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ABSTRACT

Introduction/Aim: Diabetes manifests as a condition of persistent hyperglycemia and poses considerable
risks of complications in various organ systems. This study investigated the histopathological impact on the
pancreas, liver, and kidney of streptozotocin-induced diabetic Wistar rats and the role of methanol leave
extract of Justicia carnea in the amelioration of the damages inflicted on the referenced organs. Materials
and Methods: Thirty-six (36) male Wistar rats weighing 180 to 200 g (mean weight = 190 £ 10 g) were
divided into six (6) groups of six (6) rats each. Group 1 served as the normal control and received only water
and grower’s pellet throughout, group 2 was induced with diabetes but untreated, group 3 animals were
induced with diabetes and treated with 50 mg/kg bw of metformin), groups 4, 5 and 6 were induced with
diabetes and treated with 100, 200 and 500 mg/kg bw of methanol extract of Justicia carnea leaves
respectively. Diabetes mellitus was induced in the rats by intraperitoneal injection of 50 mg/kg bw of
streptozotocin (STZ). After 21 days of the treatment, the animals were sacrificed and the pancreas, liver and
kidney were harvested and processed for histopathological screening. Results: The results obtained showed
severe vascular ulceration, congestion and periportal infiltrates of inflammatory cells in the liver of the
diabetic rats. However, treatment with Justicia carnea leave extract resulted in the restoration to near
normal hepatocytes, portal vein and bile ducts. In the kidney of the diabetic rats, there was interstitial
congestion, glomerular shrinkage and tubular necrosis which became normal after treatment. The Pancreas
of diabetic rats showed evidence of degenerating islets, vascular congestion and stenosis but the conditions
were ameliorated after treatment with the methanol extract of Justicia carnea leaves. Conclusion: Justicia
carnea methanol leave extract ameliorated the histopathological lesions on the pancreas, liver and kidney of
STZ-induced diabetic rats. Therefore, we are proposing the methanol extract of Justicia carnea leave as a
potential candidate for antidiabetic drug or a candidate for adjuvant drug with other antidiabetic drugs.
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INTRODUCTION

