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Purpose: This study evaluates the acute and sub-acute toxicity of 80% methanolic extracts of the leaves of Justicia schimperiana in
Wistar albino rat models.

Methods: Dried powdered leaves of Justicia schimperiana were macerated in 80% methanol. The experiment was conducted in
accordance with the Organization for Economic Co-operation and Development guideline 423 for acute and 407 for sub-acute toxicity
testing. A single dose of 5000 mg/kg extract was orally administered to three female rats for the acute toxicity study. The plant extract
was administered orally for 28 days in daily dosages of 250, 500, and 1000 mg/kg for the sub-acute study. Animals in a control group
were given distilled water. A total of 40 rats (5 rats/group/sex) were used for the sub-acute toxicity testing. Daily food intake and
weekly body weight measurements were done. The rats were sacrificed at the end of the 28-day treatment period for hematological,
biochemical, and histopathological tests. One-way analysis of variance and Kruskal-Wallis tests were employed for the analysis.
Results: The single-dose oral administration of the plant resulted in no deaths or serious morbidity. The median lethal dose was
>5000 mg/kg. The 28-day oral treatment of the plant extract had no significant effect on general behavior, food intake, organ weight,
biochemical parameters, or the majority of the hematological markers, with the exception of the decrease in hemoglobin and
hematocrit in the 1000 mg/kg extract-treated groups compared to the controls. Both sexes experienced significant weight increases
at all dosage levels. With the exception of minor alterations in a few of the organs, no significant histological change was identified.
Conclusion: It is concluded that the single-dose and repeated-dose 28-day oral administration of the methanolic leaf extract of
Justicia schimperiana is relatively safe.
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Introduction
Over 95% of traditional medical preparations come from plants.' According to Robert and John’s research findings, the
extract of medicinal plants is used to produce approximately 25% of modern medications.” Yet, developing countries
made too little of an effort in conducting biomedical investigations and promoting public acceptability.’ The Ethiopian
health authorities have only recently* demonstrated dedication to promoting and strengthening it.>

Justicia schimperiana (Hochst. ex Nees) T. Anderson, with alternative names of Adhatoda schimperiana Hochst. ex
Nees, and Gendarussa schimperiana Hochst, is known locally as “dhumuugaa” in Afaan Oromoo, and “sensel” or
“simiza” in Amharic. It belongs to the Acanthaceae family, which includes approximately 250 genera and 2500 species.®
With close to 600 species, Justicia is the most important genus of the family Acanthaceae.” It is a classic shrub that
thrives in the Dry and Moist Weyna Dega agroclimatic zones of Tigray, Gondar, Gojjam, Sidamo, Kefa, [lubabor, Shoa,
Harerge, and Addis Ababa in the altitude range of 1300-2800 meters.°
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In several parts of Ethiopia, the plant J. schimperiana is used traditionally for a variety of illnesses like jaundice, rabies,
anthrax, asthma, common cold, stomachache, diarrhea, tapeworm infestation, wound, external parasite, and skin irritation.® 1!
Phytochemical analysis of various parts of J. schimperiana showed the presence of major secondary metabolites such as
Terpenoids,lz’13 Phenols,B*15 Tannins,lz*m’lf”17 Steroids,lz’18 Flavonoids'>'>1® 7, Saponins,”“15 1819 and Alkaloids.'>'®1?
Methyl elaidate, methyl oleate, methyl hexadecanoate, and many other chemical compounds were isolated from
J. schimperiana.®® Several biologically active chemical compounds, such as apigenin, naringenin, phytol, etc., were also
identified in the plant of the same genus, Justicia gendarussa Burm.?' J. schimperiana demonstrated antibacterial,'®*?

2729 wound  healing,'’

'cmtidiarrheal,13 an‘timalarial,ls’B’24 anti-diabetic,25 hepatoprotective,26 anti-asthmatic,
antifungal,'***-*°

The widely held misconception that herbal remedies are incredibly safe and devoid of side effects is misleading. It has

and anti-rabies'®3! activities.

been shown that herbs can cause a wide range of unpleasant or unfavorable reactions, some of which can lead to serious
injuries, or even death. As a result, employing animal models to study the harmful effects of medicinal herbs is
increasing.’® Acute toxicity tests are short-term tests that are conducted to determine the immediate effects of
a substance at a single exposure. It is useful to determine the median lethal dose (LDsg). Sub-acute toxicity tests, on
the other hand, are designed to evaluate the effects of repeated exposure to a substance.* > The substance is often given
to the animals on daily basis for 4 weeks.>*’

Prior acute oral toxicity tests of the crude 80% methanolic extract of J. schimperiana leaf (JSLM80) showed
inconsistent levels of LDs.'?16:23:23:26:2829.31 The (discrepancy in the LDs, level reported among the previous studies
could be due to the variation in toxicity experimental protocol followed and animal characteristics (age, sex, weight, and
genetic background). Moreover, the composition of the plant material (geographical location, climate, harvesting time,
and storage conditions) and extraction methods can also impact the LDs level of plant extracts.®®

