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ABSTRACT 

This study was designed to evaluate the in vitro antibacterial and in vivo cytotoxic activity of the roots of 

Bangladeshi Coffea benghalensis B Heyne ex Schult. (Family: Rubiaceae), locally known as bonnyo 

kofee native to the regions of Sylhet and Chittagong in Bangladesh. The finely crushed coarse powder 

was extracted with methanol and solvent-solvent partitioning was done to obtain n-hexane, chloroform, 

ethyl acetate and aqueous soluble fractions. The crude methanol extract along with it’s four soluble 

fractions were then evaluated for their in vitro antibacterial and in vivo cytotoxic activities. The disc 

diffusion method was used to evaluate the antibacterial activity at a concentration of 200 and 400 

μg/disc. All the soluble fractions and the crude methanolic extract did not demonstrate any zone of 

inhibition. In case of brine shrimp lethality bioassay, all the test samples exhibited cytotoxic activity 

against brine shrimp nauplii having remarkable LC50 and LC90 values. The n-hexane soluble materials 

demonstrated highest lethality with LC50 value of 6.84 ± 0.87 μg/ml and LC90 59.86 ± 0.83 μg/ml in 

contrast to the standard vincristine sulphate. Further investigations are necessary to evaluate the 

antibacterial activity. These findings indicates that the roots of the plant contains cytotoxic bioactive 

compounds but advanced research is necessary to elucidate the cytotoxic bioactive compounds. Other 

techniques are also required to assess the antibacterial activity of the plant.  

Keywords: Coffea benghalensis, Antibacterial, Brine shrimp nauplii, Cytotoxicity. 

 
INTRODUCTION 

Today, one of the most augmentative public health issue is the universal microorganism resistance to 

man-made artificial antibiotics [1]. Researchers stipulated that the bacterial strains which are resistant 

arises due to several reasons like misuse and patient non-compliance to antibiotic therapy, extensive use 

of antibiotics in animal feed as promoters of growth and the trans-bounding spreading of the strains that 

are resistant to antibiotics [2]. Thus, the treatment with recently used antibiotics against various 

pathogenic bacteria has become very much complicated. Additionally, in the developing countries of the 

Asian and African continents, the lack of novel, safe, inexpensive and available antibiotics urgently 

needs intercedetion, because over 50% of the worldwide deaths due to infectious diseases occur in this 

region [3, 4]. Besides, the currently used antimicrobial agents exhibits untoward effects like 

gastrointestinal complications, hepatotoxicity and nephrotoxicity [5]. This is slowly losing interest in 

orthodox medicine and continuously increasing the demand for plant sourced drugs. This revival of 

interest in plant sourced drugs is mainly due to the belief that “green medicine” is safe and dependable 

more than the synthetic ones, many of which have adverse side effects [6]. Since time immemorial the 

practice of herbal plants in traditional medicine and their medicinal values have been docmented [7]. The 

biologically active phytochemicals also known as the secondary metabolites are profoundly found in the 

medicinal plants; which are a rich and diverse sources of such. Promising antimicrobial activity can be 

induced by some of these bioactive phytochemicals [8]. According to the published literature, the 

susceptibility of micro-to antimicrobial agents can be measured in vitro by a number of techniques but 

there is no one method followed by majority of the investigators and there is no definite study to 

determine which is the best method [9] but most widely used techniques are: Disc diffusion (also known 

as zone of inhibition method), broth dilution/microdilution and agar dilution method. Of these three, the 

disc diffusion method is most widely used for testing antibacterial and antifungal activity using different 

concentration of the agents absorbed on sterile filter paper discs and for the preliminary evaluation of 

antimicrobial activity this method is widely acceptable [10]. To identify the antibacterial and antifungal 

activities of the plant extracts [11], pure bioactive compounds isolated from plants [12] and also to find out 

antimicrobial resistant strains [13, 14] various investigators have used this method. For expressing the 

results of antimicrobial screening there is no standardized method [15]. Either the minimum weight of 

extract that inhibits the growth of a micro-organism or the diameter of the zone of inhibition is used by 

some investigators. Disc diffusion is essentially a qualitative or semi quantitative test which indicates the  
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sensitivity or resistance of micro-organisms to the test material. 

However no distinction between bacteriostatic and bactericidal 

activity can be made by this method [16]. It is also important to take 

into account that the activity exhibited by the disc diffusion method in 

vitro does not always translate to the in vivo activity [9].  

