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| ABSTRACT

Diabetes is a chronic health issue with devastating but preventable consequences. The increasing proportion of the aging
population, intake of calorie-dense diets, weight problems and sedentary lifestyles have been directly implicated in the increased
number of diabetics globally. Furthermore, diabetes confers a huge economic burden due to its management costs, especially
in low income countries. This study investigated the hypoglyceamic and hepatoprotective potentials of the dichloromethane
(DCM) fraction of G. latifolium stem bark extract on some biochemical parameters in streptozotocin-induced hyperglycemic
rats. A total of thirty (30) Wistar rats were randomly assigned into five (5) groups with six (06) animals per group. Type 2 diabetes
was induced with intraperitoneal administration of streptozotocin in Groups 2 — 4, with animals in Groups 1 and 2 acting as
normal and untreated diabetic controls, respectively. Group 3 rats were treated with the standard drug, metformin, while groups
4 and 5 were orally administered 200 and 400 mg/kg body weight of DCM fraction of G. latifolium stem bark extract. Changes
in the body weight, biochemical assays (ALT, AST, total protein, albumin and urea), and expression levels of selected genetic
markers, as well as the changes in liver histology, were determined and compared. Data obtained from this study show that the
fasting blood glucose levels in hyperglycemic rats were significantly (p < 0.05) reduced, and the body weight steadily increased
in rats treated with both doses of the DCM fraction of G. latifolium stem bark extract compared to the untreated diabetic rats.
Total protein, AST and ALT levels, but not albumin levels, were significantly (p < 0.05) increased in rats treated with both doses
of the extract. In addition, administration of the extracts significantly (p < 0.05) reversed the streptozotocin-induced repression
of NRF2 and CAT expression in diabetic rats. Furthermore, histology results show an improvement in the liver architecture in the
rats treated with the extract. The results from this study show that the DCM fraction of g. Latifolium stem bark extract possesses
hypoglycemic, hepatoprotective and anti-diabetic activities and could be used in the management of diabetes.
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1. Introduction

Diabetes is a chronic health issue with devastating but preventable consequences. It is characterized by excessive blood glucose
levels as a consequence of defects in insulin production, insulin action, or both. The increasing proportion of the aging population,
intake of calorie-dense diets, weight problems and sedentary lifestyles have been directly implicated in the increased number of
diabetics globally [Fiskin, 2021]. The global diabetes prevalence in 20-79 year olds in 2021 was estimated to be 10.5 % (536.6
million people), and this number is projected to rise to 12.2 % (783.2 million) in 2045 [Sun, 2023]. Furthermore, diabetes confers a
huge economic burden due to its management costs as well as its complications are skyrocketing [Tan, 2019]. The current diabetes
treatment regimen that focuses on insulin secretion and insulin sensitization results in undesired side effects in patients. In addition,
the use of gene therapy as well as induced B-cells regeneration are not widely used in Nigeria as most patients cannot afford the
cost associated with such treatment. This has led to a sizeable number of households in Nigeria exclusively depending on
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medicinal herbs for the management of diabetic disease conditions. Gongronema latifolium is a tropical rainforest plant that
belongs to the family Asclepiadaceae and genus Gongronema. It is mostly grown in West Africa [Okafor, 1996]. The plant is edible,
with green leaves, yellow flowers and a stem that produces milky latex when broken or cut. The leaf Gongronema latifolium is high
in fats, proteins, vitamins, minerals and essential amino acids [Eleyinmi, 2007]. It is then taken as a purgative for colic and stomach
pains as well as to treat symptoms of worm infection [Okafor, 1975; Onike, 2010]. Apart from its dietary values, G. latifolium is
believed to have strong medicinal qualities due to its composition of different active constituents. An infusion or decoction of the
whole plant (the leaves, stems, and roots) is used traditionally in the treatment of digestive issues such as dyspepsia, anorexia, colic
and stomachache, constipation, dysentery and intestinal worms [Oliver-Bever, 1986, Morebise, 2006, Nwinyi, 2008, Owu, 2012].
The plant has been reported to have been used in hyperglyceamia and hypertension [Ugochukwu, 2003], treatment of liver
associated with alcoholism and viral hepatitis [Akerele, 2008], treatment of abdominal pain after childbirth as well as in the
treatment of cough, wheezing and asthmatic attacks [Essien, 2007]. This present study aims to evaluate the hypoglycemic and
hepatoprotective potentials of the dichloromethane fraction of G. (atifolium in streptozotocin-induced diabetes in rats.

