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Abstract

Hyperglycemia, oxidative stress, and complications of diabetes are closely linked together. The main characteristic
condition in diabetes mellitus (DM) is oxidative stress, and increased levels of oxidative stress markers such as
Malondialdehyde (MDA) are reported in diabetes. The increasing prevalence of type 2 diabetes (T2DM) worldwide has
led to a concomitant rise in the prevalence of diabetes-related complications, including renal disease. Protection of cells
against oxidative stress is through antioxidant enzyme activities of SOD, CAT, and peroxidases. Justicia Secunda Vahl is
a medicinal plant that originates from South America. This study was aimed at determining the effect of ELE of J. secunda
on oxidative stress, antioxidant levels, and renal function of diabetic Wistar rats. The animals were grouped into five (5)
groups of five (5) rats per group. Group N served as the control and received food and water only. Group Un D served
as the untreated diabetic group while groups Met, 200mg/kg + D, and 400mg/kg + D were induced with diabetes using
AMH two weeks prior to the experiment, and then treated with 30mg/kgBW of Metformin, 200mg/kgBW ELE of J.
secunda extract, and 400mg/kgBW ELE of J. secunda extract, respectively, for fourteen (14) days. Data were analyzed
using one-way ANOVA (GraphPad Prism version 9.5.1 software package) and results were considered significant at p <
0.05. The study revealed that 400mg/kgBW ELE of J. secunda drastically reduced MDA levels. Both doses significantly
increased SOD and CAT, thereby increasing antioxidant activity. However, the standard drug, Metformin was more
effective than J. secunda in all aspects except in improving SOD level. There were no significant changes in urea and
creatinine levels. The study therefore indicates that J. secunda may be beneficial in the management of DM and diseases
related to oxidative damage. Therefore, it can be used as an alternative drug in managing these conditions.
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1. Introduction

Diabetes mellitus (DM) is the most common endocrine disorder that affects more than 100 million people worldwide
(6% population). It is caused by a deficiency or ineffective production of insulin by the pancreas, which results in higher
concentrations of glucose in the blood. It is found to damage many body systems, particularly blood vessels (diabetic
vasculopathy), eyes (diabetic retinopathy), kidneys (diabetic nephropathy), heart (diabetic cardiomyopathy), and
nerves (diabetic neuropathy) 1.
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Diabetic nephropathy is damage to the nephrons of the kidney due to diabetes. When the kidney function is impaired,
urea and creatinine levels in the blood become abnormally high. Therefore, urea concentration and creatinine clearance
are used to assess kidney function.

Oxidative stress may be described as a disturbance in the oxidant/antioxidant balance within the cell, in which the
oxidant prevails. It is a state in which a cell is experiencing alteration of cellular components, due to high exposure to
free radicals and reactive oxygen species (ROS) beyond its antioxidant capacity. Although the reaction of ROS is essential
for cellular functions, such as the utilization of chemical energy of nutrients for production of adenosine triphosphate
(ATP), the generation of oxygen-free radicals is often formed through the stimuli of physical agents such as chemical,
radiation, pollutants, and physiological processes which can disrupt mitochondrial function 2.

Hyperglycemia, oxidative stress, and complications of diabetes are closely linked together 3. Increased levels of oxidative
stress markers such as Oxidized Low Density Lipoprotein (oxLDL), Malondialdehyde (MDA), Advanced Oxidation
Protein Products (AOPP), and Advanced Glycation End Products (AGEs) were reported in diabetes 4. This is due to
glucose oxidation, nonenzymatic glycation of proteins, and the subsequent oxidative degradation of glycated proteins 5.

Justicia Secunda Vahl (Family: Acanthaceae, Order: Scrophulariales, Sub-class: Asteridae, Class: Dicots) is a medicinal
plant that originated from South America 7. It is a creeping perennial plant with the ability to grow up to a height of
about 1 to 1.5M. The plant is known as “blood root” in Barbados, “hounsiman” in Benin, meaning a plant that gives blood,
and also referred to as “blood leaf” or “blood tonic” in some parts of Nigeria.

The leaf of Justicia Secunda is very potent in the treatment of diabetes and hypertension 89. The leaf of the plant is
purposely consumed as a decoction for improved packed cell volume (PCV) in certain parts of Nigeria, Congo, and Cote
d'Ivoire ¢. It has been recognized among the species of Justicia endowed with antisickling 19, anti-inflammatory 11,
antioxidant 12, antiviral and antimicrobial 13, superoxide anion radical scavenging 1415, and wound healing potentials 16.

