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Abstract: Background: Diabetes is associated with chronic hyperglycaemia, long-term damage,
dysfunction, and organ failure. This study aims to evaluate the antidiabetic activity of the twigs
of Andrographis paniculata and its toxicological markers on Streptozotocin (STZ)-induced diabetic
Albino rats. Methods: A total of thirty rats were randomly divided into five groups of six animals
each. Non-diabetic animals were treated with distilled water as non-diabetic sham control group 1,
while diabetic animals (group 2, 3, 4 and 5) were treated with 60 mg/kg bw STZ intravenous (iv)
and 100 mg/kg body weight (bwt) of metformin orally for group 2, distilled water for group 3, and
250 and 500 mg/kg bwt of Andrograhis paniculata (A. paniculata) for groups 4 and 5, respectively. The
animals were dosed for 28 days, after which they were sacrificed. Liver and kidney function tests
as well as livid profile tests were used as the biomarkers of toxicological assessment. Fasting blood
glucose was carried out weekly. Oral Glucose Tolerance Test (OGTT) was conducted on the 28th day
of the antidiabetic assessment. Results: A. paniculata groups 4 and 5 were significant at different doses
(p < 0.05) in reducing the blood glucose level in comparison with metformin. There were significant
changes in total and direct bilirubin, total protein, potassium, triglyceride and inorganic phosphorus
in 500 mg/kg bwt of the treated group in comparison with the metformin and diabetic group groups.
A. paniculata at 500 mg/kg bwt is most effective for its antidiabetic and organ protecting effects.

Keywords: toxicological assessment; antidiabetic activity; Andrographis paniculata; STZ-induced
diabetic rats

1. Introduction

Diabetes Mellitus is well recognized as a significant endocrine-metabolic and chronic
condition influencing the metabolism of carbohydrates, fats and proteins due to inadequate
insulin synthesis and action characterized by recurrent hyperglycemia [1]. It is a public
health problem and the fourth leading cause of death in the world today. There is usually
a long-term risk of developing progressive disorders such as blindness, end-stage renal
disease, heart disease, cerebrovascular and peripheral vascular disease in people with
diabetes [2]. The predominance of diabetes mellitus is rapidly growing and is a significant
threat to humanity. There are about 100 million diabetic patients in the world at present,
i.e., 3% of the global population [3]. According to the International Diabetes Federation
(IDF), approximately 13.6 million people in Africa suffer from diabetes. Approximately
7 million are in sub-Saharan Africa, making this one of the largest IDF areas. This number
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is expected to double and will reach 15 million in 2025. In rural areas, the approximate
incidence of diabetes is 1%, up to 7% in urban sub-Saharan Africa and 8-13% in more
developed regions such as South Africa [4]. More than 64 percent of the global population
have also been reported to rely on medicinal plants for their primary health care [5]. About
80% of rural people in Africa alone have no access to modern medicine and are thus
relying on traditional medicine for health care [6]. With this increase in the incidence of
diabetics in the world, there is also a need to discover and validate the effectiveness of more
therapeutic agents in the management of diabetes mellitus. The management of diabetes
includes non-pharmacological therapy (diet and exercise) and pharmacological therapy
(medications, insulin intake). Diets rich in fibre and exercise promote weight reduction and
improve insulin sensitivity, thus lowering blood glucose levels. Pharmacological therapies
such as sulfonylureas, metformin, thiazolidinediones, and alpha-glucosidase inhibitors
also help in the management of diabetes by improving insulin sensitivity and reducing
blood glucose levels.

In curing the sufferings of humanity especially in the era of civilization, medicinal
plants are an integral part of human life [7]. It is estimated that more than 80,000 of the total
plant species have been recognized and used globally as medicinal plants. [8]. Potential
sources of herbal medicines are native medicinal plants and plant-based medicines, which
are widely used to treat different health conditions [9]. Most of these medicinal plants have
not been well validated for their effectiveness and possible side effects. It is therefore impor-
tant to validate these ethnomedicinal claims and their possible side effects. Various parts
of plants have been used in herbal medicines for the treatment of diabetes, and reportedly
carry no adverse effects. Some of the medicinal plants used by various researchers include:
Allium cepa, Allium sativum, Ficus bengalensis, Gymnema sylvestre, Pterocarpus marsupium, etc.
It should also be noted that active hypoglycemic principles have been isolated and their
mechanism of action in these plant extracts has been studied, and most of them seem to
act directly on the pancreas (pancreatic effect) and stimulate insulin level in blood. Some
incur extra pancreatic effects also by acting directly on tissues such as liver, muscle etc.,
and favourably alter the activities of the regulatory enzymes of glycolysis, gluconeogenesis
and other pathways. However, some of these plant extracts either carry side effects, are
toxic to the body, or are not widely spread around the world.