Diabetes Mellitus (DM) is a group of metabolic diseases that are characterized by chronic hyperglycemia
resulting from direct insulin secretion, insulin action or both. Low level of the hormone insulin may result to
various metabolic abnormalities in carbohydrate, lipids and proteins due to the significant role of the
hormone [1]. The severity of the symptoms experienced by patients depends on the type and duration of the
disease, although some patients are asymptomatic especially those with type 2 diabetes during the early
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years of the disease. Some symptoms of the disease may include polyphagia, polyuria, polydipsia, weight
loss, blurred vision and in severe cases, may lead to stupor, coma and even death if not treated [2,3]. It is
classified into Type 1 Diabetes Mellitus (T1DM), an autoimmune condition resulting in the destruction of
pancreatic B-cells, and Type 2 Diabetes Mellitus (T2DM), primarily associated with insulin resistance and
impaired insulin secretion. TIDM typically manifests early in life, requiring lifelong insulin therapy.
T2DM, more common in adults, is linked to lifestyle factors, genetics, and obesity. Complications of
diabetes include cardiovascular diseases, kidney dysfunction, neuropathy and retinopathy [4]. Diabetes is
becoming more common and has major consequences as an epidemic. The condition may lead to various
organ system issues, such as kidney disease and blindness. The leading causes of morbidity and death in
diabetics are peripheral artery disease, cardiovascular disease, and stroke, hence early detection and proper
management and treatment is essential [5]. The kidneys play a crucial role in maintaining urine production
and homeostasis through processes such as filtration, reabsorption, and secretion [3]. Diabetes mellitus is a
prevalent cause of kidney failure, contributing to the development of chronic kidney disease even under
controlled conditions. Elevated levels of blood glucose can result in nephron damage and impair blood
filtration processes [6]. Diabetes, a metabolic disorder, affects various bodily systems, including the liver.
Insulin resistance primarily drives hyperglycemia, disrupting lipid, carbohydrate, protein metabolism and
predisposing individuals to non-alcoholic fatty liver disease (NAFLD) which may progress to non-alcoholic
steatohepatitis (NASH), cirrhosis, and hepatocellular carcinoma (HCC) [5]. The basic mechanism involves
increased oxidative stress and dysregulated inflammatory responses, triggering transcriptional activation of
pro-apoptotic genes and hepatocyte injury. Liver damage is one of the severe complications of diabetes,
with insulin resistance aggravating oxidative stress and inflammation, thereby increasing liver pathology.
Insulin resistance ultimately contributes to the development of chronic and potentially fatal liver conditions
such as cirrhosis and end-stage liver failure [7,8]. Furthermore, excessive hepatic fat accumulation
exacerbates insulin resistance and contributes to severe metabolic dysfunction. Prolonged diabetes distorts
several functions of the heart like reducing blood flow and increasing the likelihood of myocardial infarction
due to vascular occlusion by hyperglycemia. Myocardial infarction occurs when blood flow to a coronary
artery is abruptly interrupted, resulting in myocardial damage. Some common symptoms of the effect of
diabetes in the heart include severe chest pain radiating to the neck or left arm, as well as dyspnea. Diabetic
individuals may experience asymptomatic myocardial infarction due to neuropathy-related symptom
attenuation [9]. Streptozotocin (STZ) (2-deoxy -2- (3-methyl-3 nitrosourea) -1-0-glucopyranose is a
naturally occurring alkylating antineoplastic agent that is particularly toxic to the insulin producing B -cell of
the pancreas in mammals. it is a mixture of a- and -Stereoisomers with molecular weight of 265 g/mol [10].
STZ is taken into the pancreatic B — cells of mammals by glucose transporter -2. When STZ is injected into
an adult rat, it causes type 1 diabetes with severely elevated blood glucose level [11]. The therapeutic use of
plants for maintaining good health has been extensively documented. Historically, plants and their
derivatives have formed the basis of many pharmaceuticals that are employed in treating various ailments
[12,13]. It is estimated that about 80% of the world’s population relies on plant-based alternative medicines
for healthcare [14]. Medicinal plants, which contain bioactive compounds that are used for therapeutic
purposes or as precursors for vital drugs, become recognized as such when their biological activity is either
ethnobotanically reported or scientifically established [15]. Africa has more than 500 plant species with
known medicinal value. Many of these plants are being evaluated for their phytochemical compositions,
medicinal and therapeutic properties such as antioxidant, anti-ulcer, anti-cancer, anti-diabetic, anti-
hypertensive, hepatoprotective and nephroprotective effects amongst others. The World Health Organization
recognizes the importance of conducting scientific research on herbal medicine, as these natural products
have the potential to make a significant contribution to healthcare [16]. Justicia carnea is a flowering plant,
widely distributed in various parts of Africa. In Nigeria, the shrubs of Justicia carnea are grown around
homesteads and are easy to propagate from stem cuttings by pushing the stems 1 to 2 inches into the soil
[17]. In the Eastern parts of Nigeria, it is referred to as “Ogwu Obara” where a decoction of the plant is used
as blood tonic administered to anemic patients, pregnant women as well as women undergoing menstruation
[18]. In addition to its traditional use as a hematinic, it is also used locally in the treatment and management
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of different ailments such as diarrhea, arthritis, liver disease, diabetes, inflammation, gastrointestinal
disorders and rheumatism [19,20]. The plant has also been reported to possesses antidiabetic, antioxidant,
antiviral, hypocholestrolemic, and cardioprotective properties [21,22,23]. Although Justicia carnea extracts
have been demonstrated to have antidiabetic potential [24,25,26], there is no comparative study on the
impact of Justicia carnea methanol leave extract on the histomorphology of the pancreas, liver and kidneys
of STZ-induced diabetic rats. This present work therefore investigated the histopathological effects of the
methanol leave extracts of Justicia carnea on the pancreas, liver and kidney of STZ-induced diabetic Wistar
rats.

MATERIALS AND METHODS

Chemicals and Reagents

All the chemicals and reagents used in this study were of analytical grade and were products of either
British Drug House (BDH) (England), or Sigma Aldrich Ltd. (USA)

Collection and Identification of Plant

Fresh leaves of Justicia carnea were harvested from an open forest in Ovbiogie community, Ovia North -
East Local Government Area, Benin City, Nigeria and authenticated at the Department of Plant Biology and
Biotechnology, University of Benin, Benin City, Nigeria. A voucher specimen (UBH-J386) was deposited at
the Departmental Herbarium for future reference.