Three studies carried out using Organization for Economic Co-operation and Development (OECD) guideline 425°°
(limit test 2000 mg/kg) consistently reported that there was no lethality observed and the LDsy of JSLM80 was
>2000 mg/kg."****> Another study based on OECD guideline 423 (limit test of 5000 mg/kg) also reported no lethality,
making the LDs, >5000 mg/kg.*' However, other studies by Assefa et al (2016),>” Umer et al,”® and Petros et al*®
reported the LDsq to be 1286.76 mg/kg, >1000 mg/kg, and 5.01 mg/kg, respectively. These studies did not follow the
recommended OECD guidelines, and the mice they used showed variation in sex, age, and weight. All prior investiga-
tions were carried out using mice. The current study aims to determine the acute toxicity status in rats, which is the
preferred animal by the OECD guideline.*

As to our extensive search of published materials, there is no sub-acute toxicity study on J. schimperiana. The plant
has been used in the treatment of various human ailments without scientific proof for toxicity and teratogenicity. Thus,
this study aims to evaluate the acute and sub-acute toxicity of JSLMS0.

Methods and Materials

Plant Material Collection, Identification and Extract Preparation

Fresh leaves of J. schimperiana were collected in the months of October to January from a rural kebele named Goshu
Amba (2300-2500 m altitude above sea level) around Debre Markos town, located in the northwest parts of Ethiopia,
which is 320 km far from Addis Ababa. The plant specimen was identified by Melaku Wondafrash, a professional
taxonomist at the National Herbarium, Department of Biology, Addis Ababa University and a voucher number MJ-001
was given and deposited in the herbarium for future reference.

According to the plant extraction method by Mekonnen et al, 2018,'* J. schimperiana leaves were washed with
distilled water and dried under shade, and then ground to a coarse powder with a mortar and pestle and stored at room
temperature. Then, three consecutive days of maceration in 80% methanol at room temperature with occasional stirring
were used to extract the powder that had been accurately weighed using an electronic scale. The supernatant was filtered
using Whatman filter paper No. 1 after three days. The leftover material was twice similarly macerated and filtered. In
a 40°C oven, the mixed filtrate was concentrated. Before the actual study procedures began, the dried extract was
weighed, put into a sample bottle, labeled, and stored at —4°C.
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Experimental Animals Housing and Feeding

The rats were obtained from the Ethiopian Public Health institute (EPHI) animal breeding laboratory. To identify the rats,
a unique number was marked on the tail of each rat using a permanent marker. The rats were kept in a plastic cage in
groups according to their dose level. In the acute toxicity study, three rats were housed together. Five rats of the same sex
and dose level were housed together for the sub-acute toxicity study. They were placed in a room where there was a 12-
hour light/dark cycle, a temperature of 22 + 3 °C, and a humidity of 50-60% throughout the duration of the experiment.
Contaminants were periodically examined in the diet. Prior to the experimental procedures, all experimental animals
underwent a 5-day acclimatization period to become accustomed to their surroundings. All of the animals were given
unlimited access to food and drinking water during the adaptation period.

Oral Acute Toxicity of JSLM80

The acute toxicity study was conducted based on OECD test guideline 423.%¢ Healthy, nulliparous, non-pregnant, female
rats weighing 220-250 g and ages 8 to 12 weeks, which had not been subjected to previous experimental procedures,
were used. The limit test was employed in the acute oral toxicity study since available information suggested that
J. schimperiana is likely to be non-toxic, as evidenced by plants of the same genus.*® Moreover, prior toxicity evaluation
of the plant in mice did not cause lethality.>' Thus, the current acute toxicity study was conducted as a confirmatory to
a prior reported LDs level of 5000 mg/kg in mice.>’ The animals were fasted overnight from food prior to the
commencement of dosing of the extract. The animals were weighed on the first day of dosing and then weekly for 2
weeks. A limit dose of 5000 mg/kg was given to a group of three female rats.>® Rats were observed daily for a total of 14
days for signs of toxicity like tremors, convulsions, salivation, diarrhea, lethargy, writhing, edema, opisthotonos,
exophthalmos, corneal opacity, eye swelling or reddening, sleep, and coma. Changes in skin and fur, eyes and mucous
membranes, respiratory, circulatory, autonomic and central nervous systems, and somatomotor activity and behavior
pattern were also noted. Individual bodyweight was measured and recorded before the administration of the extracts and
weekly for 2 weeks. Weight changes were also calculated and recorded.

Oral Sub-Acute Toxicity of JSLM80

The sub-acute toxicity study was conducted in accordance with the OECD guideline 407.>” Young adult male and
nulliparous non-pregnant female rats weighing 220-250 g and ages 8 to 12 weeks were used. The animals were randomly
divided into four groups using a lottery method, each containing ten rats (5 males and 5 females). The three groups
(Group I to III) were treatment groups and gavaged with 250, 500, and 1000 mg/kg body weight per day of the extract for
a period of 28 days. The last group was a control group and received distilled water with a dose of 1mL per 100 gram of
body weight. The dose levels of the sub-acute toxicity study were determined by the acute toxicity study result (LDs).
Given the possibility of cumulative effects from repeated administration of the extract, one-fifth of the doses for the acute
toxicity study were used in the repeated dose toxicity study.*” The descending dose levels were then set with twofold
intervals according to the recommendation of OECD test guideline number 407.°” The animals were weighed using
a digital electronic balance before the first oral administration of the extract and subsequently every week until the last
oral administration of the extract. Food intake was measured every 24 hours, starting from the first day of administration
to the end of the treatment period. The rats were also observed for the entire experimental period for the presence of
mortality, behavioral changes (salivation, fur, lethargy, and sleep) and changes in physical appearance, injuries, pain, and
illnesses.