A. paniculata (Burm. f.) wall. Ex nees (AP) is a significant therapeutic plant that is
widely used worldwide. It belongs to the Acanthaceae family. A. paniculata is used as herbal
medicine in countries such as China, Hong Kong, Bangladesh, Indonesia, India, Malaysia,
and Thailand [10,11]. Ethno-botanically, it has been used in the treatment of snake bite,
bug bite, diabetes, dysentery, fever and malaria [12]. The aerial parts of A. paniculata
are the most frequently used parts. Its extracts contain diterpenoids, diterpene, glyco-
sides, lactones, flavonoids and flavonoid glycosides. A wide range of pharmacological
benefits have been reported for A. paniculata including anticancer [13], antidiarrheal [14],
antihepatitis [15], anti-HIV [16], antihyperglycemic [17,18], anti-inflammatory [19], an-
timicrobial, antimalarial [20], antioxidant [21], cardiovascular [22], cytotoxic [16], hep-
atoprotective [23], immunostimulatory [24] and sexual dysfunction [25]. This study was
conducted to investigate the anti-diabetic activities of the ethanolic extract of the twigs of
Andrographis paniculata on STZ-induced diabetic Albino rats.

2. Materials and Methods
2.1. Plant Collection and Extraction

Twigs of A. paniculata were acquired from Oyo state Nigeria in October. Botanical
identification was completed by J.O. Popoola, Covenant University, Ota, Ogun state,
Nigeria. The collected plants were air- dried at room temperature for about 4 weeks and
protected from direct sunlight and heat.,after which they were grinded into fine powder
using a domestic blender and electric grinding machine. After grinding, 204.54 g of sample
was obtained and soaked in 4000 mL of ethanol (80 v/v) for 72 h in an airtight container
and stirred at intervals. After 72 h the mixture was vigorously shaken and filtered using a
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piece of muslin cloth. The filtrate was kept in an airtight container and the residue was
re-soaked in ethanol and left to stand for another 72 h and then filtered. The mixture was
filtered and both filtrates were mixed together and crude extract was obtained using a
rotary evaporator.

2.2. Chemicals and Reagents

Normal saline (0.9%), Metformin, Ethanol, STZ (STZ), Glucose-D, potassium dihydro-
gen phosphate (KH,POy), Ellman’s reagent, sodium nitrate.

2.3. Experimental Animals

Thirty wistar rats between the ages of 4-8 weeks old were used for this study. They
were acquired from the Animal house of Covenant University, Ota, Ogun state, Nigeria.
Animals were acclimatized for 2 weeks and fed with standard experimental feed and water
ad libitum. The rats were housed in well ventilated cages at a temperature of 28-32 °C in
the Biological Sciences Department animal laboratory of Covenant University, Ota, Ogun
state. The rats were allowed access to water freely and fed throughout the period of study.
Animal experiments and handling were carried out in compliance with standard guidelines
approved by the Department of Biological Sciences” Animal Ethics Committee, Covenant
University, Ota, Ogun State, Nigeria.

2.4. Induction of Diabetes

Diabetes was induced by injecting a single dose of freshly prepared aqueous solution of
STZ (60 mg/kg) intravenously. Blood was taken from the tail vein for glucose analysis and
rats with fasting glucose levels >250 mg/dL showing clear signs of polyphagia, polydipsia
and polyuria were considered diabetic and were used for the antidiabetic assessment study.

2.5. Experimental Design

After acclimatization, the thirty Albino rats were weighed and distributed accordingly
into 5 groups; each group consisted of 6 animals with weights ranging from 100-240 g at
the start of the experiment as shown in Table 1.