In this study, the focus is on determining the effect of J. secunda on oxidative stress, antioxidant activity, and renal
function of diabetic Wistar rats. The study utilizes alloxan monohydrate (AMH), a chemical compound known to induce
diabetes in animal models, to explore the effects of the extract in a controlled experimental setting.

2. Materials

Standard plastic cages and water can, Electronic weighing balance (M-Metallar M311), Animal weighing balance,
(Camry LB11), Automatic Water distiller (SZ-1 Search Tech Instrument), Gluco Dr. Auto Glucometer, Glucose strips
(Gluco Dr. Autostrips), Chloroform (JHD Chemicals, Guangdong China), Hypodermic sterile syringes, Refrigerator,
Stopwatch, Alloxan (Sigma Aldrich, USA), 10% Formalin, Normal saline, Cotton wool (KENS LINT, Benin City, Nigeria),
Oral cannula, Dissecting kits, Metformin, Measuring cylinder (MINGHE), S. Pyrex Beakers (Techmel, USA), Latex Medical
hand gloves (Supermax gloves, Selangor, Malaysia), Organ bottle, EDTA bottle, Standard pellet vital feed (grower),
Lancet, 90(1) (Alpin Medical, England), UV-VIS 752N, and Ethanolic leaf extract of Justicia Secunda.

3. Methods

Location of Study: This study was carried out in the Animal House of the Department of Physiology, Faculty of Basic
Medical Sciences, College of Health Sciences, Nnamdi Azikiwe University, Nnewi Campus.

Experimental Design and Animal Grouping: Twenty-five (25) healthy Wistar rats weighing 150g-200g were obtained
from the Animal House of the Department of Physiology, Faculty of Basic Medical Science, College of Health Sciences,
Nnamdi Azikiwe University, Nnewi Campus. The Wistar rats were put into different cages, and were kept under close
observation in these standard cages at a temperature between 25°c to 27.5°c. The animals had free access to normal
laboratory rat chow (growers) and clean water. They were acclimatized for fourteen (14) days. After the acclimatization
period, the animals were injected with alloxan dissolved in sterile normal saline at a dose of 150mg/kgBW
intraperitoneally. After 72 hours of the injection, the animals with fasting blood glucose (FBGL) at or above 126mg/dL
(7.0mmol/L) were considered diabetic. The rats were weighed before and after the administration of AMH and
thereafter weighed once weekly on Fridays before feeding.
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The animals were randomly separated into five (5) groups of five (5) animals each. The administration of ethanolic leaf
extract of Justicia Secunda was done as follows:

e  Group N: Normal rats (feed and water ad libitum)

e Group Un D: (Diabetes untreated)

Group Met: (Diabetes + 30mg/kg of standard drug Metformin)
Group 200mg + D: (Diabetes + 200mg/kg of E]S)

Group 400mg + D: (Diabetes + 400mg/kg of E]S)

All administrations were done orally using oral cannula. At the end of the fourteen days treatment period with Justicia
Secunda, animals were anaesthetized using chloroform in an enclosed container for two minutes. After that, blood
samples were collected from the animals using a non-heparinized capillary tube via ocular puncture. Blood samples
obtained were put in well-labeled EDTA containers for further analysis.

e Collection and preparation of plant extract: Justicia Secunda leaves were collected from local bushes in
Okofia, Otolo Nnewi, Anambra State. The leaves were identified and authenticated by the Botany department
of Nnamdi Azikiwe University, and a herbarium number of NAUTH-2038 was assigned.

e Extraction Procedure: The leaves of Justicia Secunda were washed thoroughly using distilled water and cut
into tiny pieces to hasten the drying process. The leaves were air dried for three (3) weeks and then ground
into powder using a sterile electric blender.

Two hundred and fifty grams (250 g) of the powdered sample was macerated in two liters (2L) of ninety eight percent
(98%) absolute ethanol and allowed to soak for seventy-two (72) hours with intermittent hand shaking. The mixture
was sieved using a standard sieve. The filtrate was allowed to settle down for twenty-four (24) hours, and then the
ethanol was decanted off while the residue was dried using an extract run bag (99%) sodium oxide) made in England.
The extract was again air dried and stored in a refrigerator to be used for further studies.

o Determination of Oxidative stress level: The blood samples collected were centrifuged, stored and the serum
was used to assess the levels of oxidative stress marker, Malondialdehyde (MDA), which was determined using
the colorimetric method as described by Gutteridge and Wilkins 7.

e Determination of Antioxidant Activity: The stored serum was used to assess the levels of the antioxidants:
Superoxide Dismutase (SOD) and Catalase (CAT). SOD was assayed by colorimetric method as described by
Misra and Fredovich (1972), while CAT activity was determined by colorimetric method described by Sinha 18.

