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A B S T R A C T

Background: Parquetina nigrescens is among the evergreen plants native to West Africa. It is used in the manage-
ment of various ailments including anemia, fever, asthma and diabetes. This study evaluated the antidiabetic and
antihyperlipidemic effect of Parquetina nigrescens in streptozotocin–nicotinamide-induced type 2 diabetic rats.
Methods: Type 2 diabetes mellitus was induced in overnight fasted rats with a single intraperitoneal injection of
streptozotocin (60 mg/kg), followed by the administration of nicotinamide (120 mg/kg) after an interval of 15
min. Diabetic rats were orally administered with; 200, 400 and 800 mg/kg of aqueous extract of Parquetina
nigrescens (AEPN), metformin (180 mg/kg) and glibenclamide (1 mg/kg) for two weeks. The effect of treatments
on fasting blood glucose, serum insulin, leptin, adiponectin, homa-ir, lipid profile, body weight, pancreatic an-
tioxidants parameters, hepatic glycogen content, glucose-6-phosphate activity, α-amylase inhibition, α-glucosi-
dase inhibition, lipase inhibition and histology of the organs were evaluated.
Results: Data from this study showed that treatment with AEPN produced a significant reduction (p < 0.05) in
fasting blood glucose, glucose-6-phosphatase activity, serum lipase, total triglyceride, total cholesterol, low-
density lipoproteins, very low-density lipoprotein, atherogenic index, coronary risk index, pancreatic
α-amylase, α-glucosidase and lipase activities. Treatment with AEPN also produced a significant (p < 0.05) in-
crease in; glucose tolerance, glycogen content, leptin, adiponectin and pancreatic antioxidants (glutathione, su-
peroxide dismutase, catalase and high-density lipoproteins). The histology of the organ showed regeneration of
the pancreatic tissue after treatment with AEPN.
Conclusions: This study showed that AEPN exhibited antidiabetic and antihyperlipidemic activity in streptozoto-
cin–nicotinamide-induced type 2 diabetic rats.
1. Introduction

Diabetes mellitus (DM) has been regarded as a fast-growing epidemic,
with over 425 million people estimated to be affected in 2017 and this
has been proposed to increase by 35.35% before 2045 [1]. Diabetes is a
metabolic disorder resulting from dysfunction in carbohydrate, protein
and fatty acid metabolism, leading to persistent hyperglycemia [2]. Type
2 diabetes mellitus (T2DM) is the most prevalent type of diabetes mel-
litus, accounting for more than 90% of all the morbidity and mortality
associated with DM [1]. This is most times characterized by pancreatic
β-cell dysfunction and resistance to insulin action, with resultant eleva-
tion of blood glucose [3]. The availability of antidiabetic agents such as
juade).
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insulin, biguanides, sulphonylureas, α-glucosidase inhibitors and other
groups of antidiabetic drugs has brought some relief to diabetic patients.
However, some of these drugs are expensive and not totally accessible
especially in the developing countries and are accompanied by side ef-
fects including hypoglycemia, dizziness, lactic acidosis and among others
[4, 5]. These concerns raised a strong drive for the development of
effective ethnomedicines because they are believed to be cheap, more
accessible to the diabetic patients in developing countries and are
considered to be safe [6].

Parquetina nigrescens belongs to a family called Periplocaceae, it is a
perennial plant with twining stems and a base tapering 10–15cm long
and 6–8cm broad. Common names for this plant include; Ogbo in Yoruba,
ne 2021
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:ojuade.fi@unilorin.edu.ng
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2021.e07363&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2021.e07363
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2021.e07363


F.I. Ojuade et al. Heliyon 7 (2021) e07363
kwankwanin in Hausa and Mgbidimgbe in Igbo, Nigeria [7]. The plant is
used locally to treat fever and pains, menstrual disorders, helminthiasis,
diabetes, rickets, diarrhea, wounds and sexual dysfunction [8, 9, 10].
Various parts of the plant have been documented to be safe [7, 11, 12]
and to have antioxidant, erythrocyte membrane stabilizing, anti-
lipogenic, antiulcer, analgesic, anti-inflammatory and antipyretic activ-
ities [9, 13, 14, 15]. The plant has also been reported to ameliorate
alloxan-induced type 1 diabetes mellitus (T1DM) in rats [16].

Only 10% of people affected with diabetes mellitus have type 1 with
90% of individual with type-2 diabetes mellitus (T2DM). Natural prod-
ucts have over the years been a dependable and inexhaustible source of
natural substances for the treatment of various diseases. For cultural and
economic reasons, a number of African people use traditional medicine in
conjunction with orthodox medicine for the treatment of various
diseased conditions, including diabetes mellitus [17]. The World Health
Organization has recommended the evaluation of the potential beneficial
effects of ethnomedicines [18]. This study, therefore evaluated the
antidiabetic and antihyperlipidemic effect of the aqueous extract of
parquetina nigrescens (AEPN) in streptozotocin–nicotinamide (STZ-NIC)
induced type 2 diabetic rats.