Table 1. Experimental design.

GROUPS DOSAGE (mg/kg)
Sham control Distilled water (oral)
Metformin-100 mg 60 mg/kg STZ (iv) + Metformin (oral) 100 mg/kg
Diabetic group 60 mg/kg STZ (iv)
A. paniculata 250 mg 60 mg/kg STZ (iv) + A. paniculata (oral) (250 mg/kg)
A. paniculata 500 mg 60 mg/kg STZ (iv) + A. paniculata (oral) (500 mg/kg)

Metformin is known to be a standard drug for diabetes patients. This drug was
therefore used together with the sham control, as standard to compare the efficacy of the
two doses of A. paniculata in the treatment of diabetes

2.6. Oral Glucose Tolerance Test (OGTT)

OGGT was carried out on diabetic and non-diabetic animals. The animals were
fasted 12 h earlier for OGGT. The fasting glycaemia was recorded and termed as zero-time.
Thereafter, the animals received their treatment orally. After 30 min, all the groups received
glucose (2.0 kg/bodyweight) once orally. The blood glucose levels were then taken and
measured at 30, 60, 120 and 150 min after glucose administration.

2.7. Estimation of Livid Profile Parameters

Blood samples were obtained after sacrifice and plasma samples were taken and
measured using the standard method. Livid profile parameters, such as Triglycerides, High
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Density lipoprotein (HDL), Total Cholesterol and Low Density Lipoprotein were assayed
using the guidelines of the manufacturer.

2.8. Estimation of Liver Function Parameters

Blood samples were obtained after sacrifice and plasma samples were taken and
measured using the standard method. Liver function biomarkers such as total bilirubin,
alanine aminotransferase (ALT), albumin, alkaline phosphatase (ALP), direct bilirubin and
total protein were assayed using the guidelines of the manufacturer.

2.9. Estimation of Kidney Functions Parameters

Blood samples were obtained after sacrifice and plasma samples were taken and
measured using the standard method. Kidney function biomarkers, such as creatinine, in-
organic phosphorus and potassium were assayed using the guidelines of the manufacturer.

2.10. Statistical Analysis

Data were expressed as Mean =+ Standard Error of Mean (SEM). The statistical anal-
ysis of the results was carried out by one way analysis of variance (ANOVA) using the
Statistical Package for the Social Sciences (SPSS), version 15.0 (SPSS Inc., Chicago, IL, USA).
The differences between the mean groups of A. paniculata treated animals at different
doses. Metformin, diabetic group, and sham control were compared using the least sig-
nificant difference (LSD). The test for statistical significance was evaluated at the 95%
confidence interval.

3. Results
3.1. Effect of A. paniculata on Body Weight and Relative Organ Weights of STZ-Induced Diabetic
Albino Rats

Table 2 shows the relative organ weight of both sham normal control, diabetic rats
and A. paniculata treated rats. There was a significant (p < 0.05) increase in the relative
organ (Liver, kidney and spleen) weight of rats injected with STZ as compared to the sham
normal control, but an increase in these organs weight, when compared to rats treated
with metformin, 250 mg and 500 mg A. paniculata treated rats when compared with STZ.
Figure 1 reveals the body weight of all groups (control and treated). In the 4th week, the
body weight of sham control rats increased significantly (p < 0.05), whereas STZ-induced
diabetic rats revealed a significant decrease in weight as compared to the sham control rats.

Table 2. Effect of A. paniculata on Relative organ weight.

Group Liver (g) Kidney (g) Spleen (g)
Sham control 3.53 £ 0.09% 0.72 £ 0.04 ™ 0.54 +0.05%
Metformin-100 mg 451+£03m 0.93 +£0.03 * 0.30 = 0.06 *
Diabetic group 3.61+017% 0.90 4= 0.05* 0.38 - 0.04
A. paniculata 250 mg 411 £ 0.64 091 +0.11* 0.70 4 0.14 #n
A. paniculata 500 mg 44+026* 0.90 & 0.09 0.73 £ 0.13 %0

Superscripts * represent values at significant difference of p < 0.05 from sham control, # represents values at
significant difference of p < 0.05 from metformin control and " represents values at significant difference of
p < 0.05 from diabetic group groups, respectively. Metformin, AP 250 mg and AP 500 mg are groups treated with
100 mg/kg metformin, 250 mg/kg A. paniculata and 500 mg/kg A. paniculata, respectively. The negative and sham
controls are untreated diabetic and untreated non-diabetic groups, respectively.
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Figure 1. Effect of STZ-induced diabetes and treatment on metformin and A. paniculata on body
weight of rat. Met represents Metformin, AP represents A. paniculata 250 mg and 500 mg, -VE
represents Diabetic group, and NORM represents Sham control. Weight is in grams (g).

