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Abstract

Background: Clinacanthus nutans (C. nutans) Lindau (family Acanthaceae) is a shrub widely cultivated in the South East Asia region,
including Malaysia. It has been traditionally used for treatment of various ailments including pain-mediated diseases. Various
pharmacological activities of C. nutans have been reported except for its pain-relieving activity. This study was performed to evaluate the
acute and sub-chronic oral toxicity of the methanol extract of Clinacanthus nutans (MECN) in male and female mice.

Methods: In the acute toxicity study, a single dose of 5000 mg kg™ of body weight MECN was administered orally, and was monitored
for 14 consecutive days. In the sub-chronic toxicity study, the MECN was administered orally at doses of 50, 500, and 2500 mg kg day*
for 28 days. Results: Results showed that there were no clinical signs of toxicity, mortality and body weight changes in both acute and
subchronic toxicity studies. There were no significant differences in relative organ weight, haematological parameters, and biochemical
parameters; except for the creatinine level, which indicated significant (p<0.05) increase at doses of 500 and 2500 mg kg* day* for both
sexes in the subchronic toxicity study. Necropsy, gross and histopathological observations, did not show any treatment-related signs of
toxicity or abnormalities in both the acute and subchronic toxicity studies.

Conclusion: In conclusion, the lethal oral dose (LDso) for the acute toxicity study is greater than 5000 mg kg while for subchronic
toxicity study; the no-observed-adverse-effect level (NOAEL) is greater than 2500 mg kgt day.
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Introduction

Natural products have been regarded as important sources of medicinal agents for thousands of years due to their potential
therapeutic effects as shown by a number of modern drugs which have been isolated from natural sources. Many of these medicinal
plants were used in traditional medicine (Preethi et al., 2010; Kiran et al., 2011; Khera et al., 2012). World Health Organization (WHO)
estimated of about 80% of the world’s inhabitants depends mainly on traditional medicine for their primary health care (Verma and
Singh, 2008; Cheikhyoussef et al., 2011; Dey et al., 2012). Medicines made out of natural products derived from a variety of sources;
including terrestrial plants, terrestrial microorganisms, marine organisms, terrestrial vertebrates and invertebrates (Rout et al., 2009). The
value of natural products becomes particularly obvious, considering the rate of introduction of new chemical entities with significant
structural diversity, including templates for semi-synthetics and total synthetics modification (Golvez-Llompart et al., 2011).

Clinacanthus nutans (C. nutans) Lindau locally known as ‘belalai gajah’ belongs to the family of Acanthaceae. C. nutans is a
shrub with short hair branches, the leaves are in pairs of opposite arrangement, narrowly elliptic-oblong in shape and pale green in
colour. Furthermore, it has small, soft, thin and slightly curved stem that resembles the curve of an elephant’s trunk. In South East Asia,
particularly in Indonesia, Malaysia and Thailand; the plant has traditionally been used for treatment of mental stress, diabetes, fever,
dysentery, burns, scalds, herpes skin infections, diarrhoea, analgesics, rheumatoid arthritis and snake bite (Wanikiat et al., 2008; P’ng et
al., 2012a; Kunsorn et al., 2013; Shim et al., 2013; Yang et al., 2013). In recent years, several studies on the aspect of C. nutans
pharmacological properties such as antiviral, immune response, anti-inflammatory and anti-proliferative activities (Sriwanthana et al.,
1996; Wanikiat et al., 2008; Sakdarat et al., 2009; Yong et al., 2013). The C. nutans also possessed anti-herpes simplex virus,
antimutagenic as well as antioxidant activities (Pannangpetch et al., 2009; Rathnasamy et al., 2009; Kunsorn et al., 2013). Moreover, it
can act as an anti-varicella-zoster virus, and has been tested in clinical trial for the treatment of recurrent aphthous ulcer (Timpawat and
Vajrabhaya, 1994; Sangkitporn et al., 1995).

Phytochemical constituents are chemical compounds formed during the plant’s normal metabolic processes. These chemicals
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are often referred to as “secondary metabolites”, of which consists of several classes including alkaloids, flavonoids, coummarins,
glycosides, gums, polysaccharides, phenols, tannis, terpenes and terpenoids (Jegadeeswari et al., 2012; Mithraja et al., 2012). Most of
these phytochemical constituents are potent bioactive compounds originated from plant, which are precursors for the synthesis of many
useful drugs (Kalpana et al., 2012; Aziagba et al., 2013). Several phytochemicals have been isolated and their chemical compositions
have been characterized from various parts and extracts of C. nutans; such as flavonoids, stigmasterol, lupeol, B-sitosterol, betulin, C-
glycosyl flavones, vitexin, isovitexin, shaftoside, isomollupentin-7-O-B-glucopyranoside, orientin, isoorientin, sulfur-containing
glucosides, cerebrosides, monoacylmonogalactosylglycerol, diterpenes, phytosterols, flavonoids, and saponins, (Wanikiat et al., 2008;
Pannangpetch et al., 2009; Rathnasamy et al., 2009; Yang et al., 2013) which have been proven to possess various pharmacological
activities.

