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ABSTRACT
Background: Oxidative stress is frequently identified as a key element 
in the pathophysiology of many complications of diabetes mellitus, 
including reproductive complications. The antioxidant potential of 
medicinal plants have been suggested for therapeutic focus of diseases 
in recent reports. Objective: To investigate the effect of Basella 
alba  (Ba) aqueous leave extract on diabetes‑induced oxidative stress. 
Materials and Methods: Forty male Wistar rats  (8–10  weeks) were 
randomly divided into four groups  (n  =  10) and treated as follows; 
Control (C + Ns) and Diabetic (D + Ns) animals received oral normal saline 
0.5  ml/100  g body weight daily, while Healthy Treatment  (H  +  Ba) and 
Diabetic Treatment  (D + Ba) rats were given Ba extract at an oral dose 
of 200  mg/kg body weight daily. Treatment was by gavage and lasted 
4 weeks in all groups. Diabetes was induced in D + Ns and D + Ba rats 
by single intraperitoneal injection of streptozotocin (55 mg/kg) and fasting 
blood sugar (FBS) recorded weekly in all rats afterwards. Animals were 
euthanized at the end of the experiment and blood samples, pancreas, 
testes, and epididymis were preserved for analysis of oxidative stress 
biomarkers. Results: Oral administration of aqueous leave extract of 
Ba significantly  (P  <  0.0001) lowered FBS in D  +  Ba rats. There was 
significantly higher blood superoxide dismutase activity and serum ferric 
reducing antioxidant power, but lower serum concentration of conjugated 
dienes and thiobarbituric acid reactive substances in D + Ba compared to 
D + Ns rats (P < 0.05). Conclusion: Ba exerts antioxidant effects in the 
gonads by enhancing antioxidant parameters in circulating blood, but not 
necessarily in the gonadal tissues.
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SUMMARY
•  Oral treatment of diabetic rats with aqueous leave extract of Basella alba 

exerts antioxidant effects in the gonads by enhancing antioxidant parameters 
in circulating blood, but not necessarily in the gonadal tissues.

Abbreviations Used: AP – Antioxidant parameters, Ba – Basella alba, 
CAT – Catalase, CDs - Conjugated dienes, DM – Diabetes mellitus, FBS 
– Fasting blood sugar, FRAP - Ferric reducing antioxidant power, GSH - 
reduced glutathione, Ns – Normal saline, ORAC - oxygen radical antioxidant 
capacity,  RNS - reactive nitrogen species, ROS - reactive oxygen species, 
SOD - superoxide dismutase, TAC - Total antioxidant capacity, TBARS - 
thiobarbituric acid reactive substances, TEAC 
- trolox equivalent antioxidant capacity.
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INTRODUCTION
Oxidative stress as a result of increased production of free radicals is 
becoming more frequently identified as a key pathophysiological element 
in most complications of diabetes mellitus (DM).[1‑4] The body is equipped 
with a number of enzymatic and nonenzymatic antioxidant systems with the 
primary role of neutralizing free radicals such as reactive oxygen species (ROS) 
and reactive nitrogen species  (RNS), thereby rendering them nontoxic 
to body cells.[5] ROS are inevitable by‑products of normal physiological 
processes in the body and are required to an extent in the immune system 
for antimicrobial actions and also function as signaling molecules in the 
maintenance of intracellular homeostasis.[6] In conditions where the rate of 
generation of these free radicals is increased or the protective antioxidant 
mechanism is reduced, an imbalance occurs in favor of free radicals leading 
to increased oxidative stress and subsequent tissue damage.[7] The resultant 