3.2. Effect of A. paniculata on Fasting Blood Glucose of STZ-Induced Diabetic Albino Rats

Percentage reduction in the fasting blood glucose over the duration of the experiment
is shown in Table 3. After the induction of diabetes with STZ (STZ), animals with fasting
blood glucose (FBG) of between 250 to 350 mg/dL were termed to be diabetic and used in
the diabetic group. After three weeks of duration, the diabetic group showed significantly
elevated blood glucose concentration when compared with the control group. Extract
and metformin treated groups show a comparable reduction in FBG as compared to the
diabetic group.

Table 3. Percentage reduction in fasting blood glucose levels.

Groups % Reduction
Sham control 7.96
Metformin-100 mg 81.73
Diabetic group 15.8
A. paniculata 250 mg 81.21
A. paniculata 500 mg 85.8

3.3. Effect of A. paniculata on Oral Glucose Tolerance Test in Non-Diabetic Albino Rats

Table 4 shows the blood glucose level after the administration of glucose in non-
diabetic rats. At initial time the fasting blood glucose (FBG) of A. paniculata was not
significantly (p < 0.05) different in the FBG of metformin and A. paniculata in comparison
with control. At 60 min and 120 min metformin was able to decrease the BG levels
significantly lower that of the control rats group.
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Table 4. Effect of A. paniculata on oral glucose tolerance test in non-diabetic rats.

Group Zero 30 Minutes 60 Minutes 120 Minutes

Sham control 82.83 £ 6.61 151.83 £28.20  157.17 & 12.05 * 116.93 £ 7.52 %
Metformin-100 mg 75.33 £2.96 105.67 £ 25.62 95.33 £12.33 % 64.00 £8.14*
A. paniculata-500 mg 75.33 £ 4.26 162.33 £32.13  162.00 + 1050 %  137.67 +21.17 *

Values are expressed in Mean + SEM; Superscripts * # represent values at significant difference of p < 0.05 from

sham control, metformin control and AP 500 mg respectively.

3.4. Effect of A. paniculata on Oral Glucose Tolerance Test in Diabetic Albino Rats

Blood glucose levels after oral administration of glucose in rats (both normal and
diabetic) are given in Table 5. At initial time, significant difference (p < 0.05) was observed
in the FBG of A. paniculata-treated and diabetic group rats in comparison to the sham
control. At 60 min, sham control reached a glucose induced hyperglycemia peak and
returned near to a normal level at 120 min. Metformin significantly (p < 0.05) reduced the
blood glucose levels at 60 min in comparison with the diabetic group. A. paniculata was
able to reduce the blood glucose levels when compared with diabetic group, but was not
as significant as metformin.

Table 5. Effect of A. paniculata on oral glucose tolerance test in diabetic rats.

Groups Zero Time 30 Minutes 60 Minutes 120 Minutes 150 Minutes

Sham control 828+ 6.61M 151.8 £ 2821 1572 +£12.1 ™ 1162 £ 75" 89.3 + 64N

Metformin 100 mg 188.2 + 6441 159.2 + 454" 946 +268™ 746+ 129" 708 +11.6™
Diabetic group 421.0 + 424 #* 495.4 + 64.1 #* 466.4 + 762 #* 4234 + 85.6 #* 362.4 4 78.9 #*
A. paniculata-250 mg 236.8 + 108.7 544.0 +19.1 #* 490.0 + 41.2 #+ 479.3 + 46.5 #* 358.5 + 40.8 #*
A. paniculata-500 mg 397.0 +125.3* 484.7 + 75.3 #* 454.7 + 80.6 ** 446.3 4+ 98.7 #* 377.3 + 110.6 #*

Values are expressed in Mean 3 SEM; Superscripts * represent values at significant difference of p < 0.05 from sham control, # represents
values at signifinant difference of p < 0.05 from metformin control and ™ represents values at significant difference of p < 0.05 from
diabetic group groups, respectively. Metformin, AP 250 mg and AP 500 mg are groups treated with 100 mg/kg metformin, 250 mg/kg
A. paniculata and 500 mg/kg A. paniculata, respectively. The negative and sham controls are untreated diabetic and untreated non-diabetic

groups, respectively.

