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ABSTRACT 
Sansevieria trifasciata is one of popular ornamental plants which also believed pos-
sessing therapeutic effects due to their phytochemical constituents. Secondary me-
tabolites of plants can be toxic to other organisms; therefore, toxicity studies must 
be carried out to investigate adverse effects prior to further exploration as potent 
candidates of medicinal plants. This research aimed to evaluate toxicity and safety 
of consuming chloroform extract of S. trifasciata leaf (CESTL) in acute phase using 
female Wistar rats as model animal. Procedure referred to OECD Guidelines for 
the Testing of Chemicals, Test No. 420: Acute Oral Toxicity - Fixed Dose Proce-
dure with single-dose administration of 2000 mg/kg bw. Results demonstrated that 
during 14 days of the experiment, neither mortality and sublethal effects as signs of 
toxicity were detected. There were no significant differences during the experiment 
between treatment groups and control in body weight, core temperature, individual 
and social behavior, food and water intake, as well as hematological profile, clinical 
biochemistry parameters, and relative organ weight (visceral organs indices). Al-
most all values were maintained within normal range (baseline) with fluctuation as 
normal physiological dynamics appeared relatively similar in all groups. Therefore, 
it can be concluded that no-observed-adverse-effect-level (NOAEL) for single-
dose oral administration of CESTL with the dose 2000 mg/kg bw and can be clas-
sified in the hazard of Category 5 based on Globally Harmonized System of Classi-
fication and Labelling of Chemicals (GHS). Based on this finding, we will continue 
to conduct further study to assess the repeated-dose acute oral toxicity. 
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INTRODUCTION 

Secondary metabolites (SMs) are by-products of plants which are not needed 

in their life processes. These compounds rather play a role in plant defense 

mechanisms against other organisms and dealing with stress from their sur-

rounding environment. Many SMs can be used for medicinal purposes and 

health supplements for human and animals. The bioactive ingredients were 

isolated by extraction using various solvents, then the potential therapeutic 

properties are assessed through pharmacological research (Pagare et al. 2015). 
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 Sansevieria trifasciata is one of popular ornamental plants as well as bio-

remediation agent. A little is known about its efficacy as medicine and health 

nourishment. So far, the practice of using S. trifasciata for medication is only 

empirical, based on folk medicine and ethnobotany studies. The use of S. 

trifasciata as traditional medicine is due to its phytochemical constituents 

which are believed able to cure various diseases as well as to maintain body 

health (Dewatisari et al. 2021). Aqueous extract of S. trifasciata leaves has anti-

diabetic effect (Qomariyah et al. 2012), ethanolic extract of S. trifasciata leaves 

possess antiallergic and antianaphylactic properties (Andhare et al. 2012). 

Chloroform extract of S. trifasciata leaves (CESTL) is potential to be devel-

oped as pharmaceutical agent due to the high content of triterpenoids, ster-

oids, phenols, flavonoids, and alkaloids (Dewatisari 2020). However, there is 

still no scientific evidence provided. 

 As SMs are potential to be toxic to other organisms, while inappropri-

ate dose of medicinal substances may lead to various adverse effects; there-

fore, series of toxicity and safety studies need to be conducted. In vivo experi-

ment or preclinical trial is one of three methods commonly used for testing 

compounds that is essential in drug development process. The result will 

provide information for further test, the clinical phase trial (Derelanko & 

Hollinger 2002; Parasuraman 2011).  

 One common parameter on toxicity test is the lethal dose (LD50). So 

far, we cannot find any publication on the toxicity studies of CESTL. There-

fore, we did not get any information regarding its LD50.  However, we col-

lected some data of LD50 of acute oral administration of S. trifasciata but 

with different solvents: LD50 of the ethanolic extract of S. trifasciata in Wistar 

rats at the dose 18000 mg/kg bw (Ighodaro et al. 2017) and LD50  of the 

methanolic extract of S. trifasciata in Wistar rats at the dose 500 mg/kg bw 

(Dey et al. 2014). Anbu et al. (2009) conducted acute oral toxicity test of S. 

trifasciata in Swiss mice which LD50 of the ethanolic extract at the dose 

1513.5 ± 21.5 mg/kg bw, whereas the aqueous extract at the dose 1426 ± 

43.6 mg/kg bw. 

 Toxicity test should not be limited to determining the LD50 value, as is 

the case with conventional procedure. As concern for animal welfare and 

ethics, the classical LD50 test protocol has been revised and evaluated to use 

fewer animals, to reduce the level of suffering, and to adopt internationally 

accepted methods (United Nations 2011). One of recommended methodolo-

gy on toxicity tests is developed by The Organization for Economic Co-

operation and Development (OECD), of which Indonesia is one of the key 

partners. Toxicity studies consist of acute, subchronic, and chronic periods. 

The acute oral toxicity tests consisted of two parts: First, the single-dose, 

which the substance is administered only once and the observation takes 14 

days since the administration (OECD 2002). Second, the repeated-dose, 

which the substance is administered daily during 28 days. The dose used in 

the repeated-dose test is considered from the result from single-dose test 

(OECD 2008).  
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 Based on the dose, Globally Harmonized System of Classification and 

Labelling of Chemicals (GHS) defines the level of acute oral toxicity into five 

categories, from Category 1 (the highest hazard) to Category 5 (the lowest 

hazard) as follows: 5, 50, 300, 2000, and 5000 mg/kg bw. To protect animal 

welfare, testing at a dose of 5000 mg/kg bw is discouraged and should not be 

carried out unless there is a strong reason that has a direct relevance to health 

and can be justified (United Nations 2011). This research aimed to study sin-

gle-dose acute oral toxicity and safety levels of CESTL which follows OECD 

Test Guideline No 420: Acute Oral Toxicity - Fixed Dose Procedure with 

the dose 2000 mg/kg bw using female Wistar rats as model animal.  

