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Abstract 
Background: Rauwolfia serpentina plant known as Indian 

Snake Root is widely being utilized throughout the world 

as a traditional herbal plant capable of relieving various 

types of human infectious disease due to the presence of 

several types of bioactive compounds. Objective: The 

purpose of this study was to assess the antibacterial and 

hepatoprotective activity of 70% ethanolic leaf extract of 

Rauwolfia serpentina. The leaf extract of Rauwolfia 

serpentina improves the antibacterial activity and 

hepatoprotectivity by expressing its bioactive 

metabolites. Methods: The antibacterial activity was 

studied using disk diffusion method and 

hepatoprotective activity by liver function tests (LFT) and 

histological examination. The biochemical parameter of 

LFT includes Alanine aminotransferase (ALT) while 

haematoxylin and eosin staining was used to observe the 

morphology of the mice liver section. In this 

hepatoprotective study, about 20 mice were divided into 

four groups designated. All the groups were fed with 

plant extracts for 6 days. Results: In a mouse model of 

paracetamol-induced hapatotoxicity, ethanolic leaf 

extract of Rauwolfia serpentina showed a good response 

to hepatoprotective activity by rearrangement of the live 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-r architecture and decreasing the level of ALT. In 

addition, the ethanolic leaf extracts of Rauwolfia 

serpentina were tested against five different bacterial 

strains: Staphylococcus aureus, Escherichia coli, 

Klebsiella pneumonia, Pseudomonas aureginosa, and 

Proteus vulgaris. As a result, when compared to the 

conventional antibiotic, Gentamycin, the ethanolic 

extract of the plant demonstrated antibacterial activity. 

Conclusion: This study showed that 70% ethanolic leaf 

extract of Rauwolfia serpentina has antibacterial activity 

and hepatoprotective properties. 
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Introduction 

Metastatic Plants are an ancient source for bioactive compound 
usage such as pharmaceuticals, food additives, colours and 
flavours. Large number of the indigenous plant are being used as 
medical treatment to diseases and injuries because it consists of 
bioactive compound such as alkaloids, carbon compound, 
hydrogen, nitrogen, glycosides, gums, essential oils, tannins, fatty 
oils, mucilage, and resins. Most of the people are concerning on 
the medicinal plants as therapeutic agent. (Mallick et al., 2012). 
Rauwolfia serpentina is commonly known as Sarpagandha, Indian 
snake root, and Harkaya. The plant belongs to Apocynaceae family 
and the origin is near to Indian Subcontinent and East Asia. 
Rauwolfia serpentina is an essential medicinal plant that widely 
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Significance | Antibacterial activity and hepatoprotective 
effect of Rauwolfia serpentina 
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plays role in both modern medical system and Ayurvedic medical 
system (Mallick et al., 2012). The alkaloids of Rauwolfia serpentina 
are categorizing into three groups which is reserpine, ajmaline and 
serpentine. The group of reserpine composes of rescinnamine, 
deserpine and other chemical compounds. Then, ajmalinine, 
ajmalicine and iso-ajmaline are undergo to ajmaline group. While, 
the group of serpentine is comprised of sepentinine, alstonine and 
many more. The roots, leaves and fruits of Rauwolfia serpentina 
obtain high percentage of secondary metabolites and also 
contributing in the Ayurvedic medical system for the treatment of 
various illness (Meena et al., 2009; Mittal et al., 2012; Poonam and 
Mishra, 2013). The root of Rauwolfia serpentina is used to treated 
for hypertension, insomnia, gastrointestinal disorders, mental 
agitation, epilepsy, anxiety, traumas, sedative, schizophrenia and 
insanity (Meena et al., 2009; Mittal et al., 2012). In addition, the 
roots juices or its extract can be provided treatment to liver 
disease, abdominal pain and remove the intestinal worm 
(Anisuzzaman et al., 2007; Nayak et al., 2004). While, the other 
disease such as malaria, pneumonia, burns, eczema, asthma, 
respiratory disease, skin cancers and spleen disease also treated 
with Rauwolfia serpentina plant (Anisuzzaman et al., 2007; Azmi 
et al., 2013; Bhattarai et al., 2009; Dey and De, 2011; Itoh et al., 
2005; Mahanta et al., 2006; Rai, 2004). 
Subsequently, the microorganism such as bacteria, fungus and 
viruses are involved as a main factor in causing the human serious 
infections around the world. In this century, the microbial 
resistance is being develop to the multiple of synthetic drug that 
commonly use as treatment to various disease (Gutmann et al., 
1988; Tsuchiya et al.,1996). All of the resistance, affect the 
therapeutic activity on the patient and also sometimes develop 
other adverse effects on the host including hypersensitivity. 
Therefore, the researchers are concerning on the developing of 
alternatives antimicrobial agent for treatment of infections 
(Guillemot,1999). Medicinal plants are one of the best sources for 
natural antimicrobial agent, because it acts as higher efficient in 
treating the human infectious disease than synthetic antibiotics 
(Rashid et al., 2014). The bioactive components of plant are one of 
the compounds for reducing the development of antibiotic 
resistant human pathogens (Raghavendra et al., 2006). Many of 
the researchers reports the effectiveness of medicinal plants 
against on microorganisms and shows that plants are essential tool 
in generating of modern medicine (Evans et al., 2002). Most of the 
medical centres are widely utilized the medicinal plants because of 
its commercially availability and less cost. The antibacterial 
effectiveness of plant extract is associated with variety of 
components, such as aldehyde and phenolic compound (Lai and 
Roy, 2004).  
Liver is an essential organ located in the vertebrates and other 
group of animals and it is the organ responsible for the 