2. Methodology

2.1 Plant materials

The leaves of Gongronema latifolium were obtained from Ogun State, Nigeria and identified by Dr. H.A Akinnibosun (Taxonomist)
at the Department of Plant Biology and Biotechnology, University of Benin. The stem barks of this plant were air-dried and later
pulverized to powdery form at the Pharmacognosy laboratory, Faculty of Pharmacy, University of Benin. A powdered sample (300
g) of G. latifolium was first soaked in 2 L of hydroethanol for a week with periodic stirring, filtered with Whatman filter paper (No.
1), and the filtrate concentrated with a vacuum concentrator at 30°C. The hydroethanol extract was then partitioned using the
solvent-solvent fractionation method. First, it was defatted using n-hexane, followed by extraction with dichloromethane (DCM).
The DCM fraction was subsequently concentrated to dryness using a rotary evaporator, and the concentrate was weighed and
used as an experiment sample. The extracts were subsequently freeze-dried at the National Centre for Energy and Environment,
University of Benin, Benin City, Edo State, and stored in a refrigerator until use.

2.2 Animals

Thirty (30) Wistar rats weighing between 90 and 120 g were purchased from the Department of Pharmacy, University of Benin,
Benin City, Edo State. The animals were handled according to the Institutional Animal Guidelines (1912/PO/Re/S/16/CPCSEA) and
were allowed to acclimatize to diet and environment for 2 weeks after arrival. The weights of the rats were monitored throughout
the duration of the experiment. The animals were kept in clean cages in a 12-hour light/dark cycle room with daily litter changes.
Type 2 diabetes mellitus was induced in twenty-four (24) animals after an overnight fast by a one-time intraperitoneal injection of
streptozotocin (40 mg/kg body weight) dissolved in 0.1 M cold citrate buffer (pH 4.5). Treatment commenced after diabetes was
stabilized (four days) in the animals. Animals with fasting blood glucose levels greater or equal to 150 mg/dL were considered
diabetic, grouped and treated as shown below: Group 1 served as negative control; Group 2 served as diabetic untreated; Group
3 received metformin (25 mg/kg body weight); Group 4 received DCM fraction of G. Latifolia (200 mg/kg body weight of rat);
Group 5 received DCM fraction of G. Latifolia (400 mg/kg body weight of rat). The plant extract was administered daily with an
oral gavage for 21 days. The animals were sacrificed at the end of the 21-day administration period (on the 22" day) after an
overnight fast. Each mouse was anaesthetized in a chloroform (CHCls)-saturated container, blood sample collected via a heart
puncture and dispensed in labelled Lithium Heparin and Ethylene Diamine Tetra-Acetic Acid (EDTA) tubes for further analysis

2.3 Biochemical assays

2.3.1 Determination of fasting blood glucose levels

Fasting blood glucose level was determined using commercially available diagnostic kits (Randox Lab., UK) with strict adherence
to the manufacturer’s instructions.

2.3.2 Determination of serum urea
The level of urea in the sera was evaluated using the Urease-Berthelot method [Weatherburn, 1967].

2.3.3 Determination of liver enzymes
Concentrations of aspartate aminotransferase (AST) and alanine aminotransferase (ALT were determined using commercially

available diagnostic kits (Randox Lab., UK) following manufacturers' instructions.