Hematological and Biochemical Analysis

At the end of the treatment period, food but not water was withheld overnight for 12 hours and anesthetized by
intraperitoneal injection of 150 mg/kg Pentobarbital. Blood sample was then collected by cardiac puncture into two
separate test tubes. The first tube had anticoagulant ethylene diamine tetraacetic acid (EDTA) for hematology, and
the second tube was without anticoagulant for blood chemistry. Blood samples in test tubes containing EDTA were
immediately processed for hematological parameters using an Automated Hematological Analyzer (Sysmex-XT, 18001,
Japan). The red blood cell count (RBC), hemoglobin concentration (HGB), hematocrit (HCT), mean corpuscular volume
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(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelet count
(PLC), and white blood cell count (WBC) with differentials were automatically measured.

For biochemical analysis, the blood samples in the plain test tubes were placed for 3 hours and centrifuged for 15
minutes with a bench-top centrifuge (Humax-K, Human-GmbH, Germany) at 5000 rpm. The plasma was extracted using
a micropipette, stored in fresher vials, and then stored in the refrigerator at —20°C until the analysis was done. Finally, an
automated clinical chemistry analyzer (Huma Star 80, Germany) was used to determine the levels of alanine amino-
transferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), total cholesterol, creatinine, urea,
high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), Na+, K+, and Cl.

Gross Pathologic Observations and Histopathologic Studies
After blood was collected from each rat, pentobarbital was injected intraperitoneally to cause death. Its entire brain, heart,
pancreas, kidneys, adrenal glands, spleen, liver, and seminal vesicles were immediately removed. In addition, the uterus
and ovaries in females and the testis and epididymis in males were also removed. These organs underwent a gross
pathological evaluation by a pathologist to look for any evident lesions. Finally, slices of each sample were made, and
they were all preserved for 24 hours in a 10% neutral buffered formalin fixative solution. Then, an automatic tissue
processor (Leica TP 1020, Germany) was used to process the tissue. The automatic tissue processor was set first to
dehydrate the fixed tissues with an increasing gradient of alcohol concentration. Following this, the tissue was cleared
and impregnated with melted paraffin wax and xylene, respectively. Utilizing a Leica rotary microtome (Leica RM 2125
RT, China, tested in Germany), the blocks were sectioned at a thickness of 5 pm. The tissues were then stained using the
hematoxylin and eosin method.

Tissue samples from the treatment and control groups were examined to look for any histopathological alterations.
Using an automated digital camera mounted on a microscope (Zeiss Primo Star, Germany), photomicrographs of selected
slides from the treated and control groups were taken.

Statistical Analysis

Statistical Software Package for Social Sciences (SPSS) version 26 was used for the analysis. Sub-acute toxicity study
parameters that satisfy the normality assumption were analyzed using ANOVA, while parameters that did not meet the
assumption were analyzed using the Kruskal-Wallis test. An independent sample #-test was used for the acute toxicity
study. Results were presented as mean and standard error of the mean. Results with a p value less than 0.05 were
considered statistically significant.

Ethical Consideration

Ethical approval was obtained from the Department of Anatomy Graduate Committee (protocol number: 116/19/ANAT)
and the Institutional Review Board of the College of Health Sciences, Addis Ababa University (form AAUMF-03-008)
in compliance with the OECD guidelines (407 and 423) for the care and use of laboratory animals.*®*’ The animals were
humanely kept in the biomedical research laboratory of EPHI. The rats were anesthetised based on the guidelines
provided by the American Veterinary Medical Association.*' Finally, the bodies of sacrificed rats were disposed of
humanely in following the laboratory standards of EPHI.

Result
Oral Acute Toxicity of JSLM80

The single-dose 5000 mg/kg oral administration of JSLM80 in Wistar albino rats showed no mortality or significant
morbidity. There were no dizziness, piloerection or lethargy. Loss of appetite and diarrhea were observed in one rat
within 30 minutes of dosing that lasted only for two days (Table 1). There was no significant body weight difference
between the experimental and control groups both in the first and second week measurements (Table 2). As shown in
Figure 1, a steady weight gain was noticed both in the control and treated rats. There was no significant organ weight
difference between the experimental and control groups in all of the internal organs measured (p > 0.05) (Table 3). The
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Table | Acute Effects of JSLM80 on the General Behavior of Rats as Compared to the Controls

Group Death | Piloerection | Loss of Appetite | Diarrhea | Dizziness | Lethargy
Experimental 0/3 0/3 1/3 1/3 0/3 0/3
Control 0/3 0/3 0/3 0/3 0/3 0/3