 

MATERIALS AND METHODS  

Ethical Clearance  

All procedures in this study which related to the care and use of animal for 

experimental model in preclinical trial have complied with animal welfare 

principles and did not violate the animal ethics. This is supported by the ap-

proval and issuance of Ethical Clearance by the Research Ethics Commission 

of Faculty of Veterinary Medicine, Universitas Gadjah Mada with the Num-

ber: 00034/EC-FKH/Eks./2021 dated on April 12th, 2021. 

 

Plant Material and Extraction Method  

Species identification has been carried out and the result refers to Sansevieria 

trifasciata Prain. which has been approved with the issuance of Certificate of 

Identification by the Head of Laboratory of Plant Systematics, Faculty of Bi-

ology UGM No. 014526/S.Tb./II/2019 dated on February 25, 2019. We 

also grew the plant for collection (Figure 1). 

 

 
Figure 1. Morphology of Sansevieria trifasciata Prain. we used in this study. 
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 S. trifasciata leaves were collected by Mrs. Whika Febria Dewatisari, 

S.Si., M.Sc., a doctoral student of Faculty of Biology, UGM. The preparation 

of CESTL based on graded maceration method as follows: leaves were 

rinsed, finely chopped, and dried in the oven (50 ℃). The dried material 

(simplicia) then were ground into powder and soaked in chloroform with a 

ratio of powder : chloroform = 1 : 3 (w/v) for three days, shaking regularly 

to optimize the extraction. The solution was filtered and evaporated using an 

electric fan until completely dried. Stock of CESTL was stored in air-tight 

glass containers or wrapped with aluminum foil in the refrigerator (4 ℃), and 

taken as needed to be processed as a working solution (Dewatisari et al. 

2021). 

 

Experimental Animals 

Sample animals were nine female nulliparous Wistar rats (Rattus norvegicus Ber-

kenhout, 1769) aged eight weeks old with body weight range at 135-173 

(157.25±11.11) grams. Rodents, especially rats, has been used extensively in 

descriptive toxicity studies and drug safety tests as their systems represent 

human physiology (Greaves 2012). 

 Experiment took place at Animal House, the animal facility of Faculty 

of Biology UGM, the same place where they were originated.  The procedure 

of animal care and maintaining followed standard procedures for rearing la-

boratory rats (NRC 2011). Rats were housed in communal cage designed for 

laboratory rats, made of transparent polypropylene with the size 38 x 25 x 

23.5 cm3, equipped with metal wire mesh for the lid, wood shaving for bed-

ding, feeder, and rodent drinking bottle (Figure 2). 

 

 
Figure 2. Housing for female Wistar rats as experimental animals in single-dose 

acute oral toxicity study of CESTL 

 

 Environmental parameters are as follows: room temperature 27-29 °C, 

relative humidity 68-81%, standard photoperiod with artificial lighting 12 

hours light : 12 hours dark. Cages were cleaned up twice a week with deter-

gent and disinfectant. 
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 Rats were fed with standard chow diet (RatbioÒ, P.T. Citra Ina Feed-

mill, Jakarta) and mineral water (P.T. Berkah Tirta Jaya, Yogyakarta). Initial 

feed weight and water volume were determined for calculating daily food in-

take and water consumption. 

 

Study Design  

Rats were assigned into three groups: the first group received CESTL, the 

second group received 5% Tween80 (v/v) as chloroform extract emulsifier 

(TWEEN), and the third group received distilled water as control-placebo 

(CTRL). The procedure of experiment referred to OECD Test Guideline 

No. 420 (OECD 2002) with a dose of 2000 mg/kg bw (Sighting study). 

CESTL, Tween80, and distilled water were administered orally 1 mL/

individual once at the beginning of the experiment (Day 0). 

 

Parameters 

Quantitative parameters consisted of body weight, rectal temperature, food 

intake, water consumption, hematological profile based on complete blood 

count (CBC), liver function tests based on alanine-aminotransferase (ALT) 

and aspartate-aminotransferase (AST) activities, renal function tests based on 

creatinine (CRE) and blood urea nitrogen (BUN) levels, as well as levels of 

fasting blood glucose, total cholesterol, and triglycerides. All parameters were 

observed on Day 0, 7, and 14. 

 Qualitative parameters as signs of toxicity consisted of mortality, suble-

thal effects, and clinical manifestations that lead to illness, including: mor-

phological or physical examination, individual and social behaviors and activ-

ities, as well as stool conditions. These parameters were monitored soon after 

administration, intensively for four hours post-administration, and continued 

every day until Day 14. 

 

Anesthesia and Euthanasia 

Before performing blood collection, rats were anesthetized by intramuscular 

injection of Ketamine (Kepro®, Holland) and Xylazine (Interchemie®, Hol-

land) cocktail 0.1 mL/100 g bw (K=50 mg/kg bw, X=5 mg/kg bw). On the 

last day of the experiment (Day 14), rats were sacrificed by similar anesthesia 

procedure followed with phlebotomy for exsanguination (sera were pre-

served for further analysis) and perfusion using physiological saline (0.9 % 

NaCl w/v, Otsuka®, Indonesia). 

  

Collection of Visceral Organs and Calculation of Relative Organ 

Weights  

Soon after rats being euthanized, necropsy was performed, visceral organs 

consisted of liver, kidney, spleen, lungs, heart, brain, and internal genital or-

gans (ovaries and uterus) were removed, rinsed in saline, and weighed. Rela-

tive organ weight was calculated by dividing the absolute organ weight by 
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final body weight, then multiplied by 100 (Cattley & Cullen 2013). The for-

mula is as follows: 

 

 
 

 Organs were preserved in 10% neutral buffered formalin (NBF) fixa-

tive. Organs were processed for histopathological observation when the re-

sults of their functions tests indicated significant functional impairment. 

