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Introduction  

The use of traditional medicines in treatment has long been 

practiced worldwide in both developing and developed countries. The 

history of medicine indicates that some traditional medicines were the 

forerunners of modern medicine.1 As traditional herbal medicine 

becomes more popular, various studies are required to identify their 

active components and assess their effectiveness and safety. This 

necessitates a series of toxicological tests, including acute toxicity 

tests2, to establish the uses and safety of traditional medicines.3  

One plant commonly used in traditional medicine is the leaves of 

dandang gendis (Clinacanthus nutans L) from the Achanthaceae family. 

These leaves are effective in lowering blood glucose levels,4 inhibiting 

the activity of the alpha-glucosidase enzyme5,6 down-regulating Glut-2 

expression in rats6, and exhibiting anti-inflammatory activity.7 
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Dandang gendis leaves contain saponins, flavonoids and tannins.8 The 

various parts of Clinacanthus nutans L plant contain components that 

can address various health issues with a low risk of side effects.9 The 

half-maximal inhibitory concentration (IC50) of ethyl acetate leaf extract 

of dandang gendis against alpha-glucosidase enzyme was reported to be 

7.28 ppm.6 This IC50 value shows that the extract was active in reducing 

blood glucose levels and could be utilised as an alpha-glucosidase 

enzyme inhibitor.10  

The use of dandang gendis leaves in treating various diseases is gaining 

popularity. There is a need, therefore, to conduct acute toxicity tests to 

evaluate the safety and potential adverse effects of dandang gendis leaf 

before its full utilisation as an herbal drug. This critical step is necessary 

to ensure the leaf is safe for human consumption. Acute toxicity testing 

is a vital preclinical assessment used to evaluate the short-term toxic 

effects of a substance at a specific dose. The quantitative data obtained 

from this test is expressed as the LD50 (Lethal Dose 50), which 

categorises a compound’s toxicity, ranging from extremely toxic to 

practically non-toxic. Additionally, qualitative data encompasses 

clinical observations, morphological changes, and the mechanisms of 

toxic effects.11,12 It has been reported that the ethanol extract of dandang 

gendis leaves is essentially non-toxic when administered as a single oral 

dose, with an LD50 value exceeding 2000 mg/kg body weight. 

The Thompson-Weil method, using the LD50 calculation list, is a 

frequently utilised approach for determining the toxicity level of a 

compound. This method was chosen due to its high confidence level, 

accurate results, and the advantage of not requiring many experimental 

animals. Using the LD50 calculation list enhances the accuracy of the 

results.13 This method was employed in this study to evaluate the acute 
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toxicity of ethyl acetate leaf extract of dandang gendis (Clinacanthus 

nutans L.) in mice (Mus musculus) to establish its Lethal Dose (LD50). 

 

Materials and Methods 
Materials 

The materials used in this research were a syringe (oral sonde), beaker 

(Iwaki®), measuring cup (Iwaki®), watch glass (Pyrex®), mouse cage, 

mortar (Rofa), stamfer (Rofa), dropper  (Pudak), spatula, vial, 

observation table, stopwatch, scissors (Yinglian), tweezers (Alfamed), 

and animal scales (Kitchen scale), ethyl acetate extract of Dandang 

Gendis Leaves (Clinachantus nutans L.), distilled water, NaCMC 1%, 

white male mice, mouse food (standard feed No.552 (Vital)), ethanol, 

n-hexane, butanol, and ethyl acetate. 

 

Preparation of Experimental Animals 

This research was conducted following the ethical guidelines, and 

approval was obtained from the Health Polytechnic of the Ministry of 

Health Makassar No: 0626/KEPK-PTMKS/X/2021. 