detoxification of all the exogenous compounds such as 
xenobiotics, drugs, virus and alcohol. The liver is functioned in the 
biochemical pathways to fight with disease, supply nutrient, 
growth and bile reproduction (Ward and Daly, 1999). Basically, 
the liver is maintained the homeostasis of the human body and 
plays role in various of metabolic functions including metabolism 
of carbohydrates, lipid and proteins (Coppola et al., 2015). After 
the completion of intestinal absorption, blood is transported to the 
liver through the portal vein which is carried nutrients and 
different types of toxic substances such as drug, ethanol and other 
chemical compounds. This process may lead to the formation of 
severe toxicity and damage in the liver. Abnormality of the liver is 
differentiated as steatosis, fatty liver, liver cirrhosis and liver 
carcinoma (Coppola et al., 2015). Besides that, many synthetic 
drug and modern medicines which are used as treatment to liver 
disease, are less effective and cause various side effects (Rao et al., 
2006). Therefore, the traditional medicinal plant become 
alternatives tool in hepatoprotective activity and effectivity of 
indigenous herbal plants are developed with pharmacological 
experimental studies (Shahani, 1999). 
The present study was designed to investigate the antibacterial 
activity and hepatoprotective effect of 70% ethanol extract of leaf 
of Rauwolfia serpentina in paracetamol induced hepatic damage in 
mice.    
 
Materials and Methods 
Rauwolfia serpentina leaf crude extract preparation 
Collection of Rauwolfia serpentina 
The fresh leaves of Rauwolfia serpentina from Apocynaceae family 
were purchased from an authorized store. The leaves cleaned up 
by using a clean tap water. Then, cut it into small pieces and 
placed on the glass plate and allowed it to dry in completely. Once, 
the leaves dry completely, it was grinded into a course powder by 
using a proper industrial grinder and proceed to extraction 
process. 
70% Ethanolic leaf extract of Rauwolfia serpentina  
Soxhlet Extraction 
The course powder of Rauwolfia serpentina leaves was performed 
in to Soxhlet extraction (Industrial laboratory equipment 
company, USA) with 70% of ethanol by using Soxhlet apparatus 
with heater at 40 0C. The course powder inserted about 12 g in 
each time along with some cotton wool to hold the powder and for 
ethanol absorbance. Totally of 16 cycles completed and each cycle 
took about 10 hours. 
Rotary Evaporation 
The extract obtained from Soxhlet extraction was performed 
rotary evaporation (CAT Scientific Laboratory, Germany) to 
remove any remaining of 70% ethanol. The extraction was placed 
about 300 mL into the round bottom flask and set at 62 
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revolutions per minute (rpm) and 47 0C temperature with some 
ice bags. Once the completion of rotary evaporation process, the 
plant extract formed into thick herbal paste.  
 
 Lyophilization 
Prior to freeze drying process, the high concentrated extract was 
frozen by using laboratory freezer (Acson International, UK) at -
20 0C for overnight. After that, the frozen extract was immediately 
performed lyophilization to avoid from melting by using freeze 
dryer (Labconco Corporation, USA) at temperature ranging at -48 
0C to -52 0C and vacuum condition below than 0.133mBar at 
overnight. Finally, the 70% of ethanolic Rauwolfia serpentina leaf 
extract powder was stored in an airtight amber bottle with proper 
labelled and kept into desiccator to reduce surrounding humidity 
and for light protection (Azwanida, 2015). Advantage of freeze-
drying is, it can produce high rate of phenolic compounds 
compare to air-drying process. 
Antibacterial activity of leave extract of Rauwolfia serpentina 
 Microorganisms collection 
The pure cultures of Staphyloccus aureus, Escherichia coli, 
Pseudomonas aeruginosa, Proteus mirabilis and Klebsiella 
pneumoniae were obtained from Microbiology Laboratory, Faculty 
of Medicine, Quest International University, Perak, Malaysia. All 
of these microorganisms were maintained under a Nutrient agar 
and stored in the refrigerator after a complete growth of these 
bacterial culture. 
Inoculum Preparation 
The nutrient broth was prepared by mixing with distilled water 
and stored in universal bottles under normal temperature. Then, 
10 mL of broth was taken for each bacteria in the universal bottle 
by culturing a loop full of pure colony of bacteria into the bottle. 
The bacteria culture broth stored in the incubator under 37 0C of 
temperature for a day for bacterial growth. 
Test Solution Preparation  
The 70% ethanolic leaf extract of Rauwolfia serpentina plant 
powder was measured in different amount and mixed with 1 mL 
of ethanol (200 mg/mL, 300 mg/mL and 400 mg/mL). On that 
same moment, 1 g of the plant extract powder was diluted along 
with 1 mL of ethanol as a stock solution. The solution was placed 
into the sterilized Eppendorf tube and stored at 4 0C. 
Muller Hinton Agar Preparation 
The Muller Hinton Agar (MHA) was prepared about 500 mL by 
mixing distilled water. After that, it proceeded for sterilization at 
121 0C by using autoclave machine. Next, the sterilized MHA 
poured into the sterile petri dish and allowed it to dry in 
completely followed by sealed the petri dish with paraffin tape to 
avoid any of contamination. Finally, it can proceed to utilize for 
further experiment. 
Disc Diffusion Method 