3.5. Effect of A. paniculata and Metformin on Liver Function Test in Plasma

In Table 6, there was significant increase in A. paniculata 250 mg (p < 0.05) and a
significant (p < 0.05) decrease in A. paniculata 500 mg in total bilirubin activity compared to
sham control. There was a significant (p < 0.05) increase in A. paniculata 250 mg and the
diabetic group in total bilirubin when compared to metformin. In addition there was a
significant (p < 0.05) increase in A. paniculata 250 mg and a significant (p < 0.05) decrease in
A. paniculata 500 mg and metformin in total bilirubin activity in comparison to the diabetic
group. In Table 6, there was a significant (p < 0.05) increase in metformin, diabetic group
and A. paniculata 250 mg in direct bilirubin comparison with sham control group, and
there was a significant (p < 0.05) increase in diabetic group and A. paniculata 250 mg and
a significant (p < 0.05) decrease in A. paniculata 500 mg when compared to metformin.
In addition, there was a significant increase (p < 0.05) in metformin and A. paniculata
250 mg and a significant (p < 0.05) decrease in A. paniculata 500 mg when compared with
diabetic group. Table 7 revealed a significant (p < 0.05) increase in the diabetic group,
A. paniculata 250 mg and 500 mg in ALP activity when compared with sham control. There
was a significant (p < 0.05) decrease in metformin when compared with diabetic group. In
Table 7, ALT levels increased significantly (p < 0.05) in metformin when compared with
sham control; there was a significant (p < 0.05) decrease in A. paniculata 500 mg in ALT
activity in comparison with metformin. ALT levels also decreased significantly (p < 0.05)
in A. paniculata 500 mg in comparison with the diabetic group. In Table 8, there was a
significant (p < 0.05) decrease in Albumin level of rats treated with 500 mg A. paniculata
when compared to sham control; and a significant (p < 0.05) increase in A. paniculata 500 mg
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in Albumin in comparison with the diabetic group. No significant change was observed in
total protein activity as shown in Table 8.

Table 6. Effect of A. paniculata and metformin on Total and Direct Bilirubin in plasma.

Groups Total Bilirubin (umol/L) Direct Bilirubin (umol/L)
Sham control 32.89 £ 1.7 22.02 + 6.0 %0
Metformin-100 mg 29.32 4+ 24" 76.31 & 8.0 *n
Diabetic group 36.07 +1.1% 46.84 0.4 **
A. paniculata 250 mg 42.46 4 2.3 *#n 111.96 £ 5.9 *#n
A. paniculata 500 mg 2494 + 2.1 2247 +1.0%0

Values are expressed in Mean + SEM; Superscripts * # ™ represent values at significant difference of p < 0.05 from
sham control, metformin control and diabetic group groups, respectively. Metformin, AP 250 mg and AP 500 mg
are groups treated with 100 mg/kg metformin, 250 mg/kg A. paniculata and 500 mg/kg A. paniculata, respectively.
The negative and sham controls are untreated diabetic and untreated non-diabetic groups, respectively.

Table 7. Effect of A. paniculata and Metformin on ALP and ALT in plasma.

Group ALP (U/D) ALT (U
Sham control 187.99 £ 13.27 " 68.52 + 3.8 %
Metformin-100 mg 233.13 £26.17" 86.68 £ 6.1*
Diabetic group 398.26 + 77.56 *# 7724+ 5.6
A. paniculata 250 mg 356.96 + 0.000 * 7912+ 3.0
A. paniculata 500 mg 392.8 + 0.00 ** 52.03 + 13.2#n

Values are expressed in Mean 4= SEM; Superscripts * represent values at significant difference of p < 0.05 from sham
control, # represents values at signifinant difference of p < 0.05 from metformin control and " represents values at
significant difference of p < 0.05 from diabetic group groups, respectively. Metformin, AP 250 mg and AP 500 mg
are groups treated with 100 mg/kg metformin, 250 mg/kg A. paniculata and 500 mg/kg A. paniculata, respectively.
The negative and sham controls are untreated diabetic and untreated non-diabetic groups, respectively.