Male white mice, weighing 20-30 grams and aged 6-8 weeks, were used 

as test animals. The experimental animals were divided into five groups 

of five mice each. One group served as control, while the other four 

were assigned for treatment. BALB/c strain, healthy mice exhibiting no 

significant changes in body weight, indicating normal behaviour, were 

used for this study. Before the treatment, the mice were acclimatized for 

one week with access to food and water ad libitum.14 

 

Dosage Determination 

Malone’s dose escalation factor was used to determine the distance 

between doses:15 

 
Where: 

F    = dose multiple factor 

N    = number of desired dose levels 

LD = largest dose 

SD = smallest dose 

Dn = dose to be given 

 

Test Sample Preparation 

To prepare and create a 1% w/v suspension of Na-CMC, 1 g of Na-

CMC powder was placed in a mortar with 20 mL hot water. The mixture 

was thoroughly crushed until uniform and subsequently diluted with 

distilled water to a total volume of 100 mL. Additionally, ethyl acetate 

extracts of Clinachantus nutans L. leaves were prepared at varying 

concentrations: 0%, 2.5%, 5%, 10%, and 20% w/v. Each concentration 

was mixed with Na-CMC 1% w/v. The orally administered test 

preparation volume was adjusted to be 1% of the test animal’s body 

weight. 

 

Determination of LD50 Value 

The LD50 value was determined by calculating the number of animal 

deaths within 24 hours due to administering the test extract at a specific 

dose level. LD50 is expressed as the dose causing the death of 50% of 

the experimental animals within 24 hours after injection. 

 

 

Evaluation of Delayed Toxicity Effects for 14 Days 

Visible symptoms of toxicity were observed for 24 hours to 14 days in 

the treatment groups. Parameters observed included deaths and the 

emergence of changes in autonomic effects such as urination, diarrhea, 

salivation, seizures, decreased movement activity, paralysis, and 

increased respiratory rate.16 

 

Data Analysis 

The obtained data was processed using the Thompson-Weil method to 

determine the LD50 value. This method utilises a list of LD50 

calculations with a relatively high confidence level. The Thompson-

Weil equation, calculated based on the biometric table, was employed. 

 
Where: 

M = LD50 value 

D = Smallest dose used 

d = log r (dose multiple) 

f = factor obtained from the Thompson-Weil table  

 

Parameters such as urination, diarrhea, salivation, seizures, decreased 

movement activity, paralysis, and increased respiratory rate are 

presented as a description of the observed results. 

 

Results and Discussion 

In the acute toxicity study, each treatment group received dandang 

gendis leaf extract orally dissolved in distilled water using a probe with 

varying concentrations for the four treatment groups. The LD50 value 

was calculated using the Thompson-Weil method, which combined the 

number of animals that died spontaneously or in a moribund state to 

determine the LD50 value. The results of the acute toxicity test are 

presented in Table 1. 

Results of the study showed that no deaths occurred in group 1 animals 

(concentration 2.5% w/v). In group 2 (concentration 5% w/v), there 

were two deaths (<50% deaths). Group 3 (concentration 10% w/v) had 

more than 50% mortality, with four mice dying. Group 4 (concentration 

20% w/v) witnessed 100% mortality (all mice died), resulting in an 

order of death (r) of 0.2, 4.5. Based on the Weil table, the price r 0,2,4,5 

has an f (factor) value of 0.30000. The mortality data were analysed 

using the Weil table, which shows an LD50 value of 6.15 g/kg BW for 

the ethyl acetate extract of dandang gendis (Clinachantus nutans L.) 

leaves. 

Apart from determining the LD50 value, clinical symptoms or signs of 

acute toxicity following the administration of the test solution (ethyl 

acetate extract of dandang gendis leaves) were observed. The 

experimental animals were observed for 30 minutes, 1-4 hours, and 24 

hours after dosing to detect any visible toxic symptoms and the number 

of mice that died in the experimental groups. The results of observations 

on toxic effects emerging after treatment are shown in Table 2. In group 

1 (concentration 2.5% w/v), signs of cardiovascular toxicity were 

evident, characterised by a rapid heartbeat (increased respiratory rate) 

at the 4th hour. Weakness, marked by decreased movement activity, 

was observed in the 3rd hour, followed by paralysis (3rd and 4th hour), 

convulsions (4th hour), increased salivation (3rd and 4th hour), 

Diarrhea occurs in the 3rd and 4th hour, and, urination occurs in the 3rd 

and 4th hour. 