Toxicity is the degree to which a substance causes damage towards an organism. In this case, toxicity refers to the effect on a
whole organism (i.e. an animal, bacterium or plant) as well as the effect on substructure of the organism (i.e. a cell, an organ such as
liver, kidney, heart). Besides that, they are metaphorically used to describe the toxic effects on larger and more complex groups, such as a
family unit or a community (Auwal et al., 2012; Bahar et al., 2013). Therefore, this study was performed to evaluate the safety of
methanol extract from the C. nutans (MECN) leaves, according to the acute and 28 days subchronic toxicity in experimental animals.
Additionally, qualitative chemical tests were performed to identify numerous phytochemical constituents of this extract.

Materials and Methods
Plant Material and Extraction

Fresh leaves of C. nutans were purchased from a local supplier. Extraction was carried out according to the method described
by Zakaria et al. (2011a). In order to obtain the MECN, 250 g of the leaves were dried in an oven at 40°C for 1 — 2 days. Then the leaves
were grinded into powder using an electric grinder (RT-08, Rong Tsong Precision Technology Co., Taiwan). The powder was soaked in
methanol (Fisher Scientific, UK) with the ratio of 1:20 (w/v) for 72 hours at room temperature. This is followed by the methanol
supernatant being filtered sequentially using cloth filter, cotton wool and Whatman no. 1 filter paper (Sigma-Aldrich, St. Louis, USA).

The residue was collected and subjected to the same techniques for another additional two cycles. The methanol supernatant
collected from each cycle was pooled together and then subjected to an evaporation process using a vacuum rotary evaporator (Hei-vap
value, Heidolph, Germany) at 40°C under a reduced pressure. The end product is approximately 53 g of dried MECN (percentage yielded
was 21.2% (w/w). The extract obtained was stored at 4°C until use.

Phytochemical Screening

The MECN is subjected to phytochemical tests for the presence of alkaloids, saponins, flavanoids, tannins, triterpenes and
steroids according to the method described by Zakaria et al. (2011b) and Mamat et al. (2013).

Experimental Animals

Male and female ICR mice weighing between 25-30 g (5-7 weeks old) obtained from the Animals Source Unit, Faculty of
Veterinary Medicine (FVM), Universiti Putra Malaysia (UPM), were used for acute and subchronic toxicology studies. The animals were
kept under room temperature (27 + 2°C; 70-80% humidity; 12-hour light/dark cycle) in the Animal Holding Unit, Faculty of Medicine
and Health Sciences (FMHS), UPM for at least 48 hours prior to the procedure. A commercial food pellets (Gold Coin Sdn. Bhd., Port
Klang, Malaysia) and water were supplied ad libitum from the beginning of the experiments. The animal experimental procedures were
performed according to Universiti Putra Malaysia’s animal ethics guidelines (UPM/IACUC/AUP-R032/2013).

Acute Oral Toxicity Study

A 14-day acute oral toxicity study was carried out according to the Organization for Economic Cooperation and Development
(OECD) guidelines 425 (OECD, 2008a) with some modification. The mice were divided into two groups: a control group and a treatment
group (n = 10; 5 males and 5 females). The MECN was dissolved in 10% dimethyl sulfoxide (DMSQO; Fisher Scientific, UK) and
administered orally at a single dose of 5000 mg kg body weight, while the control group received only the vehicle. Mice were fasted
prior to conducting the experiment (only food but not water was withheld for 4 hours). Following the period of fasting, the mice were
weighed and the test substance was administered orally at a single dose, after which the food may be withheld for a further 1-2 hours. A
dose of 5000 mg kg body weight was given to the first mouse, then the clinical signs (changes in physical appearance, skin, pain, stress,
abdominal contraction) and mortality were observed throughout the first hour, then every hour for 3 hours and finally periodically until
48 hours. If the animal survived, four additional animals will be given the same 5000 mg kg dose sequentially at 48 hours intervals. All
of the experimental animals were monitored for apparent signs of toxicity for the 14 consecutive days, while the number of died mice
within the study period was noted and subjected to necropsies.