Prior to Disc diffusion method, the crude discs and Eppendorf 
tubes were sterilized by using autoclave. Then, the cultured 
bacteria swabbed on the sterilized MHA agar plate in uniform 
direction by using sterilized cotton swab. Following, placed the 
crude disc by immersing into the preparation of different 
concentration on plant extract on the agar plate in gently. 
Gentamycin antibiotic was used as positive control group while 
the crude disc with Dimethyl sulphoxide (DMSO) was categorized 
as negative control group in the disc diffusion test. Finally, placed 
the plate in the incubator at 37 0C for 24 hours to identify the zone 
of inhibition (ZOI) on all of these bacteria. The assay was 
performed with triplicates and the results were expressed as mean 
± SD. 
 
Cytotoxicity of leaves extract of Rauwolfia serpentina  
Preparation of Dulbecco’s Modified Eagle’s Medium (DMEM) 
The DMEM powder was added and mixed with 800 mL of double 
distilled water for measure out 1000 mL as a final volume 
concentration. Then, added 100 mL of fetal calf serum (FCS) by 
filtering with 0.4 μm of syringe filter into the solution. 
Subsequently, Amphotericin B (2 μg/mL) and Gentamycin (100 
mg/mL) also were added and final volume was adjusted to 1000 
mL with double distilled water. The procedure carried out in 
sterilized condition and complete growth medium stored in the 
refrigerator.  
Cell culture 
Human hepatocellular carcinoma (HepG2) cell line no. HB-8065 
was obtained from the Eman Lab, University of Science, Malaysia. 
The cells were cultured with 10% DMEM complete growth 
medium and incubated at 37 0C with humid environment 
containing 5% of CO2 under sterile condition. 
Cell Revival 
By following the technique of Freshney (2015), HepG2 cell line 
was revived and altogether about four vials of HepG2 cells were 
performed thawing process and transferred into the four different 
centrifuge tubes. Subsequently, 30 mL of 10% of DMEM with FCS 
was added into the each of centrifuge tube. After that, the cells 
were centrifuged by using a laboratory centrifuge (Thermo Fisher 
Scientific, USA) at 10,000 rpm about 10 minutes. Next, the 
supernatant of the media was discarded and the pellet resuspended 
with 10 mL of 1х Dulbecco’s Phosphate Buffer Saline (DPBS) and 
centrifuged again at speed of 10,000 rpm for 10 minutes. The 
supernatant was discharged again and the present pellet was 
resuspended by using 10 mL of 1х DPBS. The last centrifugation 
process was performed for 5 minutes at 10,000 rpm by using 
laboratory centrifuge. Finally, the supernatant was discarded and 
the present cells were resuspended by using 10 mL of 10% of 
DMEM with FCS. 
Cell Seeding  
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The process was performed by seeding about 2 mL resuspended of 
the HepG2 cells into the sterilized T-25 flasks. Then, about 3 mL 
of 10% of DMEM with FCS were mixed into each of the T-25 
flasks by using a sterile Pasteur pipette and then placed into the 
CO2 incubator (Heal Force 90, Shangai Lishen Scientific 
Equipment Corporation, China) and incubated at temperature of 
37 0C and 5% of CO2 atmosphere. The HepG2 cells were examined 
under the inverted phase of contrast microscope (Olympus 
Corporation, Japan) with the magnification of 40х for the 
complete formation of confluent monolayer of HepG2 cells. 
Cytotoxicity Assay 
HepG2 cell line was tested with the 70% of ethanolic extract of 
Rauwolfia serpentina and cytotoxicity was evaluated by using 
colorimetric 3-(4,5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium 
bromide (MTT) assay (Deepak et al., 2012). 
3-(4,5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium bromide 
(MTT) assay 
The stock solution of Rauwolfia serpentina was prepared about 
(480 mg/mL) by mixing about 960 mg of 70% of ethanolic of 
Rauwolfia serpentina extract powder with about 2 mL of DMSO. 
Then, the solution was prepared into different level of 
concentrations (240, 120,60,30,15, 7.5, 3.75, 1.875, 0.9375 mg/mL) 
by following two-fold serial dilutions method. The 10% of DMEM 
complete growth media was categorized as blank while the HepG2 
cells with complete growth media without adding plant extract 
was being as cell control. 
 As an aseptic method, about 50 μL of cultured HepG2 cells were 
took from T-25 flask and seeded into the 96-well plates at 2х104 
cells/mL of seeding density. 50 μL of different concentrations of 
the plant extract with the ranging from 0.9375 mg/mL to 240 
mg/mL were transferred into the each of well and incubated for 24 
hours, at 37 0C and 5% of CO2. After that, 15 μL of MTT solution 
was added into the each well in the dark condition. The 96-well 
plate was covered up with aluminium foil and incubated for 4 
hours at 37 0C with 5% of CO2. Then added 100 μL of soluble 
solution into the each well and incubated for 1 hour, at 37 0C with 
5% of CO2 atmosphere. Finally, the 96-well plate was measured the 
absorbance at 570 nm by using the enzyme-linked 
immunosorbent assay (ELISA) microplate reader (CYBER 
Laboratory, USA). 
The cytotoxicity of 70% of ethanolic extract of Rauwolfia 
serpentina was calculated from the following formula (Deepak et 
al., 2012).   