2. Materials and methods

2.1. Drugs and assay kits

Sodium citrate (Guangzou jhd Chemical Reagents Co., Ltd, China),
citric acid, (Guangzou jhd Chemical Reagents Co., Ltd, China), strepto-
zotocin (Sigma-Aldrich, Germany), nicotinamide (Qualigens Fine
Chemicals, GSK India), D-glucose (Loba Chemie Pvt Ltd, Mumbai), su-
crose (Loba Chemie Pvt Ltd, Mumbai), metformin (Bristol-Myers Squibb,
New York, United State), glibenclamide (Sanofi Aventis, Paris, France),
orlistat (GlaxoSmithKline), glucometer and strip (Roche Diagnostics,
Rotkreuz, Switzerland). Triglyceride, cholesterol, high-density lipopro-
tein, glutathione, catalase, superoxide dismutase and 2-ThioBarbituric
Acid Reactive Substances (TBARS) kits were products of Fortress Diag-
nostic, United Kingdom. Insulin and leptin kits were products of Crystal
Chrom, Drowner, IL, United State, adiponectin kit (enzyme immunoassay
(EIA)) is a product of Ray Biotech, Norcross, GA, USA, and serum lipase
colorimetric kit is a product of BioAssay Systems, Hayward, CA, USA.

2.2. Plant collection and extraction

Parquetina nigrescens was collected at Aderoju Area, Ilorin, Kwara
State, Nigeria. The plant was identified at the Department of Plant
Biology, University of Ilorin, a sample was deposited and a voucher
number (UILH/01/019/876) was given. The fresh whole plant of Par-
quetina nigrescens was washed, cleaned and dried in the shade at room
temperature for two weeks. The dried plant was reduced to the powdered
form by a milling machine. Two hundred grams (200 g) of powdered
plant was soaked in two litres (2L) of solvent (distilled water) for 72 h
with intermittent agitation. After 72 h, the supernatant was decanted,
allowed to settle and filtered with a Whatman paper (No 1). The filtrate
was evaporated to dryness on a water bath at a temperature of 40 �C [19].
The concentrated extract was named aqueous extract of Parquetina
nigrescens (AEPN). The percentage yield of the extract was calculated
using Eq. (1).

Percentage yield ¼ weight of extract ðgÞ
weight of powdered plant ðgÞ � 100 (1)

2.3. Experimental animals

Male Wistar rats (150–160 g) were obtained from the Department of
Biochemistry, University of Ilorin, the animals were housed in standard
plastic cages in the Animal House of the Department of Biochemistry,
University of Ilorin. They were maintained under standard conditions of
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light and darkness (12/12 h) with free access to food and water ad
libitum.

2.4. Experimental procedure

The experiment was performed in accordance with the procedures
laid down by the University of Ilorin Ethics Committee for care and use of
laboratory animals and in accordance with the principles of laboratory
animal care by the National Institute of Health (NIH publication No. 85-
23, which was revised in 1985). The rats were acclimatized for one week
before the start of the experiment and Ethical clearance was gotten from
the Ethical Review Committee of the University of Ilorin, Ilorin, Nigeria.
The experiment was given an approval no: UERC/ASN/2020/2001.

2.5. Induction of T2DM

T2DM was induced in overnight fasted rats (18 h) by a single intra-
peritoneal injection of streptozotocin (60 mg/kg) and after 15 min, the
animals were given nicotinamide (120 mg/kg) intraperitoneally. Strep-
tozotocin was dissolved in citrate buffer (pH 4.5) while nicotinamide was
dissolved in normal saline. Hyperglycemia was confirmed by elevated
fasting blood glucose, determined at 72 h and on day 7 after injection.
The rats with FBG�200 mg/dL were considered diabetic, regrouped and
used for this study [20].

2.6. Oral glucose tolerance test (OGTT)

The oral glucose tolerance test was carried out in overnight fasted
(18 h) rats and the animals were divided into six groups (n ¼ 5). The
animals were administered with normal saline (1 mL/kg), AEPN (200,
400, and 800 mg/kg), metformin (180 mg/kg) and glibenclamide (1
mg/kg) respectively via oral route. The doses selected were based on
the result of our pilot study. Thirty minutes after treatment, animals
were orally fed with glucose (2 g/kg) and blood was withdrawn from
the retro-orbital sinus under ether inhalation at 0, 30, 60, 90,120 and
180 min post treatment [21]. The fasting blood glucose was estimated
using glucose oxidase–peroxidase reactive strips (Roche Diagnostics,
USA).

2.7. Experimental design for multiple-dose study

Diabetic rats were divided into seven groups of (n¼ 7) animals; group
I consist of normoglycemic animals and received normal saline (1 mL/
kg), group II to VII consist of diabetic animals and received normal saline
(1 mL/kg), AEPN (200 mg/kg), AEPN (400 mg/kg), AEPN (800 mg/kg),
metformin (180 mg/kg), and glibenclamide (1 mg/kg) respectively.
Treatments were given orally via oral cannula for 14 days. Fasting blood
glucose (FBG) was taken 24 h before starting the treatment and was
termed day 0 then on day 1 (24 h after treatment), 5, 10, and 14 using an
Accu-check glucometer and glucose oxidase–peroxidase reactive strips
[22].

