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Diabetes mellitus, particularly type-2 diabetes is associated with complications such as increased
gluconeogenesis, ketogenesis, advanced glycation end product formation (AGEs), and free
radicals that promote the inflammatory process, thereby affecting vascular integrity that
eventually leads to endothelial dysfunction. This study aimed to investigate the impact of
Garcinia kola and Kigelia africana polyherbal extract on endothelial dysfunction and
angiogenesis in Type-2 Diabetic Wistar rats.

Forty-two male Wistar rats were divided into six groups of seven rats each, namely; [Diabetic
control (DMC)]; normal control [PC], extracts only (EC) [250 mg/kg], synthetic drugs only
(SDM) [5 mg/kg glibenclamide + 100 mg/kg metformin], extract low dose (ELD) [250 mg/kg]
and extract high dose (EHD) [500 mg/kg]. Diabetes was induced by intraperitoneal injection of
110 mg/kg nicotinamide (NA) followed by 65 mg/kg of streptozocin (STZ). The extracts were
administered once daily for six weeks. After the treatment period, blood samples, mesenteric
arteries, and kidney tissues were collected and used for biochemical and immunohistochemical
analysis, including antioxidant activity, liver function [aspartate aminotransferase (AST) and
alanine transaminase (ALT)], renal function (uric acid, urea, and creatinine), nitric oxide (NO),
angiopoeitin-1, heme oxygenase-1 (HO-1), as well as indirect bilirubin assays using commercial
assay kits following the manufacturers’ protocols. Results showed that administration of
polyherbal extract of G. kola and K. africana significantly increased antioxidant enzymes
activities, angiopoeitin-1, NO, HO-1, and indirect bilirubin levels. These findings suggest that
the polyherbal extract of G. kola and K. africana has the potential to ameliorates endothelia
dysfunction in STZ-nicotinamide-induced diabetic Wistar rats.
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Introduction

Decoctions from various parts and whole plants of Kigelia africana

Type 2 diabetes mellitus (DM) is an inflammation-driven metabolic
disorder of heterogeneous origin, characterized by persistent
hyperglycemia resulting from impaired insulin secretion, action, or
both,! leading to the generation of free radicals. The generated free
radicals exacerbate the disease progression due to the overactivity that
overwhelms the endogenous antioxidant system. It has been reported
that the free radicals generated undergo auto-oxidation with glucose,
impairing metabolism and altering the oxidant/antioxidant balance in
diabetic conditions.?® Improved heme oxygenase-1 (HO-1) level
protects tissue vasculature against oxidative stress through several
mechanisms, including mitochondrial biogenesis.* Furthermore,
angiopoietin-1 protects vascular tissue by preventing endothelial cell
death.®
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and Garcinia kola have been effectively used for several ailments,
including type-2 diabetes mellitus.%” In our previous study, we
reported the composition, synergistic effect, and beneficial effects of
polyherbal extract of G. kola and K. africana.® Consequently, this
present study was designed to investigate the possible ameliorative
effect of the polyherbal extract of G. kola and K. africana on
endothelial dysfunction in type-2 diabetic rats.

Materials and Methods

Plant collection and identification

Fresh stems of Kigelia africana were harvested in November 2018
from Afe Babalola University farm, while Garcinia kola seeds were
purchased from King’s market, Ado-EKiti, Ekiti State. The plants were
identified and authenticated in the Department of Plant Science, EKiti
State University, Ado-EKiti, where voucher numbers UHAE2018074
for Kigelia africana and UHAE2018075 for Garcinia kola were
assigned.

Extract preparation

The plant materials were air-dried under ambient temperature for 4
weeks. The dried plant materials were ground into fine powder. Equal
amount (1 kg each) of powdered Kigelia africana stem and Garcinia
kola were thoroughly homogenized and macerated in 2 L of distilled
water at room temperature for 48 hours with occasional agitation to
facilitate optimal extraction of phytoconstituents.?
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Animals

Forty-two (42) male Wistar rats were obtained from the animal house
of Afe Babalola University, Ado-Ekiti, Nigeria. The rats were
acclimatized to the laboratory conditions for one week. The animals
were placed on standard rodent chow and water ad libitum throughout
the experimental period.

Ethical approval

The study was approved by the Health Research Ethics Committee of
Afe Babalola University, Ado-Ekiti, with approval number
PHS/2023/2024-17. All procedures were conducted in accordance
with established ethical standards.