All mice were weighted (CPA224s, Sartorius, Geottingen, Germany) and sacrificed on the 15™ day after administration, and the
selected organs (heart, kidney, liver, lung and spleen) were then secured in 10% formalin (Fisher Scientific, UK) for histopathological
examination. The LDso value was predicted to be above 5000 mg kg if three or more mice survived.
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Subchronic Oral Toxicity Study

A 28-day subchronic oral toxicity was performed following OECD guidelines 407, which is the repeated dose of 28-day
procedure for chemical testing (OECD, 2008b). The mice were divided into four groups (n = 10; 5 males and 5 females per group), and
their weights were measured. The MECN was dissolved in 10% DMSO, and administered orally at single doses of 50, 500 and 2500 mg
kgt day? for 28 days, at a dosing volume of 10 mL kg body weight, while the control group received only the vehicle. The animals
were observed daily for their physiological and behavioural changes (i.e. signs of toxicity, mortality and the body weight changes). The
body weights of the animals were recorded once a week throughout the study period. At the end of the treatment, the animals were
anaesthetized with diethyl ether (Fisher Scientific, UK) following 12 hours of fasting. Blood samples were obtained through cardiac
puncture, transferred into EDTA-containing and non-heparinized tubes. Blood with EDTA-containing tube was used immediately for
haematological parameters while for non-heparinized tube, it was allowed to clot under room temperature for 15-30 minutes before being
centrifuged at 3000 x g at 4°C for 10 min using a centrifuge machine (Universal 320R, Hettich, Germany). The serum obtained was
stored at -20°C until further analysis of biochemical parameters (Hor et al., 2011; 2012).

After the cardiac puncture procedure, the animals were then sacrificed by cervical dislocation while organs such as spleen,
heart, liver, sex organs (testes in male; ovaries of female), kidneys, lungs, stomach and brain were removed, rinsed in 0.9% saline and
weighed individually. The relative organ weight (ROW) for each organ being determined using the following formula; Relative organ
weight = (Absolute organ weight (g)/body weight of mice on the day of sacrifice (g)) x 100% (Rajeh et al., 2012). The selected organs
(heart, kidney, liver, lung and spleen) were then secured in 10% formalin for histopathological examination.

Haematological and Biochemical Analysis

Haematology and biochemical analysis were performed at the Haematology and Clinical Biochemistry Laboratory, FVM,
UPM. The haematological parameters, which comprised of haemoglobin (Hb), total red blood cell (RBC) count, packed cell volume
(PCV), mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC), total white blood cell (WBC) count,
neutrophils, monocytes, eosinophil and platelet counts were performed using an automated haematology analyser (Cell-Dyn 3700, Abbot
Diagnostics, USA).

The biochemical analysis tests were performed using an automated chemistry analyser (Hitachi 902, Tokyo, Japan), for
biochemical enzymes’ level (i.e. alanine aminotransferase (ALT), albumin, alkaline phosphatase (ALP), aspartate aminotransferase
(AST), creatinine, total bilirubin, total protein and urea).

Histopathological Studies

Histopathology studies were done at the Histopathology Laboratory, FMHS, UPM. All the selected vital organs (heart, kidney,
liver, lung and spleen) were washed with cold normal saline and fixed in 10% formalin for at least 48 hours. After fixation, the organs
were trimmed at 5 mm thickness and placed in plastic cassettes, before being processed using a standard overnight method in an
Automatic Tissue Processor (Leica TP1020, Germany). After processing, the tissues were embedded in paraffin with Leica EG 1160
(Leica Microsystems, Germany) and then sectioned to a thickness of 5 um using a rotary microtome (Leica RM2135, Germany). The
tissue sections were placed in a water bath (Leica H1210, Germany) at 35°C to 37°C, and were then mounted on glass slides using a slide
warmer (Lab-line Instruments, model 26007, Melrose Park, USA), and stained with Haematoxylin and Eosin (H&E) stain, by using
Tissue-Tek Prisma-Ezs Autostainer (Sakura, Torrance, CA) (Tubesha et al., 2013). The tissues were then examined under Olymphus-
CX31 light microscope (Olympus, Japan).

Statistical Analysis
Statistical analysis was performed using the GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego
California USA). Data were expressed as the mean * standard error of mean (S.E.M). The mean differences between the control and

treatment groups were determined using one-way analysis of variance (ANOVA) with Dunnett’s post hoc tests. A p value <0.05 was
considered statistically significant.