tissue damage is caused by the tendency for these unstable oxygen/nitrogen 
species to enter into reactions with cellular component by donating free 
electrons which results in DNA damage and peroxidative changes in cell 
membrane.[8] This is the basis of most health complications of diseases that 
trigger increased generation of systemic oxidative stress, including DM.
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DM is a metabolic disorder that is characterized by chronic hyperglycemia 
due to relative or absolute insulin deficiency.[9] The two major classes 
of DM are insulin dependent or type  1 DM  (insulin deficiency due 
to auto‑immune β‑islet cell damage) and noninsulin dependent or 
type  2  (target organ resistance to insulin).[10] Both classes essentially 
encompass abnormalities in carbohydrate, fat, and protein metabolism 
due to deficient insulin action.[11] The persistent hyperglycemia in 
DM stimulate increased generation of ROS, which coupled with the 
weakened body defense system, result in an imbalance between ROS 
and antioxidants that culminates in oxidative stress.[12] The generation of 
oxidative stress in DM occurs through a number of pathophysiological 
routes. Chronic hyperglycemia might result in auto‑oxidation of glucose, 
a shift in redox balance, limited activities of antioxidant enzymes 
such as catalase  (CAT) and superoxide dismutase  (SOD) or depletion 
of low‑molecular‑weight antioxidants like Vitamin E and reduced 
glutathione  (GSH).[13] In addition, metabolic modification of proteins 
and/or lipids in DM leads to the formation of advanced glycation end 
products, which is said to increase generation of ROS as well as destroys 
the antioxidant enzyme system.[14]

Dysfunctional free radical scavenging and increased production of 
ROS/RNS have been frequently implicated in the pathophysiology of 
male reproductive complications of DM,[15,16] as well as other systemic 
complications. The use of medicinal plants as alternative therapies 
in the management of DM and its complications is therefore largely 
hinged on both the free radical scavenging and anti‑hyperglycemic 
potentials of the phytochemical components of such plants.[17] 
Basella alba (Ba), also called Malabar or Indian spinach, is a creeping 
mucilaginous green vegetable that have been reported for its 
anti‑hyperglycemic activity and successfully used in the treatment 
of experimental DM in rats.[18] Ba is believed to originate from Asia 
but is widely cultivated and consumed as vegetable in the humid 
tropical regions of Africa and have been reportedly used to relieve 
sexual asthenia in Cameroonian men.[19] Previous studies have also 
confirmed the androgenic properties of the plant[20,21] and unpublished 
experimental data by our research group demonstrated the value of 
Ba in alleviating some diabetes‑induced abnormalities in sperm 
parameters. The antioxidant properties of some of the phytochemical 
components of the plant have been suggested as a possible reason for 
the antidiabetic and profertility effects. This present study aimed at 
investigating the concise in vivo effect of orally administered aqueous 
leave extract of Ba on the various biomarkers of oxidative stress in 
the systemic circulation, pancreatic tissues as well as in the gonadal 
tissues of diabetic male rats.

MATERIALS AND METHODS
Plant material and extract preparation
Fresh Ba was collected from multiple locations within Osun state, 
southwestern Nigeria and authenticated by the Department of Botany, 
University of Ibadan, Nigeria under voucher number UIH‑22391. The 
leaves were removed from the stem, washed, and then dried at room 
temperature for about 4 weeks. This was macerated into fine powdery 
form and 100 g extracted in 1000 ml distilled water using the method 
of Iloki‑Assanga et  al., 2015.[22] The product of extraction was filtered 
through a muslin cloth and freeze‑dried into a powdery extract which 
was dissolved in normal saline to form the stock solution that was 
administered to rats by oral gavage during this study.

Animal care and ethical considerations
Male Wistar rats were obtained from the animal unit at Stellenbosch 
University and acclimatized in the animal experimental laboratory of 
the Faculty of Medicine and Health Sciences, Stellenbosch University, 

Tygerberg, South Africa. Animals had free access to food  (standard 
rat chow) and water with the exception of periods before fasting blood 
sugar (FBS) sample collection when they were fasted overnight. Housing 
was under standard atmospheric conditions and animals were exposed 
to a light/dark cycle of 12 h. Compliance with the National Institutes of 
Health Guidelines (National Institutes of Health Publication No. 80‑23, 
revised 1978) for the handling of Laboratory animals was ensured. The 
Health and Wellness Sciences Research Ethics Committee (HWS‑REC) 
of Cape Peninsula University of Technology, Cape Town, South 
Africa, granted ethical approval for this study with reference number; 
CPUT/HWS‑REC 2015/A04.