Mean (Acc - As) × 100 = Percentage of cell growth 
inhibition (%) Mean (Acc) 

Where Acc is mean absorbance of cell control and As is mean 
absorbance of test sample. 
The cytotoxicity results were graphed and the half maximal of 
inhibitory concentration (IC50) was identified. The non-cytotoxic 

of 70% ethanolic Rauwolfia serpentina extract concentrations were 
proceeded to the hepatoprotective activity study. The assay was 
performed with triplicates and the results were expressed as mean 
± SD. 
 
 
 
Hepatoprotective activity Rauwolfia serpentina Leaves extract 
Animal Model 
BALB/c mice were studied on the hepatoprotective properties by 
using Rauwolfia serpentina leaves extract. The mice were kept in 
the Animal House at Faculty of Medicine, Quest International 
University, Perak, Malaysia. The mice were maintained in 
controlled temperature (25±1 0C) and under light-dark cycle 
(12:12 hours). The mice were got free access of drinking water and 
fed in a standard chow diet about 4 g for each. The studied was 
performed with Animal Protection agreement followed by the 
rules and regulation of Animal Ethical Committee, Government of 
Malaysia and signed by the ethical committee of Quest 
International University, Malaysia. 
Paracetamol Dose Regimen 
Each paracetamol tablet that contains about 500 mg were obtained 
from a reputed pharmacy. The dosage of administration to each 
mouse was set as 1 g/kg to develop hepatotoxicity. The 
paracetamol tablets were making into a fine powder formation by 
using mortar and pestle for dissolution in easily. Then, the 
paracetamol powder was suspended with the saline solution and 
administered in orally based on the body weight of each mice by 
using oral gavage. 
Grouping of Mice and Treatments 
In this research studies, about 20 mice were divided into four 
groups and therefore, each group was consisting about five mice. 
The first group of mice was undergone to normal control group 
which is receiving a single daily dose of 1 mL/kg of saline only via 
oral administration. The Group II categorized as negative control 
group which is administering a single daily dose of paracetamol (1 
g/kg) only in orally. Subsequently, the Group III, classified as 
positive control group that is receiving a single daily dose of both 1 
g/kg of paracetamol and 20 mg/kg of silymarin through oral 
administration in respectively. The Group IV was categorized as 
tested group which is administering in orally a single daily dose of 
both 1 g/kg of paracetamol and 20 mg/kg of 70% ethanolic 
Rauwolfia serpentina leaf extract in respectively. The silymarin and 
70% of ethanolic Rauwolfia serpentina leaf extract was 
administered after three hours of paracetamol administration to 
the each of the mice. The experiment was being taken for 6 days 
and on the 7th day, all of the mice were sacrificed and dissected.  
Liver Functions Test (LFT)  
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End of the experiment, the mice were sacrificed by following to the 
guidelines. The mice were given a sedative which is diethyl ether 
by soaking with cotton ball and placed into the desiccator. At 
beginning, all precaution was followed by wearing a proper 
personal protective equipment (PPE) such as laboratory coat, 
gloves and mask. Blood from each group of mice was collected by 
the cardiac puncture. After that, the blood was performed in 
centrifugation process at 2,000 rpm and at temperature of 4 0C for 
10 minutes for the separation of serum. The serum was transferred 
into a sterilized Eppendorf tube and store at 4 0C of temperature to 
identify the ALT activity. The assay was performed with triplicates 
and the results were expressed as mean ± SD. 
 
Liver biopsy of mice and stained using Hematoxylin and Eosin 
technique 
The mice from each of group was dissected liver to observe the 
morphological changes on its liver. Once the liver harvested in 
carefully and placed the tissue into the 10% of buffered formalin 
respectively, for the fixation purpose at overnight. After that, 
processing of the liver tissues was done by using automatic tissue 
processor, ATP-700. The procedure of the tissue processing is 
shown in the table 1 respectively. Subsequently, the liver tissue 
was proceeded for embedding with paraffin wax at the 
temperature of 60 0C with moulds and placed it under -20 0C for 
overnight. Following on, the liver was performed sectioning 
process by using microtome with the thickness of 4 μm. Once a 
clear ribboning was obtained from each of the specimen, placed it 
on a water bath at 57 0C. An empty and clean microscopic glass 
slide were used to captured the tissue section and labelled in 
properly according to specific group. Then, allowed the slides to 
dry in completely for overnight at room temperature. According 
to the Haematoxylin and Eosin staining (H&E) protocol mention 
in the table 2, all of the specimen was stained and observed under 
the light microscope at 40х magnification. 
 
