of aqueous
extracts on body weights of the
experimental rats. There was no
significant difference (p < 0.05) in the
body weights of rats used before
diabetes induction. The mean body
weight before induction ranged from
138.00g to 144.00g. After treatment, the
mean body weight of the rats showed
no significant difference (p < 0.05).
None of the extracts caused significant
weight increase. The mean bodyweight
of the rats treated with aqueous

extracts ranged from 140.40g to 143.40g.

Among the treatment groups, the
group treated with combined extract of
turmeric and black pepper TBP (80: 20)
had the highest percentage increase in
weight (4.08%) when compared with
the other rats treated with the extracts.
The normal and standard control
groups had significant increase in body
weight with  5.08% and 4.09% increase
respectively. The group fed with
combined extract 80:20 (Turmeric:
Black pepper) had the highest
percentage increase in weight (4.08%)
while the group fed with 100mg/kg
Ginger extract only had the lowest
percent increase (0.71%) in body
weight. The negative control group
had significant decrease in body
weight (-5.04%) when compared with
the diabetic treated groups.

The findings of the study showed the
effect of black pepper, turmeric and
ginger aqueous extracts on the fasting
blood glucose level of hyperglycemic
rats after treatment period. It showed
that there was significant rise in blood
glucose levels after induction with
alloxan injection in all diabetic rats as
compared to the normal control rats.
The increase in blood glucose level in
the diabetic animals compared to that
of the control rats could be as a result
of chemical exposure to diabetogenic
agent called alloxan. The is in line with
works by Jain and Arya (2011) who
demonstrated  that intraperitoneal
injection of alloxan into the rats causes
significant diabetogenic response in
wistar rats with significant rise in the
blood glucose level of the experimental
rats. Behl et al. (2020) stated that
alloxan induces diabetes through
reactive oxygen species which results
to a rapid destruction of pancreatic
beta cells causing hyperglycemia. The
mechanism of action of alloxan is
selective destruction of the beta cells of
the pancreas through the formation of
reactive oxygen species (Jain & Arya,
2011). Fakhruddin, et al, (2017) stated
that oxidative stress is the main factor
for initiation of various degenerative
and chronic diseases. Zhu, et al, (2018)
reported that high blood sugar
(hyperglycemia) could be attributed to
deficiency or impairment in insulin

secretion and / or metabolic
Discussion of Findings consequences of insulin resistance
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which can affect carbohydrate, protein
and lipid metabolism.

All treatment groups treated with
aqueous extracts showed decrease in
blood glucose level when compared
against the diabetic control group.
However it was observed that group
with combined aqueous extracts of
turmeric and black pepper with ratios
80:20 (TBP 80:20) had the highest
percentage decrease in blood glucose
level compared to the other groups
that were treated with aqueous extract.
This is in line with the findings by
Prasad, et al, (2014) which
demonstrated in an animal study that
effect of  combining  turmeric
(100mg/kg body weight) with lower
dose of black pepper(25mg/kg body
weight). This is similar with Manodeep,
et al, (2017) in a rat study which
demonstrated that incorporation of
black pepper with the doses of 25
mg/kg with turmeric 100mg/kg
exhibited significant beneficial effect
compared to turmeric alone-treated
group. Similar observations were made
by Sunmonu and Afolayan (2013)
using combined aqueous extract of
Phyllantus amarus and Artemisia afra in

a rat study respectively, for the
treatment of diabetes.
The positive effects of these

aqueous extracts on blood glucose level
may be attributed to presence of some
bioactive  constituents  (alkaloids,
flavonoid, terpenoid, saponin, phenols
and other antioxidants vitamin) in the
extracts which have dietary and
medicinal  properties. The  anti-
hyperglycemic action of the extracts
may be attributed to improved insulin
sensitivity or inhibition of endogenous

glucose production (Nimse & Pal, 2015).
The extract may have achieved this
anti- hyperglycaemic property via
increased insulin secretion, increased
peripheral utilization of glucose,
inhibition of endogenous glucose
production or by inhibition of intestinal
glucose absorption (Manodeep, et al,
2017).

The findings on Table 2
demonstrated the change in body
weight of the experimental rats. There
was slight increase in the body weight
of alloxan-induced diabetic rats that
were administered various doses of
these aqueous extracts when compared
with the diabetic control group.
Progressive increase in body weight
was observed in normal control group
and diabetic treated rats respectively
when compared with their initial
values, whereas the diabetic control
group (negative control) recorded
progressive decrease in bodyweight.
The normal control rats showed body
weight gain throughout the treatment
period, while the diabetic control rats
showed significant (p < 0.05) weight
loss. The increase in body weight
observed in diabetic rats administered
aqueous extracts could be an indicated
that these aqueous extracts is not toxic
and does not have any harmful effect
on the physiological state of the rats at
the various dose level. This supports
the works by Sunmonu and Afolayan
(2013) which stated that aqueous
extracts are safer, more effective and
less toxic compared to synthetic drugs.

A study by Fakhruddin, et al, (2017)
showed a significant increase (p < 0.05)
in the body weight of alloxan-induced
diabetic rats that were administered
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various doses of phenolic aqueous leaf
extract of V.doniana when compared
with the diabetic control group. The
combined aqueous extracts with ratios
80:20 had the highest percentage
increase in body weight (4.08%)
compared to other groups treated with
aqueous extracts. Otunola and Afolaya
(2015) reported that oral
administration of combined aqueous
extract of garlic, ginger and cayenne
pepper modulated the body and organ
weights of diabetic rats, reduced
hyperglycaemia, attenuated blood and
cellular toxicity parameters.

Conclusion

The present study provided some
information on the biochemical effects
of aqueous extracts of turmeric, ginger
and black pepper on blood glucose
level of alloxan induced diabetic albino
wistar rats. It demonstrated that oral
administration of these aqueous
extracts had positive effects on blood
glucose level and body weight of the
rats. It revealed that the rats treated
with graded doses of these aqueous
extracts gained slight weight and no
adverse effect was observed. It
revealed the synergistic effect of
combined aqueous extracts of turmeric
and black pepper on blood glucose
level and body weight of the diabetic
rats. The findings showed that these
aqueous extracts possess
antihyperglycemic properties in the
treated diabetic rats. The study
suggests that aqueous extracts of
turmeric, ginger and black pepper
might help prevent, reduce and
manage hyperglycemia in diabetic
patients.

Recommendations

(1) Extensive investigations of the
active ingredients of these aqueous
extracts on clinical trials with
human are needed to exploit their
therapeutics utility to cure many
diseases.

(2) Further research should be carried
out on:

(i) effect of high dose consumption
of black pepper extracts in
humans and animal models.

(ii) whole samples rather than
aqueous extracts to determine
their therapeutic potentials.

(iii)antimicrobial assay of these
aqueous extracts.
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