Due to observed adverse effects related to their use in traditional 

medicine practice it has become obligatory to investigate plant’s 

secondary metabolites [17]. If a substance on exposure to any organism 

inhibits important metabolic processes or causes disorders in living 

organisms or anomalies in the organ system resulting in contortion of 

behavior or death of the organism it is said to be cytotoxic [17, 18].  

The most simple and uncomplicated method of screening crude plant 

extracts for cytotoxicity is the brine shrimp lethality bioassay [19, 20]. 

This assay is an indicant of presumptive antitumor, fungicidal and 

insecticidal activity [21, 22, 23]. The mechanism of action that is 

responsible for the toxicity is not known, but the outcomes are usually 

correlated with more specific bioactivity assays. For the isolation of 

bioactive components, detection of fungal toxins and testing of water 

quality the brine shrimp bioassay has always been used as a 

guideline24,25,26]. The LC50 concentrations in µg/ml are calculated 

in this assay which is considered toxic when below 1000 µg/ml but 

when the value is above 1000 µg/ml it is considered to be safe [19, 20].  

As part of our ongoing research on the medicinal plants of 

Bangladesh, our present study was done on the roots of a deciduous 

shrub (2-3 m tall) Coffea benghalensis B. Heyne ex Schult. (Family: 

Rubiaceae). Locally this plant is known as bonnyo kofee, which is 

native to Bangladesh (Sylhet and Chittagong), India (Arunachal 

Pradesh, Assam, Bengal, Meghalaya, Orissa, Rajasthan and Sikkim), 

East Himalaya, Bhutan, Myanmar, Nepal, Thailand and Vietnam [27]. 

Our previously reported studies on this plant [28, 29] and as per other 

reports, near about nine polyphenolic compounds of which four are 

flavonols (quercetin, isoquercitrin, rutin and kaempferol) and five are 

phenolic acids (caffeic acid, chlorogenic acid, ferulic acid, p-coumaric 

acid and sinapic acid) were isolated from the leaf, pericarp and seed of 

C. benghalensis [30]. Again, from the leaves of the plant a cafestol, 

bengalensol was identified [31]. In Nepal, the flowers are used for 

excessive bleeding during menstruation [32]. The fruits showed 

antibacterial activities against Streptococcus faecalis, S. aureus, 

Proteus vulgaris, Escherichia coli, Vibrio cholerae and Salmonella 

typhi [33, 34]. Thus, we evaluated the preliminary in vitro antimicrobial 

and in vivo cytotoxic activities of the roots of the plant for the first 

time and we, herein, report the outcomes of the study.  

MATERIALS AND METHODS 

Collection and identification of plant  

In the month of August 2017 the roots of C. benghalensis were 

collected from Modhupur forest, Tangail, Bangladesh and was 

identified at the Bangladesh National Herbarium, where a voucher 

specimen has been maintained and authenticated (DACB Accession 

No. 45789). After proper washing the roots were sun dried for a week. 

The sun dried roots were cut into small pieces, cleaned, oven dried for 

two days at considerably low temperature (not more than 30 °C) and 

then finally crushed to coarse powder and kept in an air tight 

container.  

Extraction and solvent-solvent partitioning  

1 kg of the powdered material was soaked in methanol (4 L) and was 

accompanied with occasional shaking and stirring for a period of 13 

days. Then, firstly fresh cotton plug and finally sterilized Whatman 

No. 1 filter paper was used to filter the whole mixture. By using rotary 

evaporator under reduced pressure at 40 °C temperature the volume of 

the filtrate was then concentrated to obtain the crude methanolic 

extract (22 gm). The modified Kupchan partitioning method [35] was 

followed to fractionate an aliquot (10 g) of the crude methanolic 

extract (CME) into n-hexane (HSF), chloroform (CHSF), ethyl acetate 

(EASF) and aqueous (AQSF) soluble fractions and preserved in the 

refrigerator at 4 °C until further use. The yields of n-hexane (HSF), 

chloroform (CHSF), ethyl acetate (EASF) and aqueous (AQSF) 

soluble fractions are summarized in Table 1.  