Results 
Extraction provide 70% of ethanolic Rauwolfia serpentina leaf 
extract 
The Rauwolfia serpentina plant species employed in the various 
types of treatment of disease such as cardiovascular disease 
(Anitha and Kumari, 2006), hypertension (von-Poser et al.,1990), 
mental disorder (Noce et al.,1954), arrhythmia (Kirillova et al., 
2001), psychiatric disease (Bhatara et al.,1997), high blood 
pressure (Vakil,1955) and breast cancer (Standford et al.,1986). 
For instance, methanolic leaf extract of Rauwolfia serpentina 
develop a good response of anti-diarrheal effects on castor oil- 
induced diarrhoea by decreasing the fluids volume and intestinal 
weight in the mice model (Ezeigbo et al., 2012). Furthermore, the 
ethanolic root and leaf extract of Rauwolfia serpentina was 

experimented by against on four types bacterial strains which is 
Salmonella typhi, Staphylococcus aureus, Escherichia coli and 
Bacillus subtilis and thus, the ethanolic extract of the plant shows 
effectiveness on antibacterial activity as compared to two standard 
of antibiotics which is Ampicillin and Streptomycin (Deshmukh et 
al., 2012).  
The collection leaves of Rauwolfia serpentina plant were washed it 
with tap water and followed by allow it to dry in completely 
because it consists of bioactive enzymes which is produce its active 
compounds as well as the metabolic reaction (Das et al., 2010). 
According to Handa et al., (2008), stated the principle of 
extraction is isolating the active constituents of a plant by using a 
specific solvent with a standard protocol. The method of Soxhlet 
extraction, was taken with small grinded sample (Figure 1) and 
placed it into the thimble that with a strength of filter paper which 
is can placed in the of the Soxhlet extraction apparatus. The 
solvent extraction heated up through the round bottom flask, 
developed the vaporization into the chamber that have sample and 
condensed into the condenser follow by it drip back, and also once 
the extraction liquid reach to the siphon arm and pass into the 
round bottom flask again (Azwanida, 2015) (Figure 2). In 
respective of Handa et al. (2008); Visht and Chaturvedi (2012) 
stated that there is filtration of the extract is absence and the fresh 
solvent extraction is carried through the transfer equilibrium with 
a solid form. 
The percentage of extraction yield of 70% ethanolic leaf extract of 
Rauwolfia serpentina was identified as 5.33±0 (Table 3). According 
to Azwanida, (2015) the 70% of ethanol is commonly plays role in 
Soxhlet extraction for extracting purpose and to produce the plant 
extract. As an evidence, the total amount of methanolic root 
extract of Rauwolfia serpentina was at 5% g/g in a dried root 
powder formation (Azmi and Qureshi, 2012). 
Antibacterial activity of zone of inhibition in Rauwolfia 
serpentina leaf extract against on microorganisms 
In the present study, the 70% ethanolic leaf extract of Rauwolfia 
serpentina was tested to investigate its effectiveness on the 
antibacterial activity. The microorganisms that were being tested 
are Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Proteus mirabilis and Staphylococcus aureus. 
Previously, we were prepared the ethanolic Rauwolfia serpentina 
leaf extract in different concentration (50 and 100 μL/mL) through 
dilution technique for triplicate. But, there have absent of diameter 
of inhibition on the tested microorganisms. Research study done 
by Murthy and Narayanappa (2015) was assessed the antibacterial 
activity of methanolic and chloroform extracts of leaf and root of 
Rauwolfia serpentina by disc diffusion method. Here, antibacterial 
activity was detected against Staphylococcus aureus, Escherichia 
coli, Pseudomonas aeruginosa, Bacilus subtilis and Klebsiella  
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Table 1: Tissue processing protocol 
Station Reagent Duration 
1 70% of ethanol 1.5 hour 
2 80% of ethanol 1hour 
3 90% of ethanol 1hour 
4 Absolute alcohol 1hour 
5 Absolute alcohol 1hour 
6 Xylene 1hour 
7 Xylene 2hour 
8 Paraffin wax 1.5 hour 
9 Paraffin wax Overnight 
 
Table 2: Hematoxylin and Eosin staining protocol 
Station Reagent Duration 

1 Xylene 2 minutes 

2 Absolute ethanol 2 minutes 
3 Absolute ethanol 2 minutes 

4 Absolute ethanol 2 minutes 

5 95% of ethanol 2 minutes 

6 70% of ethanol 2 minutes 

7 Running tap water At least 2 minutes 

8 Haematoxylin 3 minutes 
9 Running tap water At least 5 minutes 
10 Eosin 2 minutes 

11 95% of ethanol 20 times (dip the slides) 