 

Blood Analysis 

Blood samples for hematological and clinical biochemical profiles were with-

drawn from orbital sinus. As much as 1 mL blood were collected in 1.5 mL 

ethylene-diamine-tetra-acetic acid (EDTA)-coated microtube as anticoagu-

lant. Hematological profiles were analyzed using Sysmex®XP-100. Glucose 

and total cholesterol levels were measured directly using EasyTouch® rapid 

test strips. 

 Plasma for measurement of ALT, AST, creatinine, BUN, and triglycer-

ides were separated from whole blood using centrifuge (Eppendorf®5418R) 

and then analyzed using Microlab®300.  

 

Data Analysis 

Qualitative data were shown as table to compare each group. Quantitative 

data was tabulated in Microsoft®Excel® v.2019 and statistical analysis were 

performed using IBM®SPSS® v.23. based on Repeated-measures ANOVA 

Test to compare means over time from related group (a= 0.05). If significant 

difference is detected (p <0.05), the test is continued with Bonferroni Post 

Hoc Test to discover which specific means differed. One-way ANOVA Test 

was employed to compare means between groups (a= 0.05). If significant 

difference is detected (p < 0.05), the test is continued with Tukey's Honestly 

Significant Difference (HSD) Post Hoc Test to discover which specific 

means differed. Reference interval for normal values were constructed based 

on the lowest and highest values of each variable from the animal population 

in this study at Day 0 or “The Baseline” (Poitout-Belissent & McCartney 

2010). Results are displayed in comparison table as descriptive statistic values 

(mean ± standard deviation). 

  

RESULTS AND DISCUSSION 

There is a new approach in the methodology for assessing acute toxicity 

study, in which it should not only focus on determining LD50 or LC50 since 

not all chemicals cause death of animals. Animals may be still alive or survive 

during the experiment but suffering due to physiological disturbances 

(sublethal effect). Therefore, signs of toxicity in animals must be clearly ob-

served (OECD 2002). 
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Signs of Toxicity  

We used transparent rats cage thus we can see their natural behavior to mon-

itor signs of toxicity. The old-style rat cages with opaque walls did not allow 

researcher to observe animals from the sides. Watching from the top of the 

cage will only interfere their activities and is stressful to the animals (ARRP 

2008).  In addition, the wall of the cage should be high enough to enable rats 

standing upright (rearing and stretching) as shown in Figure 2, because this is 

one of their normal behaviors and a sign of healthy rat (ARRP 2008; NC3RS 

2017). 

 During 14-day experiment, no death or ill rats were found. Observa-

tions on general morphological and physical condition of animals, as well as 

individual and social behavior and their activities showed similar results as 

control (Table 1). It means that neither CESTL nor Tween80 which used as 

emulsifier of chloroform extract in aqueous media generated toxic effects 

that harmed the health. 

 The health status and psychological conditions (distress) of laboratory 

rats can be observed based on their morphology, behavior, and physiology. 

Unhealthy or stressed rats are passive, reduced activity, decreased appetite 

and drinking, licked their body frequently, stiffed body and guarded limbs, 

self-mutilate, aggressive, a lot of vocalizations as response to handling, reluc-

tant to interact with their conspecific. Rats with health problem have messy 

appearance as they do not do grooming properly, fur are coarse and stiff or 

piloerection, hunched posture, red eyes discharge like bloody tears due to 

porphyrin secretion, partially closed eyelids, dilated pupils, nasal discharge or 

PARAMETER CESTL (n=3) TWEEN (n=3) CTRL (n=3) 
Mortality 0 0 0 

Body weight (g) 
Increased by 34.67±5.37a 
R2= 0.999 

Increased by 25.00±4.01a 
R2= 0.990 

Increased by 18.33±7.13a 
R2= 0.985 

Rectal temperature (°C) 
Fluctuated, mean= 
33.98±0.82a 

Fluctuated, mean= 
34.24±0.75a 

Fluctuated, mean= 
33.73±0.51a 

General morphological/ 
physical condition 

Normal/healthy, 
face, body, and tail are 
clean 

Normal/healthy, 
face, body, and tail are clean 

Normal/healthy, 
face, body, and tail are 
clean 

Individual behavior and 
activities 

Active, normal Active, normal Active, normal 

Social behavior and activ-
ities 

Active, normal, positive 
interaction 

Active, normal, positive 
interaction 

Active, normal, positive 
interaction 

Food intake (g/
individual/day) 

Fluctuated, mean= 
16.68±3.59a 

Fluctuated, mean= 
15.68±3.89a 

Fluctuated, mean= 
14.05±3.41a 

Water consumption (mL/
individual/day) 

Fluctuated, mean= 
25.03±3.69a 

Fluctuated, mean= 
24.43±3.19a 

Fluctuated, mean= 
22.33±3.85a 

Stool condition 
Structure, color, and smell 
are normal, 
no diarrhea detected 

Structure, color, and smell 
are normal, 
no diarrhea detected 

Structure, color, and smell 
are normal, 
no diarrhea detected 

 

Abbreviations: CESTL= chloroform extract of Sansevieria trifasciata leaf, TWEEN= 50 % Tween80, CTRL= control/

placebo/distilled water. 

Values are expressed as the mean±SD. Values ended with same superscript letters in a row indicate no significant differ-

ence between groups based on one-way ANOVA test (p > 0.05). 