Results
Phytochemical Screening of MECN

The phytochemical screening of MECN has demonstrated the presence of flavonoids, saponins, steroids and triterpenes, but not
alkaloids and tannins (Table 1).

Acute Oral Toxicity study
All the male and female animals that were administered with a single oral dose of 5000 mg kg body weight of MECN, has
survived 14 days of the acute oral toxicity experiment and did not show any changes in clinical signs of toxicity either immediately

following dosing or during the observation period of 14 days. There were no significant differences in body weight between the control
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and treatment for both male and female groups (Figure 1). The calculated acute oral toxicity (LDso) value of MECN for male and female
mice was predicted to be greater than 5000 mg kg. Hence, the observation from the oral acute toxicity study suggests that the MECN is
safe for oral administration.

Subchronic Oral Toxicity Study

The determination of subchronic oral toxicity of the MECN was performed following oral administration at single doses of 50,
500 and 2500 mg kg day™* for 28 days. There were no significant changes in clinical signs of toxicity and mortality observed in either
sexes in the control and the MECN groups at any doses up to 2500 mg kg day* either, immediately following dosing or during the 28
days observation period. The effects on body weight of both male and female mice during 28 days the treatment of MECN are stated in
Table 2. There were no significant difference in body weight between the control and any of the MECN treated groups during the study
period. Similar results were obtained for the relative organ weight of brain, heart, kidneys, liver, lung, spleen, stomach and testes/ovaries,
where there were no significant differences between both sexes in the control and the MECN-treated groups (Table 3).

Haematological and Biochemical Analysis

The effect of subchronic oral toxicity of the MECN on the haematological parameters is stated in Table 4. The haematological
parameters [i.e. eosinophils, haemoglobin (Hb), mean corpuscular haemoglobin concentration (MCHC), mean corpuscular volume
(MCV), monocytes, neutrophils, packed cell volume (PCV), platelet count, total red blood cell (RBC) and total white blood cell (WBC)]
showed no significant differences in either sexes in any of the MECN-treated groups (at doses of 50, 500, and 2500 mg kg day?) as
compared to the control groups during the study period (Table 4). The biochemical parameters of the MECN-treated and control groups
are as listed in Table 5. There was a significant increase in creatinine level in mice at the doses of 500 (p<0.01) and 2500 (p<0.001) mg
kgt day* for both sexes, as compared to the control groups. The other biochemical parameters (i.e. alboumin, ALP, ALT, AST, total
bilirubin, total protein and urea) did not show any significant changes during the treatment period (Table 5).

Histopathological Study

Macroscopic observations in treated animals at necropsy did not show any treatment-related injury or any gross abnormalities
that may be attributed to the acute and subchronic toxicity. The histopathological analysis of the selected organs (heart, kidney, liver,
lung and spleen) in both the acute and subchronic toxicity studies demonstrated that there were no lesions or sign of pathological changes
signifying abnormalities in either sexes of the treatment groups or their respective control groups (Figure 2 and Figure 3).

Discussion

In this study, we have demonstrated the safety profile of the MECN in the acute and subchronic toxicity study in male and
female ICR mice, along with the evaluation of preliminary phytochemical constituents of the MECN.

Phytochemical constituents have received extensive attention in recent years due to their pharmacological potency and there is
need to explore their therapeutic potential. Several classes of compounds derived from various extracts of C. nutans have been identified,
isolated and proven to possess diverse pharmacological activities (Wanikiat et al., 2008; Pannangpetch et al., 2009; Rathnasamy et al.,
2009; Yang et al., 2013). Preliminary phytochemical analysis of the MECN in this study showed the presence of flavonoids, saponins,
steroids and triterpenes. In terms of pharmacological properties, these compounds (i.e. flavonoids, saponins and triterpenes), have been
reported to elicit anti-allergic, anticancer, anticarcinogenic, antidiarrhoeal, antihepatotoxic, anti-inflammatory, antimicrobial,
antinociceptive, antioxidant, antioxytoxic, antiulcerogenic, anti-ulcer, antiviral, hepatoprotective, hypoglycemic, immunostimulant and
neuroprotective activities (Lacaille-Dubois and Wagner, 1996; Toker et al., 2004; Akachi et al., 2010; Agrawal, 2011; Czaplinska et al.,
2012; Mandegary et al., 2012; Raihan et al., 2012; Ai et al., 2013; Mamat et al., 2013; Negi et al., 2013; Yahya et al., 2013). Steroids on
the other hand, have been reported to have antibacterial properties, anti-inflammatory activities, cardiotonic activities, possess
insecticidal and antimicrobial properties , analgesic properties, and also central nervous system activities (Yadav and Agarwala, 2011;
Kalaivani et al., 2013; Maobe et al., 2013; Gauniyal and Teotia, 2014).