Study design
A total of forty male Wistar rats, 8–10 weeks of age were used for this study. 
These were randomly divided into four groups of ten rats each and treated as 
follows; Control (C + Ns) and Diabetic (D + Ns) animals received oral normal 
saline 0.5 ml/100 g body weight daily, and Healthy Treatment (H + Ba) and 
Diabetic Treatment (D + Ba) rats were given Ba extract at an oral dose of 
200  mg/kg body weight daily. Administration of the extract and normal 
saline was done by gavage using a metal endotracheal tube.

Induction of diabetes mellitus and measurement of 
fasting blood sugar
DM was induced in rats from diabetic control and diabetic treatment 
groups by single intraperitoneal injection of streptozotocin  (STZ), 
55  mg/kg subsequent to an overnight fast. STZ was prepared fresh 
just before each administration by dissolving in ice cold citrate 
buffer (0.1M) at a pH of 4.5. Animals were allowed access to food and 
water afterward, and FBS was recorded after 72 h to confirm diabetes. 
Rats with FBS above 11.1 mmol/L  (200  mg/dL) were considered 
diabetic and included in this study.[23] FBS was subsequently 
recorded weekly in all animals from the four experimental 
groups after the commencement of treatment. Blood sample was 
taken from tail capillaries to determine FBS using a standard 
glucometer (ONETOUCH® Ultra2).

Preparation of serum and whole blood samples
At the completion of 4 weeks of treatment, all animals were euthanized 
through exsanguination under high dose  (100  mg/kg) intraperitoneal 
sodium pentobarbital and blood was collected through cardiac 
puncture. For serum, blood was collected into serum clot activator 
tubes  (VACUETTE®) and centrifuged at 4000  rpm in 4°C for 10  min 
to get the supernatant. Whole blood samples were dispensed into 
ethylenediaminetetraacetic acid tubes and all samples were stored 
at −80°C until further biochemical analysis.

Preparation of tissue homogenates (pancreas, 
testes, and epididymis)
All animals in the four experimental groups were euthanized and 
dissected after blood sample collection. The pancreas, testes, and 
epididymis were excised, washed, and preserved at  −80°C. Frozen 
samples of these tissues were weighed and homogenized in glass tubes 
on ice, centrifuged at 15,000 rpm for 10 min at 4°C and the supernatant 
kept at −80°C for further analysis.

Analysis of reduced glutathione and antioxidant 
enzymes
The concentration of reduced GSH was determined in whole blood 
samples and tissue homogenates according to the method of Asensi 
et al.[24]
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SOD and CAT activities were determined in whole blood and tissue 
homogenates using the method described by Ellerby and Bredesen.[25]

Determination of antioxidant capacities
Antioxidant capacity was measured in all serum samples by three 
different methods; ferric reducing antioxidant power  (FRAP) was 
determined according to the method of Benzie and Strain,[26] trolox 
equivalent antioxidant capacity  (TEAC) was determined using the 
method described by Re et  al.,[27] and oxygen radical antioxidant 
capacity (ORAC) according to the method of Cao and Prior.[28]

Estimation of lipid peroxidation
Lipid peroxidation was quantified through two methods; Initiation 
of peroxidation was assessed by measuring conjugated dienes  (CDs) 
concentration in serum samples according to the method of Recknagel 
and Glende.[29] Termination of lipid peroxidation was assessed 
by determining the concentration of thiobarbituric acid reactive 
substances  (TBARS) in serum samples according to the method of 
Esterbauer and Cheeseman.[30]

Statistical analysis
Data for all parameters are expressed as mean ± standard error of the 
mean. GraphPad Prism version 5.0 (GraphPad Software, Inc. USA) was 

used for the data analysis employing analysis of variance for multiple 
comparisons with Bonferroni’s posttest. Confidence interval was placed 
at 95% (P < 0.05).