Table 2 Acute Effects of JSLM80 on the Body Weight of Rats as Compared to the Controls

Group Day | Mean Weight | Day 7 Mean Weight | Day 14 Mean Weight
Experimental | 2473 + 54 258 + 3.8 2703 + 3.4

Control 249 + 46 260 £ 5.12 274 £ 2.14

p-value 0.825 0.774 0411

Notes: Data were expressed as mean * SEM; p-values were generated by the Independent-Samples T Test.

liver, kidney, adrenal gland, and spleen were observed for possible gross pathological problem. When compared to
control rats, observation of the gross appearance of the mentioned internal organs in experimental rats did not reveal any

abnormal changes in texture, shape, size, or color. In all categories, there were no lesions found in these organs.

Oral Sub-Acute Toxicity of JSLM80

Effects of JSLM80 on Food Consumption, Body and Organ Weight

The body weight increased in both sexes in all groups in the course of the four-week administration of the plant extract
and the vehicle. In male rats, the control group showed significant body weight gain difference compared to the 500 mg/
kg and 1000 mg/kg treated groups dose-dependently. In female rats, the rate of weight gain was significantly slower in
the rats treated with 250 mg/kg (p = 0.046), 500 mg/kg (p = 0.001), and 1000 mg/kg (p < 0.001), in a dose-dependent
manner compared to the control (Table 4). There was also statistically significant weight gain difference based on sex of
the rats. Although the rats in the control group consumed more food, there was no statistically significant difference
existed in the daily food intake between the control and the treatment groups both in the male (p > 0.05) and female rats

280
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Figure | Effects of single dose oral administration of J. schimperiana leaves extract on body weight change in female rats.
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Table 3 Acute Effects of JSLM80 on Selected Internal Organ Weights of Rats

as Compared to the Controls

Group Liver Kidney Adrenal Gland Spleen
Experimental | 7.32+0.246 0.83+0.018 0.05+0.006 0.65+0.020
Control 748 £ 0471 | 0.82 £ 0.030 | 0.06+0.003 0.56+0.039
p-value 0.778 0.654 o.16 0.112

Notes: Data were expressed as mean + SEM (n=3); p-values were generated by the Independent-

Samples T Test.

Table 4 Effect of 28 Days Oral Administration of JSLM80 on Body Weight

Sex Control Experimental Group p-value
250 mgl/kg 500 mgl/kg 1000 mg/kg

Mean weight in gram of male rats Initial 298.2+1.8 | 288.8+10.0 291.245.1 303.4£12.5 0.610
Final 346.5+5.3 | 332.4%11.7 325.2+5.8 325.0+11.6 0.352
Change 47.8+3.9 | 43.6%2.1 (0.724) | 34.0+2.4 (0.031)* | 21.6+4.6 (<0.001)* | <0.001*

Mean weight in gram of female rats | Initial 239+4.85 | 241.4+7.33 242.2+12.40 244.4+10.62 0.833
Final 254+8.72 | 251.4+8.50 250.8+14.25 250+0.68 0.945
Change 15+4.47 10+2.12 (0.046)* | 8.6+2.70 (0.001)* | 5.6+2.07 (<0.001)* | 0.001*

Notes: Data were expressed as mean + SEM, n=5/sex/group, numbers under brackets are p-values compared to control; *p<0.05 compared with control.

Table 5 Effect of 28 Days Oral Administration of JSLM80 on Mean Daily Food Intake as Compared to

Controls
Sex Control Experimental Group p-value
250 mg/kg | 500 mg/kg | 1000 mg/kg
Mean DFI in grams Male 134.92+4.21 128.1+3.8 119.6+3.5 122.8+4.8 0.059
Female 7261074 | 70.61x1.13 | 70.64+1.37 69.89+0.70 0.279

Notes: Values are expressed as mean + SEM; the p-value was generated by the one way ANOVA Test; DFI, daily food intake.

(p > 0.05) (Table 5). There was no significant organ weight difference seen between the treatment and control group in
both sexes (Table 6).

Effect of JSLM80 on Hematological Parameters

As illustrated in Table 7, twenty-eight days oral treatment of the extract did not significantly affect majority of the blood
parameters. Compared to the control group, the HGB and HCT levels significantly decreased in a dose-dependent manner
in the 250 mg/kg (p = 0.01), 500 mg/kg (p = 0.002), and the 1000 mg/kg dose (p = 0.001) groups. Further analysis of the
blood parameters by sex showed that male rats had higher platelet, neutrophil, lymphocyte, monocyte, and eosinophil

than female rats.