Data from the acute toxicity study may (a) serve as the basis for classification and labelling; (b) provide initial information on
the mode of toxic action of a substance; (c) achieve a dosage volume of a new compound; (d) aid in dosage determination in animal
studies; and (e) assist to determine LDso value that will provide many indices of potential types of drug activity (Bhardwaj and Gupta,
2012; Chaudhary and Krishnaraju, 2012; Ukwuani et al., 2012). The results of the oral acute administration of the MECN with the dosage
up to 5000 mg kg did not produce any treatment-related signs of toxicity or mortality during 14 days of the study period. In this study,
regardless of the dosage used, the MECN did not give rise to any significant changes in mice general behaviours, body weight, gross or
histopathological examination of internal organs. Previous toxicological study reported the acute toxicity of ethanolic extract of C. nutans
leaves did not manifest any significant visible signs of toxicity in the animals at doses up to 1300 mg kg (Chavaluttumrong et al., 1995),
whereas investigation of the acute oral toxicity of methanolic leaves extract of C. nutans suggested that the LDso value to be greater than
1800 mg kg with no sign of toxicity (P’ng et al., 2012a). Meanwhile, this study indicates the LDso value to be above 5000 mg kgt upon
oral administration. Both studies indicate no mortality with doses up to 5000 mg kg* body weight. Based on the OECD guidelines 425
Up-and-Down procedures for testing of chemicals (OECD, 2008a), this finding indicates that the MECN is classified as category 5,
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which has relatively low acute toxicity hazard. On the other hand, according to another guideline of toxicity classification, biochemical
substances with LDso between 500 to 5000 and 5000 to 15,000 mg kg are categorized as slightly toxic and practically non-toxic,
respectively (Loomis and Hayes, 1996). Hence, the MECN, with oral administration of a single dose of 5000 mg kg is non-toxic.

The subchronic studies evaluate the adverse effects of continuous or repeated exposure of substance over a portion of the
average life span of experimental animals. In this case, it provides the information on the target-organ toxicity and bioaccumulation
potential, which are designed to determine the no-observed-adverse-effect levels (NOAELS), used to establish the standards or guidelines
for human exposure. Moreover, subchronic studies are not designed to assess long term effects such as cancer, but it does offer the
information that can be used in setting up the doses for the chronic toxicity and carcinogenicity studies (NRC, 2006). The 28 days
continual dose of the MECN oral toxicity study indicates that the doses of 50, 500 and 2500 mg kg day™* did not produce any changes in
the mices’ general behaviours, treatment-related signs of toxicity or mortality. These results are in agreement with those reported earlier
for subchronic oral toxicity studies of methanol extract of C. nutans, that reported doses up to 1300 mg kg day* did not produce any
significant visible signs of toxicity in rats (P’ng et al., 2012b). The reduction in body weight exceeding 10% of initial body weight and
internal organ weights are considered as a simple and sensitive index of toxicity following exposure to potentially toxic substances (Teo
et al., 2002; Rajeh et al., 2012). In this study, the body weight of MECN treated groups did not show any significant changes from that of
the control groups. In addition, the internal organ weight is an important index of physiological status in animals. The relative internal
organ weight is fundamental in order to diagnose whether the organ suffered any treatment related injury. In drug metabolism context,
the heart, liver, kidney, spleen and lungs are the primary organs that will be affected by metabolic reactions in the presence of toxicants
(Jothy et al., 2011; Vaghasiya et al., 2011). The present study revealed that the relative organ weights in all the MECN-treated groups in
both sexes did not show any significant difference from the control groups, signifying that the MECN was non-toxic.