Table 1: Acute toxicity test results (Lethal dose 50) of ethyl acetate extract of dandang gendis (Clinachantus nutans L.) leaves 
 

No Group Concentration   (% w/v) Mice Number Death Annotation 

  1. Control (-) - 5 0 - 

  2. Group 1 2.5 5 0 - 

  3. Group 2 5.0 5 2 Death<50% 

  4. Group 3 10.0 5 4 Death>50% 

  5. Group 4 20.0 5 5 Death 100% 

 

 

 

                 F = N-1 × √
LD

SD
                Dn = DK × F N-1 

Log M = log D + d(f+1) 
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Group 2 (concentration 5% w/v) exhibited signs of cardiovascular 

toxicity, including rapid heartbeats (increased respiratory rate) at the 

2nd and 3rd hours. Weakness, indicated by decreased movement 

activity, was observed at the 3rd and 4th hours, followed by paralysis 

(3rd and 4th hours), convulsions occurred at the 3rd and 4th hours, 

increased salivation occurred in the 3rd and 4th hours, diarrhea (3rd, 

4th, and 24th hours) and urination (3rd and 24th hours). 

In group 3 (concentration 10% w/v), signs of cardiovascular toxicity 

were noted, including a rapid heartbeat (increased respiratory rate) at 

the 3rd and 4th hours. Weakness, characterised by decreased movement 

activity, was observed at the 4th and 24th hours, followed by paralysis 

(3rd, 4th, and 24th hours), seizures (4th and 24th hours), increased 

salivation (4th and 24th hours), diarrhea (hours 2, 3, 4, and 24), and 

urination (hours 3, 4, and 24).

 

Table 2: Observation results of toxic effects that occur after the administration of ethyl acetate extract of dandang gendis leaves 
 

Observed Parameters T C 

Group 1 Group 2 Group 3 Group 4 

2.5% 5% 10% 20% 

3 4 2 3 4 24 2 3 4 24 1 2 3 4 

Urination 

1 - - - - + - - - + - - - + - - 

2 - - + - - - - - - + - + - - + 

3 - + - - + - + - + + - - + + - 

4 - + - - - - - - - - + - + - + 

5 - - - - + - + - + - - - + - - 

Diarrhea 

1 - - + - - - - - - + - - - + - 

2 - + - - + - - + - - - - + - - 

3 - - - - - + - - + + - + - + - 

4 - - - - + - - - - - + - + - - 

5 - - - - - - + - + - - - + - - 

Salivation 

1 - - + - - - - - - - - + - - - 

2 - - - - - + - - - + + - - + - 

3 - - - - + - - - - + - - - + - 

4 - + - - + - - - - + - - + - + 

5 - - + - - - - - - + - - - - - 

Seizures 

1 - - - - - - - - - - + - - - - 

2 - - - - + - - - - - + - + - - 

3 - - + - - + - - - + - - - + - 

4 - - - - - - - - - - + - - + + 

5 - - - - - - - - - - - - - - - 

Decreased Movement 

Activity 

1 - + - - - - - - - - + - + + - 

2 - - - - + + - - - + + - + - - 

3 - - - - - - - - - + - - - + - 

4 - - - - + - - - - - + - - + + 

5 - - - - - - - - - - - - - - - 

Paralysis 

1 - - - - - - - - - - + - - + - 

2 - + - - + - - - - + - - - + - 

3 - - + - - - - - + - - - + + - 

4 - - - - + + - - + + - - - - + 

5 - - - - - - - - + - - - - - + 

Increased Respiratory 

Rate 

1 - - - + - - - - - - - - - - - 

2 - - + + - - - - - + - - + - - 

3 - - - - + - - - + - - + - + - 

4 - - - - - - - - - - - - - - - 

5 - - - - - - - - - - - - + + - 

Description: 