Effect of JSLM80 on Biochemical Parameters

The effect of sub-acute oral administration of JSLMS80 on clinical chemistry results is shown in Table 8. There were no
statistically significant differences between the control and the treatment groups except the presence of trends of
increment or decrement in some of the parameters. Liver enzymes (ALT and ALP) showed non-significant dose-
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Table 6 Effects of 28 Days Oral Administration of JSLM80 on Organ Weight of Rats
Sex Organ Weight Control Experimental Group p-value
in Grams Water | 250 mglkg | 500 mglkg | 1000 mglkg
Male Liver 10.72+0.19 | 9.93+0.14 9.90+0.19 10.30+0.40 0.141
Kidney 1.30+0.04 1.22+0.08 1.18+0.03 1.21+0.06 0.467
Adrenal gland 0.043+0.006 | 0.029+0.003 | 0.031+0.003 | 0.036+ 0.005 | 0.157
Spleen 1.08+0.08 1.09+0.04 0.95+0.03 1.12+0.06 0.204
Testis 1.51+0.02 1.41+0.03 1.44+0.04 1.45+0.04 0.212
Heart 1.41+0.09 1.39+0.10 1.28+0.04 1.31+0.09 0.621
Pancreas 1.05+0.14 1.37+0.16 1.08+0.12 1.69+0.45 0.197
Female Liver 7.96+0.34 7.84+0.67 7.25+0.37 7.8310.41 0.712
Kidney 0.87+0.03 0.85+0.03 0.78+0.03 0.76+0.06 0.174
Adrenal gland 0.045+0.003 | 0.039+0.002 | 0.044+0.003 | 0.044+0.002 | 0.382
Spleen 0.89+0.03 0.90+0.03 0.89+0.05 0.94+0.03 0.778
Uterus 0.50£0.02 0.47+0.04 0.57+0.09 0.35+0.03 0.073
Ovary 0.07+0.01 0.06+0.00 0.06+0.01 0.06+0.01 0.844
Heart 1.24+0.08 1.20+0.08 1.07+0.01 I.11+0.05 0.225
Notes: Values are expressed as mean + SEM; the p-value of male adrenal gland was generated by Kruskal-Wallis Test while the
remaining were generated by one way ANOVA Test.
Table 7 Effects of 28 Days Oral Administration of JSLM80 on Hematological Parameters of Wistar Albino Rats
Parameter Sex Control Experimental Group p-value
Water 250 mglkg 500 mg/kg 1000 mg/kg
WBC x10%/uL M 5.55+2.00 5.60+1.69 4.14x1.48 11.82+2.63 0.061%
F 9.22+1.06 8.67+1.03 8.61£l1.15 8.69+1.42 0.980*
RBC x 10%uL | M 7.20£1.67 8.7020.1 | 8.55+0.12 8.6120.13 0.955°
F 8.46+0.26 8.12+0.10 7.92+0.32 7.95+0.42 0.579°
HGB (g/dl) M 13.03+2.89 15.92+0.12 15.16+0.17 15.66+0.16 0.139°
F 15.70+0.17 14.77£0.14 (0.01)* | 14.58+0.23 (0.002)* | 14.49+0.15 (0.001)* 0.001%*
HCT (%) M 38.70+8.87 47.72+0.43 45.92+0.50 47.92+0.73 0.149°
F 47.10+0.52 44.32+0.43 (0.01)* | 43.73+0.70 (0.002)* | 43.46+0.46 (0.001)* 0.001%*
MCV (fL) M 53.90+0.47 54.90+0.70 53.74+0.46 55.74%1.25 0.442°
F 55.86%1.40 54.59+0.97 55.56+2.34 55.32+3.03 0.977°
MCH (pg) M 18.38+0.42 18.260.15 17.72+0.16 18.20+0.32 0.211°
F 18.62+0.47 18.20+0.32 18.52+0.78 18.44+1.01 0.976*
(Continued)
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Table 7 (Continued).

Parameter Sex Control Experimental Group p-value
Water 250 mg/kg 500 mgl/kg 1000 mg/kg
MCHC (g/dI) M 34.10+0.68 33.30+0.19 33.00+0.08 32.70+0.19 0211°
F 34.00+0.15 33.94+0.17 34.51+0.11 34.33+0.27 0.155¢
PLT x10%/uL M 689.75+152.69 | 829.80+25.54 855.60+40.36 851.80+112.44 0.505°
F 1002.85+28.34 | 1004.53+16.78 994.09+34.26 909.56+27.53 0.076*
Neutrophil (%) | M 6.65+3.67 0.42+0.10 0.92+0.56 6.90+4.03 0.671°
F 25.41+1.43 25.76x1.47 26.35+1.78 25.55+1.52 0.974*
Lymphocyte (%) | M 90.98+3.60 97.56+0.21 97.26+0.76 91.38+£3.94 0.322°
F 69.51£1.78 66.68+1.42 67.93+2.33 67.86+1.64 0.751%
Monocyte (%) M 0.30+0.04 0.34£0.12 0.44+0.15 0.36+0.04 0.626°
F 3.31+0.64 4.80+0.96 3.13+0.24 3.61£0.14 0.266°
Eosinophil (%) M 2.08+0.22 1.68+0.14 1.38+0.24 1.360.17 0.080°
F 1.67+0.09 2.36+0.40 2.57+0.47 2.59+0.17 0.218°

Notes: Values are expressed as mean = SEM (n=5/sex/group); *p-values were generated by one way ANOVA; ®p-values were generated by Kruskal-Wallis;
p-values were generated by Brown Forsythe Tests; *p<0.05 compared with control; M, Male; F, Female.