Table 1. Signs of toxicity in female Wistar rats as experimental animals in single-dose acute oral toxicity study of CESTL. 
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runny nose, and abnormal resting position. Physiologically, ill rats have sleep 

disruption, they sleep most of the time or easily awakening, hypothermia, 

rapid and shallow breathing, abnormal heartbeat, expiration with grunting 

sound (Carstens & Moberg 2000; Wang et al. 2019). We did not find these 

signs in all animals we used in this experiment (Table 1). 

 Ekeanyanwu and Njoku (2014) used dimethyl sulfoxide (DMSO) as 

emulsifier as well as vehicle for oral administration of chloroform extract in 

rats. Unfortunately, we failed to dissolve CESTL in DMSO; therefore, we 

used Tween80 as alternative agent to emulsify chloroform extract which is 

nonpolar or hydrophobic, so that it can be dissolved in aqueous medium 

thoroughly (Parker et al. 2021). Tween80 is polysorbates, one of the food 

additives commonly used as emulsifier. Single-dose acute oral toxicity test 

resulted in very low toxicity level: dose 22 g/kg bw did not exhibit toxicity 

symptoms in rats (NOAEL). Acceptable daily intake of Tween80 is 0-25 mg/

kg bw (FSCJ 2007). 

 Santos-Lopez et al. (2010) used 1% Tween80 to dissolve chloroform 

extract of aerial parts of Phytolacca icosandra, Christian et al. (2014) used 3% 

Tween80 to dissolve Persea americana leaf extract, Zakaria et al. (2015) used 

8% Tween80 to dissolve chloroform extracts of Muntingia calabura and Me-

lastoma malabathricum leaves. We used 5% Tween80 because with that concen-

tration CESTL was completely dissolved in distilled water. 

 Oral administration of 5-10% Tween80 can cause diarrhea in female 

rats (FSCJ 2007). However, according to The Joint FAO/WHO Expert 

Committee on Food Additives (JECFA), oral administration of 5% Tween80 

(equivalent to 2500 mg/kg bw) is considered safe (NOAEL). In this experi-

ment, rats administered with Tween80 or CESTL did not experience diarrhea 

as indicated by normal stool condition (Table 1). Diarrhea is physiological 

response against toxic substances which enter the body via digestive tract, 

therefore it is one of basic parameters in acute oral toxicity tests (OECD 

2002; Wang et al. 2019). 

 In addition to cause gastrointestinal disorders, toxic compounds can 

reduce or lead to loss of appetite, which can be observed by calculating daily 

food intake and water consumption. A decrease in food consumption fol-

lowed by reduction of water consumption result in weight loss and suppress 

the immunity. This is a secondary effect of toxic substance on physiological 

condition (Morita et al. 2017). Results pointed out that oral administration of 

CESTL did not cause diarrhea and digestive problems, in fact, there was an 

increase in food intake, water consumption, and body weight compared to 

control (Table 1). Further toxicity studies are needed to investigate the ef-

fects of CESTL on the digestive system over a longer period of time, as well 

as its potential to stimulate appetite, improve digestion, and promote weight 

gain for underweight individuals. 

 Besides having impacts on the digestive physiology and growth, toxic 

substances may also suppress the immune system which is characterized by 

alteration in leukocyte count and susceptibility to disease, increased risk of 
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anemia, liver and kidney dysfunctions, impaired normal energy metabolism, 

and even mental disorders, such as stress and depression (Morita et al. 2017; 

Wang et al. 2019). Hematological analysis, measurement of relative organ 

weights, evaluation of liver and renal functions, as well as examination of 

metabolic profiles consisted of blood glucose, total cholesterol, and triglycer-

ides levels can provide a comprehensive data on the toxicity and safety stud-

ies of potential therapeutic agents on physiological conditions of experi-

mental animals in preclinical research, which will later be translated to hu-

mans dose in clinical trial phase (Etame et al. 2017; Sutrisni et al. 2019; 

Sukandar & Sheba 2019). 

 

Effect of CESTL on Hematological Profile 

Evaluation of or erythrocyte profile (Table 2) demonstrated that values of 

red blood cell count (RBC), hematocrit (HCT), and hemoglobin (HGB) in all 

groups fell below the baseline on Day 7 but gradually increased on Day 14 

(significant in group received Tween80). Based on this, it is vital to investi-

gate further to see the indication of anemia or the values will recover to nor-

mal (baseline range). This condition, however, is not due to CESTL toxicity 

since it occurred in all groups. 

 The decrease of RBC, HCT, and HGB resulted in elevation of mean 

corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean 

corpuscular hemoglobin concentration (MCHC). Although this is a natural 

regulation of the body to anticipate anemia, but it must be considered be-

cause the alteration of erythrocyte indices may change the size of the cell. It 

is interesting because this alteration is not significant in group received 

CESTL, which means the extract does not disrupt the structure and function 

of the erythrocyte.  

 We used 5% Tween80 as emulsifier to dissolve in distilled water. Ac-

cording to Mantskava et al. (2018), Tween80 can alter erythrocyte profile but 

only temporarily;  therefore the use of Tween80 as emulsifier is relatively 

safe. The decline of MCH and MCHC correlate with hypochromia which 

means the anemia is caused by less hemoglobin concentration. In opposite, 

the elevation of MCH and MCHC do not refer to hyperchromia. The in-

crease can be caused by erythrocyte morphology or spherocytic (Vilchez 

2020).  