2.3.4 Estimation of total protein and albumin
Albumin and total protein were evaluated using a standard Radox kit, as described by Tietz [Tietz, 1995].
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2.3.5 Gene expression by RT-PCR

Total RNA was extracted from the liver using Trizol (Ambion, Austin, TX, USA), with strict adherence to the manufacturer’s
instructions. The RNA samples were quantified with the NanoDrop 2000 Spectrophotometer (Thermo Scientific, Wilmington, DE,
USA), and 2 ug of RNA was reverse transcribed using oligo (dT) primers (Promega, Madison, WI, USA). Real-time quantitative PCR
amplification and detection were performed on optical-grade 48-well plates in an Eco Real-Time PCR System (lllumina, CA, USA)
with 20 ng of cDNA, SYBR gPCR Master Mix (Kapa Biosystems, Inc., Wilmington, MA, USA) and gene-specific primers (Table 1). To
normalize mRNA expression, the expression of the housekeeping gene, B-actin, was determined. The mRNA relative quantitation
was calculated using the 2-AA% method.

Table 1: Primer information for gPCR experiment

Gene Name Primer Sequence (5’ - 3’)
NRF2_F CACATCCAGTCAGAAACCAGTGG
NRF2_R GGAATGTCTGCGCCAAAAGCTG
CAT_F GTGCGGAGATTCAACACTGCCA
CAT_R CGGCAATGTTCTCACACAGACG
B-actin_F CACCATTGGCAATGAGCGGTTC
B-actin_R AGGTCTTTGCGGATGTCCACGT

2.4 Histological analysis

Histological analysis was done according to the method described by [Kumar, 2005]. Portions of the liver were fixed in 10 % neutral
buffered formalin for histology. Thin sections of the liver were dissected and processed using a Leica TP2010 automatic tissue
processor for 18 hours. The processor passed the tissues through fixation, dehydration, de-alcoholization, and paraffinization.
Ultra-thin sections (5 um) were sliced from the paraffinized sections using a Thermo Scientific semi-automated rotary microtome.
The tissues were then subjected to hematoxylin and eosin staining and viewed under a microscope using 10x magnification.

2.5 Data analyses

Data were expressed as the mean + SEM using SPSS v26 software, while GraphPad Prism 8.0 was used for the visualization of data.
Statistical significance was calculated by one-way analysis of variance (ANOVA) by multiple comparisons. Differences between
means were estimated by Duncan’s multiple range tests, and a value of p < 0.05 was taken as statistically significant.

3. Results and Discussion

3.1 Administration of dichloromethane (DCM) fraction of G. latifolium stem bark increases body weight in streptozotocin-
induced Diabetic Rats

The mean weight was significantly decreased in streptozotocin-induced diabetic rats compared with the normal control (Table 2).
Administration of DCM fraction of G. latifolium stem bark showed a steady, significant increase in body weight in a dose-dependent
manner compared to the diabetic control. Furthermore, oral administration of metformin significantly increases the weight of the
rats after the 14 days period.

Table 2: Effect of DCM fraction of G. latifolium stem bark on body weight changes (g) in streptozotocin-induced diabetic rats

Groups Initial Body Weight (g) Final Body Weight (g) Weight Loss/Gain (g)
Group 1 190.48+1.56 204.47+5.08 +13.99+£0.14

Group 2 184.10+£1.12 162.66+2.66 -21.44+0.11

Group 3 167.42+1.58 185.55+2.09 +18.13£0.18

Group 4 179.21+2.50 186.12+2.01 +6.91+0.11

Group 5 178.20+2.20 185.76+1.20 +7.56+0.22

Data are expressed as mean + SEM, n = 6. Group 1 = Normal control; Group 2 = Diabetic control (STZ only); Group 3 = Positive
control (Metformin); Group 4 = DCM fraction (200 mg/kg body weight); Group 5 = DCM fraction (400 mg/kg body weight)

3.2. The DCM fraction of G. latifolium stem bark significantly reduces fasting blood glucose levels in streptozotocin-
induced diabetic rats

The effect of the DCM fraction of G. latifolium stem bark on fasting blood glucose in STZ-induced diabetic rats is shown in Table
3. The result indicates that the blood glucose level of the diabetic control and the DCM-treated diabetic groups increased
significantly (p < 0.05) three days after administration of streptozotocin when compared to the normal control. Administration of
the DCM fraction of G. latifolium reversed the STZ-induced hyperglyceamia in a dose-dependent manner, comparable with
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metformin administration 14 days post administration. The glucose level of the diabetic control remained significantly increased
(p < 0.05) compared with the normal control and diabetic treated groups after the fourteen days period of study.