Table 8. Effect of A. paniculata and Metformin on Total Protein and Albumin.

Group Total Protein (g/L) Albumin (g/L)
Sham control 68.26 + 3.5 437 +£41
Metformin-100 mg 6451 +4.4 36.1 8.6
Diabetic group 63.26 = 3.0 45.5+£8.1
A. paniculata 250 mg 68.60 + 2.8 327+0.21
A. paniculata 500 mg 71.66 £ 5.1 229 £3.5*"

Values are expressed in Mean + SEM; Superscripts * represent values at significant difference of p < 0.05 from sham
control, # represents values at signifinant difference of p < 0.05 from metformin control and ™ represents values at
significant difference of p < 0.05 from diabetic group groups, respectively. Metformin, AP 250 mg and AP 500 mg
are groups treated with 100 mg/kg metformin, 250 mg/kg A. paniculata and 500 mg/kg A. paniculata, respectively.
The diabetic and sham controls are untreated diabetic and untreated non-diabetic groups, respectively.

3.6. Effect of A. paniculata and Metformin on Lipid Profile in Plasma

In Table 9, there was a significant (p < 0.05) increase in HDL activity in metformin and
a significant decrease in A. paniculata 500 mg with comparison to sham control. In addition,
HDL significantly (p < 0.05) decreased in the diabetic group and A. paniculata 500 mg when
compared with the sham control group; significant (p < 0.05) decrease was also observed
in A. paniculata 500 mg when compared with the diabetic group. In Table 9, there was a
significant (p < 0.05) increase in the diabetic group and a significant (p < 0.05) decrease in
metformin in LDL activity when compared with the sham control. There was a significant
(p < 0.05) decrease in the diabetic group, A. paniculata 250 mg and 500 mg in LDL activity
when compared with the sham control and metformin. In addition, significant decrease
was observed in LDL activity in metformin when compared with the diabetic group. In
Table 5, a significant increase (p < 0.05) in cholesterol activity was observed in the diabetic
group and A. paniculata 250 mg when compared with the sham control. In Table 10, no
significant change was observed in triglyceride activity.
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Table 9. Effect of A. paniculata and metformin on HDL-cholesterol and LDL in plasma.

Group HDL-Cholesterol (Mmol/L) LDL (Mmol/L)
Sham control 151 +02* 407 +11"
Metformin-100 mg 2.87 +0.14* 2.59 +0.11 *"
Diabetic group 1.67 +£0.22# 6.61 +0.50 **
A. paniculata 250 mg 1.69 4 0.34 6.78 £ 1.1%
A. paniculata 500 mg 0.07 & 1.41 *#™ 566+ 1.1%

Values are expressed in Mean &= SEM; Superscripts * represent values at significant difference of p < 0.05 from sham
control, # represents values at signifinant difference of p < 0.05 from metformin control and ™ represents values at
significant difference of p < 0.05 from diabetic group groups, respectively. Metformin, AP 250 mg and AP 500 mg
are groups treated with 100 mg/kg metformin, 250 mg/kg A. paniculata and 500 mg/kg A. paniculata, respectively.
The negative and sham controls are untreated diabetic and untreated non-diabetic groups, respectively.

Table 10. Effect of A. paniculata and metformin on Triglyceride and Cholesterol in plasma.

Group Triglyceride (Mmol/L) Cholesterol (Mmol/L)
Sham control 0.48 £0.13 45+18"
Metformin-100 mg 1.19 + 047 504 £099"
Diabetic group 1.14 £0.29 8.80 & 0.38 *#
A. paniculata 250 mg 0.64 +0.19 8.77 £0.89 %
A. paniculata 500 mg 0.44 £0.07 594 £ 0.92

Superscripts * represent values at significant difference of p < 0.05 from sham control, # represents values at
signifinant difference of p < 0.05 from metformin control and " represents values at significant difference of
p < 0.05 from diabetic group groups, respectively. Metformin, AP 250 mg and AP 500 mg are groups treated with
100 mg/kg metformin, 250 mg/kg A. paniculata and 500 mg/kg A. paniculata, respectively. The negative and sham
controls are untreated diabetic and untreated non-diabetic groups, respectively.

