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Introduction
Diabetes mellitus (DM) is a metabolic disorder

characterized by chronic hyperglycaemia with multiple etiological
complications and is associated with alterations in the metabolisms of
carbohydrate, fat and protein.1The alterations in the utilization of
complex biomolecules by the most affected tissues (liver, muscle and
adipose tissue) due to hyperglycemia initiate a sequence of oxidative
processes that cause dysfunction and failure of other organs in the
body. Long-term complications may affect the organs such as kidneys,
eyes, nerves, heart and blood vessels, and in absence of effective
treatment result into death.2Recent information showed the global
prevalence of DM to be 415 million people and is estimated to double
by 2040.3 This placed DM as a global public health challengeand thus,
requires anintegrated approach to fully come up with the best
treatment.4Generally, the two major types of DMare the type 1 or
insulin dependent diabetes mellitus (IDDM) and type 2 or non-insulin
dependent diabetes mellitus (NIDDM).5 The present conventional
drugs (sulphonylureas, glucosidase inhibitors, dipeptidyl peptidase-4
(DPP-4) inhibitors and biguanide) are known to present with unwanted
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adverse consequences such as aggressive hypoglycaemia, diarrhea and
stomach discomfort.6This is in addition to being rather costly and not
affordable by the majority of people in developing countries especially
for African populations. For this reason, coupled with an exponential
increase in the prevalence of diabetes motivate researchers to
scientifically validate the folkloric use of a number of medicinal plants
and/or their isolated bioactive compounds as possible alternative
therapies for diabetes. The prime target for such research is to pave the
way for the development of newer plant-derived antidiabetic
compounds that could be used to ameliorate the diabetes associated
complications. This can subsequently be standardized and be used as
drug for the treatment of the DM. In this regard, several studies are
ongoing to discover plant-derived extracts or active ingredients with
antidiabetic potential, since fewer side effects were reported for the
use of plant-derived products in treatment of various diseased.7
Pistia stratiotes (Family, Araceae) is commonly known as water
lettuce and as “Kainuwa” in Hausa. It floats on the surface of the
water with its hanging roots submersed beneath floating leaves. The
leaves are pale-green of about 10-20 cm long and 10 cm wide,
spathulate to obovate with a rounded to truncate apex withthe lower
surface covered with whitish hairs. Inflorescence is axillary, solitary,
spathulate with a single pistillate flower at base, and 2-8 staminate
flowers above. Flowers are unisexual, staminate with two stamens,
pistillate with unilocular ovary having numerous, ovules, a slender
style and penicillate stigma, the fruit with many thin seeds.8 P.
stratiotes plant extracts have been shown to contain various alkaloids,
glycosides, flavonoids and phytosterols.9 It has been used traditionally
in the treatment of various diseases such as diabetes, eczema, leprosy,
ulcers, piles, stomach disorder, throat and mouth inflammation, to
mention a few.10 Previous studies have shown that various extracts
from P. stratiotes possessed anti-inflammatory,11 antioxidant,12
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significantly increased above normal in untreated diabetic rats; treatment significantly (p<0.05)
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alloxan-induced diabetic rats.
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antimicrobial13,14 and antidiarrheal15 activities. However, the
antidiabetic potential of P. stratiotes has not been adequately
documented. Therefore, the present study was designed to investigate
the antidiabetic activity of P. stratiotes aqueous extract in alloxan-
induced diabetic rats.

Materials and Methods
Plant material and extraction
The whole plant sample was freshly collected in May, 2017, from Mai
Ruwapond, Funtua Local Government Area, Katsina State, Nigeria.
The sample was identified and authenticated at the herbarium unit of
the Biological Science Department, Ahmadu Bello University, Zaria,
Nigeria by Mr. Sunusi Namadi and a voucher specimen number (1102)
was deposited accordingly.The plant was shade dried and grinded to a
fine powder. The dried powdered sample (100g) was then extracted
with distilled water (1 L) by maceration at room temperature for 24h,
with intermittent shaking. The filtrate obtained was then evaporated in
a hot-air oven set at 50°C until a constant weight was obtained.

Experimental animals
The 35 Wister rats (of both sexes, weighing 150-200 g) used were first
acclimatized for two weeks before commencement of experiments.
They were kept in well ventilated cages and maintained on a brand of
poultry feed (Vital Feeds, Jos) and drinking water ad libitum. Animals
were maintained according to the rules and regulations of the Animal
Research Ethical Committee of the Ahmadu Bello University, Zaria,
Nigeria.

Induction of diabetes
Diabetes was induced by intraperitoneal administration of 160 mg/kg
body weight of freshly prepared alloxan monohydrate in normal saline
to rats fasted overnight. The rats were allowed access to 10% aqueous
glucose as drinking water for four hours after injection of alloxan.
After 72 h, the fasting blood glucose (FBG) of the rats was assayed
and animals with FBG > 200 mg/dL were considered diabetic.