 T: Number of mice observed 

 C: Control 

 Observation time: 1 hour, 2 hours, 3 hours, 4 hours, and 24 hours 
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Group 4 (concentration 20% w/v) animals displayed signs of 

cardiovascular toxicity, including a rapid heartbeat (increased 

respiratory rate) at the 1st, 2nd, and 3rd  hours. Weakness, characterised 

by decreased movement activity, was observed at the 2nd, 3rd, and 4th 

hours, followed by paralysis (2nd, 3rd, and 4th hours), seizures occurred 

at the 2nd, 3rd, and 4th hours, increased salivation (4th and 24th hours), 

diarrhea (1st, 2nd, and 3rd hours) and urination occurred at 1st, 2nd, 3rd, 

and 4th  hours. Based on the observed toxicity signs, it was concluded 

that a concentration of 20% w/v is considered harmful due to its 

induction of autonomic effects in mice over a short period. 

Qualitative analysis of the observed toxic effects, considering the 

number of effects linked to the weighting factors for each effect 

category calculated in percentages for each group, showed that the 

highest percentage was parasympathomimetics or parasympathetic 

nerve stimulation (cholinergic effects). This occurs due to stimulation 

of the activation of the digestive tract and intestinal peristalsis, causing 

diarrhea, stimulating contraction of the bladder and ureters, facilitating 

the flow of urine (urination), and stimulating the central nervous system, 

leading to convulsions (Table 3 and 4). The analysis of mortality data 

using the Weil table indicates that the ethyl acetate extract from dandang 

gendis (Clinachantus nutans L.) leaves falls into the practically non-

toxic category with a potential for acute toxicity in the range of 5-15 

g/kg BW.17 

The observed signs of toxicity in groups 1, 2, 3, and 4 likely occurred 

due to the use of a high dose of the dandang gendis leaf extract, which 

may contain alkaloids. According to existing literature, many alkaloids 

can be toxic to various organisms, with the degree of toxicity depending 

on both the organism and the specific chemical structure of the 

alkaloid.18 In contrast, the control group showed no signs of toxicity, 

and no deaths were recorded among the test animals. This can be 

attributed to the fact that the animals in the control group were 

administered a non-toxic and non-irritating negative control agent, i.e., 

Na-CMC 1% suspension.17 When orally administered, the ethyl acetate 

extract of dandang gendis leaves allows the absorption of active 

compounds in the digestive tract. Subsequently, these active substances 

undergo distribution and metabolism. Some resulting toxic metabolic 

by-products act as inhibitors for enzymes in subsequent metabolic 

stages. This inhibition, in turn, leads to reactions between the active 

substances and receptors in the effector organ, ultimately causing 

poisoning symptoms.19 

Alterations in autonomic effects, particularly increased urination 

(resulting in higher urine volume), are linked to an elevated intake of 

drinking water. This increase in water consumption is triggered by an 

upsurge in the osmolarity of extracellular fluids, leading to a state of 

dehydration that prompts experimental animals to drink more water. 

The variations in water intake observed in the test animals can be 

attributed to the administration of the ethyl acetate extract of dandang 

gendis leaves. This may be due to the presence of saponins in the 

extract. According to a source,20 saponins tend to impart a bitter taste. 

As a result, test animals consume relatively large quantities of water to 

alleviate this bitter taste when they ingest preparations containing these 

secondary metabolites. 

Diarrhea was consistently observed in the experimental animals 

following the administration of the ethyl acetate extract from dandang 

gendis leaves across all concentrations. These symptoms arise due to 

the activation of the parasympathetic nervous system. Stimulation of the 

parasympathetic nerves can lead to increased digestive activity, 

heightened intestinal peristalsis, and increased secretion of gastric juice.  

Another consequence of parasympathetic nerve stimulation is the 

contraction of the bladder and ureters, facilitating the passage of urine. 