RESULTS
Effect of Basella alba on fasting blood sugar
Ba significantly lowered FBS in rats from the diabetic treatment group 
after 4 weeks of treatment as opposed to the diabetic control group where 
FBS was significantly higher after the experimental period (P < 0.0001 
and P < 0.001 respectively versus FBS before treatment). This is shown 
in Table 1.

Effect of Basella alba on enzymatic and 
nonenzymatic antioxidants
As demonstrated in Table 2, the blood concentration of nonenzymatic 
antioxidant GSH and antioxidant enzymes SOD and CAT were 
significantly lower in samples from rats in the D  +  Ns group when 
compared to C + Ns and H + Ns rats  (P  <  0.001 for GSH and SOD, 
P < 0.05 for CAT). However, apart from the lower concentration of SOD 
in pancreas homogenates (P < 0.05), the differences in concentration of 
these antioxidants in tissue homogenates were not statistically significant 
when the D + Ns group was compared to C + Ns group. SOD concentration 
in blood was also observed to be significantly higher (P < 0.05) in diabetic 
rats treated with the plant extract  (D + Ba) when compared with the 
untreated diabetic (D + Ns) counterpart. However, all other differences 
observed in blood and tissue concentrations of the three antioxidant 
parameters between the D + Ba and D + Ns groups were not statistically 
significant.

Effect of Basella alba on the antioxidant capacities 
of serum
Figure  1a demonstrates a significantly  (P  <  0.05) lower FRAP in the 
serum samples from diabetic rats when compared to the remaining 
three groups. There was no significant difference in TEAC among the 
four experimental group [Figure 1b], but ORAC was significantly higher 

Table 1: Fasting blood sugar before commencement and after the 
completion of treatment in control and experimental groups

Groups FBS (mmol/L)

Before treatment After treatment
Control (C + Ns) 4.48±0.15 4.46±0.14 (NS)
Diabetic (D + Ns) 18.69±1.36 24.71±1.14a

Healthy treatment (H + Ba) 4.51±0.15 4.48±0.15 (NS)
Diabetic treatment (D + Ba) 17.74±1.34 10.71±0.41b

Values expressed as mean±SEM for 10 rats in each group. Values after treatment 
were compared with that before treatment in all groups. Statistical significance 
were denoted as; aP<0.001, bP<0.0001 versus values before treatment. NS: Not 
significant; FBS: Fasting blood sugar; SEM: Standard error of the mean

Table 2: Effect of treatments on enzymatic and nonenzymatic antioxidant activities in blood and tissue homogenates of rats from control and experimental 
groups

Samples/groups GSH (U/mg protein) ×10−3 SOD (U/mg protein) ×10−2 CAT (U/mg protein) ×10−3

Whole blood
C + Ns 0.005±0.001 0.020±0.001 0.10±0.008
D + Ns 0.002±0.0003** 0.006±0.001** 0.06±0.007*
H + Ba 0.005±0.001b 0.014±0.001*,b 0.10±0.008a

D + Ba 0.003±0.001* 0.012±0.001*,a 0.09±0.012
Pancreas
C + Ns 1.63±0.56 110.4±13.18 3.76±0.76
D + Ns 3.94±0.68 56.22±2.57* 2.56±0.32
H + Ba 2.02±0.99 129.70±26.53 4.36±0.88
D + Ba 3.33±0.01 56.80±5.03* 3.43±1.11

Epididymis
C + Ns 7.51±2.24 223.60±40.47 1.01±0.23
D + Ns 7.66±2.69 153.10±13.36 0.62±0.21
H + Ba 12.89±9.95 176.80±16.00 1.09±0.32
D + Ba 13.15±9.30 217.70±30.07 0.57±0.12

Testes
C + Ns 74.72±11.48 166.30±25.43 3.10±0.59
D + Ns 81.77±8.82 94.23±10.63 1.78±0.19
H + Ba 86.48±17.80 197.00±32.25a 4.03±0.71a

D + Ba 61.92±7.07 137.80±10.11 3.02±0.47
Values expressed as mean±SEM for 10 rats in each group. Values from diabetic group were compared with that from control group and treatment groups were 
compared with diabetic group. Values statistically significant at; *P<0.05 and **P<0.001 compared with control; aP<0.05 and bP<0.001 compared with diabetic. 
GSH: Glutathione; SOD: Superoxide dismutase; CAT: Catalase; SEM: Standard error of the mean
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in the control rat’s serum compared to the other experimental groups 
and in H + Ba compared to D + Ba as shown in Figure 1c (P < 0.0001 and 
P < 0.05, respectively).