Preparation of Plant Sample

The fresh samples of Justicia carnea leaves were washed and air-dried. The dried leaves were pulverized
using a mechanical grinder. The extraction of the pulverized plant material was done by maceration over a
72 hours period [27]. A portion (500 g) of the powdered leaves was soaked in 5000 ml methanol. The
resultant methanol extract was filtered with a muslin cloth. The methanol solvent was removed by
condensation using a rotary evaporator at 60°C and the moisture was removed by freeze drying using a
Iyophilizer to finally obtain the Justicia carnea methanol extract which was stored in the laboratory
refrigerator at — 4°C until required for use.

Experimental Design

A total number of thirty-six (36) male Wistar rats (8 weeks old) weighing between 180g — 200g (mean
weight = 190+10) were used in this study. The animals were obtained from the animal house of the
Department of Biochemistry, University of Benin, Benin city, Edo state, Nigeria. The animals were
acclimatized for two weeks under healthy and hygienic condition. The rats were housed in metal cages
under standard laboratory conditions: room temperature, 55 — 65 % humidity and 12-h light/12-h dark cycle.
They were allowed free access to pelletized growers mash and clean drinking water. All the experiments
were carried out in accordance with the National Health’s Guide for the Care and Use of Laboratory
Animals (NIH Publication No. 85-23) revised 1996. The Wistar rats were randomized into 6 groups of 6
animals each. Group 1 was the control group which received only food and water throughout the duration of
the experiment. Groups 2 to 6 animals were earlier induced with diabetes following intraperitoneal injection
of streptozotocin (50 mg/kg bw). Group 2 was the diabetic untreated group, group 3 was the diabetic group
treated with Metformin (25 mg/kg bw), while groups 4, 5 and 6 were diabetic groups treated with 100
mg/kg bw, 200 mg/kg bw and 500 mg/kg bw respectively of methanol extract of Justicia carnea leaves. The
treatments lasted for 21 days after which the rats were sacrificed after an overnight fast.
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Acute Toxicity Text

An oral acute toxicity study was conducted on the methanol extract of Justicia carnea leaves using the
Lorke method [28]. A total of eighteen (18) rats were used in this two-phase study. In phase 1, the rats were
randomized into 3 groups of 3 animals each. Each group received a designated oral gavage dose of the
methanol extracts (10, 100, 1000 mg/kg body weight) respectively. The animals were initially observed for
signs of toxicity 60 minutes after administration and were continuously monitored for 24 hours. The absence
of mortality in phase | necessitated a second phase. In phase 2, three rabbits were allocated to separate
groups, with each group receiving a single, high-dose oral gavage of the methanol extracts (1500, 2500, and
5000 mg/kg body weight) respectively. The animals were observed for signs of toxicity within 24 hours,
with extended monitoring for an additional 48 hours to assess for delayed mortality.

Induction of Diabetes and Administration of Extracts

Streptozotocin (STZ) (50 mg/kg bw) was administered intraperitoneally to induce diabetes. Fasting blood
glucose levels were checked after three days. Rats with fasting blood glucose >200 mg/dL were considered
diabetic. Fasting blood glucose (FBG) levels were determined with the aid of ACCU-CHEK Advantage 11
Active glucometer and strips. The test strip was inserted into the glucometer; blood sample was collected
from the tail of the rat by tail tipping using a surgical blade. The blood was dropped on the dextrostix
reagent pad. This was inserted into microprocessor digital blood glucometer and the readings were recorded
in mg/dl. Prior to the induction of diabetes, the animals were subjected to an overnight fast. The next
morning, the fasting blood glucose levels of the experimental animals were measured and recorded. The
blood glucose level was subsequently recorded on weekly basis for 21 days. The methanol extract of
Justicia carnea was orally administered to the rats daily for 21 days of the experiment and the weight of the
rats were also recorded on a weekly basis.

Histological study

At the end of the 21 days of treatment, the animals were sacrificed and the organs of interest (Pancreas, liver
and kidney) were harvested for histological studies. The organs were rinsed in normal saline, soaked in 10%
formalin for 12 hours and prepared according to the paraffin wax embedding technique by staining with
hematoxylin and eosin for microscopic evaluation. Histopathological examination was carried out under
light microscope. In each H&E section, exactly 25 circular tubules were measured in two axes drawn
perpendicular to each other with the aid of an image analyzer (Image Proplus, version 3.0).