The haematopoietic system serves as an important target for toxic chemicals and it is a sensitive index for physiological and
pathological status in humans and animals (Kulkarni and Veeranjaneyulu, 2012). The analysis of blood parameters is relevant for risk
evaluation, as any changes in haematological system is a great predictive value for human toxicity, when the data are extrapolated from
animal studies (Chandra et al., 2012). This present study indicated that there were no significant alterations in haematological parameters
(i.e. eosinophils, Hb, MCHC, MCV, monocytes, neutrophils, PCV, platelet count, RBC and WBC) between the control and treated
groups for both sexes, demonstrating that the MECN did not affect haematopoiesis and leucopoiesis in mice. The haematopoies is a
process of formation of blood cellular components, while leukopoiesis is a form of haematopoiesis in which white blood cells are formed
in bone marrow of adults’ bones and haematopoietic organs in the foetus (Hor et al., 2011). In these cases, the extract was non-toxic and
did not affect the production of circulating red blood cells, white blood cells or platelets. This was further confirmed with gross necropsy
observations, which showed no injuries to any haematopoietic organs and no related changes in the histopathology findings.

Monitoring the concentrations of serum liver enzymes (i.e. ALT, AST and ALP) is important as it helps to detect chronic liver
diseases and reflect the status of liver injury (Hor et al., 2012; Gad et al., 2013). Alanine Aminotransferase (ALT) is a cytoplasmic
enzyme that is found at a very high concentration in the liver, and an increase of this enzyme level suggests hepatocellular damage.
Aspartate Aminotransferase (AST) is found in the cytoplasm and mitochondria of different tissues; including the liver, heart, skeletal
muscles, kidney and brain (Gad et al., 2013; Ekeanyanwu and Njoku, 2014), while Alkaline phosphatase (ALP) is a hydrolase enzyme
that is found in the cells throughout the body, but is significantly higher in biliary ducts, liver, bone, placenta, kidney and intestine (Singh
et al., 2011). In addition, bilirubin elevation and albumin reduction serve as confirmatory markers for varying liver function (Rasekh et
al., 2008). A small elevation in serum bilirubin is an important sign of liver damage or a signal of biliary duct obstruction. An increase in
the level of serum proteins is a sign of tissue injury (Solomon et al., 1993). The determination of serum proteins such as albumin can act
as a criterion to assess the synthetic capacity of the liver, since nearly all are synthesized in hepatocytes. A reduction in serum proteins
therefore tends to reflect an occurrence of a chronic damage (Rasekh et al., 2008). In this study, there were no significant differences in
the level of AST, ALT, ALP, bilirubin and total protein between the control and treated groups at all tested doses. These imply that the
MECN did not cause damage to the liver. This was further verified by histopathological examination of the liver that showed normal
liver architecture in all groups and doses.

Blood urea and creatinine levels are tested to evaluate renal dysfunction and failure (Ekeanyanwu and Njoku, 2014). An
upsurge in the blood creatinine level is associated with negative impact on kidney function or impaired glomerular filtration (Hor et al.,
2012; Gad et al., 2013). Likewise, a hike in blood serum urea signal a toxic effect on the renal tubules, renal parenchyma, cardiac injury
and blockage of the urinary outflow track by crystalluria, calculi or other obstructions (Evan, 2010). The current results showed that the
creatinine level increase significantly in the 500 and 2500 mg kg* day* MECN treated groups in both sexes compared to the control
groups. Nevertheless, these significant changes were within normal laboratory range and were not considered as a sign of nephrotoxicity
(Evan, 2010). On the other hand, the data of blood serum urea denoted that there was no significant difference as compared to the control
groups. Hence, the MECN did not cause nephrotoxicity. This was further supported by the histopathological analysis and microscopic
examination of the kidneys, showing normal architecture.

The macroscopic examinations of the organs of animals treated with various doses of MECN did not show any changes in
colour compared to the control groups. The histopathological studies serve as a supportive evidence for haematological and biochemical
analysis (Ramaswamy et al., 2012). This study showed that the selected organs obtained from both treated animals and controls showed
normal architecture, suggesting that there were no detrimental changes or morphological disturbances caused by daily oral administration
of the MECN. Hence, these results strongly suggest that the MECN did not alter the liver or renal function and further validated the non-
toxic nature of C. nutans extract.

Since the oral administration of MECN at a dose of 2500 mg kg day™* for 28 consecutive days for both male and female mice
did not produce any treatment-related signs of toxicity in their general behaviour, body weight gain, relative organ weights, haematology,
biochemical, gross and histopathological examinations suggest that the dose could be categorized as NOAELSs for both male and female
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animals in this study. According to the above investigation, the NOAEL of MECN for mice can be considered as greater than 2500 mg
kgt day* under the condition of this investigation.

In conclusion, the acute and subchronic toxicity studies showed no treatment-related signs of toxicity or mortality and no
significant changes in the body weight gain. Subchronic toxicity did not induce any biochemical, haematological, anatomical and
histopathological signs of toxicity. Therefore, the LDso for the acute toxicity study was greater than 5000 mg kg while for the
subchronic toxicity study and the NOAEL was greater than 2500 mg kg day.