2.7.1. Collection of blood and organs
At the end of the experiment, rats were anesthetized using 25 mL of

diethyl ether in an airtight glass chamber; blood was collected via cardiac
puncture and was placed into sample bottles. Kidney, pancreas and liver
were harvested from the rats and weighed appropriately before being
stored in 10% formalin.

2.7.2. Evaluation of serum insulin, leptin, adiponectin and lipase levels
Blood samples were collected and centrifuged at 3000 rpm for 15

min, after which the serum was collected using a Pasteur pipette into
clean sample bottles. Serum insulin and leptin levels were assayed using
enzyme-linked immunosorbent assay (ELISA). Adiponectin level was
quantified using an enzyme immunoassay, serum lipase activity was



Figure 1. Effect of AEPN on oral glucose tolerance test. n ¼ 5, Data are
expressed as mean � S.E.M. ap < 0.05 is significant difference in comparison
with control, Met. is metformin and Glib. is glibenclamide.
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quantified using a colorimetric kit. Each assay was followed through
using the manufacturer's protocol and expressed as standard units.

2.7.3. Homeostasis model assessment of insulin resistance (HOMA-IR)
HOMA-IR was calculated using Eq. (2) [23]:

HOMA� IR¼ InsulinðμIU =mLÞ� glucoseðmMÞ =22:5 (2)

2.7.4. Evaluation of serum lipid, atherogenic index (AI) and coronary risk
index (CRI)

Serum total cholesterol (TC), triglycerides (TG) and high-density li-
poprotein cholesterol (HDL-C) levels were determined by enzymatic
methods using commercial assay kits. The experiment was performed in
accordance with the manufacturer's protocol. Serum low-density lipo-
protein cholesterol (LDL-C) was calculated using Friedewald's Eq. (3)
[24]:

LDL� C ¼ ½TC � ðHDL� C þ ðTG=5ÞÞ� (3)

Very low density lipoprotein cholesterol (VLDL-C), AI and CRI were
calculated using Eqs. (4), (5), and (6) respectively [25, 26, 27].

VLDL� C ¼ ½TC � ðHDL� C þ LDL� CÞ� (4)

AI¼ log
TG

HDL� C
(5)

CRI¼ TC
HDL� C

(6)

2.7.5. Evaluation of hepatic glucose-6-phosphatase activity and glycogen
content

Glucose-6-phosphatase (Glc-6-Pase) activity was determined
following Bagniski method [27], samples and control were prepared in
similar manner except that aliquots of the microsomal suspensions were
pipetted after adding ascorbic acid-trichloroacetic acid, and optical
density was read at a wavelength of 700 nm using a spectrophotometer
(Biotek-Power Wave). The hepatic glycogen content was evaluated using
Vander-Vries method [28], optical density was read at a wavelength of
700 nm using a spectrophotometer (Biotek-Power Wave).

2.7.6. Evaluation of pancreatic markers of oxidative stress
Measurements of pancreatic oxidative stress; thiobarbituric acid

reactive substances (TBARS), glutathione (GSH), catalase (CAT) and su-
peroxide dismutase (SOD) activities were carried out using commercial
kits. The enzymes; MDA, GSH, CAT concentrations were measured
following the manufacturer's protocols.

2.7.7. Evaluation of body weight and relative organ weight
The animals were weighed on the first and last day of the experiment

and the differences were noted. After the experiment, animals were
sacrificed, organs were removed, weighed, and the relative organ weight
(ROW) was calculated using Eq. (7);

ROW¼ weight of organ ðgÞ
weight of animal ðgÞ � 100 (7)

2.8. In-vitro mechanistic study

Alpha-amylase inhibition (αA1), alpha-glucosidase inhibition (αGI),
and lipase inhibition (LI) assays were carried out following standard
methods of Odeyemi [29], Sancheti and Leo [30], Lewis and Liu [31]
with slight modifications with regards to the concentrations used.
Biotek-Power Wave XS spectrophotometer was used for the analysis.
AEPN (1, 2, 3, 4, and 5) represent 50, 100, 150, 200, and 250 μg/mL
respectively. The concentrations of the acarbose and orlistat used were
250 and 100 μg/mL respectively. The percentage inhibitions were
calculated using Eqs. (8), (9), and (10) respectively [29, 30, 31]:
3

αAI ¼ 1� ðAbsorbance of the untreated ðControlÞÞ
ðAbsorbance of the test well Þ � 100 (8)
αGI ¼ 1� ðAbsorbance of the test well Þ
ðAbsorbance of the untreated ðControlÞÞ � 100 (9)

LI¼1� ðAbsorbance of the test wellÞ
ðAbsorbance of the untreated ðControlÞÞ � 100 (10)

2.9. Histology

Liver, kidney and pancreas were fixed in 10% neutral buffered
formalin and then dehydrated by successively passing through a gradient
of mixtures of ethyl alcohol and water. The samples were rinsed with
xylene and embedded in paraffin. Organs sections (5 μm thickness) were
cut, stained (hematoxylin and eosin dye) and examined under light
microscope.
2.10. Data collection and analysis

Data were collected from the different methods used above and
analyzed using GraphPad Prism version 8.03 for Windows (GraphPad
Software, San Diego, CA, USA). The results were expressed as mean �
SEM and a comparison of mean values between different groups was
performed by one-way analysis of variance (ANOVA) followed by Dun-
nett's multiple comparison tests. Value of p < 0.05 was considered sta-
tistically significant.