Induction of type-2 diabetes

Type 2 diabetes mellitus was induced in the experimental animals
following a previously described protocol. Briefly, nicotinamide (110
mg/kg body weight), dissolved in distilled water, was administered
intraperitoneally. After a 15-minute interval, streptozotocin (65
mg/kg), freshly prepared in 0.1 M citrate buffer (pH 4.5), was also
administered intraperitoneally to complete the induction process.
Diabetes mellitus was confirmed by measuring fasting blood glucose
levels using a OneTouch Ultra 2 glucometer. Rats exhibiting glucose
concentrations >140 mg/dL were classified as diabetic.®

Animal grouping and extract administration

The Wistar rats were evenly divided into six groups of seven rats each,
namely; Diabetic control (DMC), Normal control (PC), extracts only
(EC) [250 mg/kg], Synthetid drug (SDM) [5 mg/kg Glibenclamide +
100 mg/kg Metformin], Extract low dose (ELD) [250 mg/kg] and
Extract high dose (EHD) [500 mg/kg] groups.

The polyherbal extract was administered by oral gavage once daily for
6 weeks.

Animal sacrifice and collection of blood samples

After the treatment period, the animals were humanely sacrificed
under ketamine anesthesia. The rats were anesthetized by
intraperitoneal (IP) injection of ketamine (100 mg/kg) and xylazine
(10 mg/kg). Blood samples were withdrawn through cardiac puncture
into heparinized tubes, and centrifuged at 3000 rpm for 15 minutes at
room temperature. The plasma samples obtained were frozen until
needed for biochemical assay.

Isolation of mesenteric arteries

The mesenteric arteries were detached from the stomach wall and
introduce into a dissecting dish containing ice-cold homogenization
buffer (50 mM Tris HCI, pH 7.4, 0.1 mM EDTA, 0.1 mM EGTA, 250
mM sucrose and 10% glycerol). The fats were cautiously removed
from the wvessel under a microscope. The defatted arteries were
transferred into a tube containing homogenization buffer and snap-
frozen in liquid nitrogen. The arterial tissues were separated within 5
minutes of excision and homogenized in the homogenization buffer
using a mechanical homogenizer. The resulting homogenate was
centrifuged at 10,000 rpm for 30 minutes at 4°C to fractionate the
sample into a cytosolic supernatant and a coarse particulate pellet.®

Kidney tissue homogenization

Kidney tissues were dissected, weighed, and rinsed three times with
cold phosphate-buffered saline (PBS) to eliminate blood and surface
contaminants. Tissues were subsequently transferred into bead lysis
tubes pre-loaded with zirconium oxide beads. Homogenization was
performed using a Bullet Blender (Next Advance Inc., USA) in
radioimmunoprecipitation assay (RIPA) buffer (or an appropriate
buffer based on the intended downstream assay) at a ratio of 2:1
(buffer volume to tissue weight). The samples were homogenized at
10,000 rpm for 4 minutes followed by an additional 3 minutes cycle at
10,000 rpm to ensure complete tissue disruption. Following
homogenization, tubes were centrifuged at 15,000 rpm for 5 minutes
at 4°C. Supernatants were collected and stored at —80°C until further
biochemical analysis.*°
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Biochemical analysis

The activities of aspartate aminotransferase (AST) and alanine
transaminase (ALT), as well as levels of uric acid, urea, and
creatinine, were determined using commercial assay kits (Fortress
Diagnostics Limited, United Kingdom) following standard enzymatic
and colorimetric protocols as previously described.'**? Oxidative
stress markers, including malondialdehyde (MDA), glutathione
reductase (GR), superoxide dismutase (SOD), catalase (CAT), and
total protein were also quantified using spectrophotometric methods in
accordance with established procedures.t®*®

Determination of nitric oxide concentration

Nitric oxide (NO) level in the mesenteric artery homogenate was
quantified using a colorimetric assay kit supplied by Oxford
Biomedical Research Inc., USA.* The assay protocol was based on
the Griess reaction, which detects NO indirectly by measuring its
stable metabolic end-products: nitrate (NOs”) and nitrite (NO2").
Nitrate reductase was used to enzymatically convert nitrate to nitrite,
followed by reaction with sulfanilamide and N-(1-naphthyl)
ethylenediamine dihydrochloride (Griess reagent). This yielded a
chromophoric azo compound measurable at 540 nm using a
microplate  spectrophotometer. Total NO concentration was
determined by comparison with a standard curve prepared from
known concentrations of sodium nitrite.

Determination of angiopoietin-1 concentration
The plasma and homogenized supernatant of mesenteric arteries as
described above were used for the determination of angiopoietin-1
using the enzyme-linked immunosorbent assay (ELISA) (ER0007)
kits following the manufacturer’s instructions.’