 The value of MCV in groups received Tween80 and control exceeded 

the baseline but it was not significant. Significant increment indicates macro-

cytic anemia, liver disease, and vitamin B12 deficiency (Maner & Moosavi 

2021). Alteration of erythrocyte profile in control may occur with age and 

natural processes. Observing that erythrocyte profile in group received 

CESTL is more stable than the other groups, we hypothesize that this sub-

stance can be used as supplement to improve the health. Based on this find-

ing, we are preparing to continue exploring the therapeutic effect of CESTL 

with lowering the concentration of Tween80 to anticipate its adverse effect 

on erythrocyte profile. 
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 Values of leukocyte profile were fluctuating in all groups, however 

most of them were within baseline. Monocytes, eosinophils, and basophils 

were not shown as they were not detected by our machine, possibly because 

their numbers were very low (Table 3). 

 The total number of leukocytes (WBC) in group received Tween80 

exceeded baseline due to the significant increase of neutrophil count. Ac-

cording to Thamir et al. (2013), Tween80 can increase and activate neutro-

phils, in the other hand, it decreases lymphocyte count. The number of neu-

trophils in group received CESTL fell down the baseline on Day 7 but re-

turned to baseline on Day 14 (not significant). This result is similar to the 

work by Ayalogu et al. (2011) using aqueous extract of S. senegambica. 

 Elevation of neutrophil count resulted in significant increase of neutro-

phil lymphocyte ratio (N/L); however, the value was still within baseline. N/

L is a biomarker that describes two aspects of immune system, acute and 

chronic inflammation (neutrophil count) and adaptive immunity (lymphocyte 

count). It is also one of predictive factors to identify the presence of critical 

illness (Liu et al. 2020; Song et al. 2021). As N/L value in group received 

CESTL was relatively stable during the experiment; therefore, we conclude 

that the extract is safe to consume as it did not trigger immune response. 

Table 2. Erythrocyte profile in female Wistar rats as experimental animals in single-dose acute oral toxicity study of 

CESTL. 

VARIABLE DAY 
GROUPS 

BASELINE 
CESTL TWEEN CTRL 

RBC (´106/mL) 

  

0 7.88±0.38a 7.75±0.16a 8.49±0.35a 7.38 – 8.95 
7 7.27±0.16a 6.64±0.11b 7.41±0.18a 
14 7.21±0.09a 6.71±0.25ab 7.14±0.29a 

HCT (%) 

  

0 42.77±2.75a 42.37±0.87a 46.67±2.30a 39.20 – 49.90 
7 41.10±0.60a 37.10±0.40b 42.00±0.86a 
14 40.07±1.10a 37.57±1.27ab 40.87±1.42a 

HGB (g/dL) 

  

0 14.80±0.43a 14.23±0.34a 15.50±0.93a 13.90 – 16.80 
7 14.55±0.45a 13.45±0.15a 14.37±0.05a 
14 14.13±0.25a 13.80±0.28a 14.23±0.39a 

MCV (fL) 

  

0 54.20±0.90a 54.67±0.42a 55.00±0.75a 53.10 – 55.80 
7 55.23±1.96a 54.80±1.57a 56.70±0.51a 
14 55.57±0.97a 55.97±0.41a 57.30±1.10a 

MCH (pg) 

  

0 18.83±1.26a 18.40±0.08a 18.70±0.56a 17.50 – 20.60 
7 20.00±0.20a 20.25±0.12b 19.40±0.43b 
14 19.60±0.45a 20.30±0.51ab 19.93±0.29ab 

MCHC (g/dL) 

  

0 34.80±2.83a 33.57±0.19a 33.23±0.59a 32.40 – 38.80 
7 35.40±0.60a 36.25±0.05b 34.23±0.61a 
14 35.27±0.53a 36.23±0.66ab 34.83±0.52a 

RDW-SD (fL) 

  

0 28.63±0.90a 27.33±0.39a 27.23±0.61a 26.80 – 29.80 
7 29.57±1.19a 28.13±0.50a 28.63±0.82a 
14 28.60±0.70a 28.80±0.29a 28.83±0.82a 

Abbreviations: CESTL= chloroform extract of Sansevieria trifasciata leaf, TWEEN= 50 % Tween80, CTRL= control/

placebo/distilled water, RBC= red blood cell count, HCT= hematocrit, HGB= hemoglobin, MCV= mean corpuscular 

volume, MCH= mean corpuscular hemoglobin, MCHC= mean corpuscular hemoglobin concentration, RDW-SD= red 

blood cell distribution width- standard deviation. 

Values are expressed as the mean±SD. Values ended with same superscript letters in a column for each variable indicate 

no significant difference between days based on repeated-measures ANOVA test (p>0.05). 
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 Platelet count (PLT) is strongly influenced by technical factors particu-

larly in collecting blood and waiting time at which blood samples are han-

dled. Problems during blood collection resulted in platelet aggregation and 

blood clotting, so that platelet count decreased and, consequently, this affect-

ed on other variables (Tien 1995). Results showed that most of the values of 

thrombocyte profile were within the baseline with fluctuations as normal 

physiological dynamics (Table 4). Some values exceed the baseline but are 

not significant. Mean platelet volume (MPV) and platelet distribution width 

(PDW) values at group received CESTL declined significantly but returned 

to the baseline. This result indicated that CESTL did no harm on the normal 

hemostatic process. 

 

Effect of CESTL on Clinical Biochemistry Profile 

Evaluation of Liver and Renal Functions 

ALT and AST are main parameters to evaluate liver functions. Hepatocyte 

injury causes the leak of those enzymes from cells into blood circulation, so 

that the elevation of both enzymes are detected in plasma or serum (Debelo 

et al. 2016). Results showed that ALT and AST activities fluctuated in all 

groups, some values were maintained in the baseline, whereas some others 

exceed the baseline but not significant (Table 5). 

 This result brought to conclusion that CESTL is relatively safe, did not 

induce hepatotoxicity. Extract of S. senegambica also did not show hepatotoxi-

Table 3. Leukocyte profile in female Wistar rats as experimental animals in single-dose acute oral toxicity study of 

CESTL.  