Statistical Analysis

Count data are expressed as mean + standard error of mean. The statistical analysis was performed using
SPSS (version 20). The various treatment groups were compared using Duncan multiple range test.
Statistical significance was assumed at p < 0.05.

RESULTS

Acute Toxicity

The animals did not show any toxicity sign and symptom at the highest dose of 5000 mg/kg bw. The
methanol extract of Justicia carnea did not produce any mortality in the rats (Table 1 and Table 2).

Furthermore, the animals did not display any drug-related changes in behavior, breathing, skin effects, water
consumption, impairment in food intake and temperature. Therefore, the extract was deemed to be safe at
dose of 5000 mg/kg, and the median lethal dose (LD50) was considered to be > 5000 mg/kg.
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Table 1: Phase 1 Acute toxicity Test

Dose (mg/kg bw of methanol extract of J. carnea)|Mortality|
10 0/3

100 0/3

1000 0/3

Table 2: Phase 2 Acute toxicity Test

Dose (mg/kg bw of methanol extract of J. carnea) |Mortality
1500 0/3

2500 0/3

5000 0/3

Effect of J. carnea on Glucose Concentration of Streptozotocin-Induced Diabetic Rats

Graded doses of methanol extract of J. carnea leaves significantly reduced the blood glucose concentration

of streptozotocin-induced diabetic rats (p < 0.05) (Table 3).

Table 3: Blood Glucose Concentration (mg/dL) of Diabetic Rats

Group Week

Initial 1 2 3 4
Group 1 (Control) 76.00+4.15 |_ 103.67+2.53P [92.33+2.37P  [65.5+3.42P
Group 2 (Diabetic Control)|94.67+14.45(305.00+27.408/475.00+41.022 |368.00+54.082 {369.33+28.018°
Group 3 (Metformin) 62.20+3.88 {310.80+56.81%|286.40+55.002P[204.60+51.172P[168.00+76.0027
Group 4 (100 mg/kg) 58.80+4.11 |283.20+50.713]223.00+58.1520(222.00+59.0520(171.20+67.1280
Group 5 (200 mg /kg) 56.80+1.65 [370.20+49.422|321.75+53.1020(295+112.15520 [222.33+62.2280
Group 6 (500 mg/kg) 59.17+6.32 [297.67+43.312|240.20+70.8327(190.00+55.0827(53.00+12.00°

Values are expressed as Mean = SEM (n=3). Values with superscript “b” are significantly different from the
normal control while values with superscript “b” are significantly different from the diabetic control (p<0-
05). Values with superscripts ‘a and b’ are significantly different from both normal and diabetic controls
(p<0.05) but not significantly different when compared to the Metformin treated groups.

Effect of Graded Doses of Methanol Extract of J. Carnea Leaves on Rat Body Weight

Table 4 shows the changes in the body weights of diabetic rats treated with methanol extract of J.carnea
leaves. There were increases in the body weights of the Wistar rats across the groups. Group 4 and 5 had a
significantly lower weight gain when compared to the normal control and diabetic control.

Table 4: Changes in the Body Weight of Diabetic Rats Treated with J.carnea Extract

Groups Initial Body Weight (g)|Final Body Weight (g){Change in Body Weight (g)
Group 1 (Control) 109.53+3.13 192.80+14.34 83.28+14.49

Group 2 (Diabetic Control) (133.75+14.41 212.11+17.24 78.36+9.15

Group 3 (Metformin) 118.33+5.23 178.58+11.19 66.20+9.74

Group 4 (100mg of Extract)|118.362+12.64 176.67+18.24 58.31+9.522

Group 5 (200mg of Extract)(112.04+4.43 153.99+5.54 41.95+1.452

Group 6 (500mg of Extract)(125.81+6.59 211.08+15.88 85.27+9.29

Values are expressed as Mean + SEM (n=3). Values with superscript 2 are significantly different (p <0.05)
from the control group.
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Effect of Graded Doses of Methanol Extract of J. Carnea Leaves on the Weight of the Rats’ Pancreas,
Liver and Kidney

The final weights of the kidney, pancreas, and liver is presented in table 5. There was an abnormal increase
in the weight of the liver in group 2 (the diabetic untreated group) when compared to other groups. When
the normal control was compared to the diabetic control, the weight of the kidney and pancreas did not
differ significantly (p>0.05).