Determination of heme oxygenase-1 plasma concentration

Plasma samples were analyzed for heme oxygenase-1 (HO-1)
concentration using a sandwich ELISA kit (Cat. No. ER1041; Oxford
Biomedical Research Inc., USA) according to the manufacturer’s
instructions. The assay involves the binding of HO-1 to a pre-coated
capture antibody, followed by detection with a biotin-conjugated
antibody and HRP-streptavidin complex. Colorimetric detection was
performed using TMB substrate, and absorbance was read at 450 nm.
HO-1 concentration was calculated from a standard curve generated
using known concentrations of rat HO-1 standard.®

Determination of indirect bilirubin plasma concentration

The plasma was used for the determination of indirect bilirubin. The
assay kits used were products of Fortress Diagnostics UK, and
standard procedures were followed.®

Statistical analysis

Graph Pad Prism 5 (Version 6.1; Graph pad Software Inc., San Diego,
CA, USA) was used for data analysis. Data were presented as mean +
standard deviation (SD), n = 7. Differences between means were
analyzed by One-way analysis of variance (ANOVA) followed by
Bonferroni post hoc test. Statistically significant difference was set at
P <0.05.

Results and Discussion

Effect of the polyherbal extract on oxidative stress marker and
antioxidant enzymes

Oxidative stress marker and several antioxidant activities were
assessed post-treatment. The results as presented in Figure 1A showed
that malondialdehyde (MDA) levels increased significantly (P < 0.05)
in the diabetic group compared to the other groups. There were
significant (P < 0.05) increases in the levels of all the antioxidant
enzymes (superoxide dismutase, catalase, glutathione reductase) and
total protein in the polyherbal extract treated groups compared to the
diabetic control group.

Malondialdehyde (MDA), a product of lipid peroxidation that
frequently increases in diabetes mellitus, was reduced on the
administration of polyherbal extract of G. kola and K. africana. The
increase in MDA level is usually accompanied by an increase in the
concentration of free fatty acids (FFAs) in animals with diabetes
compared to non-diabetic or diabetic-treated animals. The increased
FFAs level in diabetic animals may be due to the decrease in plasma
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levels of insulin, which increases the action of fatty acyl coenzyme A
oxidase, and subsequent initiation of beta-oxidation of fatty acids and
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lipid peroxidation.®> This finding could be attributed to both
monounsaturated and polyunsaturated fatty acids.®
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Figure 1: Effect of Garcinia kola and Kigelia africana polyherbal extract on
(A) Malondialdehyde (MDA) (B) Plasma glutathione reductase, (C) Super oxide dismutase (SOD), (D) Catalase (CAT) and (E) Total
protein in diabetic rats.
*p<0.05, **p<0.001, ***p<0.0001
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Figure 2: Effect of Garcinia kola and Kigelia africana polyherbal extract on
(A) Alanine aminotransferase (ALT) and (B) Aspartate aminotransferase (AST) in diabetic rats.
*p<0.05, **p<0.001, ***p<0.0001

On the other hand, the significant increase in antioxidant enzymes in
the polyherbal extract-treated group leads to reduced free radicals.
Untreated hyperglycemia increases the generation of free radicals,
leading to several diabetic associated complications.?®?! The results
obtained from this study have shown the potential of G. kola and K.

africana polyherbal extract in treating diabetes and its complications.
However, there are inconsistent reports on the antioxidant status in

diabetic patients, with some studies documenting increased

antioxidant enzymes activities, while others report decreased
antioxidant enzymes levels. The findings from the present study
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reinforce the hypothesis that monounsaturated fatty acids, particularly
oleic acid, exhibit resistance to lipid peroxidation and mitigate ROS-
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induced cellular damage. This was demonstrated by a significant
improvement in antioxidant status, characterized by elevated levels of
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Figure 3: Effect of Garcinia kola and Kigelia africana polyherbal extract on
(A) Plasma urea, (B)Kidney urea, (C) Plasma uric acid (D) Kidney uric acid and (E) Creatinine in diabetic rats.
“p<0.05, **p<0.001, ***p<0.0001
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Figure 4: Effect of Garcinia kola and Kigelia africana polyherbal extract on
(A) Plasma nitric oxide (NO) and (B) Mesenteric artery homogenate nitric oxide (NO) in diabetic rats.
*p<0.05, *p<0.001, ***p<0.0001

endogenous antioxidants such as superoxide dismutase (SOD),
catalase, glutathione reductase (Figure 1B — D), alongside reduced
concentrations of oxidative stress markers like malondialdehyde
(MDA). These results align with the results of our previous study,
which reported that oleic acid identified in the polyherbal extract of
Garcinia kola and Kigelia Africana contributed to decreased lipid
peroxidation and enhanced redox homeostasis in diabetic rat
models.®?>?° The decrease in total plasma proteins in the diabetic
control group could be associated with the generated free radicals,
which have been shown to have negative impact on plasma proteins in
diabetic conditions due to oxidative stress.?* Hence, the increase in

total plasma proteins in the polyherbal extract-treated groups (Figure
1E) could be attributed to the extract’s ability to inhibit free radicals.