VARIABLE DAY 
GROUPS BASELINE 

CESTL TWEEN CTRL   
WBC (´103/mL) 

  

0 10.20±2.78a 11.20±1.00a 9.73±0.41a 6.90 – 13.70 
7 10.70±1.39a 14.75±0.12a 10.13±0.45a 
14 11.10±1.84a 15.37±3.10a 12.07±0.99a 

NEU (´103/mL) 0 1.70±0.08a 2.40±0.36a 2.97±0.05a 1.60 – 3.00 
7 1.40±0.75a 2.37±1.36a 2.73±0.26a 
14 2.03±0.62a 4.60±0.80b 2.90±1.02a 

LYM (´103/mL) 0 8.50±2.82a 8.80 ±1.14a 6.77±0.37a 5.10 – 12.00 
7 8.80±1.14a 11.45±0.45a 7.40±0.28a 
14 9.07±1.23a 10.77±2.36a 9.17±0.59a 

NEU (%) 0 17.93±5.61a 21.93±4.16a 30.17±0.85a 12.10 – 31.00 
7 18.60±1.28a 27.33±7.34a 27.00±1.85a 
14 17.73±2.79a 30.10±1.84a 23.57±6.74a 

LYM (%) 

  

0 82.07±5.61a 78.07±4.16a 69.83±0.85a 69.00 – 87.90 
7 81.40±1.28a 72.67±7.34a 73.00±1.85a 
14 82.27±2.79a 69.90±1.84a 76.43±6.74a 

 N/L 0 0.15±0.01a 0.21±0.01a 0.45±0.00a 0.14 – 0.45 
7 0.15±0.00a 0.23±0.02ab 0.43±0.02a 
14 0.15±0.00a 0.24±0.00b 0.41±0.04a 

Abbreviations: CESTL= chloroform extract of Sansevieria trifasciata leaf, TWEEN= 50 % Tween80, CTRL= control/

placebo/distilled water, WBC= white blood cell count, NEU= neutrophil, LYM= lymphocyte, N/L= neutrophil lym-

phocyte ratio. 

Values are expressed as the mean±SD. Values ended with same superscript letters in a column for each variable indicate 

no significant difference between days based on repeated-measures ANOVA test (p>0.05). 
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city (Ayalogu et al. 2011). S. liberica even has hepatoprotective activity 

(Ikewuchi 2012a). Hepatoprotective activity of chloroform extract is due to 

the flavonoids as powerful antioxidant (Khan et al. 2012). Phytochemical 

analysis exhibited that CESTL is rich of flavonoids (Dewatisari 2020); there-

fore, it is potential to be developed as new candidate of hepatoprotective 

agent. 

 The high values of ALT and AST in group received Tween80 possibly 

may because this substance can impair liver function through hemolysis and 

cholestasis (Ellis et al. 1996). However, this effect of Tween80 did not appear 

in group that administered with CESTL. We assume that CESTL may nour-

ish liver structure and functions, thereby eliminate the adverse effect of 

Tween80. We will follow up this finding by reducing the concentration of 

Tween80 in the next toxicity study to anticipate the bias caused by this sub-

stance. 

 Creatinine (CRE) and BUN are the main parameters for evaluating re-

nal function. These metabolic wastes are consistently excreted through the 

kidneys, dissolved in urine. Therefore, the increased levels of them in plasma 

or serum can be used as indicator of impaired renal functions (Fitria et al. 

2019). Results showed that CRE and BUN levels in all groups fluctuated. 

Some values were outside of the baseline and significant (Table 6). 

 Increasing values of both compounds did not necessarily denote im-

paired renal function if the levels were within reference interval (baseline) or 

the alterations were not significant (Mulyati et al. 2019). This indicated that 

CESTL did not induce nephrotoxicity and safe for kidney health. Extract of 

Table 4. Thrombocyte profile in female Wistar rats as experimental animals in single-dose acute oral toxicity study of 

CESTL. 

VARIABLE DAY 
GROUPS BASELINE 

CESTL TWEEN CTRL   

PLT (´103/mL) 

  

0 1052.67±134.70a 870.67±447.88a 1092.67±66.55a 239 – 1227 
7 869.67±470.71a 1247.00±17.96a 917.67±573.76a 
14 1234.67±95.83a 819.00±497.39a 1213.00±86.46a 

PCT (%) 0 0.70±0.05a 0.56±0.28a 0.71±0.05a 0.16 – 0.79 
7 0.79±0.05a 0.79±0.02a 0.79±0.08a 
14 0.81±0.05a 0.75±0.04a 0.77±0.07a 

MPV (fL) 0 6.70±0.37a 6.53±0.19a 6.50±0.14a 6.30 – 7.20 
7 6.43±0.34b 6.23±0.09a 6.37±0.05a 
14 6.53±0.26ab 6.40±0.14a 6.37±0.12a 

PDW (fL) 0 7.60±0.57a 7.47±0.31a 7.17±0.17a 7.00 – 8.40 
7 7.17±0.59b 6.63±0.39a 6.93±0.25a 
14 7.47±0.39ab 7.03±0.05a 6.90±0.22a 

P-LCR (%) 

  

0 4.87±1.59a 4.53±0.90a 4.20±1.02a 3.20 – 7.00 
7 4.97±1.39a 4.20±0.73a 3.90±0.37a 
14 4.43±1.18a 4.07±0.95a 4.00±0.42a 

Abbreviations: CESTL= chloroform extract of Sansevieria trifasciata leaf, TWEEN= 50 % Tween80, CTRL= control/

placebo/distilled water, PLT= platelet count, PCT= plateletcrit, MPV= mean platelet volume, PDW= platelet distribu-

tion width, P-LCR= platelet large cell ratio. 

