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INTRODUCTION
Pteleopsis suberosa Engl. and Diels (Combretaceae) is a 
deciduous shrub, 6–10 m tall with characteristic bark 
distinctively covered with corky warts. It occurs freely  
in West Africa, from Senegal east to Nigeria. The  
different parts of P. suberosa (PS) have been medicinally 
used throughout West Africa. A decoction of the fresh  
roots is normally applied as enema, purgative, anti-
dysentery and to treat dermatitis, stomach ache and 
gastric ulcers.1 Its roots and young shoots extracts are 
taken as antituisive. The bark or leafy twig infusion of 
PS is also ethnomedicinally valued to treat jaundice, 
toothache, haemorrhoids, filariasis, wounds, conjunc-
tivitis, trachoma, cataract and as aphrodisiac.2,3 It has 
also been reported to be rich in triterpenoids, coumarins  
and tannins as its essential phytonutrients.4 

Pteleopsis suberosa Engl. and Diels (Combretaceae)  
aqueous stem bark extract extenuates oxidative damage in 
streptozotocin-induced diabetic Wistar rats
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Aims: This study evaluated the hypoglycaemic and antioxidant activity of its aqueous stem  
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monitored for 15 days. The bioactive constituents of PSAE were analyzed using Gas Chroma-
tography-Mass Spectrometry (GC-MS) technique. Results: Treatment with PSAE markedly 
(p< 0.05) ameliorated the concentrations of blood glucose and improved the lipid metabolism 
imbalance in the diabetic animals. Also, while PSAE significantly (p<0.05) improved glycogen  
and glutathione (reduced) levels as well as glucose-6-phosphate dehydrogenase, superoxide  
dismutase and catalase activities, the concentrations of glucose and malondialdehyde coupled 
with the activity of α-amylase were significantly reduced in the liver of PSAE-administered 
diabetic animals when compared with those of the normal control and untreated diabetic 
groups. The observed improvements could be associated with the phytoconstituents of PSAE 
as evident from the results of the GC-MS analysis. Put together, the elicited effects compared  
favorably well with metformin (a standard hypoglycemic drug) and are suggestive of antidia-
betic and antioxidant capabilities of the extract. Conclusion: The scope of the data presented 
in this study indicates that the extract ameliorated streptozotocin-induced diabetes in rats and 
it is suggested to be mediated via antioxidant and concerted blood glucose lowering actions.
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Key Messages: Pteleopsis suberosa potentiates significant antioxidant and concerted blood 
glucose lowering actions. Such properties ultimately present P. suberosa as a promising new 
lead that could be harnessed as functional food and in the development of oral hypoglycaemic 
drugs.
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The upsurge in the prevalence of diabetes mellitus  
(DM) has remained a significant health challenge 
with marked economic burden.5,6 While DM is 
already a prominent and well known disease in 
industrialized nations, its status and occurrence 
in the developing countries is also alarming, with 
the type 2 form accounting for more than 90% of 
reported cases.7,8 With this report, more than 552 
million individuals of the global population are  
estimated to be diabetic by the year 2030, if no suitable  
alternative is in place.9,10 The effectiveness of orthodox  
management of DM through the use of oral hypo-
glycemic drugs is undoubtable, however factors 
such as high cost and significant side effects have  
undermined their application till date. Accordingly, 
emerging evidence-based research focused on  
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diabetes care are now exploring more affordable and easily accessible 
natural herbal preparations.11,12 Such studies are not only envisioned to 
advance the path for a new therapeutic strategy for diabetes treatment 
and its related complications,13,14 but also offer safer and more affordable  
adaptogenic bioactive agents that will improve the quality of life of  
diabetic patients.15 Interestingly, the results of many ethnobotanical 
surveys of the antidiabetic medicinal plants in West Africa, particularly  
from Togo,16 Oyo State, Nigeria17 and Cotonou, Benin Republic,18 
revealed the roots, leaf and stem barks of PS as a prominently employed  
herb in the treatment of DM. In spite of these reports, the scientific  
validation of the hypoglycaemic potentials of PS is still lacking in litera-
tures till date. It is on this background, that the present study investigates 
its antidiabetic potential in vivo. The analysis of its adaptogenic constitu-
ents and antioxidant potentials were also conducted.