¢ Determination of Renal Function: The serum collected was used to assess renal function by determining the
levels of total urea concentration and creatinine clearance, which were analyzed spectrophotometrically with
Randox assay Kits.

3.1. Statistical Analysis

Data obtained were analyzed using one-way ANOVA (GraphPad Prism version 9.5.1 Software Package), and p-values
less than or equal to 0.05 (p<0.05) were considered to be statistically significant.

4., Results

Figure 1 showed that MDA level of Group N (Normal rats) was significantly lower when compared to Group Un D
(Diabetes untreated). MDA level of Group Un D (Diabetes untreated) was significantly higher when compared to Group
Met (Metformin). MDA level of Group Un D (Diabetes untreated) was significantly higher when compared to Group
400mg + D (Diabetes + 400mg/kgBW ELE of J. secunda). MDA level of Group Met (Diabetes + Metformin) was
significantly lower when compared to Group 200mg + D (Diabetes + 200mg/kgBW ELE of J. secunda). MDA level of
Group Met (Diabetes + Metformin) was significantly lower when compared to Group 400mg + D (Diabetes +
400mg/kgBW ELE of J. secunda). MDA level of Group 200mg + D (Diabetes + 200mg/kgBW ELE of J. secunda) was
significantly higher when compared to Group 400mg + D (Diabetes + 400mg/kgBW ELE of J. secunda).
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Figure 1 Effect of Ethanolic leaf extract of Justicia Secunda on MDA level in Alloxan-induced Diabetic Wistar Rats

Figure 2 revealed that SOD level of Group N (Normal rats) was significantly higher when compared to Group Un D
(Diabetes untreated). SOD level of Group Un D (Diabetes untreated) was significantly higher when compared to Group
Met (Diabetes + Metformin). SOD level of Group Met (Diabetes + Metformin) was significantly lower when compared to
Group 200mg + D (Diabetes + 200mg/kgBW ELE of J. secunda). SOD level of Group Met (Diabetes + Metformin) was
significantly lower when compared to Group 400mg + D (Diabetes + 400mg/kgBW ELE of J. secunda).

30 a N
c | UnD
—l— c H Met
I 200mg + D

20 H 400mg + D

0D (UL)

10

d,e

N unbD Met 200mg+ D 400mg + D
GROUPS

Figure 2 Effect of Ethanolic leaf extract of Justicia Secunda on SOD level in Alloxan-induced Diabetic Wistar Rats
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Figure 3 Effect of Ethanolic leaf extract of Justicia Secunda on CAT level in Alloxan-induced Diabetic Wistar Rats
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Figure 3 showed that CAT level of Group N (Normal rats) was significantly higher when compared to Group Un D
(Diabetes untreated). CAT level of Group Un D (Diabetes untreated) was significantly lower when compared to Group
Met (Diabetes + Metformin). CAT level of Group Un D (Diabetes untreated) was significantly lower when compared to
Group 200mg + D (200mg/kgBW ELE of J. secunda). CAT level of Group Met (Diabetes + Metformin) was significantly
lower when compared to Group 400mg + D (Diabetes + 400mg/kgBW ELE of J. secunda).

Figure 4 revealed that Urea level of Group Un D (Diabetes untreated) was significantly higher when compared to group
Met (Metformin). Urea level of Group Un D (Diabetes untreated) was significantly higher when compared to Group
400mg + D (Diabetes + 400mg/kgBW ELE of J. secunda). Urea level of Group Met (Diabetes + Metformin) was
significantly lower when compared to Group 200mg + D (Diabetes + 200mg/kgBW ELE of J. secunda). Urea level of
Group Met (Diabetes + Metformin) was significantly lower when compared to Group 400mg + D (Diabetes +
400mg/kgBW ELE of . secunda). Urea level of Group 200mg + D (Diabetes + 200mg/kgBW of EJS) was significantly
higher when compared to Group 400mg + D (Diabetes + 400mg/kgBW ELE of J. secunda).
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Figure 4 Effect of Ethanolic leaf extract of Justicia Secunda on Urea level in Alloxan-induced Diabetic Wistar Rats