Values are expressed as the mean±SD. Values ended with same superscript letters in a column for each variable indicate 

no significant difference between days based on repeated-measures ANOVA test (p>0.05). 
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S. senegambica also showed the same result (Ayalogu et al. 2011). Nephropro-

tective effect is even found in S. roxburghiana (Aclan et al. 2020). The nephro-

protective activity of chloroform extract is due to the content of phenolics, 

flavonoids, and amino acids as antioxidants (Jain & Singhai 2010). Work of 

Dewatisari (2020) revealed that CESTL has a high content of phenols and 

flavonoids, which means it is potential as nephroprotective agent. 

 

Effect of CESTL on Glucose Level and Lipid Profile  

CESTL contains triterpenoids, steroids, phenols, flavonoids, and alkaloids 

(Dewatisari 2020). Those phytochemical compounds have antidiabetic activi-

ty (Ota & Ulrih 2017). Alkaloids, phenolics, and flavonoids also possess anti-

hypercholesterolemic and antilipidemic activities (Asghar et al. 2018). Flavo-

noids, alkaloids, and terpenoids attenuate atherosclerosis (Liu et al. 2019). 

Phytosterols have antidiabetic, antihypercholesterolemic, and antiatheroscle-

rotic activities (Salehi et al. 2021). Phytochemical screening (Dey et al. 2014) 

and in vitro assay (Yumna et al. 2018) served that S. trifasciata has antidiabetic 

activity. This property is also found in S. liberica (Ifebi et al. 2021). The poten-

tial of CESTL as blood lipid lowering agent has not been studied. Research 

Table 5. Evaluation of liver functions in female Wistar rats as experimental animals in single-dose acute oral toxicity 

study of CESTL. 

VARIABLE DAY 
GROUPS 

BASELINE   
CESTL TWEEN CTRL 

ALT (mg/dL) 

  

0 52.93±10.49ab 54.90±13.98a 39.27±3.23a 35.40 – 74.50 
7 92.80±0.00a 83.05±9.68a 78.43±6.78b 
14 47.87±2.39b 90.23±43.86a 55.90±4.38ab 

AST (mg/dL) 

  

0 57.83±32.96a 90.73±12.80a 75.37±11.90a 12.60 – 108.40 
7 89.00±8.16a 50.50±14.29a 77.33±9.39a 
14 91.03±11.80a 149.27±36.67a 141.63±45.25a 

Abbreviations: CESTL= chloroform extract of Sansevieria trifasciata leaf, TWEEN= 50 % Tween80, CTRL= control/

placebo/distilled water, ALT= alanine aminotransferase, AST= aspartate aminotransferase. 

Values are expressed as the mean±SD. Values ended with same superscript letters in a column for each variable indicate 
no significant difference between days based on repeated-measures ANOVA test (p>0.05).  

Table 6. Evaluation of renal functions in female Wistar rats as experimental animals in single-dose acute oral toxicity 

study of CESTL. 

VARIABLE DAY 
GROUPS 

BASELINE 
CESTL TWEEN CTRL 

CRE (mg/dL) 

  

0 0.35±0.05a 0.40±0.02a 0.37±0.04a 0.30 – 0.40 
7 0.27±0.06ab 0.28±0.05b 0.30±0.05a 
14 0.39±0.05b 0.33±0.01c 0.45±0.00b 

BUN (mg/dL) 

  

0 19.08±2.42a 17.09±1.53a 14.68±2.54a 12.0 – 22.50 
7 16.22±3.47a 19.52±1.60b 14.91±1.89a 
14 18.14±3.40a 18.60±3.19ab 18.73±1.43a 

 

Abbreviations: CESTL= chloroform extract of Sansevieria trifasciata leaf, TWEEN= 50 % Tween80, CTRL= control/

placebo/distilled water, CRE= creatinine, BUN= blood urea nitrogen. 

Values are expressed as the mean±SD. Values ended with same superscript letters in a column for each variable indicate 

no significant difference between days based on repeated-measures ANOVA test (p>0.05). 
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by Sanad (2020) directed that the chloroform extract of Vangueria infausta leaf 

has ability to regulate blood cholesterol level. Research on S. liberica 

(Johnkennedy et al. 2014) and S. senegambica (Ikewuchi 2012b) demonstrated 

that both species possess hypocholesterolemic effect. S. senegambica is also 

able to control triglyceride level (Ikewuchi et al. 2011). 

 Prior to explore the potential of CESTL efficacy as herbal product to 

overcome health problems, toxicity studies must be carried out to determine 

its toxicity and safety on glucose, cholesterol, and triglyceride metabolism on 

normoglycemic and normolipidemic models, as we did in this study. Results 

showed that glucose level was maintained within baseline in all groups. Total 

cholesterol level increased above baseline, as well as the other groups, but 

then recovered. Triglyceride level exhibited similar dynamics with cholesterol 

level, but according to the statistical analysis the result is different. The fluc-

tuation of cholesterol level in group received CESTL is not significant, 

whereas the fluctuation of triglyceride level is significant (Table 7). However, 

by looking the physiological dynamics (the initial value, the fluctuation, and 

the final result), CESTL is promising to lower cholesterol and triglyceride 

levels. 

 Based on this finding, we hypothesize that neither CESTL nor 

Tween80 as emulsifier disrupt the normal metabolism of glucose, cholesterol, 

and triglycerides, confirmed by reasonable weight gain due to normal growth 

of the animal. However, these results are provisional since CESTL was ad-

ministered only single-dose. Therefore, we are preparing to conduct a further 

study with repeated-dose administration to study the effect of CESTL when 

consumed routinely during the acute period. 