3. Results

3.1. Percentage yield of the extract

The percentage yield of the extract was 6.12%
3.2. Effect of AEPN on oral glucose tolerance test

Thirty minutes after oral glucose load, there was a significant increase
(p < 0.05) in glucose level for the control group (21.26 %) as compared
to 12.44, 7.99, 7.06, 7.25, and 3.51 observed in AEPN (200, 400, and 800
mg/kg), metformin and glibenclamide respectively when compared to
their basal values. Administration of AEPN (800 mg/kg) and glibencla-
mide significantly increased (p < 0.05) glucose tolerance ability of the
rats and prevent glucose surge within the period of 30–180 min as
compared to control (Figure 1).
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3.3. Multiple-dose study

Administration of the extract (800 mg/kg) produced a significant
reduction (p < 0.05) in glucose level with a percentage reduction of
27.01 after 24 h of treatment. On day 5, AEPN (400 and 800 mg/kg) and
glibenclamide-treated groups had a significant reduction (p < 0.05) in
fasting blood glucose and the percentage reduction were 37.37, 45.97
and 36.62 respectively. On the 10th day of treatment, AEPN (400 and 800
mg/kg), metformin and glibenclamide groups produced a significant
reduction (p < 0.05) in fasting blood glucose with percentage reduction
of 43.20, 54.50, 42.58 and 46.47 respectively. On the last day of
experiment (14th day), AEPN (200, 400 and 800 mg/kg), metformin and
glibenclamide-treated groups had a significant reduction (p < 0.05) in
FBG with percentage reduction of 37.05, 47.09, 60.18, 49.28 and 52.58
respectively (Table 1).

3.4. Effect of AEPN on serum insulin, leptin, adiponectin, and homa-ir,
and lipase

Induction of T2DM produced a significant increase (p < 0.05) in
serum insulin, homa-ir, lipase and a decrease in leptin and adiponectin
levels when compared to normal control. Administration of the extract
(800 mg/kg) and glibenclamide significantly reduced (p < 0.05) serum
insulin by 44.60 and 41.70 % as compared to diabetic control (Table 2).
Treatment with AEPN (800 mg/kg) produced a significant increase in
serum leptin and the percentage increase was found to be 45.92. Adi-
ponectin concentration was significantly increased (p < 0.05) in groups
treated with AEPN (400 and 800 mg/kg), metformin and glibenclamide
and the percentage increase were found to be 5.51, 5.50, 5.04 and 5.40
respectively. Administration of AEPN (400 and 800 mg/kg), metformin
and glibenclamide significantly decreased (p< 0.05) the homa-ir (76.07,
84.79, 78.79 and 77.76) and lipase levels (43.64, 56.55, 43.32 and
44.27) when compared with diabetic untreated group (Table 2).

3.5. Effect of extract on lipid profile

The diabetic untreated group had a significant increase (p < 0.05) in
TC, LDL-C and a decrease in HDL-C in comparison with the normal
control group. Administration of AEPN (800 mg/kg), metformin and
glibenclamide significantly decreased (p < 0.05) the TG (37.67, 41.94
and 39.45) and VLDC-C (37.66, 41.94 and 39.47) as presented in Table 3.
Treatment with AEPN (800 mg/kg) and glibenclamide significantly
decreased (p < 0.05) TC values by 37.17 and 40.31 %. The HDL-C value
was also significantly increased (p < 0.05) by 41.37 and 39.28 in groups
treated with AEPN (400 and 800 mg/kg). Administration of AEPN (800
mg/kg), metformin and glibenclamide significantly reduced (p < 0.05)
LDL-C value by 49.6, 39.56 and 49.06 % respectively (Table 3). The
atherogenic (AI) and coronary risk indexes (CRI) were significantly
increased (p < 0.05) following the induction of T2DM. Treatment with
AEPN (400 and 800 mg/kg) and metformin lowered atherogenic index
Table 1. Effect of AEPN on fasting blood glucose of diabetic animals.

Groups Fasting blood glucose (mg/dL)

Day 0 Day 1

I 81.34 � 4.23 82.40 � 2.34

II 256.6 � 9.21 259.40 � 8.12b

III 224.5 � 7.39 232.80 � 9.34

IV 206.3 � 8.45 167.0 � 11.38

V 211.1 � 6.78 154.00 � 4.15a

VI 209.0 � 9.54 174.20 � 6.78

VII 213.5 � 11.45 182.40 � 10.1

n ¼ 7, Data are expressed as mean � S.E.M, ap < 0.05 and bp � 0.05 are statistical sign
respectively. Group I-VII are normal control, diabetic control, AEPN (200 mg/kg), AEP
(1 mg/kg) group respectively.