The animals treated with the extract at concentrations of 2.5, 5, 10, and 

20% (w/v) exhibited signs of toxicity, including various changes in 

autonomic effects. These changes encompassed alterations in urination, 

salivation, diarrhea, increased respiratory rate, reduced motor activity, 

convulsions, and paralysis. These effects could be categorised as 

cholinergic effects, central nervous system stimulation, central nervous 

system depression, and muscle relaxation. The toxic effect of an 

elevated respiratory rate is classified as central nervous system 

stimulation. This occurs due to the activation of sympathetic nerves, 

leading to increased heart activity, resulting in a higher heart rate 

(tachycardia). Additionally, it causes an increase in the volume of blood 

ejected with each heart contraction and the dilation of the coronary 

arteries. This dilation is brought about by an enhanced depolarisation 

mediated by both norepinephrine (NE) and epinephrine, acting on NE 

receptors located on postsynaptic effector cells. The toxic effects 

characterised by salivation, urination, and diarrhea are classified as 

cholinergic effects and are more likely to manifest at low 

concentrations. These effects result from stimulating sympathetic 

nerves, leading to increased activity in the digestive tract, including 

peristalsis and secretions in the salivary glands. Additionally, the 

stimulation causes the contraction of the bladder and ureters, resulting 

in an increased urine output. Parasympathetic stimulation further 

contributes to these effects by releasing acetylcholine (ACh), which acts 

on ACh receptors in postsympathetic cells and all parasympathetic 

postganglionic nerve endings. 

The onset of mortality typically commences with convulsions and 

paralysis. Convulsions result from the combined activity of the central 

nervous system parasympathetic and sympathetic nerves. On the other 

hand, paralysis is induced by the inhibition of sympathetic nerve 

activity. Acetylcholine released at the parasympathetic postganglionic 

nerve endings interacts with the muscle’s nicotinic receptors at the 

nerve end plate on the skeletal muscle cell membrane. This interaction 

causes local depolarisation, generating a muscle potential and, 

subsequently, an action potential, triggering muscle contractions. 

However, the presence of substances that occupy the muscle’s nicotinic 

receptors hinders the interaction with acetylcholine at the postsynaptic 

level. 

 

Conclusion 

The need to evaluate the toxicity potential of plant extracts is becoming 

increasingly valuable following the popularity of herbal products and 

different claims by marketers. Results of the in vivo acute toxicity 

investigation of the ethyl acetate extract of Dandang Gendis 

(Clinacanthus nutans L) leaves using the Thompson-Weil protocol 

showed that the plant extract at 6.15 g/kg BW was not essentially toxic. 

However, oral doses beyond this exhibited toxicity effects in the 

experimental animals, which were qualitatively categorized as 

parasympathomimetics, followed by central nervous system depression, 

muscle relaxation, and sympatholytic effects. Despite the biological 

potential and the use of this plant in treating various diseases, there is a 

need to exercise caution in its usage.  

 

Table 3: Calculation results of the number of effects that arise with the weighting factor for each activity observed 
 

Category Concentration (% w/v) 

2.5% 5.0% 10% 20% 

Central nervous system depression 3.75 7.5 13.75 15 

Central nervous system stimulation 2.5 6.6 6.6 11.6 

Parasympathomimetics 6 9.5 13.5 15.5 

Sympatholytic 2.5 7.5 12.5 15 

Parasympatholytic 2.5 5 10 10 

Sympathomimetics 2.5 5 10 10 

Muscle relaxation 3.75 7.5 13.75 15 
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Table 4: Relationship between weighting factors, activities and categories 
 

Activity 
Weighting 

Factor 
Category 

Urine 2.0   
Parasympathomim

etics 
   

Diarrhea 1.0   
Parasympathomim

etics 
   

Increased 

Respiratory Rate 
2.0     

Central Nervous 

System Stimulation 

Seizures 1.0  
Sympathomi

metics 

Parasympathomim

etics 

Parasympathol

ytic 

Central Nervous 

System Stimulation 

Decreased 

movement 

activity 

1.0 
Central Nervous System 

Depression 
 Sympatholytic Muscle Relaxation 

Salivasi 1.0   
Parasympathomim

etics 
   

Paralysis 1.0 
Central Nervous System 

Depression 
  Muscle Relaxation 

 

 

Conflict of Interest  
 

The authors declare no conflict of interest. 

 

Authors’ Declaration 

The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

Acknowledgments  

The authors express gratitude to Poltekkes Kemenkes Makassar for 

generously providing the facilities essential for conducting this study. 