MATERIALS AND METHODS
Drugs, reagents, assay kits and chemicals
Streptozotocin (STZ) and metformin were products of Qianjin Phar-
maceutical Company Limited, China and Santa Cruz Biotechnology, 
Germany, respectively. While potassium ferricyanide (K3Fe(CN)6), 
2,2-diphenyl-1-picrylhydrazyl (DPPH), vitamin C, trichloroacetic acid,  
phosphate buffer and sucrose were supplied by Sigma-Adrich Company,  
Missouri, USA, all the assay kits (except otherwise stated) including 
those for the determination of high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C), total cholesterol 
(TC) and triacylglycerides (TG) were purchased from Randox Laboratory  
Limited, United Kingdom. All the other reagents and chemicals used 
were of analytical standard.

Sample collection, identification and extraction
The stem barks of P. suberosa used in this study were taken from a farm 
in Malete, Kwara State, Nigeria, in January, 2016 and authenticated 
(voucher number UIH 001/1213) by Mr. Bolu Ajayi. 
The barks were thoroughly rinsed with distilled H2O prior to pulveri-
zation. Subsequently, a portion (500 g) of the powdered sample was 
extracted with distilled H2O (5 L) with regular shaking for 2 days. Using 
Whatman No. 1 filter paper, the obtained mixture was filtered and the 
filtrate lyophilized. The extract obtained (PSAE) was kept air-tight at 4°C 
before use.

Animals used
The adult male Wistar strain rats (weight 150–200 g) used in this study 
were obtained from the Experimental Animal House Unit of University 
of Ilorin, Nigeria. They were acclimatized for 2 weeks in a well-ventilated 
house with optimum conditions (humidity of 45-50%, photoperiod of  
12 h light and 12 h dark cycle and a temperature of 23 ± 1°C) and had  
ad libitum access to feed and potable water. The overall experimental  
protocols were reviewed and certified by the Department of Medical  
Biochemistry and Pharmacology, Kwara State University, Nigeria in 
accordance with National Institute of Health for the Care and Use of 
Laboratory Animals (#85-23)19 and National Research Council Guide.20

Diabetes induction
This was done adopting the method of Bell and Jr. Hye.21 Briefly, the rats 
were fasted overnight prior to a single dose (65 mg/kg b.w.) of STZ in 
citrate buffer (0.01 M, pH 4.5) intraperitoneally administered. Using a 
glucose oxidase-based glucometer (Accu-Chek, Roche Products (Pty) 
Ltd., South Africa), the blood glucose of each animal before induction 
and after 48 h was determined. Animals having blood glucose of at least 
250 mg/dL after 48 h and had hyperglycemia for the next 3 days with  
characteristic behavioral changes such as excess thirst and frequent  

urination were considered diabetic and recruited for the study. At the 
time of induction, control rats were injected with citrate buffer (0.5 mL) 
alone.

Experimental protocol
The thirty rats recruited for the study were randomized into six groups of 
five animals each. The normal control (Group 1) and Group 2 (diabetic  
control) animals received 1.0 mL each of distilled H2O. Group 3 com-
prised diabetic animals treated with metformin (14.2 mg/kg b.w.), while  
animals in Groups 4 to 6 are diabetic rats respectively administered  
1.0 m L each of 50, 100 and 200 mg/kg b.w. of PSAE. Administrations 
were orally performed daily and lasted for 15 days.
The chosen doses (50-200 mg/kg b.w.) in this study were primed by the 
results of the survey on the use of PS in diabetes care and the initial 
evaluation of its maximum safe and minimum effective doses.22

On the 15th day, the animals were humanely anaesthetized and blood 
(2.0 mL and 5.0 mL respectively) was collected into EDTA-coated tubes 
and plane tubes for lipid profile and biochemical analyses. The animals 
were also quickly dissected and the liver removed, cleaned, homogenized 
[Tris-HCl buffer (pH 7.4) containing 1.15% KCl and 0.05 M Tris-HCl] 
and subsequently used for hepatic glycaemic indices and antioxidant 
analyses.