4

dose-dependently and the percentage reduction were found to be 39.79,
41.84 and 38.77 % respectively (Supplementary Figure 1). Treatment
with AEPN (200, 400 and 800 mg/kg), metformin and glibenclamide
significantly lowered CRI value by 57.14, 60.24, 51.34, 71.4 and 54.77%
respectively (Figure 2).

3.6. Effect of AEPN on hepatic glycogen content and Glc- 6-pase activity

The results obtained showed a significant reduction (p < 0.05) in the
liver glycogen and an increase in hepatic Glc-6-Pase activity in the dia-
betic untreated group as compared to the normal control. Administration
of AEPN (800 mg/kg), metformin (180mg/kg) and glibenclamide (1 mg/
kg) significantly increased (p < 0.05) the glycogen level by 43.11, 40.32
and 40.57 % (Supplementary Figure 2). Treatment with AEPN (800 mg/
kg), metformin and glibenclamide for 14 days significantly lowered (p <
0.05) Glc- 6-Pase activity by 47.99, 48.66 and 44.63 % in comparison
with diabetic control group (Supplementary Figure 3).

3.7. Effect of AEPN on pancreatic markers of oxidative stress

Induction of T2DM produced a significant increase in TBARS and a
significant decrease (p < 0.05) in GSH, SOD and CAT levels when
compared to the normal control group (Table 4). Administration of AEPN
(400 and 800 mg/kg) and metformin significant decreased (p < 0.05)
the elevated TBARS by 44.73, 48.86 and 43.66 % respectively (Table 4).
Groups treated with AEPN (400 and 800 mg/kg), metformin and gli-
benclamide produced a significant (p < 0.05) increase in GSH value by
59.90, 62.04, 56.99 and 56.58 % respectively. Treatment with AEPN
(400 and 800 mg/kg) and glibenclamide increased the SOD value by
48.71, 58.89 and 45.78% in comparison with diabetic control (Table 4).
There was a significant increase in CAT level for the group treated with
AEPN (800 mg/kg) and the percentage increase was 43.10 as compared
to diabetic control (Table 4).

3.8. Effect of AEPN on α-amylase, α-glucosidase, and lipase enzyme

The highest test dose of the extract (250 μg/mL) produced a signifi-
cant inhibition (p < 0.05) of α-amylase enzyme (52.83 %) in a manner
similar to acarbose (100 μg/mL) with 54.67 % inhibition. The same
concentration of AEPN and acarbose inhibited α-glucosidase enzyme by
48.56 and 87.51 respectively. Both the extract (250 μg/mL) and orlistat
(50 μg/mL) produced a significant (p< 0.05) inhibition of lipase enzyme
with percentage inhibition of 54.47 and 83.60 respectively (Table 5).

3.9. Effect of AEPN on body weight, organ weight and relative organ
weight

The result of this study showed a significant (p < 0.05) weight
reduction in diabetic control group (15.55%) on the last day of the
experiment, no significant weight variations were observed for all the
Day 5 Day 10 Day 14

81.20 � 2.50 80.40 � 1.50 82.60 � 1.43

253.20 � 7.90b 251.00 � 4.91b 257.00 � 4.90b

188.80 � 4.01 171.00 � 4.47 141.40 � 2.04a

129.00 � 2.55a 117.60 � 1.63a 109.60 � 3.09a

114.40 � 2.99a 96.00 � 1.55a 84.20 � 1.88a

151.80 � 3.12 120.80 � 3.26a 116.80 � 2.31a

135.20 � 6.24a 114.60 � 1.86a 101.20 � 1.39a

ificant differences in comparison with diabetic control and normal control group
N (400 mg/kg), AEPN (800 mg/kg), metformin (180 mg/kg), and glibenclamide



Table 2. Effect of AEPN on serum insulin, leptin, adiponectin, and homa-ir, and lipase.

Groups Insulin (μiu/mL) Leptin (ng/mL) Adiponectin (ng/mL) Homa-ir Lipase (u/L)

I 30.00 � 1.61 1.30 � 0.05 5987.38 � 11.38 6.04 � 0.26 503.95 � 2.63

II 68.60 � 1.44b 0.53 � 0.02b 5665.82 � 20.05b 44.93 � 1.50b 1588.53 � 9.76b

III 52.00 � 1.58b 0.72 � 0.02b 5827.36 � 18.26 23.12 � 0.74b 1110.02 � 2.36b

IV 46.80 � 1.50 0.83 � 0.03 5995.28 � 18.28a 10.75 � 0.52a 895.88 � 31.57a

V 38.00 � 1.14a 0.98 � 0.01a 5996.13 � 12.67a 6.83 � 0.31a 690.32 � 5.51a

VI 42.40 � 1.21 0.78 � 0.03b 5967.76 � 24.54a 9.53 � 0.66a 900.60 � 2.88a

VII 40.00 � 0.89a 0.81 � 0.05 5991.84 � 36.32`a 9.99 � 0.23a 885.36 � 9.82a

n ¼ 7, Data are expressed as mean � S.E.M, ap < 0.05 and bp � 0.05 are statistical significant differences in comparison with diabetic control and normal control group
respectively. Group I-VII are normal control, diabetic control, AEPN (200 mg/kg), AEPN (400 mg/kg), AEPN (800 mg/kg), metformin (180mg/kg) and glibenclamide (1
mg/kg) group respectively.