Effect of Basella alba on serum concentration of 
conjugated dienes
The level of CDs in the serum samples of rats in the experimental 
groups was demonstrated in Figure  1d. CDs concentration was 
significantly (P < 0.001) higher in the diabetic group of rats compared to 
the healthy rats (C + Ns and H + Ba), but significantly (P < 0.05) lower in 
the diabetic rats treated with the study extract (D + Ba) when compared 
with the untreated counterpart (D + Ns).

Effect of Basella alba on concentration of 
thiobarbituric acid reactive substances
As shown in Figure 2a, serum concentration of TBARS was significantly 
higher in rats from D  +  Ns group when compared to the other 
groups  (P  <  0.05  vs. C  + Ns, D  +  Ba, and P  <  0.0001  vs. H  + Ba). 
Similarly, as demonstrated in Figure  2b, TBARS concentration was 
significantly higher in pancreas homogenates of rats from D  +  Ns 
when compared to the other three groups (P < 0.0001 vs. C + Ns and 
P < 0.001 vs. H + Ba, D + Ba). Despite equally higher concentrations 
of TBARS in both epididymis and testes homogenates of rats in 
the diabetic group, the observed differences were not statistically 
significant [Figure 2c and d respectively].

DISCUSSION
In line with previous reports, findings in this study demonstrated the 
antihyperglycemic ability of Ba as confirmed by the lower FBS in D + Ba 
rats after 4 weeks of treatment [Table 1]. This antihyperglycemic effect 
may be sufficient in bringing about significant correction in the oxidative 
stress status of the animals since prolonged hyperglycemia in itself have 
been said to induce oxidative stress.[12,13] However, the possibility of 

the lowering of blood sugar being a direct consequence of antioxidant 
activity of some phytochemical components of the plant have also been 
suggested.[18,31] The findings in this study confirmed both the antioxidant 
and antihyperglycemic effects of Ba, but it is not exactly certain if one 
occurred as a direct sequel of the other or both effects were achieved 
via separate mechanisms. Both events however appear to occur in a 
mutually synergistic cycle.
Changes in concentration and activities of enzymatic and nonenzymatic 
antioxidants in biological systems following an in  vivo oxidative insult 
have been a subject of research controversy over the years. Whereas some 
studies have reported a decrease in the activity of endogenous antioxidants 
such as GSH, SOD, and CAT following exposure to oxidative stress,[5,32,33] 
others have reported increased activities of the antioxidant enzymes 
in the face of persistent exposure to oxidative stress.[34‑37] It is therefore 
imperative to acknowledge some of the factors that may determine 
the level of antioxidant enzyme activities in biological tissues when 
subjected to oxidative stress. The duration and severity of oxidative stress 
is an important factor since antioxidant enzyme activity is presumed to 
increase initially in response to oxidative stressors, but as the stress process 
become persistent, the enzyme activities may decrease due to damage to 
the proteins and genes responsible for the antioxidant enzyme expression. 
There is also a variation in the enzymatic activities in the various tissues of 
the body and for instance, pancreatic islets have been described as one of 
the tissues with the lowest intrinsic antioxidant defenses.[7] In this present 
study, the result revealed a significant reduction in the concentration of 
GSH and activities of SOD and CAT in the blood samples of diabetic 
control rats, whereas, these animals showed no significant change in the 
expression of the antioxidants in the gonads and pancreas except for the 
reduced SOD activity observed in pancreas homogenate. This suggests 
worse antioxidant status in the systemic circulation compared to the 
tissues, and expectedly, the pancreas being the primary organ of insult in 
STZ diabetes showed significantly reduced SOD activity. Furthermore, 
the dismutation of superoxide anions  (O2