Biochemical assays
Estimation/monitoring of blood glucose level and lipid 
profiles
At every other day throughout the experimental period and subsequent 
to a 12-h fast, sample of blood was taken from the caudal vein of the rats 
and used to determine their blood glucose level (glucometer).
The serum lipid profiles (HDL-C, LDL-C, TC, TG and TC) were evalu-
ated as per the manufacturer’s instructions in the kits.

Determination of glucose, glycogen and enzyme 
activities in the liver homogenate 
The level of glycogen content was estimated as earlier reported,23 while the  
units of glucosyl were enzymatically evaluated.24 The glucose-6-phosphate  
dehydrogenase (G6PDH) and α-amylase activities were respectively 
evaluated as described by Lohr and Waller25 and McCue et al.26

Determination of hepatic antioxidant status
While the level of lipid peroxidation in terms of malondialdehyde  
(MDA) was estimated as earlier described,27 the respective tissue activities  
of enzymic antioxidants [catalase (CAT) and superoxide dismutase 
(SOD)] and the reduced glutathione (GSH) level were evaluated adopting  
the procedures of Aebi,28 Marklund and Marklund,29 and Ellman.30 

In vitro antioxidant assays
Using the methods of Oyaizu,31 Ruch et al.32 and Turkoglu et al.33 the 
reducing power capability as well as the H2O2 and DPPH radicals scav-
enging potentials of PSAE were evaluated respectively. 

Phytoconstituent analysis of PSAE using GC-MS
The Agilent Technologies GC systems with GC-7890A/MS-5975C model 
(Agilent Technologies, Santa Clara, CA, USA) equipped with HP-5MS 
column (30 m in length × 250 μm in diameter × 0.25 μm in thickness of  
film) was used in the analysis. The concentration of the individual  
constituent in PSAE was presented as % on the basis of the peak area in 
the chromatogram. For their identification, matching of their characteristic  
features with the different components in the NIST library was used.
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Statistical evaluation
Except otherwise stated, the data were processed by one-way analysis of 
variance complemented with Duncan’s Multiple Range Test using SPSS 
software package for windows V16.0. Results are represented as mean ±  
standard error of the mean (SEM) of replicate determinations. At a p < 0.05  
confidence level, the values of the mean were considered statistically  
significant.

RESULTS
All the animals showed characteristic normal blood glucose levels prior 
to STZ-treatment (Figure 1). Except for the normal control group that 
had fairly constant normal blood glucose level, all the STZ-adminis-
tered groups had significantly high blood glucose levels subsequent to 
induction. However, the continuous administration of PSAE for 15 days 
resulted in significantly (p < 0.05) reduced blood glucose concentration  
in the diabetic animals at the end of the experiment (Figure 1). It is note-
worthy that, the most pronounced effects with normoglycaemic levels  
(≤ 120 mg/dL) were evident in the rats administered 100-200 mg/kg b.w. 
PSAE after 13 days of treatment and they compared favourably well with 
metformin-treated animals (Figure 1).
The data obtained on the influence of PSAE on the serum lipid profiles 
of the experimental rats are presented in Table 1. A significant (p < 0.05) 
rise (more than 1.5 fold) in the concentrations of LDL-C, TG and TC and 
reduction in HDL-C level was observed in the diabetic control animals 
relative to the normal control group. However, when compared with  
the normal control, administration of the extracts and metformin  
significantly (p < 0.05) reverted the trends in these lipid parameters to 
near normalcy (Table 1).
The effects of PSAE treatments on the glucose and glycogen contents in 
the liver as well as the activities of α-amylase and G6PDH of STZ-chal-
lenged animals are shown in Table 2. Compared with the normal control 
animals, there was a significant (p< 0.05) increase in the hepatic glucose 
concentration of the diabetic control animals, while the glycogen content 
decreased significantly. The observed elevation in the glucose level was 
however significantly ameliorated following the 15-day treatment with 
PSAE. While PSAE at 50 mg/kg b.w. dose elicited glucose lowering effect 
that compared well with metformin, those of the higher doses had values 
comparable to the normal control rats. The reduced glycogen contents  
in the diabetic control rats were also increased concentration-depend-
ently in the extract-treated rats with the 200 mg.kg-1 dose eliciting the 

Figure 1: Effect of oral administration of aqueous stem bark extract of 
P. suberosa on blood glucose levels in diabetic rats  (n = 5, mean ± SEM). 
BI= Before induction, AI= After induction

Table 1: Effect of oral administration of aqueous stem bark extract of P. 
suberosa on serum lipid profile (mg/dL) in diabetic rats.