Declaration of Conflict of Interest: The authors declare no conflict of interest.
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Figure 1: Effects of methanol extract of C. nutans on body weight of male (a) and female (b) ICR mice in acute oral toxicity study.
Values are expressed as mean + S.E.M. (n=5/group).
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Table 1: Phytochemical constituents of methanol extract of C. nutans

Chemical constituents MECN
Alkaloids -
Flavonoids +
Saponins +
Steriods +++
Tannis -
Triperpenes +

For alkaloids, +: negligible amount of precipitate; ++: weak precipitate; +++: strong precipitate.
For saponins, +: 1 — 2 cm froth; ++: 2 - 3 cm froth; +++: >3cm froth.
For flavonoids, Steriods, Tannis, and Triterpenes, +: weak colour; ++: mild colour; +++: strong colour.

Table 2: Effects on body weight of male and female ICR mice in 28-days treatment of methanol extract of C. nutans.

Body Male Female
Weight Control MECN (mg kg™ day?) Control MECN (mg kg*day?)

(9 50 500 2500 50 500 2500
Week 1 31.80 +0.58 33.00 £ 0.55 33.20 £ 0.58 33.00+1.14 28.40 £ 0.51 2740 +£0.68 28.80 £ 0.80 28.40 £0.93
Week 2 33.20 £1.07 32.60+1.91 35.20+0.73 34.60 +1.25 29.40 £ 0.98 27.80 £ 0.49 29.20£0.73 28.20 £1.02
Week 3 33.20+1.49 33.00+151 35.80+0.80 35.20 +0.80 31.60 +1.50 30.80 +0.58 30.20 £ 0.73 29.00 £ 0.89
Week 4 3420 £1.24 33.80 £ 1.66 36.80 £1.02 35.20 £1.07 3040+1.44 30.40 £0.51 29.80 £ 0.58 28.80 £ 1.36

Values are mean + S.E.M., n =5.

Table 3: Effects on relative organ weight of male and female ICR mice in 28-days treatment of methanol extract of C. nutans.

Organ Male Female
Control MECN (mg kg™ day?) Control MECN (mg kg day?)
50 500 2500 50 500 2500

Brain 1.16+0.14 129+005 142+0.07 139+005 162+0.14 152+0.12 173+0.04 185+0.11
Heart 047+0.03 054+005 049+003 051+003 047+0.04 047+0.03 047+0.02 0.51+0.03
Kidney (Left) 0.74+£0.04 0.70+0.04 0.62%+0.02 0.79+0.06 0.64+0.02 0.64%+0.02 0.56+0.04 0.69+0.03
Kidney (Right) 0.73+£0.02 0.71+0.05 0.62+0.03 0.75+0.05 0.63+0.03 0.63x0.04 0.55+0.03 0.68+0.02
Liver 535+£0.18 532+0.22 488x0.17 5.79+0.14 455+0.08 521+042 445+0.14 533+0.22
Lung 0.85+0.04 0.87+0.07 0.84+0.03 0.76+0.13 0.87+0.08 0.86=+0.05 0.84+0.05 1.02+0.09
Spleen 0.62+0.09 053+0.07 040+001 044+006 050+0.01 057+0.04 0.52+0.05 0.62+ 0.05
Stomach 0.95+0.04 118+0.08 104+005 109+007 119+0.09 1.18+0.05 1.18+0.05 1.28+0.05

Testicle/Ovary (Left) 0.30+0.02 0.36+0.02 0.29+0.01 0.34+0.01 0.02+0.01 0.02+0.01 0.03+0.01 0.02+0.01
Testicle/Ovary (Right)  0.32+0.02 0.34+0.02 0.29+0.01 0.32+0.02 0.03+0.01 0.02+0.01 0.03+0.01 0.03+0.01

Values are mean + S.E.M., n =5.
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Table 4: Effects on haematological parameters of male and female ICR mice in 28-days treatment of methanol extract of C. nutans