12 95% of ethanol 2 minutes 
13 100% of ethanol 2 minutes 

14 100% of ethanol 2 minutes 

15 Xylene 2 minutes 

      
Table 3: Extraction yield of 70% ethanolic leaf extract of Rauwolfia serpentina. All of the values are representing as a formation of 
mean ± standard deviation. Each test was conducted with triplicates. 
Mass of feed in plant 
(g) 

Mass of extract in plant 
(g) 

Percentage of extraction yield (%) 

12±0 0.64±0.35 5.33±0 

 
Table 4: Zone of inhibition of Rauwolfia serpentina extract. PC: Positive control; NC: Negative control 
Pathogen Diameter of zone (mm) on gram positive and gram negative bacteria 

200mg/mL 300mg/mL 400mg/mL PC NC 
Escherichia coli 0 4 7 10 0 

Klebsiella pneumoniae  0 3 6 10 0 
Pseudomonas 
aeruginosa 

2 5 7 10 0 

Proteus mirabilis 0 3 6 10 0 

Staphylococcus aureus 3 5 10 10 0 
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pneumoniae.  It showed there was no zone of inhibition presents at 
50 μL/mL concentration of leaf and root chloroform extracts on 
Staphylococcus aureus and Bacilus subtilis. However, the 
maximum zone of inhibition exhibits at 100 μL/mL concentration 
against all of the test organisms for both of leaf and root extracts. 
Thus, it was evaluated that all test bacteria are susceptible to 
methanolic extract than the chloroform extract. Therefore, in the 
current study, we prepared the ethanolic plant extract 
concentration by measuring into different amount and dissolved 
with 1 mL of ethanol solution (200 mg/mL,300 mg/mL and 400 
mg/mL) to induce high concentration. 
Based on the table 4 shows, Escherichia coli, Klebsiella pneumoniae 
and Proteus mirabilis have no zone of inhibition at the 
concentration of 200 mg/mL but there has developed diameter of 
inhibition at the 300 mg/mL and 400 mg/mL of concentrations of 
the ethanolic plant extract. Among the three types of microbes 
that mentioned, Escherichia coli consists high potential of zone of 
inhibition (4 mm at 300 mg/mL and 7 mm at 400 mg/mL), while 
the Klebsiella pneumonia and Proteus mirabilis contain an equal 
rate of inhibition diameter (3 mm at 300 mg/mL and 6 mm at 400 
mg/mL). Furthermore, Pseudomonas aeruginosa and 
Staphylococcus aureus consists lower zone of inhibition at 200 
mg/mL of concentration as compared to other two different 
concentration of the ethanolic plant extract. Among these two 
types of bacteria, Staphylococcus aureus have better inhibition 
diameter than Pseudomonas aeruginosa in all of these 
concentrations of the ethanolic plant extract. However, 
Staphylococcus aureus obtained higher zone of inhibition than 
Escherichia coli in all of these concentrations and also the microbe 
able to achieve the diameter of inhibition almost equal to the 
Gentamycin which was utilized for positive control result. In 
contrast, Staphylococcus aureus has highest zone of inhibition in 
70% ethanolic Rauwolfia serpentina leaf extract as compared to 
other tested microorganisms. Gram negative bacteria may consist 
high level of intrinsic resistant on many antimicrobial agents but 
present result indicated ethanolic root extract still able to against 
on gram negative bacterial strains (Deshmukh et al., 2012). 
Based on the previous research studies, the ethanolic extracts of 
Rauwolfia serpentina have high potential on antibacterial activity. 
In respective of Negi et al. (2014) stated the antibacterial activity is 
effective with ethanolic root and leaf extract of Rauwolfia 
serpentina by opposing on Escherichia coli, Salmonella typhi and 
Pseudomonas aureginosa. According to Jigna et al. (2005), 
presented the aqueous extract of Rauwolfia serpentina express 
lesser antibacterial activity effective than the ethanolic plant 
extract. In addition, the ethanolic root extracts of Rauwolfia 
serpentina developed good antibacterial activity by opposing on 
Pseudomonas aeruginosa, Klebsiella pneumoniae, Bacillus subtilis 
and Bacillus cereus (Fazal et al., 2012; Jigna et al., 2005). 