Table 3: Effect of DCM fraction of G. latifolium stem bark on fasting blood glucose in streptozotocin-induced diabetic rats
Group/Treatment Glucose (mg/dL) Glucose (mg/dL) Glucose (mg/dL) Glucose (mg/dL)

Day 0 Day 3 (After Day 7 Day 14
induction)
Group 1 85.40+2.34° 86.20+2.40° 84.10+£1.342 84.40+2.50°
Group 2 88.20+3.24° *460.00+11.43P *318.25+5.20¢ *348.10+10.20¢
Group 3 80.24+4.34° **337.25+14.50° **111.32£0.63¢ **108.50+6.20¢
Group 4 86.80+3.20° **349.21+£10.12° **218.11+8.20¢ **213.73+4.25¢
Group 5 82.60+4.14° **463.40+12.00° **238.70+6.20¢ **122.147+3.50¢

Data are expressed as mean + SEM, n=6. Values with different alphabets are statistically significant (p < 0.05). *Mean is significant
(p < 0.05) when compared with normal control. ** mean is significant (p < 0.05) when compared with the diabetic control group.
Group 1 = Normal control; Group 2 = Diabetic control (STZ only); Group 3 = Positive control (Metformin); Group 4 = DCM fraction
(200 mg/kg body weight); Group 5 = DCM fraction (400 mg/kg body weight)

3.3. Administration of DCM fraction of G. latifolium stem bark on improves total protein and albumin concentrations in
diabetic rats

In the group administered streptozotocin only (Group 2), there was a decrease in the total protein and albumin levels with a
significant decreased observed in total protein levels. However, treatment with the DCM extract of G. latifolium ameliorated the
total protein (p < 0.05) and albumin (p > 0.05) levels in a dose-dependent manner. Compared to the positive control, the DCM
extract was more effective in improving the total protein levels than albumin concentration (Figure 1)
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Figure 1: Effect of DCM fraction of G. latofolium stem bark on (A) Total protein and (B) Albumin levels in STZ-induced diabetic rats.
Group 1 = Normal control; Group 2 = Diabetic control (STZ only); Group 3 = Positive control (Metformin); Group 4 = DCM fraction
(200 mg/kg body weight); Group 5 = DCM fraction (400 mg/kg body weight)

3.4. G. latifolium stem bark DCM fraction reverses STZ-induced liver damage

The effect of the DCM fraction of G. latifolium on liver function parameters is depicted in Figure 2. Compared to the normal control,
the diabetic untreated group (Group 2) revealed significantly increased levels of AST and ALT. Interestingly, treatment with the
DCM fraction significantly reversed the STZ-induced increases in a dose-dependent manner. Gongronema latifolium DCM fraction
was more proficient than metformin in reducing the levels of liver enzymes. In addition, the photomicrograph of the liver cells
reveals features of severe vascular ulceration in the group administered STZ (Figure 3, plate Il). Treatment with the DCM fraction
of G. latifolium reversed the STZ-induced damage in a dose-dependent manner (plate V-1V).

Page | 79



Hypoglyceamic and Hepatoprotective Potentials of Dichloromethane (DCM) Fraction of Gongronema Latifolium Extract in Streptozotocin-
Induced Diabetic Wistar Rats

AST ALT
100~ 100 -
= 80+ o 80
5 e 5
2 - 2 40
£ £
® L b 1 ®
@ 40+ ) L} 40
: 3
g 20- lﬁ m -
0 T T T T T 0~
Q\ Qq’ Q'5 Q‘ Q‘,
& & & & &
A B

Figure 2: Effect of DCM fraction of G. latofolium stem bark on liver function parameters — (A) AST and (B) ALT levels in STZ-induced
diabetic rats. Group 1 = Normal control; Group 2 = Diabetic control (STZ only); Group 3 = Positive control (Metformin); Group 4 =
DCM fraction (200 mg/kg body weight); Group 5 = DCM fraction (400 mg/kg body weight)