Treatments LDL-C HDL-C TG TC

Normal control 32.50 ± 
1.03a 

 13.62 ± 
0.36a

 106.33 ± 
0.67a

50.21 ± 
0.80a 

Diabetic control (DA) 60.01 ± 
1.10b 

 8.03 ± 
0.45b

 303.11 ± 
0.23b

87.32 ± 
0.11b 

DA + Met. (14.2 mg/kg b.w.) 38.23 ± 
0.99c 

 15.82 ± 
0.35c

 203.61 ± 
0.44c

53.33 ± 
0.25a 

DA + 50 mg/kg b.w. extract 36.25 ± 
0.86c 

 14.21 ± 
0.17c

 220.11 ± 
0.67c

59.67 ± 
0.65c 

DA + 100 mg/kg b.w. extract 35.32 ± 
1.11c 

 14.99 ± 
0.22c

 139.62 ± 
0.12d

51.77 ± 
0.24a 

DA + 200 mg/kg b.w. extract 33.01 ± 
0.62a 

 15.01 ± 
0.72c

 101.32 ± 
0.18a

50.70 ± 
0.66a 

(n = 5, mean ± SEM). abcdValues with different superscripts along the same column 
for each parameter are significantly different (P < 0.05). DA; diabetic animal

Table 2: Effect of oral administration of aqueous stem bark extract of P. 
suberosa on hepatic levels (mg/g) of glucose and glycogen and specific 
activities (nm/min/mg protein) of α-amylase and G6PDH in diabetic rats.

Treatments Glucose Glycogen α-amylase G6PDH

Normal control 16.00 ± 
0.99a 

 13.16 ± 
0.77a

 13.34 ± 
0.01a

350.94 ± 
3.66a 

Diabetic control (DA) 34.87 ± 
0.23b 

 6.21 ± 
0.11b

 25.74 ± 
0.03b

20.80 ± 
1.09b 

DA + Met.  
(14.2 mg/kg b.w.)

18.89 ± 
0.32c 

 12.82 ± 
0.62a

 13.57 ± 
0.02a

182.96 ± 
2.01c 

DA + 50 mg/kg b.w. 
extract

18.41 ± 
0.21c 

11.33 ± 
0.15c

 12.93 ± 
0.01a

82.24 ± 
1.89d 

DA + 100 mg/kg b.w. 
extract

15.05 ± 
0.10a 

11.80 ± 
0.35c

 16.33 ± 
0.07c

113.81 ± 
2.80e 

DA + 200 mg/kg b.w. 
extract

15.09 ± 
0.11a 

 13.34 ± 
0.15a

 15.80 ± 
0.06c

180.03 
±1.99c 

(n = 5, mean ± SEM). abcdeValues with different superscripts along the same  
column for each parameter are significantly different (P < 0.05). DA; diabetic  
animal, G6PDH; glucose-6-phosphate dehydrogenase