Abbreviations: WBC, white blood cells; RBC, red blood cells; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; PLT, platelet.

Table 8 Effects of 28 Days Oral Administration of J]SLM80 on Biochemical Parameters of Wistar Albino Rats

Parameter Sex Control Group Experimental Group P-value
(Water) 250 mglkg | 500 mg/kg | 1000 mglkg

ALT (U/L) M 46.56+2.23 50.41+0.68 52.92+2.51 67.48+14.51 0.470°

F 49.07+4.64 50.07+7.33 51.50+6.53 57.32+7.01 0.806*
AST (U/L) M 147.72+8.96 210.25+15.26 | 206.92+16.11 | 186.82+29.37 | 0.116*

F 121.78+5.81 125.76+5.94 121.96+5.07 120.70+£5.91 0.892°
ALP (U/L) M 83.20+10.54 89.01+2.31 95.00+1.79 97.80+5.49 0.367°

F 73.67+6.09 63.88+7.56 75.88+11.33 85.83+10.57 | 0.431°
Creatinine (mg/dl) M 0.32+0.01 0.33+0.01 0.34+0.01 0.32+0.02 0.470°

F 0.38+0.03 0.46+0.07 0.52+0.04 0.53+0.02 0.081%
Urea (mg/dl) M 38.66+0.63 39.73%1.02 40.02+0.78 40.84+1.28 0.470°

F 31.81%1.92 33.55+2.90 31.66x1.95 35.62+0.67 0.529°
Cholesterol (mg/dl) | M 40.92+0.92 42.611.21 43.76%1.43 44.10£1.62 0.350*

F 51.24+5.33 53.10+4.21 53.87+2.61 57.3243.21 0.749*

(Continued)
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Table 8 (Continued).

Parameter Sex Control Group Experimental Group P-value
(Water) 250 mg/kg | 500 mg/kg | 1000 mglkg

LDL (mg/dl) M 6.8240.10 6.6010.21 6.44+0.07 6.08+0.48 0.300*
F 5.6+0.50 6.431£0.57 6.26+0.80 5.82+0.13 0.427%

HDL (mg/dl) M 19.20+0.53 19.54+0.44 19.84+1.02 21.02+1.05 0.579°
F 40.34+2.54 43.86x1.70 43.48+2.80 47.85+3.31 0.295*

Na® (mmol/l) M 143.20+0.58 143.81+0.28 142.40+0.40 144.00£0.95 | 0.097°
F 143.47+0.29 140.69+1.69 143.22+0.23 143.52+0.30 | 0.225°

K™ (mmol/l) M 5.07£0.11 5.20+0.08 4.99+0.18 4.94+0.28 0.756°
F 4.43+0.10 4.60+0.23 4.70+0.24 4.84+0.30 0.654°

CI™ (mmol/l) M 101.90+0.46 101.82+0.94 101.72£0.19 | 99.96+0.48 0.125°
F 106.04+0.97 103.70+2.14 106.02+1.01 105.90£1.00 | 0.568"

Notes: Values are expressed as mean + SEM (n=5/sex/group); *p-values were generated by one way ANOVA Test; °p-values were
generated by Kruskal-Wallis Test.

Abbreviations: M, male; F, female; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL, low density lipoprotein; HDL,
high density lipoprotein; ALP, alkaline phosphatase; Na+, sodium; K+, potassium; Cl-, chlorine.

dependent increment in the rats treated with the extract compared to the control. Creatinine in females and urea in males,
also showed non-significant dose-dependent increment in the rats treated with the extract compared to the control.
Further analysis by sex of the rats showed statistically significant variations in the majority of the biochemical parameters
(AST, Urea, Cholesterol, Creatinine, ALP, HDL, K", and CI).

Effects of JSLM80 on Gross Pathology and Histopathology

The histopathological analysis found that there were no cellular differences between the treated groups and controls in
most of the organs. The extract treated groups revealed no signs of toxicity according to the histopathological slides view
under microscope in the majority of the organs such as spleen, adrenal gland, heart, testis, epididymis, seminal vesicles,
pancreas, uterus, and ovary (Figures 2—6). However, minor histopathological changes were observed in few rats in organs
such as liver (Figure 2), kidney (Figure 2), and brain (Figure 5). The liver of one rat in the 1000 mg/kg administered
group showed peri-portal lymphocytic infiltrations. There was an architectural distortion of the glomerulus in the kidney
of one rat that received 1000 mg/kg extract. Multiple cytoplasmic vacuolations and few necrotic changes were observed
in the majority of the rats’ brain at all levels.