Experimental design
The rats were randomly distributed into 5 groups of 7 rats each and the
animals were treated daily for the period of three weeks. The extract
and standard drug were given orally. Groups 1 and 2 were normal and
untreated diabetic control groups, respectively and received a vehicle
throughout the study. Groups 3 and 4 were diabetic and treated with
glibenclimide (5 mg/kg) and 200 mg/kg of aqueous extract,
respectively. Group 5 was normal group and received 200mg/kg of
aqueous extract.

Sample collection
Blood for determination of FBG was obtained weekly by nipping the
tip of the tail and a drop of blood placed onthe strip. After 21 days of
experiment, the rats were humanely sacrificed and blood collected by
cardiac puncture; serum was prepared and stored at -20°C until needed
for analysis.

Biochemical analysis
Fasting Blood Glucose (FBG) was determined using automated
Glucometer (Accu-chek active). The high-density lipoprotein (HDL),
triacylglycerols (TG), total cholesterol (TC), serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT), direct and
total bilirubin, urea and creatinine were assayed using wet reagent kits
according to the guidelines. The low-density lipoprotein (LDL) was
calculated according to Friedewald et al.16 equation as shown below:

LDL-Cholesterol(mg/dL) = [TC-HDL-(TG/5)]

Statistical analysis
All data are presented as the mean ± SD of seven replicates. Data were
analyzed by using a statistical software package (SPSS) for Windows,
version 22, IBM Corporation, NY, USA) using Tukey's-HSD multiple
range post-hoc test. Values were considered significantly different at
p<0.05.

Results and Discussion
The result of the effect of P. stratiotes aqueous extract on blood
glucose levels is presented in Tables 1 and 2. The blood glucose level
of the untreated diabetic group was significantly (p<0.05) elevated
compared to normal control group. This is due to the cytotoxic effect
of alloxan to the pancreatic β-cells and is mediated by reactive oxygen
species (ROS), which lead to damage and loss of β-cells that
eventually result into sustain elevated blood glucose levels in
diabetes.17 Oral administration of P. stratiotes aqueous extract
significantly (p<0.05) reduced FBG by 68.6% compared to untreated
diabetic rats. The reduction was similar to the group treated with
glibenclamide (60.6%). Furthermore, treatment with P. stratiotes
aqueous extract of non-diabetic rats did not significantly (p>0.05)
affect the blood glucose level of the treated group (Tables 1 and 2).
Though the mechanism by which the extract reduced blood glucose is
unclear at the moment, P. stratiotes extract has been shown to possess
potent antioxidant activity18,19 and this could help to reduce ROS
production, improve the regeneration of pancreatic β-cells and hence
facilitate the blood glucose uptake and utilization.
The data on the effect of P. stratiotes aqueous extract on lipid profile
is presented in Table 3.Studies have shown that dyslipidemia is a
crucial feature of diabetes.20-22The key components of diabetic
dyslipidemia include alterations on the plasma lipid profiles (LDL-
cholesterol, TG and lowered HDL-cholesterol), which were evidently
observed in the present study (Table 3). The TC, TG and LDL-
cholesterols of the untreated diabetic group were significantly (p<0.05)
elevated while the HDL-cholesterol was significantly (p<0.05)
lowered compared to the normal untreated group (Table 3). However,
treatment with P. stratiotes aqueous extract significantly (p<0.05)
ameliorated the alterations to near normal and were comparable to the
glibenclamide treated group (Table 3). It is therefore suggested that
administration of P. stratiotes extract regenerated pancreatic β-cells
and thereby produced more circulating insulin which apparently
stimulated lipogenesis, hence ameliorated the dyslipidemia.

Table 1: Effect of Pistia stratiotes on Fasting Blood Glucose Level (mg/dL) of Normoglycemic and Alloxan-induced Diabetic Rats.
Groups Week 0 Week 1 Week 2 Week 3
Normal control 105.69±22.01a 104.70±16.93a 107.10±12.72a 94.50±19.71a

Diabetic control 355.89±96.08b 384.94±95.41c 503.70±153.6d 582.44±103.0d

Diabetic + Glibenclimide 334.54±98.30b 315.14±70.03b 211.89±60.40b 112.80±22.38b

Diabetic +extract 327.29±29.51b 319.37±73.31b 231.94±53.44c 145.80±37.97c

Extract control 112.37±23.56a 102.34±14.86a 93.86±16.84a 88.43±17.10a

Each value represents the mean ± standard deviationof 7 determinations. Values in a column with superscriptsa-d are significantly different from control
(P<0.05).
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Table 2: Percentage changes in Fasting Blood Glucose (FBG)
of Normal and Alloxan-induced Diabetic Rats Treated with
Aqueous Extract of Pistia stratiotes.
Groups Percentage change in FBG (%)
Normal control - 5.73 ± 23.61a

Diabetic control + 68.94 ± 35.10d

Diabetic + Glibenclimide - 60.61 ± 14.44c

Diabetic + extract (200mg/kg) - 68.62 ± 38.40c

Extract control - 17.88± 24.59b

Each value represents the mean ± standard deviation of 7
determinations. Values in a column with superscripts a-d are
significantly different from control (P<0.05).