3.7. Effect of A. paniculata and Metformin on Kidney Markers Test

In Table 11, there was a significant (p < 0.05) increase in metformin and a significant
(p < 0.05) decrease in the diabetic group, A. paniculata 250 mg/kg and 500 mg/kg in
Potassium activity compared to the sham control; there was a significant (p < 0.05) decrease
in sham control, diabetic group, A. paniculata 250 mg/kg and 500 mg/kg in Potassium
in comparison with metformin. In addition, significant increase was seen in metformin
for potassium levels in comparison with the diabetic group. In Table 11, no significant
difference was observed in inorganic phosphorus activity. Table 12 revealed a significant
(p < 0.05) increase in creatinine activity in A. paniculata 250 mg/kg when compared with
the diabetic group and metformin. Creatinine levels also increased significantly (p < 0.05)
in A. paniculata 250 mg/kg when compared with the sham control.

Table 11. Effect of A. paniculata and metformin on potassium and inorganic phosphorus in plasma.

Group Potassium (mEg/L) Inorganic Phosphorus (Mmol/L)
Sham control 10.67 + 0.14 #n 522+13
Metformin-100 mg 13.99 +£1.8*" 4.80 £ 0.74
Diabetic group 6.55 + 0.61 *# 3.64 £ 0.56
A. paniculata 250 mg 7.53 £ 0.50 *# 3.78 & 1.50
A. paniculata 500 mg 7.33 4+ 0.99 *# 3.87 4 0.89

Superscripts * represent values at significant difference of p < 0.05 from sham control, # represents values at
signifinant difference of p < 0.05 from metformin control and ™ represents values at significant difference of
p < 0.05 from diabetic group groups, respectively. Metformin, AP 250 mg and AP 500 mg are groups treated with
100 mg/kg metformin, 250 mg/kg A. paniculata and 500 mg/kg A. paniculata, respectively. The negative and sham
controls are untreated diabetic and untreated non-diabetic groups, respectively.
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Table 12. Effect of A. paniculata and Metformin on Creatinine in plasma.

Group Creatinine (umol/L)
Sham control 735+£22
Metformin-100 mg 90.19 £ 8.8
Diabetic group 81.69 + 13.2
A. paniculata 250 mg 91.5 + 0.00 **
A. paniculata 500 mg 75.02 £5.8

Superscripts * represent values at significant difference of p < 0.05 from sham control, # represents values at
signifinant difference of p < 0.05 from metformin control and " represents values at significant difference of
p < 0.05 from diabetic group groups, respectively. Metformin, AP 250 mg and AP 500 mg are groups treated with
100 mg/kg metformin, 250 mg/kg A. paniculata and 500 mg/kg A. paniculata, respectively. The negative and sham
controls are untreated diabetic and untreated non-diabetic groups, respectively.

4. Discussion

The usage of medicinal plants for the management of life-threatening ailments such
as diabetes has gained more acceptance within the last two decades [26]. These plants
are rich in flavonoids and alkaloids [27]. The present study investigated the anti-diabetic
potentials of A. paniculata. The prolonged administration of A. paniculata at both doses for
3 weeks resulted in a significant decrease of blood glucose levels compared to the diabetic
untreated rats (Tables 3-5). Metformin has been known to produce insulin-lowering effects
in diabetic patients [28]. This result confirms the findings by Subramanian et al. [29] that
A. paniculata has the ability to reduce blood glucose levels via inhibition of x-glycosidase
and x-amylase. The weight gain as seen in Figure 1 of the diabetic rats as compared to
control animals may be due to the ability of A. paniculata to reduce hyperglycemia, most
especially in the rats treated with 500 mg/kg bw of A. paniculata, which show a drastic
reduction in weight. This reduction in the cholesterol level of the treated rats as compared
to diabetic group shows that A. paniculata has lipid lowering potential, thereby stimulating
low density lipoprotein catabolism. In addition, the oral glucose test also suggests that
A. paniculata could improve glucose tolerance of rats and also glucose utilization.