The cytotoxicity of Rauwolfia serpentina leaf extract on HepG2 
cell line 
In present study, the cell inhibitory assay was performed to 
identify the effects of cell inhibition of HepG2 cells (human liver 
cancer cell line) that were treated with different concentrations of 
ethanolic leaf extract of Rauwolfia serpentina. The HepG2 cells 
were experimented for 24 hours of duration and the cytotoxicity of 
the experiment was calculated by against to untreated HepG2 cells. 
This experiment was conducted by using MTT assay to determine 
the cytotoxicity level of ethanolic leaf extract of Rauwolfia 
serpentina. Based on the Tetrazolium dye reduction, the metabolic 
activity of HepG2 cells can be determined. ELISA reader plays role 
in MTT assay to read the absorbance of 96- microwell plate at 570 
nm and to evaluate the cell toxicity of the ethanolic plant extract. 
The principle of MTT assay is known as a colorimetric assay 
which is identifying the metabolic reaction of cells and 
nicotinamide adenine dinucleotide phosphate (NADPH) 
cofactor-dependent cellular mitochondrial oxidoreductase 
enzyme will determined the condition of the viable cells (Stockert 
et al., 2018). In other words, according to Berridge (2005), the 
enzyme has potential to reduce the intensity of tetrazolium dye 
into the insolubilize of formazan where, it is in purple colour of 
appearance. As an evidence, determination of cytotoxicity for 
anticancer activity was performed by using MTT assay along with 
some cancerous cell line, including HepG2 cells, MCF7 cells and 
VERO cells and it indicated, evaluation of cell proliferation can be 
find based on viable cells metabolism (Senthilraja and Kathiresan, 
2015). The MTT assay and MTS (3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H- tetrazolium) 
assays are largely utilized to analyse the proliferation of cell, 
involving determination the effects of reactive oxygen species 
(ROS) and reactive nitrogen species (RNS) and identify new anti-
cancer drug (Hayon et al., 2003).  
Importantly, the cytotoxicity result is displaying as IC50 formation 
that is the half maximal of inhibitory concentration which is 
inhibited about 50% of the growing of HepG2 cells. The ethanolic 
leaf extract of Rauwolfia serpentina showed the IC50 value of 20 
mg/mL, where it is possible to kill the HepG2 cells on this 
concentration (Figure 3). The American National Cancer Institute 
guidelines (NCI) was fixed the limitation for cytotoxicity of crude 
extracts at 50% inhibition of cell proliferation (IC50 value) about 
lower than 30 mg/mL after tested for 24 hours (Razak et al., 2007). 
By following, the concentration of 20 mg/mL that had stated in 
IC50, was administer to the mice by calculating its body weight in 
the tested control group via oral administration using clean oral 
gavage. 
The cytotoxicity of Rauwolfia serpentina leaf extract on HepG2 
cell line 
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Figure 1. Grinded powder of Rauwolfia 

serpentina leaves. This powder was proceeded 

to Soxhlet extraction process. 
 

Figure 2. 70% of 

ethanolic leaf 

extraction process 

of Rauwolfia 

serpentina.  

Soxhlet extraction, 

(A); Rotary 

Evaporation, (B); 

Freeze Drying 

(lyophilization), (C). 

Figure 3. Cytotoxicity of Rauwolfia serpentina 

extract. MTT assay of HepG2 cell line treated with 

different concentration of plant extract. IC50: 

Half maximal of inhibitory concentration. 
 

Figure 4.  Effect of Rauwolfia serpentina leaf 

extract on the histological evaluation of liver 

biopsy. Photomicrographs sections of mice liver 

from each group. The H&E was used to staining 

the liver tissues. Normal control, (A); Negative 

control (B); Positive control, (C); Test control, (D). 

All of these pictures are representing the five 

mice model in each group under 40х 

magnification. 
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In present study, the cell inhibitory assay was performed to 
identify the effects of cell inhibition of HepG2 cells (human liver 
cancer cell line) that were treated with different concentrations of 
ethanolic leaf extract of Rauwolfia serpentina. The HepG2 cells 
were experimented for 24 hours of duration and the cytotoxicity of 
the experiment was calculated by against to untreated HepG2 cells. 
This experiment was conducted by using MTT assay to determine 
the cytotoxicity level of ethanolic leaf extract of Rauwolfia 
serpentina. Based on the Tetrazolium dye reduction, the metabolic 
activity of HepG2 cells can be determined. ELISA reader plays role 
in MTT assay to read the absorbance of 96- microwell plate at 570 
nm and to evaluate the cell toxicity of the ethanolic plant extract. 
The principle of MTT assay is known as a colorimetric assay 
which is identifying the metabolic reaction of cells and 
nicotinamide adenine dinucleotide phosphate (NADPH) 
cofactor-dependent cellular mitochondrial oxidoreductase 
enzyme will determined the condition of the viable cells (Stockert 
et al., 2018). In other words, according to Berridge (2005), the 
enzyme has potential to reduce the intensity of tetrazolium dye 
into the insolubilize of formazan where, it is in purple colour of 
appearance. As an evidence, determination of cytotoxicity for 
anticancer activity was performed by using MTT assay along with 
some cancerous cell line, including HepG2 cells, MCF7 cells and 
VERO cells and it indicated, evaluation of cell proliferation can be 
find based on viable cells metabolism (Senthilraja and Kathiresan, 
2015). The MTT assay and MTS (3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H- tetrazolium) 
assays are largely utilized to analyse the proliferation of cell, 
involving determination the effects of reactive oxygen species 
(ROS) and reactive nitrogen species (RNS) and identify new anti-
cancer drug (Hayon et al., 2003).  
Importantly, the cytotoxicity result is displaying as IC50 formation 
that is the half maximal of inhibitory concentration which is 
inhibited about 50% of the growing of HepG2 cells. The ethanolic 
leaf extract of Rauwolfia serpentina showed the IC50 value of 20 
mg/mL, where it is possible to kill the HepG2 cells on this 
concentration (Figure 3). The American National Cancer Institute 
guidelines (NCI) was fixed the limitation for cytotoxicity of crude 
extracts at 50% inhibition of cell proliferation (IC50 value) about 
lower than 30 mg/mL after tested for 24 hours (Razak et al., 2007). 
By following, the concentration of 20 mg/mL that had stated in 
IC50, was administer to the mice by calculating its body weight in 
the tested control group via oral administration using clean oral 
gavage. 
Morphological examination of liver in mice model  
Histopathological examination of liver sections of mice from each 
group indicated in figure 4. The typical morphology of the liver 
tissue was observed in the normal control group (Group I) with 
location of nucleus and arrangement of hepatocytes were in 