Effect of the polyherbal extract on liver enzymes

In this study, plasma levels of liver enzymes including aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) were
significantly increased in untreated diabetic rats, indicating diabetes-
induced damage to the hepatocytes. Alanine amino transferase (ALT)
is largely found in the liver, and its high level in the blood stream is a
specific marker of liver dysfunction.?>% In contrast, aspartate amino
transferase (AST) does not represent a highly specific biomarker of
liver injury because its elevation can also be due to injuries to other
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tissues.® Treatment of the diabetic rats with the polyherbal extract of
G. kola and K. africana resulted in a significant reduction in ALT and
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AST levels (Figure 2A-B), indicating an improved metabolic activities
following treatment with the polyherbal extract.
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Figure 5: Effect of Garcinia kola and Kigelia africana polyherbal extract on
(A) Plasma angiopoeitin-1 and (B) Mesenteric artery homogenate angiopoeitin-1 in diabetic rats.
“p<0.05, **p<0.001, ***p<0.0001
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Figure 6: Effect of Garcinia kola and Kigelia africana polyherbal extract on
(A) Plasma heme oxygenase-1(HO-1) and (B) Indirect bilirubin in diabetic rats.
“p<0.05,%*p<0.001, ***p<0.0001

Effect of the extracts on uric acid, urea, and creatinine levels

The results as presented in Figure 3A-E showed significant increases
in urea, uric acid and creatinine levels both in the plasma and kidney
homogenate of the diabetic group when compared to the other groups
(p <0.05).

Uric acid, urea, and creatinine are consistent markers of renal
function.?” An increase in uric acid levels has a direct correlation with
hyperinsulemia, insulin resistance, and diabetes.?®?° Hyperuricemia
causes diabetic complications, in particular those related to the renal
and cardiovascular systems.*® Hyperuricemia in diabetes is correlated
with situations like insulin resistance and impaired glucose tolerance,
followed by nephropathy. Uric acid reacts with free radicals to
increase lipid oxidation and induce various effects in vascular smooth
muscle cells.®! High level of uric acid decreases the production of
endothelial nitric oxide, leading to endothelial dysfunction and insulin
resistance.®23 Therefore, the polyherbal extract-induced reduction in
uric acid level is suggested to attenuate hyperinsulinemia, and
improved renal function, which is consistent with report from a
previous study.3*

Urea, a terminal product of protein metabolism, reflects both dietary
protein intake and the body's catabolic rate. Elevated serum urea levels
are commonly associated with impaired renal clearance and may
signal progressive kidney dysfunction.®® In the present study,
treatment with the polyherbal extract of G. kola and K. africana
significantly attenuated urea concentrations in diabetic rats, suggesting
a potential nephroprotective effect. Creatinine, a breakdown product

of creatine phosphate in skeletal muscle, serves as a more sensitive
and specific indicator of glomerular filtration rate (GFR) and overall
kidney function.® Diabetic rats treated with the polyherbal extract
exhibited reduced serum creatinine levels, indicating improved renal
performance. These findings are consistent with previous reports,
further supporting the renoprotective potential of Garcinia kola and
Kigelia africana extracts.%

Effect of the polyherbal extract on nitric oxide level

Figure 4A-B shows the effect of G. kola and K. africana polyherbal
extract on nitric oxide levels in the plasma and mesenteric arteries.
The results revealed a significant (p < 0.05) decrease in plasma and
mesenteric arteries nitric oxide (NO) levels in the diabetic rats
compared to the control. However, treatment with G. kola and K.
africana polyherbal extract restored plasma nitric oxide in diabetic
rats to normal level, while resulting in a significantly (P < 0.05) higher
nitric oxide concentration in the mesenteric arteries of treated animals
compared to the control. This result is supported by the findings from
the work of Perona et al. (2006)%", which reported the positive effects
of olive oil (contains majorly oleic acid) on endothelial nitric oxide
synthase activity.

Effect of polyherbal extract on angiopoeitin-1 level

The administration of polyherbal extract of G. kola and K. africana
produced beneficial effects on endothelial dysfunction resulting from
type-2 diabetes by up-regulating angiopoeitin-1 levels in both plasma
and mesenteric artery homogenate.
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The results as presented in Figure 5A and 5B showed a significant (p
< 0.05) increase in plasma and mesenteric artery angiopoietin-1 levels
in the polyherbal extract treated groups when compared to the diabetic
control group.