In the liver function tests, ALT and ALP are known to be definite markers for diag-
nosing liver injury and necrosis of hepatocytes. Elevated levels of ALT in metformin, STZ
and 250 mg/kg A. paniculata may be as a result of necrosis of hepatocytes leading to a
rise in cell membrane permeability which causes the release of aminotransferases into the
bloodstream. By contrast, the decrease in ALT at 500 mg/kg could be due to the ability
of the extract to modify the hepatocytes and down regulate its production, which could
be helpful. ALP was significantly decreased in both treatment groups of A. paniculata in
comparison with the untreated (STZ) group. Metformin, however, reduced the ALP level
significantly, indicating its protective role against hepatic damage and possibly intrahepatic
cholestasis [30]. Albumin, which is an indicator of the integrity of the glomerular mem-
brane, was evaluated. A. paniculata at 500 mg/kg significantly reduced the total albumin in
plasma. The total protein was evaluated and no significant variation was observed across
all groups suggesting the non-toxicity of the plant extract to liver during treatment [31].
Total and direct Bilirubin was also estimated. 250 mg/kg of A. paniculata showed a signifi-
cant rise in total and direct bilirubin while 500 mg/kg of A. paniculata showed a significant
decrease in these levels. This showed that lower doses might pose some challenges as an
increase in bilirubin levels might be due to excessive hemolysis, cytotoxicity of the liver
from obstruction in the bile ducts [32].

Plasma triglycerides are useful biomarkers in prediction of renal dysfunction [33].
High concentrations of all lipids except HDLs are associated with an increased risk of
atherosclerosis. Metformin was significant in increasing the HDL level while the plant ex-
tract at different doses of 250 mg and 500 mg/bodyweight showed no significant variation.
High plasma levels of triglycerides and LDLs are associated with coronary artery disease.
The reduction in the plasma levels of triglycerides, especially at the doses of 250 mg and
500 mg, suggests that the plant extract may contain hypolipidaemic and hypocholestero-
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laemic agents. However, total cholesterol and LDL were significantly increased in plant
extract at different doses 250 mg and 500 mg. This also suggests that the use of A. paniculata
might not be suitable towards managing cardiovascular diseases associated with obesity
or hyperlipidemia.

Creatinine levels were also estimated in plasma. Creatinine is the primary catabolic
agent of muscle and is excreted in the kidneys. Creatinine levels are used to suggest
renal insufficiency [34]. However, elevated plasma creatinine has been reported following
trauma or anuria, traumatic muscle injury and muscle dystrophy in renal injury [35].
Increased creatinine levels were observed for plant extract at 250 mg/kg; 500 mg/kg and
metformin groups were not statistically significant compared to the sham control group.
Increased concentrations of inorganic phosphorus or phosphate ions (hyperphosphatemia)
could indicate bone and kidney disease. There was no significant variation in inorganic
phosphorus at different doses of the plant extract as compared with sham control. In
addition, different doses of plant extract were more significant in reducing the potassium
level in the plasma than metformin, as compared with the sham control. Potassium levels
can be used in diagnosing kidney diseases.

5. Conclusions

The findings from the study showed that A. paniculata possesses the ability to re-
store blood glucose levels, livid profile and liver enzymes. Although traditional Chinese
literature states that A. paniculata has few toxic side effects, large oral doses may cause
gastric discomfort and anorexia. Emesis may be caused by the bitter andrographolide.
Commercial preparations in current use tend to be highly concentrated and standardized
extracts, which may significantly change the safety profile of this ingredient. The World
Health Organization (WHO) monograph for ‘Herbal Andrographidis’ (dried aerial parts
of A. paniculata) contraindicates the use of Herbal Andrographidis during pregnancy or
lactation, or in cases of known allergy to plants of the Acanthaceae family. The WHO
monograph also warns against injecting crude extracts of Herbal Andrographidis due
to potential anaphylactic reactions. Though highly medicinal, A. paniculata should be
taken at a moderate dose. Therefore, A. paniculata could be a possible drug target for the
management of diabetes and also liver damage.
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