This research was support by LPPM Hasanuddin University through the 

Second year of PDD 2022 fiscal year program with contract 

No.956/UN4.22/PT.01.03/2022. 

 

References 

1. Danggur YE, Seran W, Kaho NPLBR. Identification of 

Types of Traditional Medicinal Plants by Communities in the 

Meler Kuwus Protected Forest Area (Case Study of Banteng 

Suru Village, Kuwus District, West Manggarai Regency, 

East Nusa Tenggara Province. J Wana Lestari. 

2022;04(02):293-302. 

2. Siswadi S, Saragih GS. Acute Toxicity of Sterculia 

quadrifida R.Br Bark Ethanol Extract on Sprague-Dawley 

Rats. Maj Obat Tradis. 2018;23(2):127. 

doi:10.22146/mot.34871 

3. Parvez MK, Al-Dosari MS, Rehman MT, Al-Rehaily AJ, 

Alqahtani AS, Alajmi MF. The anti-hepatitis B virus and 

anti-hepatotoxic efficacies of solanopubamine, a  rare 

alkaloid from Solanum schimperianum. Saudi Pharm J. 

2022;30(4):359-368. doi:10.1016/j.jsps.2022.02.001 

4. Dewinta NR, Mukono IS, Mustika A. The Effect of Dandang 

Gendis (Clinacanthus nutans) Extracts on Blood Glucose 

Levels in Wistar Rats Diabetes Mellitus Model. J Med Vet. 

2020;3(1):76-81. doi:10.20473/jmv.vol3.iss1.2020.76-81 

5. Murugesu S, Khatib A, Ibrahim Z, Ahmed QU, Uzir BF,  

Nik-Yusoff NI, Perumal V, Abas F, and Saari K. Antidiabetic 

and antioxidant activities of Clinacanthus nutans (Burm F.) 

Lindau leaves extracts. Int Food Res J. 2019;26(1):319-327. 

6. Artati, Ahmad A, Karim A, Fajriah S, Karim H, Nuradi, Nur 

A, Zahra U, Djasang S, Nasir M, Fajriah SN. Exploration of 

the Potential of Dandang Gendis Leaf Extract (Clinacanthus 

nutans L) as an In Vitro Antidiabetic (A-Glucosidase 

Enzyme Inhibition Test) and In Vivo (Decrease Glucose 

Levels and Glut-2 Expression in Mice). In: Proceedings of 

the 4th International Seminar on Science and Technology 

(ISST 2022). Atlantis Press International BV; 2023:251-261. 

doi:10.2991/978-94-6463-228-6_29 

7. Mai CW, Yap KSI, Kho MT, Ismail NH, Yusoff K, Shaari 

K, Chin SY, Lim ESH. Mechanisms underlying the anti-

inflammatory effects of Clinacanthus nutans lindau extracts: 

Inhibition of cytokine production and toll-like receptor-4 

activation. Front Pharmacol. 2016;7(FEB):1-11. 

doi:10.3389/fphar.2016.00007 

8. Thongphichai W, Uttarawichien T, Chanvorachote P, 

Pitiporn S, Charoen-Ame T, Kwankhao P, Towiwat P, 

Sukrong S. Standardisation of the ethanolic extract of 

Crinum latifolium leaves by two  bioactive markers with 

antiproliferative activity against TGF-β-promoted prostate 

stromal cells (WPMY-1). BMC Complement Med Ther. 

2022;22(1):139. doi:10.1186/s12906-022-03617-x 

9. Artati, Ahmad A, Karim A, Fajriah S, Karim H. The Effect 

of Solvents and Extraction Methods on Pharmacological 

Activities of Leaves of Dandang Gendis (Clinacanthus 

nutans): A Review Study. Plant Cell Biotechnol Mol Biol. 

2021;22(41 & 42):184-196. 