Vascular protection is dependent on several factors, including
angiopoeitin-1 and heme oxygenase-1 expression to support
angiogenesis and vasculogenesis, and there is a positive correlation
between angiopoeitin-1 and hemeoxygenase-1 levels.®® Angiopoietins
are the angiopoietin isomers of the Tie signaling system with a
twofold pathway. Angiopoeitin-2 is linked to inflammation and/or
cancer in which endothelial cell integrity is compromised.* Diabetic
rats treated with the polyherbal extract of G. kola and K. africana up-
regulated angiopoeitin-1 levels in the mesenteric artery homogenate.
Angiopoeitin-1 is known to exhibit powerful vascular protection by
suppressing plasma leakage, restricting vascular inflammation, and
barring endothelial cell death (apoptosis).> Although, there is no
clarity on the possible mechanism of action of the polyherbal extracts
of G. kola and K. africana on angiopoeitin-1, it action could be
attributed to the oleic and linoleic acids contents. Oleic acid protects
against cardiovascular insulin resistance, ameliorates endothelial
dysfunction and inflammation, reduces the rise in apoptosis in
vascular smooth muscle cells, and may contribute to the inhibition of
the atherosclerotic process and vascular strength.*® Linoleic acid on
the other hand is known for its role in wound healing in diabetic
rats.‘“"‘z

The endothelium is a monolayer of cells that line the vascular
arrangement, segregating circulating blood in the lumen from the rest
of the vessel wall and controls many key processes such as the
formation of new blood vessels (angiogenesis) and inflammation.*
The endothelium releases a variety of vasoactive substances such as
prostacyclin ~ (PGI2) and prostaglandins, endothelial-derived
hyperpolarizing factor (EDHF), platelet-activating factor, endothelin-
1, ROS, and NO that are involved in vessel relaxation, inhibition of
platelet and leukocyte adhesion, proliferation and migration of
vascular smooth muscle cells, maintenance of endothelial function,
and prevention of endothelial dysfunction.**

Effects of the polyherbal extract on heme oxygenase-1 and indirect
bilirubin levels

The effects of G. kola and K. africana polyherbal extract on heme
oxygenase-1 and indirect bilirubin levels are shown in Figure 6A and
6B, respectively. The result showed that heme oxygenase-1 (HO-1)
and indirect bilirubin were significantly decreased in the untreated
diabetic rats compared to the control. However, treatment with G. kola
and K. africana polyherbal extract restored plasma HO-1 and indirect
bilirubin to levels comparable to that of the control, and significantly
(p < 0.05) higher than that of the synthetic drugs group.

Heme oxygenase with two major types; the inducible and non-
inducible (HO-1 and HO-2, respectively), act as a rate-limiting factor
in the heme degradation to biliverdin, iron and carbon monoxide.*
The generated biliverdin is quickly changed to bilirubin by biliverdin
reductase, which has a positive effect on a number of biological
functions. The correlation between HO-1 activity and diabetes have
been well documented. HO-1 demonstrates an extensive action on the
endothelial tissue, including improved vasodilation and amplification
of endothelial progenitor cell numbers while reducing vasoconstriction
and inflammation. Upregulation of HO-1 leads to increased
production of bilirubin and carbon monoxide. Bilirubin acts as a
potent antioxidant, while carbon monoxide exerts anti-apoptotic and
anti-inflammatory effects, partly by modulating oxidative stress
through enzymes such as superoxide dismutase and catalase.*
Diabetic rats treated with the polyherbal extract of G. kola and K.
africana significantly elevated HO-1 levels, demonstrating a
protective function against oxidative stress. Heme oxygenase-1 breaks
down heme into bilirubin and carbon monoxide, both of which exert
antioxidant and cytoprotective effects that counteract the pathogenesis
of diabetes.®® The increased HO-1 levels make this pathway a
significant adaptive mechanism for lowering the severity of vascular
dysfunction and a potential therapeutic target.*® Similar to the findings
from this study, is the report that increased HO-1 expression
attenuates the detrimental effects of diabetes complications.*
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Bilirubin, a product of heme degradation, offers cytoprotective
mechanisms against damage caused by generated radicals.®” The
treatment of diabetic rats with the polyherbal extract of G. kola and K.
africana increased bilirubin levels, demonstrating an effective
protective function against oxidative stress. Diabetes accompanied by
a slight elevation of bilirubin level shows a lower predominance of
vascular reactivities, thereby preventing oxidative stress and
improving venous relaxation. In the present study, treatment of
diabetic rats with G. kola and K. africana polyherbal extract resulted
in an improved level of indirect bilirubin, which is in agreement with
the study of Inoguchi et al. (2016)*, which reported bilirubin as a key
modulator of oxidative stress and systemic inflammation in diabetes.
Bilirubin effectively protects lipids from oxidation and supports the
bioavailability of nitric oxide, thereby contributing to improved
endothelial function.*®%

Conclusion

The findings from this study showed that the polyherbal extract of
Garcinia kola and Kigelia africana improved the antioxidant status of
type-2 diabetic Wistar rats and attenuated the resulting endothelial
dysfunction by upregulating angiopoietin-1 and heme-oxyenase-1
levels.