Vv vi
Figure 3: Effect of DCM fraction of G. latofolium stem bark on liver morphology (I) Rat pancreas (Control) composed of normal
tissue: A. exocrine acini, B. interlobar space, C. interlobar vein, D. interlobar duct. (ll) Rat pancreas given STZ only showing: A:
vascular stenosis, B: severe vascular ulceration, C: congestion, D: mild infiltrates of inflammatory cells (lll) Rat pancreas from diabetic
control showing A: vascular obstruction, B: stenosis, C: vascular ulceration, D: infiltrates of inflammatory cells. (IV) Rat pancreas
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induced and given Metformin showing normal architecture; A: acini, B: interlobar adipose tissue, C: active vascular congestion.
Plate (V): Rat pancreas induced and given 200 mg DCM fraction of G. latofolium showing normal architecture: A. acini, B. veins, C.
arteries, D. dilated duct. (VI) Rat pancreas induced and given 400 mg DCM fraction of G. latofolium showing normal architecture;
A: acini, B: dilated vein, C: dilated artery, D: duct. (H&E, 40X).

3.5. Effect of DCM fractions of G. latifolium stem bark on some genetic markers

To confirm the changes induced by G. latifolium at the molecular level, the expression patterns of NRF-2 and CAT were determined
(Figure 4). Gel electrophoresis of the PCR-amplified fragments revealed that the expression of NRF-2 and CAT was significantly
repressed by the administration of streptozotocin (Group 2). However, these changes were significantly improved by the
administration of G. latifolium DCM fraction.
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Figure 4: Effect of DCM extract of G. latifolium on (A) Nrf2 and (B) CAT gene expression. Group 1 = Normal control; Group 2 =
Diabetic control (STZ only); Group 3 = Positive control (Metformin); Group 4 = DCM fraction (200 mg/kg body weight); Group 5 =
DCM fraction (400 mg/kg body weight)

3.6 Discussion

Diabetes mellitus is a group of metabolic disorders characterized by high blood sugar levels and disturbances in insulin production
and function. This study assessed the hypoglyceamic and hepatoprotective potentials of the DCM fraction of G. latifolium stem
bark in streptozotocin-induced diabetic rats. Streptozotocin-induction of diabetes is a classical experimental model to explore the
potential of herbal extracts in ameliorating the disease [Rossini, 1977]. In this study, the administration of streptozotocin caused a
significant amount of weight loss when compared to the control. This reduction of body weight can be due to the breakdown of
tissue proteins in diabetic rats [Yanardag, 2005; Andulla, 2003]. Streptozotocin is transported to the B-cells via the GLUT2 receptors
due to its structural similarity to glucose, where it selectively attacks the B-cells of the Islets of Langerhans [Schnedl, 1994]. In
addition, STZ-induced necrosis of the pancreatic B-cells occurs by methylation of the DNA, leading to fragmentation, which
subsequently manifests as diabetes mellitus. DNA fragmentation stimulates nuclear poly (ADP-ribose) synthetase, which depletes
intracellular NAD* and ATP levels, thus inhibiting the production of proinsulin [Yamamoto, 1981]. A further mechanism of action
of STZ involves the release of signals that induce nitric oxide synthase, further increasing the concentration of nitric oxide (NO),
increasing H>O, generation and ultimately increasing the oxidative stress on the cell [Flodstrom, 1999; Takasu, 1991]. The result
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from this study revealed that induction of diabetes mellitus by STZ precipitated a significant increase (p < 0.05) in the blood glucose
level of the diabetic control and the DCM-treated diabetic groups three days after administration of streptozotocin when compared
to the normal control. Administration of the extract reversed the STZ-induced hyperglyceamia in a dose-dependent manner,
comparable with metformin administration 14 days post administration. The glucose level of the diabetic control remained
significantly increased (p < 0.05) compared with the normal control and diabetic treated groups after the fourteen days period of
study.