Table 5: Changes in the Weights of the Pancreas, Liver and Kidney

Groups PANCREAS|LIVER  |KIDNEY
Group 1 (Control) 0.68+0.10  |4.57+0.18P [1.14£0.09

Group 2 (Diabetic Control)[0.63+0.06  |8.04+0.582 [1.43+0.18

Group 3 (Metformin) 0.37£0.062P |4.44+0.28P |0.77+0.118.P
Group 4 (100 mg/kg) 0.3620.032P |3.53+0.342:P|0.66+0.032:°
Group 5 (200 mg /Kg) 0.25+0.00%P (3.78+0.09° |0.67+0.043P
Group 6 (500 mg/kg) 0.33+0.03%P (4.18+0.23° |0.7620.05%P

Values are expressed as Mean £ SEM (n=3). Values with different superscripts are significantly different
from the controls (p<0.05).

Effects of methanol extract of Justicia carnea leaves on the Pancreas, Liver and Kidney Ultrastructure
in STZ-induced Diabetic Rats.

The histopathological analyses of the Pancreas, Liver and Kidney of diabetic rats treated with methanol
extracts of the leaves of J. carnea are presented in Figures 1,2 and 3 respectively.

Fig. 1a — 2f represent the photomicrographs of the Pancreas
Fig. 2a — 2f represent the photomicrographs of the Liver
Fig. 3a — 3f represent the photomicrographs of the Kidney

Fig. 1: Photomicrographs of the Pancreas

Fig. la Pancreas of group 1 rats (Normal control) showing normal Exocrine Acini (EA), Islets of
Langerhans (IL), Pancreatic ducts (PD): H&E x 400
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Fig. 1b. Pancreas of diabetic untreated rats (Group 2) showing degenerating islets (IS), vascular congestion
(VC) and stenosis (VS): H&E x 400

Fig. 1c. Pancreas of metformin treated diabetic rat (Group 3) showing normal islet of Langerhans (IL),
dilated exocrine duct (ED) with active stromal congestion (SC): H&E x 400

Fig. 1d. Pancreas of diabetic rats treated with 100mg/kg bw extract (Group 4) showing regenerating islets
(1S) and dilated, ducts (DD): H&E x 400
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Fig. 1d. Pancreas of diabetic rats treated with 200mg/kg bw extract (Group 5) showing paucity of islets,
dilated ducts (DD), and vascular obstruction (VD): H&E x 400

Fig.le. Pancreas of diabetic rats treated with 500mg/kg bw extract (Group 6) showing: paucity of islets,
dilated ducts (DD), and vascular ulceration (VU): H&E x 400

Figure. 2: Photomicrographs of the Liver

Fig. 2a. Liver of group 1 rats (Normal control) showing normal architecture: hepatocytes. (HC), sinusoids
(SI), bile duct (BD), portal vein (PV): H&E x 400
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Fig. 2b. Liver of diabetic untreated rats (Group 2) showing: severe vascular ulceration (VU), congestion
(VC), periportal infiltrates of inflammatory cells (PI): H&E x 400

HC

Fig. 2c. Liver of metformin treated diabetic rat (Group 3) showing normal hepatocytes (HC), portal vein
(PV), and bile ducts (BD) H&E x 400

Fig. 2d. Liver of diabetic rats treated with 100mg/kg bw extract (Group 4) showing: normal architecture of
hepatocytes (HC), portal vein (PV), and bile ducts (BD): H&E x 400
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Fig. 2e. Liver of diabetic rats treated with 200mg/kg bw extract (Group 5) showing: periportal infiltrates of
inflammatory cells (PI), focal portal vascular ulceration (\VU), congestion (CO): H&E x 400

Fig. 2f. Liver of diabetic rats treated with 500mg/kg bw extract (Group 6) showing: mild periportal
mobilization of lymphocytes, vascular ulceration, congestion, microvesicular steatosis: H&E x 400

Figure. 3: Photomicrographs of the kidney

Fig. 3a. Kidney of group 1 rats (Normal control) showing normal architecture: interstitial space (IS), tubules
(TU), glomeruli (GL): H&E x 400
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Fig. 3b Kidney of untreated diabetic rats (Group 2) showing: interstitial congestion, glomerular shrinkage
(GS), focal (tubular necrosis (TN): H&E x 400

Fig. 3c Kidney of metformin treated diabetic rat (Group 3) showing normal tubules (TU) and normal
glomeruli (GL), (H&E x 400).