In addition to this basis, correction in glucose homeostasis as seen in
the data may also lead to spontaneous correction of the dyslipidemia.
This assumption was further supported by the significant amelioration
of hepatic and renal degeneration seen in treated diabetic groups.
Table 4 and 5 present the data on the effect of P. stratiotes aqueous
extract on the biochemical markers of hepatic and renal functions. The
levels of serum AST, ALT, total and direct bilirubin and urea and
creatinine of the untreated diabetic group were significantly (p<0.05)
increased compared to the normal control group. These accord with
previous studies.23,24 However, treatment with the P. stratiotes extract
for 3 weeks was able to amelioratethese alterations to near normal
status. This implies the potential of P. stratiotes extract to ameliorate
hepatic and renal diabetes-associated complications.

Table 3: Effect of Aqueous Extract of Pistia stratiotes Extract on Lipid Profile (mg/dL) of Normal and Alloxan-induced Diabetic Rats.
Groups Total Cholesterol Triglycerides HDL-Cholesterol LDL-Cholesterol
Normal control 161.47 ± 11.24b 146.95 ± 10.82a 49.94.05 ± 6.40b 82.04 ± 4.08b

Diabetic control 214.59 ± 16.39c 211.49 ± 12.43c 38.30 ± 6.69a 133.99 ± 22.43c

Diabetic + Glibenclimide 178.59 ± 8.32b 156.35 ± 13.48b 73.08 ± 11.86d 74.31 ± 20.36b

Diabetic+ extract 165.77 ± 12.94b 169.55 ± 8.74b 54.44 ± 6.77b,c 77.99 ± 14.03b

Extract control 147.31 ± 11.66a 163.34 ± 7.12b 58.88 ± 6.79c 55.77 ± 15.48a

Each value represents the mean ± standard deviation of 7 determinations. Values in a column with superscripts a-c are significantly different
from control (P<0.05).

Table 4: Effect of Aqueous Extracts of Pistiastratiotes on Some Biochemical Indices of Liver Functionin Normal and Alloxan-induced
Diabetic Rats.

Groups ALT (u/L) AST (u/L) Total bilirubin
(µmol/L)

Direct bilirubin
(µmol/L)

Normal control 11.52 ± 2.09
b

9.50 ± 2.95
a

8.51 ± 2.11
a

2.84 ± 0.70
a

Diabetic control 20.00 ± 6.22
c

19.75 ± 6.37
c

21.46 ± 5.05
c

7.15 ± 1.68
c

Diabetic + Glibenclimide 10.40 ± 3.81
a,b

11.50 ± 3.97
b

14.06 ± 2.11
b

4.69 ± 0.70
b

Diabetic+ extract 8.00 ± 4.13
a

9.00 ± 2.75
a

13.26 ± 3.40
b

4.41 ± 1.11
b

Extract control 9.333 ± 3.71
a,b

11.08 ± 5.61
b

10.17 ± 6.27
a

3.39 ± 2.08
a

Each value represents the mean ± standard deviation of 7 determinations. Values in a column with superscripts a-c are significantly
different from control (P<0.05).

Table 5: Effect of aqueous extract of Pistia stratiotes on some biochemical indices of kidney function in normal and alloxan-induced
diabetic rats.

Groups Serum urea (mg/L) Serum creatinine (mmol/L)
Normal control 37.80 ± 2.76

a

56.54 ± 5.50
a

Diabetic control 67.21 ± 7.22
b

112.42 ± 23.53
b

Diabetic + Glibenclimide 38.02 ± 8.52
a

61.398 ± 9.32
a,c

Diabetic+ extract 37.69 ± 9.57
a

59.94 ± 8.41
a

Extract control 31.92 ± 11.47
a

56.10 ± 5.33
a

Each value represents the mean ± standard deviationof 7 determinations. Values in a column with
superscripts (*) are significantly different from control (P<0.05).
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Conclusion
Administration of P. stratiotes extract was shown to reduce FBG,
attenuate dyslipidemia, renal and kidney complications and thus,
validated the traditional claim for use of P. stratiotes in the treatment
of diabetes. Further mechanistic details, toxicity and clinical studies
are recommended to support the present data.
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