normal state and no centrilobular changes occurred. The negative 
control group (Group II) showed early stages of nucleus changes 
by clumping into a position and centrilobular changes followed by 
the arrangement of hepatocytes in abnormal condition. In the 
positive control group (Group III) arrangement of hepatocytes 
developed in a good state and absence of nucleus clumping 
followed by presence of very minor centrilobular changes were 
observed. Besides that, the histological examination of the tested 
control group (Group IV) was displayed the improvement of 
hepatocytes arrangement and the appearance in normal condition 
of nucleus with small lobular changes. All of these tested 
substances which saline, paracetamol, silymarin and ethanolic 
Rauwolfia serpentina leaf extract were administer based on the 
mice body weight scale from each group.   
Recknagel et al. (1989), mentioned that paracetamol is one of the 
susceptible drugs which induced liver injuries and also commonly 
utilized for detection of hepatoprotective activity. According to 
study done by Shahid and Subhan (2014), reported that 
acetaminophen (paracetamol) drugs were involved and developed 
histopathological changes in the liver of mice, including 
hepatocytes necrosis, extensive haemorrhage, nuclear changes, 
hydropic degeneration, congestion in the central vein and 
microvascular steatosis.  
Furthermore, based on evidence found in histological 
examination, the administration of biherbal ethanolic extract 
(BHEE) has potential to develop hepatoprotection from the 
paracetamol induced acute liver injury in rats (Anantha et al., 
2012). In the present study, silymarin was used as positive control 
to detect the hepatoprotectivity in paracetamol induced 
hepatotoxicity. Silymarin is one of the polyphenolic flavonoids 
that isolated from fruit and seeds of Silybum marianum 
(Valenzuela and Garrido, 1994) Silymarin exhibits antioxidant 
activity and also effective in hepatoprotection by obstructing the 
CCl4 induced lipid peroxidation (Facino et al., 1990; Letteron et al., 
1990). 
Biochemical parameters in the mice liver 
In the present study, serum level of Alanine aminotransferase 
(ALT) increased in the negative control group of BALB/c mice. 
While, the positive control group which is the mice treated with 
silymarin, decreased the ALT level compare to Group II. Besides 
that, the test control group also decreased the level of ALT and it 
occurred within the normal range (Figure 5). Thus, the 70% 
ethanolic leaf extract of Rauwolfia serpentina is a very effective 
source to prevent the paracetamol induced toxic effects in the mice 
liver.  
The liver function test was demonstrated commonly by detection 
of bilirubin, albumin, prothrombin and many more parameters 
but aspartate aminotransferase is playing role as biomarker to 
identify the liver injury (Johnston, 1999). Whenever, there is 
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declined of biochemical content is occurred, it may because of 
increase the development of glucuronidation or inhibit the 
cytochrome P450 in the mice liver (Huber et al., 2008). 
For instance, plant extract is used as therapeutic application to 
prevent the free radical pathogenesis in the liver of mice model 
(Bandyopadhyay et al., 1999). Restore the biochemical parameter 
within the normal range is indicated the hepatoprotective activity 
of the ethanolic plant extract against the paracetamol induced 
hepatotoxicity in rats (Oyagbemi and Odetola, 2010). 
Based on the previous study, the methanolic root extract of 
Rauwolfia serpentina has potential to develop the antioxidant 
activity by increasing the levels of glutathione peroxide, 
glutathione reductase, catalase, glutathione-S-transferase and 
superoxide dismutase and declining the lipid peroxidation against 
the CCL4 induced liver toxicity in albino rat models (Gupta et al., 
2015).  
Conclusion  
This research study is offered the evidence that Rauwolfia 
serpentina plant species is effective on antibacterial activity and 
hepatoprotective activity. In the experiment with antibacterial 
activity, Staphylococcus aureus showed highest zone of inhibition 
among other types of microbes. Furthermore, when the 
concentration of 70% ethanolic leaf extract of Rauwolfia 
serpentina was increased, the level of antibacterial activity also 
increased. Histopathological examination exhibited 
administration of plant extract, restore the normal architecture of 
the liver in mice. Biochemical study showed treated with plant 
extract decreased the level of ALT to normal value. Isolation and 
identification of major and minor phytochemcial constituents of 
the Rauwolfia serpentina and possible mechanism for 
hepatoprotectivity activity of paracetamol induced liver toxicity by 
Rauwolfia serpentina are recommended for the future studies.  
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ROS  Reactive oxygen species 
RNS  Reactive nitrogen species 
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