Table 1: Kupchan partitioning of 10 gm of the crude methanolic 

extract (CME) of the roots of C. benghalensis  

Soluble fraction Weight (gm) 

n-Hexane (HSF) 3.39 

Chloroform (CHSF) 2.29 

Ethyl acetate (EASF) 0.21 

Aqueous (AQSF) 3.11 

 

Antibacterial activity 

For the evaluation of antibacterial activity the disc diffusion method 
[36, 37] was used against five Gram positive bacteria (Staphylococcus 

aureus, S. brodie, S. epidermis, Bacillus cereus and B. subtilis and 

seven Gram negative bacteria (Escherichia coli, Klebsilella sp., 

Salmonella typhi, Shigella dysenterae, Proteus mirabilis, P. vulgaris 

and Pseudomonas aeruginosa). These bacteria were chosen for the 

study because of their clinical importance and availability at the 

Department of Pharmacy, University of Rajshahi, Rajshahi, 

Bangladesh. They were maintained in nutrient agar slants at 4 °C. In 

definite volume (200 μl) of solvent (methanol) the test samples (4 and 

8 mg) were dissolved and carefully impregnated on sterile Whatman 

paper discs having a diameter of 7 mm to obtain a concentration of 

200 and 400 μg/disc, respectively. The residual solvent was then 

carefully evaporated from the discs. The dried discs containing the 

test material were very gently pressed on the nutrient agar medium 

which was homogeneously seeded with the respective test 

microorganism. Azithromycin, an antibacterial agent (30 μg/disc) and 

blank disc (infused with solvent) were used as positive and negative 

control, respectively. For proper diffusion the plates were then kept at 

low temperature (4 ºC) for 2 hours and then to ensure maximum 

growth of the organisms, they were incubated for 24 hours at 37 ºC. 

The diameter of the zone of inhibition (mm) of the microbial growth 

was then measured and the antimicrobial activity of the test samples 

were thus determined. 

Brine shrimp lethality bioassay  

As mentioned earlier, one of the most simple and convenient in vivo 

method for the evaluation of cytotoxic activity is the brine shrimp 

lethality bioassay [22, 18]. According to this method Artemia salina 
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Leach was introduced to the DMSO solution of the plant extracts and 

kept for 24 hours and then allowed to hatch for 48 hours in simulated 

seawater at 25 ℃ to mature as nauplii (Larvae). For the experiment, 

serial dilution technique was used and solutions of varying 

concentrations such as 200, 100, 50, 25, 12.5, 6.25, 3.125 and 1.563 

μg/ml was obtained by separately dissolving 4 mg of each of the plant 

extracts in DMSO. Then each of this test solution was added to the 

premarked test tubes containing 15 live shrimp nauplii in 5 ml of 

simulated brine water. Then each vial was checked for the survivor 

nauplii after 24 hours with the help of a magnifying glass. The vials 

were observed for 30 seconds and the absence of the controlled 

forward motility determined the mortality endpoint of the bioassay 
[38]. The percent of mortality of the brine shrimp nauplii was 

calculated from the obtained data by plotting the percentage of the 

shrimp killed (% mortality) against the logarithm of the sample 

concentration. The % mortality versus log concentration data were 

then analyzed statistically by using Microsoft Excel and the LC50 and 

LC90 values of the plant extract were determined. Vincristine sulphate 

was used as positive control and as negative control 5 ml simulated 

seawater was used.  

RESULTS 

In the antibacterial screening, the crude methanolic extract (CME) 

along with its four soluble fractions (HSF, CSF, EASF and AQSF) 

demonstrated no sensitivity to microbial growth as shown in Table 2 

against any of the five Gram positive and seven Gram negative 

bacteria in both the concentrations (200 and 400 μg/disc). 

 

Table 2: Zone of inhibition in mm of the crude methanolic extract and it’s various soluble fractions of the roots of C. benghalensis  

Gram positive Zone of inhibition (mm) 

CME HSF CSF EASF AQSF Azithro-mycin  

200 400 

(μg/disc) 

200 400 

(μg/disc) 

200 400 

(μg/disc) 

200 400 

(μg/disc) 

200 400 

(μg/disc) 

30 μg/disc 

Staphylococcus aureus NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 24 

S. brodie NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 35 

S. epidermis NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 36 

Bacillus cereus NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 37 

B. subtilis NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 38 

Gram negative 

Escherichia coli NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 29 

Klebsiella sp. NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 21 

Salmonella typhi NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 22 

Shigella dysenterae NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 27 

Proteus mirabilis NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 22 

P. vulgaris NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 23 

Pseudomonas aeruginosa NZI NZI NZI NZI NZI NZI NZI NZI NZI NZI 22 

NZI = No zone of inhibition 

In case of brine shrimp lethality bioassay, the lethality of the crude 

methanolic extract (CME) along with it’s n-hexane (HSF), chloroform 

(CSF), ethyl acetate (EASF) and aqueous soluble fractions (AQSF) to 

brine shrimp was ascertained on A. salina. Table 3, Figure 1 displays 

the results obtained after a day of exposure to the positive control 

vincristine sulphate (VS) and the test samples. The LC50 obtained 

from the best-fit line slope were measured to be 9.27, 6.84, 12.33, 

9.77, 11.94 and 0.45 μg/ml and LC90 were calculated to be 84.57, 

59.86, 106.53, 74.45, 78.13 and 10.00 for CME, HSF CSF, EASF, 

AQSF and vincristine sulfate, respectively. The preliminary cytotoxic 

effect exhibited by the crude methanolic extract along with it’s four 

soluble fractions were significant when compared to vincristine 

sulphate (positive control). The n-hexane soluble fraction of the crude 

methanolic extract demonstrated strong cytotoxic activity, while the 

other three partitionates along with the crude methanolic extract 

showed moderate to high cytotoxic activity. 