Figure 5 revealed that Creatinine level of Group Un D (Diabetes untreated) was significantly higher when compared to
Group Met (Metformin), and Creatinine level of Group Un D (Diabetes untreated) was significantly higher when
compared to Group 400mg + D (Diabetes + 400mg/kgBW of ELE of J. secunda).
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Figure 5 Effect of Ethanolic leaf extract of Justicia Secunda on Creatinine level in Alloxan-induced Diabetic Wistar Rats

5. Discussion

The term diabetes mellitus includes several metabolic disorders that, if left untreated, results in abnormally high glucose
level in the blood. T1DM results from the inability of the pancreas to produce significant amounts of the hormone insulin,
usually owing to the autoimmune destruction of the insulin-producing beta cells of the pancreas. T2DM, in contrast, is

535



World Journal of Biology Pharmacy and Health Sciences, 2025, 22(01), 531-538

now thought to result from autoimmune attacks on the pancreas and/or insulin resistance. The pancreas of a person
with T2DM may be producing normal or even abnormally large amounts of insulin 1°.

The increasing prevalence of T2DM worldwide has led to a concomitant rise in the prevalence of diabetes-related
complications, including renal disease, and it is now widely accepted that oxygen species (0OS) contribute to and plays a
central role in the pathophysiology of T2DM, possibly via mediating the diversion of glycolytic intermediates 29.

Increased level of oxidative stress markers such as oxLDL 21, MDA 22, AOPP and AGEs 23 have been reported in diabetes.
Hyperglycemia, oxidative stress and complications of diabetes are closely linked together 3.

Antioxidant defense is important in the removal of free radicals, providing the maximal protection of biological sites,
such as thiol groups, which are part of active sites in some metabolizing enzymes. The most efficient enzymatic
antioxidants involve SOD, CAT, and glutathione peroxidase. Nonenzymatic antioxidants involve thiol antioxidants
(glutathione, thioredoxin, and lipolic acid), vitamin C, vitamin E, carotenoids, natural flavonoids, melatonin, and other
compounds, such as selenium 24,

This study reveals that both doses of ethanolic leaf extract of Justicia Secunda used in this study (i.e. 200mg/kgBW and
400mg/kgBW) were able to significantly improve antioxidant levels of both SOD and CAT. The standard drug,
Metformin was, however, found to be more effective in this regard. This agrees with the study findings of Ololade et al.
14 which reveal that J. secunda possesses antioxidant activity and reduces oxidative damage.

Also, the oxidative stress marker, MDA was reduced by 400mg/kgBW of the extract when compared to the untreated
diabetic group (Un D). This also agrees with the study findings of 14. 200mg/kgBW of ELE of Justicia Secunda, however,
was not as effective in reducing oxidative damage as Metformin. High doses of J. secunda extract might be quite effective
in ameliorating oxidative damage as the standard drug, Metformin. The mechanism of the in vitro antioxidant effect of
the extract may be through scavenging of ROS-generating oxidases, and in vivo, may be via inhibition of the ROS-
generating oxidases, enhancement of the endogenous antioxidant, and/or direct inhibition of the enzyme that catalyzes
oxidation of cellular components 2526, The antioxidant effects of the extract may also be responsible for its anti-
inflammatory and antinociceptive activities 26.

High levels of urea and creatinine in the blood may indicate impairment of kidney function and are therefore used as
biomarkers for assessing the integrity of the kidneys.

Urea level in the untreated diabetes group was significantly higher when compared to the diabetic group treated with
400mg/kgBW ELE of J. secunda, and group treated with the standard drug, Metformin. There were also lower creatinine
levels in groups treated with 200mg/kgBW and 400mg/kg BW ELE of J. secunda, but the decrease was not significant
when compared to the effect of the standard drug, Metformin. Higher doses of ELE of Justicia Secunda may however,
reveal significance. This study agrees with the study findings of Anyasor et al. 27, which revealed lower urea and
creatinine levels in Wistar rats treated with ELE of Justicia Secunda when compared to the untreated groups.

6. Conclusion

This study postulates the role of oxidative stress and reactive oxygen species (ROS) in diabetes, and the effect of Justicia
Secunda in managing the condition, as it reveals that ELE of Justicia Secunda was able to reduce oxidative stress by
reducing the oxidative stress marker, MDA, and improving the antioxidant activities of SOD and CAT. This proves that
it could be a good alternative to the standard drug, Metformin. The study also showed improvement in urea level and
no change in creatinine level when the extract was administered to diabetic Wistar rats. However, higher doses may
reveal significant changes in creatinine levels.
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