Conflict of Interest

The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

References

1. Jeje TO, Baiyeri SO, Oladipo GO, Ibukun EO, Baiyeri PK,
Umoh EU. Trop J Nat Prod Res. 2025; 9(7):3243-3255.

2. Petersmann A, Miiller-Wieland D, Miiller UA, Landgraf R,
Nauck M, Freckmann G, Heinemann L, Schleicher E.
Definition, classification and diagnosis of diabetes mellitus.
Exp Clin Endocrinol Diab. 2019; 127(S 01):S1-7.

3. Habib SA, Saad EA, Elsharkawy AA, Attia ZR. Pro-
inflammatory adipocytokines, oxidative stress, insulin, Zn
and Cu: Interrelations with obesity in Egyptian non-diabetic
obese children and adolescents. Adv Med Sci. 2015;
60(2):179-185.

4. Maamoun H, Zachariah M, McVey JH, Green FR, Agouni
A. Heme oxygenase (HO)-1 induction prevents
endoplasmic reticulum stress-mediated endothelial cell
death and impaired angiogenic capacity. Biochem
Pharmacol. 2017; 127:46-59.

5. Wang R, Yang M, Jiang L, Huang M. Role of
Angiopoietin-Tie axis in vascular and lymphatic systems
and therapeutic interventions. Pharmacol Res. 2022;
182:106331.

6. Njogu SM, Arika WM, Machocho AK, Ngeranwa JJ, Njagi
EN. In vivo hypoglycemic effect of Kigelia africana (Lam):
studies with alloxan-induced diabetic mice. J Evid-based
Integr Med. 2018; 23:2515690X18768727.

7. Ayepola OR, Cerf ME, Brooks NL, Oguntibeju OO.
Kolaviron, a biflavonoid complex of Garcinia kola seeds
modulates apoptosis by suppressing oxidative stress and
inflammation in  diabetes-induced nephrotoxic rats.
Phytomed. 2014; 21(14):1785-1793.

8. Omoaghe A, Oyesola O, Ezike T, Omizu B, Boone K.
Effects of Combined Garcinia kola and Kigelia africana on
Insulin and Paraoxonase 1 (PON1) Levels in Type 2
Diabetic Rats. Curr Drug Discov Technol. 2022; 19(5):33-
41.

9. Sullivan JC, Giulumian AD, Pollock DM, Fuchs LC,
Pollock JS. Functional NOS 1 in the rat mesenteric arterial

6490

© 2026 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Trop J Nat Prod Res, January 2026; 10(1): 6485 — 6492

bed. Am J Physiol Heart Circ Physiol. 2002; 283(2):H658-
663.

Bahramibanan F, Rad MV, Ranjbar A, Karbasi A,
Abbasifard A. Comparison of oxidative stress status in the
kidney tissue of male rats treated with paraquat and
nanoparaquat. Sci Rep. 2025; 15(1):389.

Kumari S, Deori M, Elancheran R, Kotoky J, Devi R. In
vitro and in vivo antioxidant, anti-hyperlipidemic properties
and chemical characterization of Centella asiatica (L.)
extract. Front Pharmacol. 2016; 7:400.

Bonsnes R and Taussky HH. Determination of creatine and
creatinine. Fundamental of Clinical Chemistry. Tietz, NW
(ed.). Saunders Co., Philadelphia, London, Toronto. P.
1982. 994 p.

Botsoglou NA, Fletouris DJ, Papageorgiou GE,
Vassilopoulos VN, Mantis AJ, Trakatellis AG. Rapid,
sensitive, and specific thiobarbituric acid method for
measuring lipid peroxidation in animal tissue, food, and
feedstuff samples. J Agric Food Chem. 1994; 42(9):1931-
1937.

Guo J, Liu H, Zhao D, Pan C, Jin X, Hu Y, Gao X, Rao P,
Liu S. Glucose-lowering effects of orally administered
superoxide dismutase in type 2 diabetic model rats. NPJ Sci
Food. 2022; 6(1):36.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J Biol Chem.
1951; 193(1):265-275.