Fig. 3d. Kidney of diabetic rats treated with 100mg/kg bw extract (Group 4) showing: active interstitial
congestion (IC), tubules, glomeruli (GL), all normal: H&E x 400
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Fig. 3e. Kidney of diabetic rats treated with 200mg/kg bw extract (Group 5) showing: focal tubular necrosis
(TN), and normal glomerulus (GL): H&E x 400

Fig. 3f. Kidney of diabetic rats treated with 500mg/kg bw extract (Group 6) showing: mild focal tubular
necrosis (TN), and normal glomerulus (GL): H&E x 400

DISCUSSION

Diabetes mellitus is a group of metabolic diseases that is becoming more common worldwide [29] and
characterized by multiorgan failures, peripheral neuropathy, retinopathy, nephropathy, hyperlipidemia, and a
variety of cardiovascular disorders [3,5]. Justicia carnea extracts have been demonstrated to have
antidiabetic potential [24,25,26]. The photomicrograph of the pancreas of group 1 rats (normal control)
showed intact and healthy islets of Langerhans, pancreatic duct and exocrine acini (Fig.1a) while the
photomicrograph of untreated diabetic group represented in Fig. 1b showed some features of complications
of diabetes in the blood vessel such as vascular obstruction, ulceration and disappearance of the islets of
Langerhans. When the diabetic rats were treated with metformin there was regeneration of the islets of
Langerhans (Fig. 1c) similar to those of the normal control (Fig. 1a). The 100 mg/kg bw of the extract was
also effective in the regeneration of the islets of Langerhans that was destroyed by diabetes hence
ameliorating the effect of diabetes as shown in Fig. 1d. The rate of regeneration of the islet of Langerhans in
groups 5 and 6 rats (Fig. 1e and Fig.1f) respectively, was less than that of the 100 mg/kg bw (Fig.1d), hence
very few islets of Langerhans were present as shown in the photomicrographs (Fig. le and Fig. 1f
respectively). Some vascular complications such as dilation of the blood vessel and vascular obstruction
were also noticed in the pancreas of groups 5 and 6 (Fig.1e and Fig.1f) respectively. It has been reported in a
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previous work [30] that there was considerable regeneration of the islet of Langerhans in the pancreas
following administration of ethanolic extract of Alchornea cordifolia leaf in alloxan-induced diabetic Wistar
rats. The plant extract of J. carnea is probably able to induce the proliferation of quiescent (inactive) cells to
replace lost ones. The photomicrograph of the liver of group 1 rats (Fig.2a) shows normal hepatic histo-
architecture. The liver parenchyma shows normal portal hepatic features with the central vein, sinusoids
radiating from the central vein and the hepatocytes appearing normal. The hepatocytes are densely packed
with normal cellular structure. However, there were structural alterations in the liver parenchyma of group 2
rats. These alterations which included desquamated, dilated, and congested central vein, apoptosis of
hepatocytes with aggregation of macrophages, are in line with previous report [31]. The hepatocytes (HC),
sinusoids (SlI), bile duct (BD) and portal vein (PV) on the portal zone were all normal. The diabetic
untreated group showed that there was dilatation of the blood vessels leading to thinning of the wall causing
vascular ulceration (Fig.2b). This ulceration of the blood vessel is a complication of atherosclerosis induced
by diabetes [32]. This condition is a diabetic complication known as vasculopathy. The photomicrograph
also indicates inflammation around the portal vein, this condition is known as portal hepatitis (inflammation
of the portal zone of the liver).The liver of the diabetic group treated with Metformin (Fig.2c) showed a
significant reversal of the vasculopathy induced by diabetes, the alteration and other complications as a
result of diabetes were also ameliorated .This pattern of restoration of the liver’s ultrastructure was also
observed for group 4 animals which were diabetic rats treated with 100 mg/kg bw of the methanol extract
of Justicia carnea (Fig.2d). The liver of the diabetic rats treated with 200 mg/kg bw of the extract, also
showed a reversal of some structural complications induced by diabetes (Fig.2e) but some inflammatory
cells were still present in the liver with congestion and mild vascular ulceration. This observation is