most profound influence that compared favourably well with that of the 
normal control group (Table 2). Similarly, the respective elevation and  
decrease in the hepatic activities of α-amylase and G6PDH of the  
diabetic control animals was significantly and concentration-dependently  
reversed in PSAE-administered groups. Although, PSAE at the highest 
tested dose only compared with metformin on regulating the activity of 
G6PDH, it potentiated α-amylase modulatory effect that competed well 
with both the metformin-treated animals at the lowest tested dose and 
normal control (Table 2).
Observable from Table 3 are the impacts of PSAE administrations on the 
hepatic antioxidant level and lipid peroxidation product of the animals. 
CAT and SOD activities were significantly (p  <  0.05) induced by the 
extract in a dose-dependent pattern. The inductions markedly (p < 0.05)  
reversed the observed STZ-induced attenuation in the enzymes’ activi-
ties in the diabetic control rats and the effect compared favorably with 
metformin. Similarly, the STZ-mediated reduction in GSH level and the 
increased MDA concentration in the diabetic control rats were signifi-
cantly reversed in PSAE-treated animals (Table 3).
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The data from phytoconstituent analysis of PSAE using GC-MS showed 
that arjunglucoside (67.36%), taxifolin (7.42%), luteolin (4.88%), reser-
pine (3.72%), furoquinoline (3.51%), berberine (3.02%), ursolate (2.23%) 
and cryptolepine (2.00%) are the main phytonutrients in PSAE (Table 5, 
Figure 3).

DISCUSSION
Sustained hyperglycaemia is a characteristic feature of diabetes. In this 
study, the tending towards normalcy of the concentration of blood 
glucose in the extract-treated animals over the 15 days administration 
period is a probable indication of the significant hypoglycemic effect of 
PSAE. 
Besides hyperglycemia, alteration in the lipid profile is an obvious occur-
rence in the diabetic state. For instance, the serum level of TC is often 
increased in diabetic state and such a rise is a potential indicator for  
coronary heart disease. This elevated serum level of TC during diabetes  
is attributable to either the increased hepatic activity of 3-hydroxyl 
3-methylglutaryl co-enzyme A reductase or increased free fatty acids  
mobilization from the stores, since insulin inhibits the hormone sensitive  
lipase.34 Similarly, while an elevated TG level is a risk factor for heart 
related disorders, increase in the concentrations of LDL-C and TC with 

Table 3: Effect of aqueous stem bark extract of P. suberosa on hepatic 
antioxidant systems and lipid peroxidation product (MDA) in diabetic 
rats.

Treatments
µmol/min/mg protein µmol/g tissue

SOD CAT GSH MDA

Normal control 50.52 ± 
0.06a 

 36.69 ± 
0.05a

 40.13 ± 
0.07a

3.55 ± 
0.01a 

Diabetic control (DA) 12.82 ± 
0.04b 

 10.09 ± 
0.03b

 10.62 ± 
0.06b

8.96 ± 
0.08b 

DA + Met.  
(14.2 mg/kg b.w.)

56.62 ± 
0.01c 

 35.32 ± 
0.05a

 29.35 ± 
0.05c

2.99 ± 
0.02a 

DA + 50 mg/kg b.w. 
extract

48.32 ± 
0.03d 

 30.35 ± 
0.07c

 28.62 ± 
0.02c

3.10 ± 
0.01a 

DA + 100 mg/kg b.w. 
extract

56.38 ± 
0.04a 

 30.31 ± 
0.6c

 33.19 ± 
0.02d

3.09 ± 
0.03a 

DA + 200 mg/kg b.w. 
extract

56.59 ± 
0.02a 

 36.62 ± 
0.05a

 38.62 ± 
0.07a

3.21 ± 
0.08a 

(n = 5, mean ± SEM). abcdValues with different superscripts along the same  
column for each parameter are significantly different (P < 0.05). DA; diabetic 
animal. SOD; superoxide dismutase, CAT; catalase, GSH; glutathione (reduced), 
MDA; malondialdehyde

Table 4: In vitro antioxidant properties of aqueous stem bark extract of 
P. suberosa.

Treatment 
DPPH H2O2

IC50(µg/mL) R2 IC50(µg/mL) R2

Extract 2.06 ± 0.02 0.9245 0.73 ± 0.01 0.9682

Vitamin C 1.99 ± 0.01 0.9732 0.75 ± 0.03 0.9188

(n = 3, mean ± SEM)

Table 5: Phytoconstituents of aqueous stem bark extract of P. suberosa.