Abbreviations: CESTL= chloroform extract of Sansevieria trifasciata leaf, TWEEN= 50 % Tween80, CTRL= control/

placebo/distilled water. 

Values are expressed as the mean±SD. Values ended with same superscript letters in a column for each variable indicate 

no significant difference between days based on repeated-measures ANOVA test (p>0.05). 

VARIABLE DAY 
GROUPS 

BASELINE   
CESTL TWEEN CTRL 

Fasting glucose 

(mg/dL) 

  

0 94.33±14.27a 145.67±13.52a 177.67±41.25a 75 – 233 
7 129.00±10.80a 180.33±47.30a 200.33±25.32a 
14 120.33±16.05a 165.33±49.78a 106.00±14.45a 

Total cholesterol 

(mg/dL) 

0 138.33±23.46a 138.67±10.87a 106.00±5.35a 100 – 171 
7 276.00±93.34a 247.33±68.05a 240.33±16.36ab 
14 122.00±18.71a 165.00±84.92a 231.00±21.26b 

Triglycerides (mg/

dL) 

  

0 47.77±8.35a 48.93±2.65a 56.90±6.19a 38 – 66 
7 64.90±14.86b 59.05±7.80a 67.43±14.99a 
14 34.083±5.39ab 41.63±5.20a 42.40±5.74a 

Body weight 

(g) 

  

Initial 145.33±7.84a 162.00±4.97a 157.33±7.71a 135 – 173 
0 156.33±1.88a 169.67±5.91b 161.33±6.54a 
7 167.33±3.85a 176.33±3.77ab 168.67±7.32a 
14 180.00±7.87a 187.00±1.41ab 175.67±6.94a 

Table 7. Glucose level, lipid profile, and growth in female Wistar rats as experimental animals in single-dose acute oral 

toxicity study of CESTL. 
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Effect of CESTL on Relative Organ Weight 

Organ weight, or to be precise is relative organ weight, is endpoint parameter 

in toxicity study. In adults, ratio of organ weight to body weight is constant; 

therefore, changes in its value indicates body response to a treatment (Cattley 

& Cullen 2013), one of which is exposure to toxic compounds in both acute 

and chronic phases (Greaves 2012; Cattley & Cullen 2013). Results showed 

that values of almost all organs in treatment groups did not experience signif-

icant changes, except the liver (Table 8).  

 Liver is critical target organ in toxicity studies because it functions as 

the center for regulation of nutrient metabolism, producing various function-

al proteins, providing energy for homeostasis, as well as drug metabolism and 

detoxification. Liver weight in rats occupies 2-3 % of body weight (Rogers & 

Dintzis 2018). Decreasing of liver weight is common with age. Conversely, 

increasing of liver weight can occur due to the accumulation of lipids, glyco-

gen, and other compounds due to cell damage, congestion, hypertrophy, and 

hyperplasia of liver cells (Greaves 2012). 

 Toxic effect generally elevates liver weight. In this study, treatment 

groups had lower liver weight than the control. Liver weight reduction is un-

common, it can be caused by hepatocyte atrophy or death due to injury or 

apoptosis (Cattley & Cullen 2013). Liver weight is normally influenced by 

physiological factors, especially blood circulation, so it is difficult to evaluate 

based on histopathological examination. Hepatic enzymes can increase liver 

weight, but this is not always the case (Greaves 2012). ALT and AST values 

(Table 5) indicate that the activities of both liver enzymes fluctuated during 

the experiment, some exhibited significant increase or decrease, however, 

they are not salient to cause alteration in liver weight. In this study, CESTL 

was administered only once (single-dose), hence, we will continue with re-

peated-dose administration to get more information regarding effect of 

CESTL on liver weight before conducting histopathological assessment. 

Abbreviations: CESTL= chloroform extract of Sansevieria trifasciata leaf, TWEEN= 50 % Tween80, CTRL= control/

placebo/distilled water. 

Values are expressed as the mean±SD. Values ended with same superscript letters in a row for each variable indicate no 

significant difference between groups based on one-way ANOVA test (p>0.05). 

ORGAN 
RELATIVE WEIGHT (g) 

CESTL TWEEN CTRL 

Brain 1.037±0.009a 1.029±0.031a 0.989±0.003a 
Gastrointestinal tract 9.135±1.706a 9.357±0.588a 9.585±0.694a 
Heart 0.356±0.034a 0.369±0.034a 0.356±0.023a 
Internal genital organ 0.428±0.020a 0.767±0.373a 0.407±0.106a 

Kidney, left 0.380±0.035a 0.435±0.028a 0.423±0.075a 

Kidney, right 0.469±0.029a 0.460±0.039a 0.387±0.019a 

Liver 3.861±0.106a 3.998±0.170a 4.567±0.160b 
Lungs 0.867±0.043a 0.750±0.025a 0.743±0.056a 
Spleen 0.309±0.033a 0.357±0.066a 0.283±0.030a 

Table 8. Relative organ weight in female Wistar rats as experimental animals in single-dose acute oral toxicity study of 

CESTL. 
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CONCLUSION 

No mortality and any sublethal effects as signs of toxicity were detected on 

female Wistar rats used as model animal during the study. Based on all pa-

rameter values and statistical analysis results, it can be concluded that acute 

oral administration of chloroform extract of Sansevieria trifasciata leaf (CESTL) 

at the dose 2000 mg/kg bw (single-dose) generated no-observed-adverse-

effect-level (NOAEL). Therefore, CESTL can be classified in the hazard of 

Category 5 based on Globally Harmonized System of Classification and La-

belling of Chemicals (GHS). Build upon this finding, we are preparing to 

conduct further study to assess the repeated-dose acute oral toxicity of 

CESTL to provide more information prior to the exploration of its potential 

therapeutic effects. 
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