–) into molecular oxygen  (O2) 
and hydrogen peroxide (H2O2) by SOD is the first line of defense against 

Figure 1: Antioxidant capacities FRAP, TEAC and ORAC (a, b and c respectively)  and concentration of conjugated dienes (d) in serum of rats from control and 
experimental groups. (*P<0.05, **P<0.001, ***P<0.0001, ns = Differences not statistically significant)

dc

ba
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ROS‑induced tissue damage,[10] therefore, generation of a greater volume 
of O2

–  in the pancreatic islet may explain why SOD activity is more 
significantly reduced in the pancreatic tissues of the diabetic rats. Ba 
appears to offer some form of protection against this imbalance in the 
treated diabetic group of rats as evidenced by the higher SOD activity 
when they were compared with rats from the untreated diabetic group. We 
hypothesized that this protective action of Ba leave extract may be due to 
its ability to directly inactivate superoxide anions thereby sparing SOD, or 
due to a component of the extract that mimics SOD activity by enhancing 
dismutation of the anions into oxygen and hydrogen peroxide.
The more obvious confirmation of the antioxidant properties of Ba 
in our result was displayed in the effects it exerted on serum total 
antioxidant capacity (TAC) and lipid peroxidation in both serum and 
the tissues.
TAC is a term that is used in attempts to describe the cumulative 
effect of the various intrinsic antioxidants in body fluids[38] and is said 
to increase in  vivo after the consumption of foods rich in phenolic 
compounds[39] and flavonoids.[38] In this study, TAC was assessed via 
three methods (FRAP, TEAC, and ORAC), each of which employs three 
different mechanisms. TEAC and ORAC are direct assays that are based 
on the ability of the samples to inhibit substance oxidation while FRAP 
is indirect and based on evaluating the ability of the samples to reduce 
iron‑complex from ferric to ferrous state.[40] FRAP was significantly 
increased in the group of diabetic rats treated with Ba when compared 
with the untreated counterpart, but TEAC and ORAC values were not 
significantly different between the two groups. This is a confirmation of 
the fact that TAC varies considerably depending on the assay method 
used since the various methods actually measure different components 
of TAC.[41] In human serum, FRAP is said to measure mainly uric acid 
while TEAC measures mainly albumin but in addition, both assays also 
measure α‑tocopherol, bilirubin, and ascorbic acid.[40]

The accumulation of products of lipid peroxidation, CDs, and TBARS, 
was highly significant in the serum and pancreatic tissues of the untreated 

diabetic rats, but not in the testis and epididymis. This notwithstanding, 
data not published in the present study suggested gonadal complications 
of DM as evidenced by subnormal sperm parameters in the diabetic 
animals. This means systemic oxidative stress induced by DM can impact 
negatively on gonadal functions without necessarily causing significant 
local oxidative damage in the gonads. The lower concentration of TBARS 
observed in the diabetic rats that were treated with Ba for 4 weeks was 
equally significant in the serum and pancreas but not in the gonadal 
tissues. This is an indication that the antioxidant effect of Ba may be 
more of a systemic rather than localized tissue action and therefore, the 
beneficial effect in ameliorating diabetic complications is expected to be 
multisystemic.

CONCLUSION
Ba ameliorate diabetes‑induced oxidative stress and some of the 
complications associated with it. The antioxidant effect of the plant 
in diabetic rats is closely related to the antihyperglycemic effect, and 
the two actions appear to enhance each other mutually. This study 
also establishes the predominantly systemic nature of the antioxidant 
activities of Ba rather than localized tissue effects, but further studies 
involving a wider variety of tissues will be needed to fully substantiate 
this observation.
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Figure 2: Concentration of thiobarbituric acid reactive substances (TBARS) in serum (a), Pancreas (b), Epididymis (c) and Testes (d) of rats from control and 
experimental groups. (*P<0.05, **P<0.001, ***P<0.0001, ns = Differences not statistically significant)
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