Peak RT (min) % AP MF Nomenclature

1 1.43 2.23 C30H48O3 Ursolate

2 1.67 1.50 C17H26O4 Gingerol

3 1.87 2.00 C16H12N2 Cryptolepine

4 2.15 1.22 C30H48O3 Oleanolate

5 5.07 4.88 C15H10O6 Luteolin

6 5.82 1.49 C15H10O6 Kaempferol

7 6.20 1.66 C15H10O5 Apigenin

8 6.57 3.51 C11H7NO Furoquinoline

9 7.80 67.36 C36H58O11 Arjunglucoside

10 9.58 7.42 C15H12O7 Taxifolin

11 9.85 3.72 C33H40N2O9 Reserpine 

12 10.23 3.02 C20H18NO4
+ Berberine

RT= retention time, AP= area peak, MF= molecular formula

Figure 2: Reducing power effect of aqueous stem bark extract of  
P. suberosa (n = 3, mean ± SEM). Bars with different superscripts for the 
parameter are significantly different (p < 0.05).

Figure 3: GCMS chromatogram of aqueous stem bark extract of  
P. suberosa.

Table 4 and Figure 2 show the antioxidant properties of PSAE in vitro. 
Judging by the IC50 value of 2.06 µg/mL for PSAE when compared with 
vitamin C (1.99 µg/mL), the extract scavenged the radicals formed with 
marked effect elicited on DPPH radicals. Also, compared with vitamin C 
(IC50 0.75 µg/mL), PSAE (IC50 0.73 µg/mL) remarkably scavenged H2O2 
radical (Table 4). Although, the reducing power potential of the extract  
on ferric ion compared well with that of vitamin C at lower concentra-
tions, better effects were evident at the higher doses investigated (Figure 2).
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corresponding reduction in HDL-C as normally observed in diabetes are 
closely linked with inherent risk of myocardial infarction.35 In this study, 
treatments with PSAE was not only able to reduce the concentrations of 
LDL-C, TG and TC but also markedly improve the serum concentrations 
of HDL-C in the diabetic animals to near normalcy when compared with 
the diabetic control animals. While the effect of PSAE on the reduction 
of TC could be attributed to the reduced activity of 3-hydroxyl 3-meth-
ylglutaryl co-enzyme A reductase and increased bile acid excretion, the 
overall modulations in the lipid profile as evidently elicited by PSAE  
could be suggestive of its capability to protect the myocardial membrane,  
thereby proving to be effective in reducing the risks of cardiovascular 
diseases. Such significant improvement in the lipid profile could be 
linked to the anti-hyperlipidemic agents in PSAE. The observations on 
the lipid parameters in this study are consistent with previous reports,36,37 
where normalizations of HDL-C, LDL-C, TG and TC in STZ-challenged 
animals were attributed to treatment with extracts of C. longa, A. augusta 
and G. biloba, respectively.
At any given time, the glycogen level in the system is a pointer to insulin 
activity. Intracellular glycogen assembly is facilitated by insulin under  
the respective inhibitory and stimulatory roles of glycogen phosphorylase 
and glycogen synthase.38 Since STZ inflicts pathological damage on the  
insulin-producing β-cells, it may be logically inferred that the significantly  
reduced hepatic glycogen concentration in the diabetic animals in this 
study may be due to either insufficient or total lack of insulin to stimulate 
glucose-glycogen conversion. The consequence of this is the abnormally 
increased concentrations of hepatic glucose in the untreated diabetic 
animals that contributed to sustained hyperglycaemia as observed in this 
study. However, the significantly modulated glycogen and glucose levels 
towards normalcy subsequent to treatment with PSAE may be indicative  
of its anti-hyperglycaemic potential. This might have involved con-
comitant stimulation and inhibition of the specific activities of glycogen  
synthase and glycogen phosphorylase, respectively. Similar submissions 
on the effects of plant extracts on the hepatic levels of glucose and glycogen  
have also been reported.39,40 
Of the carbohydrates-metabolizing enzymes, 𝛼-amylase is an important 
pharmacological target in the management of DM.41 It facilitates hydro-
lysis of starch to glucose with consequential increase in the systemic 
concentration of glucose. This increased hyperglycaemia may constitute  
a crucial risk factor for microvascular and macrovascular complications  
development as usually the case in DM.42 Hence, inhibition of this 
enzyme will delay glucose absorption and moderates postprandial blood 
glucose level.43 In the pentose phosphate pathway, the enzyme G6PDH is  
implicated in extra-mitochondrial NADPH production through regula-
tion of the committed step involving formation of 6-phosphogluconate  
from glucose-6-phosphate. Its reduced activity is inimical to carbohydrate  
metabolism with an overall effect manifesting as hyperglycaemia. As 
observed in this study, PSAE had marked inhibitory effect on the specific  
activity of 𝛼-amylase and this is therapeutically significant in regulating  
the rate of starch hydrolysis to free glucose. This observation may imply 
that PSAE is enriches with phytoconstituents that can effectively associate  
with the 3-dimensional structure of the enzyme to potentiate their inhib-
itory effect. Unlike the inhibitory influence of PSAE on the activity of 
𝛼-amylase, the significantly enhanced specific G6PDH activity in PSAE-
administered animals may signify glucose lowering effect of PSAE. This 
might have been achieved through facilitated channelling of glucose 
into other routes like glycolytic pathway rather than pentose phosphate  
pathway in an attempt to ameliorate hyperglycaemia, thus stimulating  
G6PDH activity. This concept is further supported by the observed  
reduction in the hepatic glucose levels of the PSAE-administered  
animals over the 15-day experimental period. Our findings agree with  
earlier submissions.40,44 The authors opined that improvement in the  