Parameters Male Female
Control MECN (mg kg day) Control MECN (mg kg day)
50 500 2500 50 500 2500
Eosin (%) 3.20+1.28 2.60+0.51 2.60 £0.93 2.40+0.51 3.40 £0.75 2.60 £ 0.40 2.00 £0.45 3.80 £ 0.86
Hb (g/L) 132.0+4.15 138.8 +4.53 142.8 +3.73 139.4 + 3.59 138.4 £ 3.06 141.2 £2.87 149.0 +2.17 1252 +5.72
MCHC (g/L) 379.0 £3.27 385.2+2.15 3774 +451 379.0+7.42 3828 +7.81 387.8+3.25 380.8 +6.18 371.0 £6.49
MC V (fL) 43.40 £ 0.60 43.60 £0.93 43.80+0.73 4440 £0.51 43.40 £0.51 43.80£0.92 44.00 £ 0.84 4340 +1.17
Mono (%) 6.20 £0.73 6.80 + 0.58 7.80 £0.49 5.20 £ 0.37 5.00 £0.55 6.60 + 0.67 5.80 £ 0.97 4.80 +0.86
Neut (%) 3.4+0.68 3.2+0.58 24 +0.25 2.8+0.59 1.80£0.20 2.60 £0.51 1.80 £0.37 1.40£0.40
PCV (L/L) 0.35+£0.01 0.36 £0.01 0.38£0.01 0.37 £0.01 0.36 £0.01 0.36 £0.01 0.39£0.01 0.34 £0.02
Plts (10%/L) 751.4 £35.44 889.0 £ 63.84 806.4 + 39.69 838.0 £ 62.28 645.0 £59.62 675.6 + 62.87 725.8 £53.34 553.4 £117.1
RBC (10%%/L) 8.03+£0.25 8.29 £0.39 8.64 £0.23 8.28 £0.24 8.36 £0.22 8.34 £0.27 8.88 £0.15 7.81+£0.34
WB C (10%/L) 9.34+4.34 7.08 £0.88 3.36 £ 0.62 7.58 £ 1.56 3.74 £0.40 3.9+0.32 2.22 +£0.37 3.20 £0.90

Values are mean + S.E.M., n =5.
Abbreviations: Eosin, Eosinophils; Hb, haemoglobin; Alb, albumin; ALP, alkaline phosphatase ; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Creat, creatinine; T Bil,

total bilirubin; T Prot, total protein

Table 5: Effects on biochemical parameters of male and female ICR mice in 28-days treatment of methanol extract of C. nutans

Parameters Male Female
MECN (mg kg™ day?) Control MECN (mg kg* day™)
50 500 2500 50 500 2500
Alb (g/L) 33.16 +1.24 33.72+0.36 32.6 £0.56 33.24+316 39.14+0.81 38.58+1.12 36.54 £0.59
ALP (U/L) 57.0 £6.21 109.0 £15.22 8260 £6.18 154.8+23.6 139.8+28.8 111.4 +£9.85 126.4 +£16.3
ALT (U/L) 75.98 £23.94 64.06 £+6.02 662 £791 55.02 £4.75 83.44+21.1 105.6+255 62.44+7.49 63.20 £ 13.3
AST (U/L) 2741 +458 2132 +39.2 2049 +17.9 3524+783 2588+51.6 282.9+87.4 291.9+59.1
Creat (umol/L) 32.0 £1.98 41.8+096* 406 £216* 33.60+136 31.20+1.46 46.80+1.32** 47.8+2.08**
T Bil (umol/L) 1.94 £0.74 3.84 £0.52 2.38 +£0.89 0.80+0.39 212+0.44 2.14+0.59 1.70 £ 0.67
T Prot (g/L) 56.74 +2.42 5546 +0.76 5432 +1.85 56.90+4.69 57.38+2.08 55.66 £ 0.77 56.36 £ 0.65
Urea (mmol/L) 12.74 £0.84 9.92 +0.18 11.70 £0.95 8.64+0.58 10.36 +0.30 7.36 +0.85 10.72 £0.75

Values are mean + S.E.M., n =5.
Abbreviations: Alb, albumin; ALP, alkaline phosphatase ; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Creat, creatinine; T Bil, total bilirubin; T Prot, total protein

Significantly different from control: *p < 0.01, ** p < 0.001
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Figure 2: Photomicrographs of histopathology from representative female ICR mice in acute oral toxicity: (a), and (c): liver; (b), and (d): kidney; (e), and (g): lung; (f), and (h): spleen; (i),
and (j): heart, stained with hematoxyline and eosin (40x).
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Figure 3: Photomicrographs of histopathology from representative female ICR mice in subchronic oral toxicity: (a), (b), (c), and (d): liver; (e), (), (g), and (h): kidney; (i), (j), (k), and (1):
lung; (m), (n), (0), and (p): spleen; (q), (), (s), and (t): heart, stained with hematoxyline and eosin (40x).
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