Discussion

This study was carried out to evaluate the acute and sub-acute toxic effects of J. schimperiana methanolic crude extract
of its leaf (JSLM80) on Wistar albino rat models. The absence of death and serious morbidity following a limit test
administration of 5000 mg/kg extract to the rats implies that the LDs, value is >5000 mg/kg. The study reveals that the
acute oral administration of J. schimperiana is practically non-toxic, as per the chemical toxicity classification by Hodge
and Sterner.*> This result is consistent with the finding of a related study done by Zewde et al.>' Our finding is also
comparable with the studies of Tesfaye et al,?® Bobasa et al,>> and Mekonnen et al,'> who consistently reported the LDs5
of JSLMSO to be >2000 mg/kg. The discrepancy in the LDs, level could only be due to the limit test dose selection
variation between the current and the previous three studies. However, the LDs, reported by Assefa et al® (LDsyg
=1286.76 mg/kg), and Umer, Asres, and Veeresham (2010)*° (LDsy>1000 mg/kg) is lower than the present study. The
observed variation could be attributed to the non-adherence of the previous studies to the OECD guideline, mainly the
variation in animal selection (age, sex, and weight).
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Figure 2 Photomicrographs of liver (A-D) and kidney (E-H) sections (magnification: X100, H&E). (A—C) Normal structure of liver hepatocytes arranged radiating from
the central vein (CV) with portal vein (PV), branch of bile duct (D), and branch of hepatic artery (A). (D) Normal liver structure except the few periportal lymphocytic
infiltrations (Yellow marked area). (E-G) Normal kidney cortex with renal corpuscles (RC). (H) Normal kidney cortex except the little distortion of the glomerulus (Yellow
circles).

A significant loss of body weight of more than 10% from its initial weight following exposure to a hazardous
substance is typically a straightforward and sensitive indicator of toxicity.*> There was no significant body weight
difference between the experimental and control groups both in the first and second week measurements. The body
weight of the rats increased both in the control and experimental group without significant difference which is in line
with a similar study.’

Daily administration of the crude JSLMS80 for 28 days in Wistar albino rats did not result in toxicity-related death or
morbidity. Rats from all the treatment and control groups gained weight throughout the course of the study period.
However, rats in the control group gain more weight than in the treatment groups. There was a significant difference in
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Figure 3 Photomicrographs of adrenal gland (A-D) and spleen (E-H) sections (magnification: X100, H&E). Normal adrenal gland structure ((A) Control group, (B) 250mg/
kg, (C) 500mg/kg, (D) 1000mg/kg). Normal spleen structure ((E) Control group, (F) 250mg/kg, (G): 500mg/kg, (H): 1000mg/kg).
Abbreviations: WP, white pulp; RP, red pulp; CA, central artery; BV, blood vessel.

animal weight gain between the control and the treatment (500 mg/kg and 1000 mg/kg) dose groups in both sexes. As
there was no statistically significant treatment-related effect on food consumption, the body weight gain difference may
imply that the plant possesses an active compound that could help in controlling weight gain. Therefore, the plant may
contain bioactive compounds that could have pharmacological effects on the rats’ metabolism, such as nutrient absorp-
tion, energy expenditure, or fat metabolism. Essentially, a drug’s toxicity nature may cause deviations in body weight.**
A decrease in body weight may be a sign of severe toxicity, but a reduction in body weight gain may simply be a minor
kind of intoxication.*>**® Thus, the observed weight gain difference may not be toxicologically significant due to its
inconsistency with other parameters like organ weights, biochemical markers, or histopathological analysis.

There was no statistically significant organ weight difference between the control and treatment groups in our study.
This finding is in harmony with the work of Akintimehin et al*’ who also reported the absence of significant difference in
the relative weights of kidney and liver following a repeated dose administration of a plant of similar genus, Justicia

carneda.

Journal of Experimental Pharmacology 2023:15 https:/idoi.org/10.2147/JEP.S441273 477
DovePress


https://www.dovepress.com
https://www.dovepress.com

Jegnie et al Dovepress

Figure 4 Photomicrographs of epididymis (A-D) and testis (E and F) sections (magnification: X100, H&E). Normal structural architecture of the epididymis (A-D) with
pseudo-stratified columnar epithelium (PSCE) and lumen filled with secretory material. Normal testis structure (E and F) with seminiferous tubules (ST), and sperm cells at
different stages of development (SP).

Blood profiles typically offer crucial insights on how the body reacts to trauma, lesions, deprivation, and stress.*® The
primary roles of WBCs and their differentials are to build immunity and defend the body against microbes and toxic
insults. The administered doses did not interfere with the differentiation of hematopoietic stem cells into these
parameters, as indicated by the non-significant difference in WBC count and its differentials between the treatment
and control groups in the current study. The most effective markers for the diagnosis of anemia are red blood cell indices
like the mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin
concentration (MCHC).* In our study, in all treatment groups as compared to the control group, the HGB and HCT
values significantly decreased in female rats. However, it is important to note that despite this decrease, the HGB and
HCT levels in the treatment group still fall within the normal range for rats of the same sex, age and strain.’® The
observed lower HGB and HCT levels in the extract administered group compared to the control could not be attributed to
a decreased production or increased destruction of RBCs as there was no significant reduction in RBCs in the extract-
administered groups. Rather, the decrease in HGB and HCT could be the result of hemodilution or extract interference
with iron absorption, which needs further research to ascertain. The lack of prior sub-acute toxicity studies on the plant
extract limits the comparison of the results of this study. The fact that none of the doses employed in this study
significantly affected the platelet count suggests that the extract does not affect coagulation.
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Figure 5 Photomicrographs of heart (A-D) and brain (E-G) sections (magnification: X100, H&E). (A—D) shows normal myocardial sections with clear cardiac fibers except
areas of the heart that formed artificial spacing during cardiac puncture (arrows). CS: cross-section, LS: Longitudinal section. (E-G) Cerebellum with Granular (G), purkinje
(P) and Molecular (M) cell layers. There is a homogenous pinkish stromal necrosis with an area of early phase of liquefactive necrosis and vacuolations (Oval circles). V: Blood
vessels.