Khaddaj Mallat R, Mathew John C, Mishra RC, Kendrick
DJ, Braun AP. Pharmacological Targeting of KCa Channels
to Improve Endothelial Function in the Spontaneously
Hypertensive Rat. Int Mol Sci. 2019; 20(14):3481.

Moxon JV, Trollope AF, Dewdney B, de Hollander C,
Nastasi DR, Maguire JM, Golledge J. The effect of
angiopoietin-1 upregulation on the outcome of acute
ischaemic stroke in rodent models: a meta-analysis. J Cereb
Blood Flow Metab. 2019; 39(12):2343-2354.

Hammad AS, Ahmed AS, Heeba GH, Taye A. Heme
oxygenase-1 contributes to the protective effect of
resveratrol against endothelial dysfunction in STZ-induced
diabetes in rats. Life Sci. 2019; 239:117065.

Walters MI and Gerarde HW. An ultramicromethod for the
determination of conjugated and total bilirubin in serum or
plasma. Microchem J. 1970; 15(2):231-243.

Folli F, Corradi D, Fanti P, Davalli A, Paez A, Giaccari A,
Perego C, Muscogiuri G. The role of oxidative stress in the
pathogenesis of type 2 diabetes mellitus micro-and
macrovascular complications: avenues for a mechanistic-
based therapeutic approach. Curr Diabetes Rev. 2011;
7(5):313-324.

Giacco F and Brownlee M. Oxidative stress and diabetic
complications. Circ Res. 2010; 107(9):1058-1070.

Carrillo Pérez C, Cavia Camarero MD, Alonso de la Torre
S. Role of oleic acid in immune system; mechanism of
action: A review. Nutr Hosp, 2012; 27(4):978-990.

Wang L, Li X, Zhang Y, Huang Y, Zhang Y, Ma Q.
Oxymatrine ameliorates diabetes-induced aortic endothelial
dysfunction via the regulation of eNOS and NOX4. J Cell
Biochem. 2019; 120(5):7323-7332.

Dal S, Jeandidier N, Seyfritz E, Bietiger W, Peronet C,
Moreau F, Pinget M, Maillard E, Sigrist S. Featured article:
oxidative stress status and liver tissue defenses in diabetic
rats during intensive subcutaneous insulin therapy. Exp Biol
Med. 2016; 241(2):184-192.

Fitrya F, Elfita E, Kurniawaty NF, Ahsan AN, Amriani A,
Agustiarini V, Novita RP. Hepatoprotective effect of
ethanol extract of Chinese betel herb (Peperomia pellucida
(L.)) on CClsinduced hepatotoxicity in experimental
animals. Trop J Nat Prod Res. 2025; 9(7):3092-3096.

Jiao Y, Wang X, Jiang X, Kong F, Wang S, Yan C.
Antidiabetic effects of Morus alba fruit polysaccharides on

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

high-fat diet-and streptozotocin-induced type 2 diabetes in
rats. J Ethnopharmacol. 2017; 199:119-127.

Yadav R, Bhartiya JP, Verma SK, Nandkeoliar MK.
Evaluation of blood urea, creatinine and uric acid as
markers of kidney functions in hypertensive patients: a
prospective study. Ind J Basic Appl Med Res. 2014;
3(2):682-689.

Kodama S, Saito K, Yachi Y, Asumi M, Sugawara A,
Totsuka K, Saito A, Sone H. Association between serum
uric acid and development of type 2 diabetes. Diabetes
Care. 2009; 32(9):1737-1742.

Causevié¢ A, Semiz S, Macié¢-Dzankovi¢ A, Cico B, Duji¢
T, Malenica M, Bego T. Relevance of uric acid in
progression of type 2 diabetes mellitus. Bosn J Basic Med
Sci. 2010; 10(1):54.

Zoppini G, Targher G, Negri C, Stoico V, Perrone F,
Muggeo M, Bonora E. Elevated serum uric acid
concentrations  independently  predict cardiovascular
mortality in type 2 diabetic patients. Diabetes Care. 2009;
32(9):1716-1720.

Chien KL, Chen MF, Hsu HC, Chang WT, Su TC, Lee YT,
Hu FB. Plasma uric acid and the risk of type 2 diabetes in a
Chinese community. Clin Chem. 2008; 54(2):310-316.

Li P, Zhang L, Zhang M, Zhou C, Lin N. Uric acid
enhances PKC-dependent eNOS phosphorylation and
mediates cellular ER stress: A mechanism for uric acid-
induced endothelial dysfunction. Int J Mol Med. 2016;
37(4):989-997.