Table 3: LC50 and LC90 value of C. benghalensis root extractives and 

vincristine sulphate (Positive control) 

Samples LC50 (μg/ml) LC90 (μg/ml) 

VS 0.45 ± 0.04 10.00 ± 0.02 

CME 9.27 ± 0.13 84.57 ± 0.72 

HSF 6.84 ± 0.87 59.86 ± 0.83 

CSF 12.33 ± 0.20 106.53 ± 0.57 

EASF 9.77 ± 0.22 74.45 ± 0.01 

AQSF 11.94 ± 1.01 78.13 ± 0.15 
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Figure 1: Effect of crude methanolic extract along with it’s four soluble 

fractions of the roots of C. benghalensis on brine shrimp nauplii 

Statistical analysis 

The experiments were conducted in triplicates and results were taken 

as means ± SD. Microsoft Excel 2010 was used to statistically analyze 

the % mortality versus log concentration data. 

DISCUSSION 

The crude methanolic extract along with it’s four soluble fractions did 

not demonstrate any zone of inhibition against any of the five Gram 

positive (Staphylococcus and Bacillus species) and seven Gram 

negative bacteria like Escherichia coli, Salmonella typhi, Shigella 

dysenterae, Klebsiella pneumoniae, Proteus mirabilis, P. vulgaris and 

Pseudomonas aeruginosa, even at the concentration of 400 μg/disc. 

These results were not accordant with the previous reports describing 

antibacterial activities of C. benghalensis fruit extract [33, 34]. It is 

known that a lot of factors effect antibacterial activity. The plant part 

that is used, the extraction solvent and the tested organism used plays 

a key role in bacterial inhibition [39]. The usage of cold extraction 

method and use of crude extract may be another possibility for the 

limited antibacterial potency of the plant [40]. So, this necessarily does 

not determine that the test samples are resistant to all the bacteria used 

in the antibacterial assay but may also be due to the interruption of 

general cellular functions or disruption of bacterial membrane 

potential [41, 42].  

The National Cancer Institute (NCI, USA) exhibited that there is a 

very significant correlation between the brine shrimp lethality 

bioassay and in vitro growth inhibition of human solid tumor cell 

lines. It is significant since it illustrates the value of this bioassay as a 

pre-screening tool for antitumor drug research [43]. Several 

phenomenons like pesticidal effects, teratogenic effects, toxicity to 

environment, antifungal effects and many more are indicated by the 

brine shrimp lethality bioassay [44]. The concentration of the 

extractives ranging from the lowest concentration (1.563 μg/ml) to the 

highest concentration (200 μg/ml) was found to be directly 

proportional to the degree of lethality shown by the extractives. Thus 

the mortality percentage of brine shrimp nauplii produced by the C. 

benghalensis is concentration dependent which indicates the presence 

of cytotoxic principles in these extractives. Again, former studies have 

revealed a plant extract or chemical with an LC50 of less than 30 

μg/ml is very cytotoxic, those with LC50 values of 30-100 μg/ml are 

toxic, and those having LC50 values of more than 100 μg/ml have a 

low toxicity profile hence safe [45]. Taking these criteria under 

consideration, the crude methanolic extract along with it’s four 

soluble fractions of the roots of C. benghalensis proved to be very 

cytotoxic to brine shrimp nauplii. 

CONCLUSION 

Better antibacterial activity might be exhibited, if soxhlet extraction is 

used instead of cold percolation method, or may be if a sub-fraction of 

the extracts or a semi-pure compound, or a pure compound isolated 

from this plant is used for the antimicrobial assay. Additionally, to 

evaluate the plant as a potential antimicrobial agent other parts of the 

plant needs to be studied also. Further investigations and other are 

methods are also necessary to evaluate the antibacterial activity. The 

results of the brine shrimp lethality bioassay indicate the existence of 

cytotoxic bioactive compounds in the roots of the plant but more 

advanced methods are required to elucidate the cytotoxic bioactive 

compounds. 
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