specific activities of 𝛼-amylase and G6PDH following STZ intoxication  
in rats was due to the respective normoglycaemic effects of sodium 
molybdate and A. ringens root extracts.
Apart from the increasing evidence from experimental, epidemiological 
and clinical data that, reactive oxygen species (ROS) are involved in the 
pathogenesis of DM and its complications, other critical events such as 
autooxidation of glucose, non-enzymatic protein glycosylation, alteration 
in antioxidant enzymes’ (SOD, CAT) status, impaired GSH metabolism 
and lipid peroxides formation (MDA) have also been implicated. The 
present findings indicate significant reduction in GSH, SOD and CAT  
in the diabetic rats and their subsequent improvement by PSAE treatment.  
GSH is multitasked in antioxidant defense system with a direct primary 
role as ROS scavenger coupled with significant involvement in peroxide  
detoxification.45 The decreased GSH level and the activities of CAT 
and SOD in the untreated diabetic animals could depict response to  
increased H2O2 and O2 production resulting from glucose autooxidation.  
These non-enzymic and enzymic antioxidants work synergistically 
in maintaining optimal concentrations of O2 and H2O2 by enhancing 
prompt ROS dismutation and annihilating hydroperoxides and organic 
peroxides produced from STZ treatment.46 The observed increases in the 
enzymes’ activities and GSH level in PSAE-treated rats may be indicative 
of the antioxidant activity of PSAE. Furthermore, the increased levels 
of MDA (a lipid peroxidation product) as evident from the untreated 
diabetic groups in this study could be correlated with intensified ROS 
autooxidation of the hepatic membranal lipids. Such observation on the 
elevated concentrations of lipid peroxide products has been previously 
reported and attributed to STZ-induced hyperglycaemia in experimental 
animals.47 Conversely, treatment with the extract significantly reduced 
MDA levels and this may be indicative of the antioxidant activity of 
PSAE. It may also suggest that the extract is rich in phytoconstituents of  
antioxidant significance that could effectively boost the antioxidant  
status of the animals, thereby mitigating STZ-mediated oxidative stress. 
In addition to further supporting that PSAE offered significant level of  
antioxidant and antidiabetic action at the investigated doses, this  
observation is also consistent with the report of Ravi et al.48 when  
evaluating the hypoglycaemic potential of E. jambolana seed kernel in 
STZ-challenged animals. 
In the same vein, the observed marked in vitro anti-radical activities 
of the extract as revealed by its IC50 values relative to that of vitamin C 
(reference standard) is another tenable fact supporting its antioxidant  
potential. Such effect as elicited by PSAE against the investigated  
radicals is informative its capability to stall ROS cascade reactions 
associated with diabetes and its complications. This might have been 
facilitated by the ability of the phytonutrients in PSAE to either donate 
electron/H atom to incapacitate ROS or compete with O2 to react with 
NO to inhibit NO3* formation and as such complementing the in vivo 
antioxidant activities of PSAE.
Put together, the pharmacological properties shown by PSAE in the present  
study could be closely associated with its phytonutrients with well-defined  
antioxidant potential as revealed by the GC-MS results. Besides the 
antioxidant potential of these compounds, the significant antidiabetic 
activities of arjunglucosides, furoquinoline, ursolate, gingerol and 
kaempferol to stimulate regeneration of pancreatic β-cells have been well 
established.49-53 The marked beneficial role of taxifolin, cryptolepine and 
reserpine in inhibiting activities of carbohydrate metabolizing enzymes 
and preserving β-cell function through oxidative stress obliteration have 
also been documented.54-56 Furthermore, while the improved hemostatic  
imbalance and glycemic control, attenuated lipid peroxidation and  
ameliorated inflammatory and oxidative stress in diabetic animals have been  
linked with antidiabetic attributes of luteolin, gingerol and ursolate,49,53,57 
berberine and kaempferol have been opined to elicit antidiabetic influence  
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of P. suberosa elicited marked hypoglycemic potential in STZ-challenged 
diabetic animals. The data also divulged the beneficial attributes of the 
extract in boosting antioxidant defense systems and improving the lipid 
metabolism imbalance experienced during diabetes. Beside these attri-
butes, PSAE could also protect liver impairment due to diabetes and as 
such stands a promising chance as a viable new lead candidate to manage 
and treat diabetes and its accompanying complications.
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Considering the foregoing, a probable mechanism of antioxidant and 
hypoglycaemic actions of PASE could be conceptualized (Figure 4).  
This may be proposed to potentiate hypoglycaemia through regulatory 
influence on carbohydrate metabolizing enzymes (α-amylase, G6PDH)  
that would facilitate delay in carbohydrate digestion and reduce insulin  
resistance. The antioxidant constituents of the extract may facilitate  
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controlling expressions of pAMPK and TNFα in the kidneys. Such effect 
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constituents in PSAE may offer further protection against oxidative 
damage and by so doing facilitate induction and optimization of SOD 
and CAT that would ultimately increase the level of GSH and effectively 
annihilate the deleterious effects of ROS (Figure 4). 