10. Egbuna C, Awuchi CG, Kushwaha G, Rudrapal M, Patrick-

Iwuanyanwu KC, Singh O, Odoh UE, Khan J, Jeevanandam 

J, Kumarasamy S, Chukwube VO, Narayanan M, Palai S, 

Găman M-A, Uche CZ, Ogaji DS, Ezeofor NJ, Mtewa AG, 

Patrick-Iwuanyanwu CC, Kesh SS, Shivamallu C, Saravanan 

K, Tijjani H, Akram M, Ifemeje JC, Olisah MC, Chikwendu 

CJ. Bioactive Compounds Effective Against Type 2 Diabetes 

Mellitus: A Systematic  Review. Curr Top Med Chem. 

2021;21(12):1067-1095. 

doi:10.2174/1568026621666210509161059 

11. Raghavanpillai Sabu K, Sugathan S, Idhayadhulla A, 

Woldemariam M, Aklilu A, Biresaw G, Tsegaye B, Manilal 

A. Antibacterial, Antifungal, and Cytotoxic Activity of 



                               Trop J Nat Prod Res, January 2024; 8(1):5779-5784                      ISSN 2616-0684 (Print) 

                                                                                                                               ISSN 2616-0692 (Electronic)  
 

5784 

 © 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

Excoecaria agallocha Leaf Extract. J Exp Pharmacol. 

2022;14:17-26. doi:10.2147/JEP.S339383 

12. Khoo LW, Foong Kow AS, Maulidiani M, Lee MT, Tan CP, 

Shaari K, Tham CL, Abas F. Hematological, Biochemical, 

Histopathological and 1H-NMR Metabolomics Application  

in Acute Toxicity Evaluation of Clinacanthus nutans Water 

Leaf Extract. Molecules. 2018;23(9). 

doi:10.3390/molecules23092172 

13. Aliyu A, Shaari MR, Ahmad Sayuti NS, Reduan MFH, 

Sithambaram S, Noordin MM, Shaari K, Hamzah H. 

Subacute Oral Administration of Clinacanthus nutans 

Ethanolic Leaf Extract  Induced Liver and Kidney Toxicities 

in ICR Mice. Molecules. 2020;25(11). 

doi:10.3390/molecules25112631 

14. Alhassen L, Dabbous T, Ha A, Dang LHL, Civelli O. The 

Analgesic Properties of Corydalis yanhusuo. Molecules. 

2021;26(24). doi:10.3390/molecules26247498 

15. Thompson E. Drug Bioscreening Fundamental of Drug 

Evaluation Techniques in Pharmacology, Graceway 

Publ.,Inc.,New York, 1985;87-112. 

 

 

 

 

 

 

16. Cancino K, Castro I, Yauri C, Jullian V, Arévalo J, Sauvain 

M, Adaui V, Castillo D. Toxicity assessment of synthetic 

chalcones with antileishmanial potential in  BALB/c mice. 

Rev Peru Med Exp Salud Publica. 2021;38(3):424-433. 

doi:10.17843/rpmesp.2021.383.6937. 

17. Ahmed M. Acute Toxicity (Lethal Dose 50 Calculation) of 

Herbal Drug Somina in Rats and Mice. Pharmacol &amp; 

Pharm. 2015;06(03):185-189. doi:10.4236/pp.2015.63019 

18. Dey P, Kundu A, Kumar A, Gupta M, Lee BM, Bhakta T, 

Dash S, Kim HS. Analysis of Alkaloids (Indole Alkaloids, 

Isoquinoline Alkaloids, Tropane Alkaloids). Elsevier Inc.; 

2020. doi:10.1016/B978-0-12-816455-6.00015-9 

19. Li X, Yang Y, Zhang B, Lin X, Fu X, An Y, Zou Y, Wang 

JX, Wang Z, Yu T. Lactate metabolism in human health and 

disease. Signal Transduct Target Ther. 2022;7(1). 

doi:10.1038/s41392-022-01151-3 

20. Batubara R, Surjanto, Ismanelly Hanum T, Handika A, 

Affandi O. The screening of phytochemical and antioxidant 

activity of agarwood leaves (Aquilaria malaccensis) from 

two sites in North Sumatra, Indonesia. Biodiversitas. 

2020;21(4):1588-1596. doi:10.13057/biodiv/d210440 

 

 

 

     

 

 

 