Ahmadieh H and Azar S. Effects of sodium glucose
cotransporter-2 inhibitors on serum uric acid in type 2
diabetes mellitus. Diabetes Technol Ther. 2017; 19(9):507-
512.

Akanji MA, Olagoke OA, Oloyede OB. Effect of chronic
consumption of metabisulphite on the integrity of the rat
kidney cellular system. Toxicol. 1993; 81(3):173-179.
Zargar R, Raghuwanshi P, Rastogi A, Koul AL, Khajuria P,
Ganai AW, Kour S. Protective and ameliorative effect of
sea buckthorn leaf extract supplementation on lead induced
hemato-biochemical alterations in Wistar rats. Vet World.
2016; 9(9):929.

Bamanikar SA, Bamanikar AA, Arora A. Study of Serum
urea and Creatinine in Diabetic and nondiabetic patients in
a tertiary teaching hospital. J Med Res. 2016; 2(1):12-15.
Perona JS, Cabello-Moruno R, Ruiz-Gutierrez V. The role
of virgin olive oil components in the modulation of
endothelial function. J Nutr Biochem. 2006; 17(7):429-445.
Grochot-Przeczek A, Dulak J, Jozkowicz A. Heme
oxygenase-1 in neovascularisation: a diabetic perspective.
Thromb Haemost. 2010; 104(09):424-431.

Staton CA, Valluru M, Hoh L, Reed MW, Brown NJ.
Angiopoietin-1, angiopoietin-2 and Tie-2 receptor
expression in human dermal wound repair and scarring. Br J
Dermatol. 2010; 163(5):920-927.

Perdomo L, Beneit N, Otero YF, Escribano O, Diaz-
Castroverde S, Gémez-Hernandez A, Benito M. Protective
role of oleic acid against cardiovascular insulin resistance
and in the early and late cellular atherosclerotic process.
Cardiovasc Diabetol. 2015; 14(1):75.

Rodrigues HG, Vinolo MA, Sato FT, Magdalon J, Kuhl
CM, Yamagata AS, Pessoa AF, Malheiros G, Dos Santos
MF, Lima C, Farsky SH. Oral administration of linoleic
acid induces new vessel formation and improves skin
wound healing in diabetic rats. PloS One. 2016;
11(10):e0165115.

Edwards SB, Svahn JK, Kirk JS, Llaguna OH, Habib NA.
Peripheral Vascular Disease in Diabetes. InPrinciples of
Diabetes Mellitus. 2017. 459-468 p.

Kriiger-Genge A, Blocki A, Franke RP, Jung F. Vascular
endothelial cell biology: an update. Int J Mol Sci. 2019;
20(18):4411.

6491

© 2026 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



44,

46.

47.

48.

49.

Trop J Nat Prod Res, January 2026; 10(1): 6485 — 6492

Yang Z, Yang Y, Xiong K, Li X, Qi P, Tu Q, Jing F, Weng
Y, Wang J, Huang N. Nitric oxide producing coating
mimicking endothelium function for multifunctional
vascular stents. Biomaterials. 2015; 63:80-92.

E. The role of heme oxygenase 1 in the protective effect of
caloric restriction against diabetic cardiomyopathy. Int J
Mol Sci. 2019; 20(10):2427.

Abraham NG, Junge JM, Drummond GS. Translational
significance of heme oxygenase in obesity and metabolic
syndrome. Trends Pharmacol Sci. 2016; 37(1):17-36.

Xu Z, Chu Z, Li W, Sun T, Sun X. Grape seed extracts
attenuate retinal Muller cell gliosis in streptozotocin-
diabetic rats. J Funct Foods. 2018; 50:45-52.

Inoguchi T, Sonoda N, Maeda Y. Bilirubin as an important
physiological modulator of oxidative stress and chronic

45.

50.

51.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Waldman M, Nudelman V, Shainberg A, Zemel R,
Kornwoski R, Aravot D, Peterson SJ, Arad M, Hochhauser

inflammation in metabolic syndrome and diabetes: A new
aspect on old molecule. Diabetol Int. 2016; 7(4):338-341.
Fujii M, Inoguchi T, Sasaki S, Maeda Y, Zheng J,
Kobayashi K, Takayanagi R. Bilirubin and biliverdin
protect rodents against diabetic nephropathy by
downregulating NAD (P) H oxidase. Kidney Int. 2010;
78(9):905-919.

lkeda N, Inoguchi T, Sonoda N, Fujii M, Takei R, Hirata E,
Yokomizo H, Zheng J, Maeda Y, Kobayashi K, Takayanagi
R. Biliverdin protects against the deterioration of glucose
tolerance in db/db mice. Diabetologia. 2011; 54(8):2183-
2191.

6492

© 2026 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