Serum biochemical measurements are essential for assessing alterations caused by a toxicant.’' Intragastric admin-
istration of J. schimperiana extract to the rats did not significantly affect any of the biochemical parameters. Increased
serum levels of the liver’s enzymes or the kidney’s nitrogenous waste products may be a sign that tissue necrosis has
caused spilling into the circulation.® Liver function tests comprise a number of serum chemistries that indicate the
condition of liver function. The most popular serum liver chemistry tests are the transaminases (alanine aminotransferase
(ALT) and aspartate aminotransferase (AST)). These enzymes can escape from damaged liver cells and accumulate to
higher levels in the blood.>® In our study, ALT non-significantly increased by 8.3%, 13.7%, and 45.0% in a dose-
dependent manner in male rats administered with 250 mg/kg, 500 mg/kg, and 1000 mg/kg, respectively, compared to the
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Figure 6 Photomicrographs of ovary (A-D) sections (magnification: X100, H&E). (A) Ovary of control group showing normal cellular structures of different stage such as
primordial follicle, primary follicle, and corpus albicans. (B) 250mg/kg treated group with corpus albicans and corpus luteum. (C) Ovary taken from 500mg/kg treated group
with normal structure having mature secondary follicle (Graafian follicle) (Black oval circle), secondary oocyte (arrow), Corona radiata (CR), antrum and cumulus oophorus
(CO), and corpus luteum. (D) 1000mg/kg treated group showing normal ovary with primary follicle and corpus luteum.

control group. Similarly, AST non-significantly increased by 42.2%, 40.1%, and 26.5% in a dose-dependent manner in
male rats treated with 250 mg/kg, 500 mg/kg, and 1000 mg/kg, respectively.

Because of their high rate of blood perfusion and ability to concentrate a variety of substances in the tubular lumen,
kidneys are particularly vulnerable to toxic agents. Following administration of the crude J. schimperiana extract, a non-
significant increase by 11.4%, 22.9%, and 20.0% in the level of creatinine was observed in rats treated with 250 mg/kg,
500 mg/kg, and 1000 mg/kg compared to the control, respectively. Similarly, urea non-significantly increased by 4%,
1.17%, and 8.5% in rats treated with 250 mg/kg, 500 mg/kg, and 1000 mg/kg compared to the control, respectively. The
concentration of sodium, potassium, and chloride ions was not significantly affected by extract administration at any of
the doses in this study.

There was no significant treatment related histopathological abnormality noted in internal organs such as liver, kidney,
spleen, adrenal gland, heart, pancreas, testis, ovary, uterus, epididymis, and brain. Apart from a sporadic small number of
focal peri-portal lymphocytic cell infiltration in the 1000 mg/kg treated rat, no gross or microscopic lesions were found in
the liver after the extract was given for 28 days. Homogenous pinkish stroma was seen in the brain of one rat that
received 1000 mg/kg extract which is a sign of an early phase of necrosis. Multiple cytoplasmic vacuolations and few
necrotic changes were observed in the majority of the rats’ brain. This finding is less likely to result from the treatment;
rather, it could be related to a hypoxic injury as it is present both in the control and treatment groups. There was also
cellular architectural disruption in the 500 mg/kg and 1000 mg/kg dose treatment groups.
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Conclusion
The findings of this study demonstrated that acute oral administration of J. schimperiana in Wistar albino rats is

practically non-toxic. The repeated dose 28-day oral administration of the plant extract is relatively safe. Further safety

evaluations of the plant for longer durations (sub-chronic and chronic toxicity studies) are needed. Its effect on animal

fetuses and pregnant animals shall also be studied to ensure sufficient toxicity profiles for its use in humans.

Abbreviations
ALT, alanine aminotransferase; ALP, Alkaline phosphatase; AST, aspartate aminotransferase; Cl, Chlorine; EPHI,

Ethiopia Public Health Institute; mg, milligram; mg/kg, milligram/kilogram; HCT; hematocrit; HGB, hemoglobin;
HDL, High-density lipoprotein; H&E, Hematoxylin and eosin; JSLMS80, 80% methanolic extract of Justicia schimperi-
ana leaf, K', Potassium; LDso-Lethal dose 50%; LDL, Low-density lipoprotein; MCH, mean corpuscular hemoglobin;

MCHC, mean corpuscular hemoglobin concentration; MCV, mean cell volume; Na*, Sodium; OECD/OCDE, organiza-

tion for Economic Co-operation and Development; RBC, red blood cells; SEM, Standard error of means; WBC, white
blood cells.
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