CONCLUSION
Based on the available data presented in this study, it may be logically 
concluded that the 15-day administration of aqueous stem bark extract 

Figure 4: A scheme of the tentative mechanisms of antidiabetic ac-
tions of aqueous stem bark extract of P. suberosa in Wistar rats. P. 
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duction and optimization of SOD and CAT activities that eventually 
improve GSH content, (i) arrest lipid peroxidation and (ii) effectively  
halt oxidative stress. These events will ultimately (b) prevent hyper-
glycaemia and abort the likelihood of occurrence of diabetes com-
plications. The constituents may also facilitate (c) glucose-mediated 
insulin secretion and protection of β-cells against oxidative damage 
via regulation of pAMPK and TNFα expression, (d) effective regulation  
of carbohydrate enzymes’ activities, reduce insulin resistance and 
subsequently improve glucose uptake, (e) increase in the number 
of pancreatic islets that will enhance improved glucose tolerance,  
stimulate insulin secretion and ultimately attenuate high blood  
glucose level. SOD; superoxide dismutase, CAT; catalase, GSH;  
reduced glutathione, pAMPK; phosphorylated 5’ AMP-activated  
protein kinase, TNFα; tumor necrosis factor alpha, G6PDH;  
glucose-6-phosphate dehydrogenase.
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GRAPHICAL ABSTRACT SUMMARY

•  Anti-diabetic effect of P. suberosa was evaluated in vivo
•  Its extract was tested on streptozotocin-induced oxidative damage in rats
•  Antioxidant activity and GC-MS analysis of the extract were also evaluated
•  The extract had concerted significant blood glucose lowering and antioxidant ef-

fects
•  Its phytonutrients were the implicated adaptogenic compounds for the elicited 

effects
•  The scheme for the tentative mechanisms of anti-diabetic actions of the ex-

tract was proposed