consistent with previous findings [33]. In this present study, it was observed that the photomicrograph of
diabetic rats treated with 100 mg/kg bw of the extract (Fig.2e) was more similar to the normal control when
compared to the photomicrograph of diabetic rats treated with 200 mg/kg bw (Fig.2f). The restoration to
normal of the hepatocytes (diabetic rats treated with 500 mg/kg bw) was less pronounced compared to group
4 rats treated with 200 mg/kg bw of the extract due to the level of congestion and vascular ulceration in the
liver. The doses have varying effects on the impact of diabetes on the liver and in comparing the effect of
the various doses of the extract to the normal control and the drug (Metformin), the 100 mg/kg bw of the
methanol extract of Justicia carnea was more effective in the amelioration of the effect of STZ — induced
diabetes in the liver than 200 and 500 mg/kg bw of the extract. However, it has been reported [25] that both
low (200 mg/kg) and high (800 mg/kg) doses of Justicia carnea extract was effective in ameliorating the
effect of diabetes on the liver. Diabetic kidney disease is the leading cause of end-stage kidney disease
[34]. It is considered a microvascular complication and occurs in both diabetes mellitus type 1 and diabetes
mellitus type 2. Thirty to 40 percent of patients with diabetes mellitus develop diabetic nephropathy
[35]. The exact cause of diabetic nephropathy remains unknown, but insulin resistance, genetics,
hyperglycemia, and an autoimmune process may be the causes [35,36]. The photomicrograph of the kidney
of the normal control group showed normal architecture of interstitial spaces, tubules and glomeruli
(Fig.3a). The untreated group, showed congestion of the interstitial space, shrinkage of the glomeruli and
tubular necrosis (Fig.3b) which are some of the features of diabetic nephropathy caused by diabetes [35,37].
When the diabetic rats were treated with Metformin, the photomicrograph of their kidneys (Fig.3c) were
similar to that of the normal control which is an indication of the effectiveness of metformin in reversing the
effect of diabetes on the kidney. The photomicrograph of diabetic rats treated with 100 mg/kg bw of the
extract (Fig.3d) showed normal glomeruli, tubules and the interstitial spaces, were normal in comparison
with the normal control, suggesting the effectiveness of the dose in the amelioration of the effect of diabetes
on the kidney just like the standard drug, metformin. The photomicrographs of the kidneys of diabetic rats
treated with 200 and 500 mg/kg bw of the extract respectively (Fig.3e and fig.3f), showed no shrinkage of
the glomeruli compared to the diabetic control (Fig.3b) but there was focal necrosis. From the
histomorphology of the kidneys of diabetic rats treated with 100, 200 and 500 mg/kg bw of the extract, it is
clear that the various doses of the extract were effective in the amelioration of the diabetes-induced
nephrotoxicity. This is also corroborating the findings as previously reported that there was restoration of
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the normal general structure of the kidney and the normal appearance of glomeruli and tubules after
treatment of diabetic rats with Justicia carnea extract [25].

CONCLUSION

This study demonstrated the significant therapeutic potential of the methanol extract of Justicia carnea
leaves in the management of diabetes mellitus and its complications in the pancreas, liver and kidney.
Histopathological analysis revealed that the methanol extract of Justicia carnea showed varying degree of
amelioration of the various organs’ lesions at different doses. This study revealed that the 100 mg/kg body
weight dose of the extract was particularly very effective in ameliorating the diabetes-induced damage
across all examined organs. These findings underscore the medicinal properties of Justicia carnea and
support its potential use in the management of diabetes mellitus. Therefore, we are proposing the methanol
extract of Justicia carnea leave as a potential candidate for antidiabetic drug or a candidate for adjuvant
drug with other antidiabetic drugs. Further research and clinical trials are warranted to fully explore its
potential, establish standardized dosing regimens for therapeutic applications and determine the mechanism
of action of the leave extract.
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