Table 3. Effect of AEPN on lipid profile.

Groups TG (mg/dL) TC (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL) VLDL-C (mg/dL)

I 112.66 � 1.66 127.98 � 1.68 34.564 � 1.46 70.884 � 2.54 22.53 � 0.33

II 170.34 � 1.65 191.72 � 2.65b 17.86 � 0.61b 139.79 � 2.62b 34.07 � 0.33

III 132.60 � 1.79 169.10 � 1.15 25.88 � 0.45 116.70 � 1.13 26.52 � 0.36

IV 113.70 � 3.02 149.68 � 1.24 29.24 � 0.83a 97.70 � 0.94 22.74 � 0.60

V 106.18 � 2.20a 120.52 � 0.70a 28.38 � 1.32a 70.904 � 1.50a 21.24 � 0.44a

VI 98.90 � 1.43a 128.88 � 1.75 24.76 � 0.97 84.34 � 2.76a 19.78 � 0.29a

VII 103.08 � 3.72a 114.84 � 1.86a 23.62 � 0.96 70.60 � 0.78a 20.62 � 0.74a

n ¼ 7, Data are expressed as mean � S.E.M, ap < 0.05 and bp � 0.05 are statistical significant differences in comparison with diabetic control and normal control group
respectively. Group I-VII are normal control, diabetic control, AEPN (200 mg/kg), AEPN (400 mg/kg), AEPN (800 mg/kg), metformin (180 mg/kg), and glibenclamide
(1 mg/kg) group respectively.
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Figure 2. Effect of AEPN on serum coronary risk index. n ¼ 7, Data are
expressed as mean � S.E.M, ap < 0.05 and bp � 0.05 are statistical significant
differences in comparison with diabetic control and normal control group
respectively.
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treatment groups (Table 6). Diabetic control group had a significant in-
crease in KW, RKW, LW, RLW, and a significant decrease in PW and RPW.
The percentage variations in comparison with control group were found
to be 28.62, 41.90, 41.34, 52.16, 52.66 and 43.92 respectively (Table 6
and Supplementary Table 1).
3.10. Protective effect of AEPN on organ histology

The pancreas section of the normal control had normal pancreatic
islet while section of the diabetic untreated group showed destruction of
the acinar architecture and islet structure (Figure 3A). The pancreas
sections of the extract treated groups showed varying degrees of regen-
eration (Figure 3B-D), evident by the increased hyperchromasia of the
acinar and islet cells nuclei and abundant cytoplasm. The pancreas
5

sections of metformin, and glibenclamide treated groups showed little or
no regeneration. Liver section of normal control group showed normal
architecture whereas the diabetic untreated group showed moderate
hepatocellular degeneration with focal bile duct inflammation and
cellular infiltration (Figure 4A). An increased dose-dependent improve-
ment in hepatocytes architecture were seen in the AEPN treated groups
(Figure 4B-D). Liver sections of metformin, and glibenclamide were un-
remarkable when compared with the extract treated groups, especially
with glibenclamide treated group, fatty degeneration was seen, and
hemorrhage in metformin treated group. Kidney sections of normal
control group showed kidney with preserved architecture, diabetic un-
treated group showed kidney with renal tubular necrosis and cellular
infiltration (Supplementary Figure 4A). Sections of other treatment
groups showed varying levels of tubular degeneration but groups treated
with 200 and 400 mg/kg of AEPN showed improved renal glomerular
and tubular structures (Supplementary Figure 4B–C).

A (streptozotocin induced Diabetes): section shows complete
destruction of acinar architecture and islet structures (black asterisk)
with presence of acinar cells, B (streptozotocin induced Diabetes and
treatment with 200 mg/kg AEPN): section shows focal acinar cell ne-
crosis with increased hyperchromasia of some acinar cell nuclei and
abundant cytoplasm (black arrowhead, evidence of regeneration). C
(streptozotocin induced Diabetes and treatment with 400 mg/kg AEPN):
section shows normal islet of Langerhans with increase vascularization
and most acinar cell nuclei and cytoplasm shows increased hyper-
chromasia, D (streptozotocin induced Diabetes and treatment with 800
mg/kg AEPN): section shows focal necrosis with increased hyper-
chromasia of many acinar cell nuclei and abundant cytoplasm.

A (streptozotocin induced Diabetes): section shows hepatocellular
degeneration, necrosis (black asterisk) and focal bile duct inflammation
with cellular infiltration (black arrow), B (streptozotocin induced Dia-
betes and treatment with 200 mg/kg AEPN): section shows diffuse he-
patocytes cytoplasmic degeneration and multifocal single hepatocellular
nuclear pyknosis (necrosis, black asterisk), C (streptozotocin induced
Diabetes and treatment with 400 mg/kg AEPN): section shows moderate



Table 4. Effect of AEPN on pancreatic markers of oxidative stress.