Administration of STZ resulted in a significant decrease in the albumin and total protein levels. Albumin, the most abundant soluble
protein in the serum or plasma, constitutes 50 — 60 % of the total protein content [Rafagat,2023]. It has been reported that low
levels of albumin can serve as an indicator of an inflammatory process [Chang, 2019]. This implies sustained damage to the
hepatocytes. However, treatment with the DCM extract of G. latifolium caused a significant increase in the total protein levels,
indicating that the plant extract reversed the total protein (p < 0.05) and albumin (p > 0.05) levels in a dose-dependent manner.
Compared to the positive control, the DCM extract was more effective in improving the total protein levels than albumin
concentration.

The liver is central to the process of metabolism, detoxification, and excretion of harmful metabolites [Mori, 2003]. In this present
study, diabetes impacted liver function by increasing the levels of AST and ALT. Liver enzymes such as ALT and AST are commonly
used as indicators of liver health. Elevated levels of liver enzymes indicate damage to liver cells and are associated with T2DM and
insulin resistance. These enzymes are elevated in the serum due to cellular leakage into the blood stream [Kesari, 2007]. West and
co-workers demonstrated that diabetes raises the risk of chronic liver disease, and blood alanine transaminase levels serve as a
sensitive indicator of liver-related mortality [West, 2006]. Treatment with the DCM fraction significantly reversed the STZ-induced
increases in a dose-dependent manner. This indicates that the fraction was proficient in the repair of the STZ-induced damage.
Interestingly, the result of the histopathological examination of the liver confirms the repair potential of the DCM fraction, as
evidenced by the near normal architecture of the liver. The induction of diabetes experimentally has been reported to cause
pathological changes in other tissues aside from the pancreas [Ali, 2023]. Pathological changes were observed in tissues such as
the small intestines and the liver of experimentally-induced diabetic animals. In the study under consideration, vascular congestion,
necrosis and periportal infiltration of inflammatory cells were observed in the liver of the diabetic control animals. This observation
agrees with the study carried out by Ali and Mustafa [2023], who reported necrosis in the liver of STZ-induced diabetic animals.
Administration of the DCM fraction of 400 mg Gongronema latifolium/ kg bodyweight of animal restores the changes observed in
the tissue, though 200 mg Gongronema latifolium /kg bodyweight of animal could not reverse the alterations. Treatment with
metformin gave rise to vascular congestion but with normal hepatocytes. In addition, normal morphology was observed in the
pancreas of the control animals. Obstruction of the blood vessels, stenosis, ulcer and infiltration of inflammatory cells were
observed in the pancreas of the diabetic animals. The diabetic animals treated with metformin had normal architecture of
pancreatic acinar with vascular congestion. Treatment with 200 mg- and 400 mg Gongronema latifolium/ kg bodyweight of animals
ameliorated the morphological alterations in the pancreas of diabetic animals.

Oxidative stress and inflammation play an important role in the pathophysiological changes of liver diseases. Nuclear factor
erythoroid 2-related factor 2 (NRF-2) is a transcription factor that positively regulates the basal and inducible expression of a large
battery of cytoprotective genes, thus playing a key role in protecting against oxidative damage [Fuertes-Agudo, 2023]. NRF2 drives
the expression of the main antioxidant enzymes in the cell for oxidative stress detoxification. Superoxide dismutase (SOD) catalyzes
the conversion of Oy"~ into H,O, and molecular oxygen. Subsequently, the enzyme catalase (CAT) reduces H,O, to water [Rosa,
2021]. Therefore, NRF-2 deficiency results in an increase in ROS and oxidative stress in cells. In this study, the expression of NRF-2
and CAT were significantly repressed by the administration of streptozotocin implying an increase in the ROS and subsequent
oxidative damage of the liver cells. Expression of both NRF-2 and CAT were restored to normal levels by the administration of the
DCM fractions. This result indicate a significant restoration of the liver cells in the rats administered the DCM fraction of G.
latifolium.

4. Conclusion

The DCM (dichloromethane) fraction of G. latifolium stem bark possess hypoglycaemic and hepatoprotective effects and
ameliorates other adverse diabetic condition imposed by streptozotocin-induced diabetes on the experimental rats. Further
pharmacological and biochemical investigations will elucidate the mechanism of action and be helpful in projecting this plant as
a therapeutic target in diabetes research.
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