Groups TBARS GSH SOD CAT

(nmole MDA/mg protein) (nmole/mg protein) (units/mg protein) (nmole H2O2/min
/mg protein)

I 15.15 � 0.14 12.06 � 0.62 18.15 � 0.88 50.33 � 1.14

II 95.75 � 1.91b 3.20 � 0.22b 6.17 � 0.55b 18.12 � 1.34b

III 63.46 � 1.68b 5.17 � 0.19b 10.57 � 0.54b 23.74 � 1.41b

IV 52.92 � 1.74a 7.98 � 0.19a 12.03 � 0.96a 28.36 � 1.11b

V 48.97 � 2.05a 8.43 � 0.66a 15.01 � 0.48a 31.85 � 1.49a

VI 53.95 � 2.77a 7.44 � 0.38a 10.17 � 0.79b 27.74 � 1.04

VII 58.42 � 1.28b 7.37 � 0.49a 11.38 � 1.35a 26.09 � 1.24

n ¼ 7, Data are expressed as mean � S.E.M, ap < 0.05 and bp � 0.05 are statistical significant differences in comparison with diabetic control and normal control group
respectively. Group I-VII are normal control, diabetic control, AEPN (200 mg/kg), AEPN (400 mg/kg), AEPN (800 mg/kg), metformin (180mg/kg) and glibenclamide (1
mg/kg) group respectively.

Table 5. Effect of AEPN on α-amylase, α-glucosidase, and lipase enzyme.

Plant extract Percentage inhibition (%)

Pancreatic α-amylase Pancreatic α-glucosidase Pancreatic lipase

AEPN1 29.09 � 0.21b 10.79 � 2.61b 10.04 � 0.27b

AEPN2 34.96 � 0.35 14.03 � 0.94b 14.13 � 0.42b

AEPN3 37.17 � 0.82 27.89 � 0.35b 26.11 � 2.85b

AEPN4 40.04 � 0.27 37.92 � 0.88b 33.89 � 1.26b

AEPN5 42.83 � 0.51a 48.56 � 0.64a 54.47 � 1.91a

Acarbose 54.67 � 0.45a 87.51 � 0.27a Not used

Orlistat Not used Not used 83.60 � 0.20a

Enzyme 0.00 � 0.00b 0.00 � 0.00b 0.00 � 0.00b

n ¼ 3, Data are expressed as mean � S.E.M. ap�0.05 is statistical significant difference in comparison with enzyme, bp�0.05 is statistical significant difference in
comparison with acarbose or orlistat. AEPN (1, 2, 3, 4, and 5), Acarbose and orlistat are at concentration of 50, 100, 150, 200, 250, 250 μg/mL and 100 μg/mL
respectively.

Table 6. Effect of AEPN on body weight and relative organ weight.

Groups Body weight Relative organ weight (%)

Initial (g) Final (g) RKW (%) RLW (%) RPW (%)

I 148.40 � 1.29 157.40 � 2.56 1.22 � 0.06 3.88 � 0.17 1.07 � 0.04

II 151.80 � 3.04 128.20 � 1.66a 2.10 � 0.07b 8.11 � 0.50b 0.60 � 0.06b

III 148.20 � 2.67 143.40 � 3.57 1.41 � 0.06 4.53 � 0.27 1.05 � 0.04

IV 157.00 � 4.70 151.60 � 4.76 1.20 � 0.05 4.90 � 0.35 1.01 � 0.06

V 159.32 � 3.09 149.70 � 5.98 1.15 � 0.09 3.80 � 0.38 1.11 � 0.03

VI 149.40 � 1.17 146.60 � 2.69 1.31 � 0.03 4.10 � 0.26 1.09 � 0.06

VII 152.00 � 3.15 145.00 � 3.82 1.31 � 0.06 4.00 � 0.20 1.00 � 0.05

n ¼ 7, Data are expressed as mean � S.E.M. ap�0.05 and bp�0.05 are statistical significant differences in comparison with initial weight and normal control group
respectively. RKW, RLW and RPW are relative kidney, liver and pancreas weight.
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hepatocellular degeneration with regenerative hepatocytes and focal
periportal cellular infiltration, D (streptozotocin induced Diabetes and
treatment with 800 mg/kg AEPN): section shows presence of increased
regenerative hepatocytes.

4. Discussion

Orthodox medicines are commercially available for the management
of T2DM but all present with their various side effects ranging from
hypoglycemia, weight gain, headache, dizziness, lactic acidosis, liver
injury and cardiopathy [5]. Plants with reported antidiabetic activity
include Ocimum gratissimum, Zingiber officinale and Ficus exasperata to
mention a few [32, 33]. Screening of more plants with antidiabetic po-
tentials is vital to providing accessible and affordable treatment for this
scourge, especially in low income countries where the incidence of T2DM
6

is currently on the rise. In this study, the antidiabetic and anti-
hyperlipidemic effect of parquetina nigrescens was evaluated in STZ-NIC
induced T2DM rats.

As shown by the oral glucose tolerance test, the ability of the AEPN
(800 mg/kg) and glibenclamide (1 mg/kg) to prevent glucose surge
within 30 min to 3 h post-oral glucose load could be attributed to a delay
in carbohydrate digestion in the digestive tract caused by inhibition of
α-glucosidase and α-amylase and hence prevention of postprandial hy-
perglycemia. Previous studies have suggested that the glucose-lowering
effect of AEPN might be due to its ability to improve glucose utilization
and or attenuate insulin resistance as well [34, 35]. The effect of the
extract in the multiple-dose study showed its ability to attenuate
persistent hyperglycemia and this is in tandem with the work of Saba
et al. (2010) where an aqueous extract of P. nigrescens was found to
ameliorate T1DM.



Figure 3. Effect of AEPN on histology of the pancreas. (H and E X400)

Figure 4. Effect of AEPN on histology of the liver. (H&E X400)
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Two major adipokines; leptin and adiponectin have been reported to
play important roles in the regulation of cardiovascular and metabolic
homeostasis. Leptin is an adipose tissue-derived hormone which acts
directly on the hypothalamus, thereby regulating food intake and energy
expenditure and it has been reported to be involved in pathways that
influence the risk of cardiovascular diseases from diabetes [36].
Administration of AEPN increased both leptin and adiponectin concen-
tration, the synergistic effects of both might have caused a reduction in
glucose levels as both have been implicated in glucose homeostasis [37].
Although few studies have examined the putative association between
leptin and adiponectin in diabetes and their results have not been
consistent. A negative association was observed from this study which
corroborated the work of Matsuzawa et al. (2004) where decrease leptin
and adiponectin was reported for T2DM [38].

Since homa-ir reveals the dynamics between the baseline fasting
blood glucose and the responsive insulin, higher homa-ir values
7

therefore, correlate with insulin resistance observed in diabetic animals
and this was markedly reduced following the administration of AEPN to
values similar to what was obtained in the normal control rats. Hence,
our results suggest that administration of AEPN reversed the insulin
resistance caused by STZ-NIC treatment. The elevated serum lipid profile
observed in diabetic rats in this study has also been previously reported
in the study published by Karigidi et al. (2019). The reversal of hyper-
triglyceridemia and reduction in AI and CRI in AEPN and glibenclamide
treated rats may be directly attributed to improvement in insulin resis-
tance level upon therapy. Insulin resistance in T2DMhas been reported to
be a risk factor for elevated lipid profile and increased risk for coronary
diseases [6]. This suggests the possible role of AEPN in ameliorating
T2DM and for preventing coronary events.

The effect of liver microsomal Glc-6-Pase has been reported to be
increased in diabetic mellitus [39]. The reduced hepatic glycogen con-
tent and elevated glucose-6-phosphatase activity in diabetic rats were
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greatly reversed by AEPN. This suggests the antihyperglycemic effect of
AEPN and this effect may be due to reduced hepatic glucose production
and or increased sensitivity to insulin [40]. Streptozotocin induces
oxidative stress in the body resulting in pancreatic injury, and by
extension an increase in fasting blood glucose seen in diabetic animals
[41, 42]. Antioxidants have been suggested to have a role in the allevi-
ation of diabetes [6]. Pancreatic antioxidant markers (GSH, SOD and
CAT) except TBARS were found to be reduced after 14 days in diabetic
control rats. The enhanced activity of antioxidant markers in groups
treated with AEPN (400 and 800 mg/kg) may be due to the presence of
phytochemicals like alkaloids, phenolics and flavonoids in the plant as
this plant has been documented to have antioxidant properties [43].

The highest concentration of the AEPN used for the in-vitro study
significantly inhibited the pancreatic α-amylase, α-glucosidase and lipase
enzyme. The mechanism of the glucose lowering effect of AEPN may be
due in part to the inhibition of these enzymes by AEPN. The weight
reduction recorded in the diabetic untreated groups could be correlated
with toxic metabolites of streptozotocin and the protective effect of AEPN
may be attributed to the presence of rich phytochemicals present in AEPN
[43]. This is supported by the previous study of Kayode et al. who
documented the presence of all the 20 essential amino acids in the plant
[43].

The liver as the major organ saddled with metabolism is prone to
toxicity either from the drugs, chemicals, extracts and or their metabo-
lites [44]. The alterations observed in the organ weight and relative
organ weight of the diabetic untreated group may be due to the abnor-
malities found in the histology of the liver (hepatocellular necrosis and
cellular infiltration), the kidney (renal tubular necrosis and marked
interstitial inflammatory cellular infiltration) and the pancreas
(destruction of the pancreatic acinar architecture, focal acinar cell ne-
crosis and increased hyperchromasia). Administration of the different
doses of the extract conferred some protections to the organs through the
varying degrees of regeneration of the damaged organs. Aqueous extract
of Parquetina nigrescens showed a dose-dependent antidiabetic and anti-
hyperlipidemic activity and hence can ameliorates T2DM and some of the
coronary events associated with T2DM.

5. Conclusion

Data from this study justified the effectiveness of parquetina nigrescens
in ameliorating persistent hyperglycemia, high lipid profile and some
markers of organs dysfunction in T2DM. Hence, the folkloric use of
parquetina nigrescens in the management of diabetes is valid and should
be encouraged.
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