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The present investigation was focused on the active compounds present in the 
endophytic bacterium Brevundimonas vesicularis strain JAP that has been isolated 
from the fresh and healthy leaves of the plant Morinda citrifolia L. Since this plant 
is well-known for anticancer activity, endophytic bacteria in it may have active 
compounds showing similar property. Extraction of the metabolites from the 
extracellular culture supernatant in ethyl acetate solvent was evaporated and 
reconstituted in ethyl alcohol and 1% propylene glycol for invitro and in vivo 
studies respectively. The active compounds in it were evaluated for in vivo and in 
vitro antitumor property. In vitro cytotoxicity study was performed by dissolving 
the extract in Dimethyl Sulphoxide (DMSO). The method adopted were trypan blue 
dye exclusion technique using DLA (Dalton Lymphoma Ascites) tumour cell of 
mice. In addition, the cytotoxic potential of the extract against breast cancer cell 
line MCF-7 was tested using MTT (3-(4,5-dimethythiazol-2yl)-2,5-diphenyl 
tetrazolium bromide) assay. EAC (Erhlich Ascites Carcinoma) induced in vivo 
antitumor study reports that there is an increase in life span of drug treated mice 
with higher dose followed by lower dose compared to standard cyclophosphamide. 
The findings suggest that the bioactive compounds in the bacterial sample labeled 
dose dependent reduction in tumor size, justifying the chemical constituents present 
in the endophytic bacteria, may in future satisfies the criteria for the drug discovery. 
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Introduction 
Endophytic bacteria have been identified as 
depots of novel secondary metabolites for 
immense therapeutic use1. Bacteria produce a 
wide array of volatile organic compounds, 
which develop metabolic products or by-
products such as hydrocarbons, aliphatic 
alcohols, ketones, and indole2. To extract 
intracellular and extracellular secondary 
metabolites, we can use organic solvents like 
chloroform, ethyl acetate, and ethanol to add 
solvent to the culture medium3. From the 
microbial cells, extracellular metabolites can 
be separated using simple techniques like 

filtration or centrifugation, whereas 
intracellular metabolites achieved by 
breaking the cell, which is a complex 
process4, 5. Various analytical techniques are 
introduced to identify and quantify 
exometabolome present in the spent 
microbial culture media. These metabolites 
formed due to secretion in different growth 
phases during cell uptake of nutrients from 
the external culture medium6. Gas 
chromatography-mass spectrometry (GC-
MS) is the most appropriate technique for 
finding several components from a complex 
mixture of volatile active compounds7. 
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Microbial-based cancer therapy is one 
of the innovations in treating cancer diseases. 
Advancement in the study of bacterial by-
products like enzymes, proteins, 
immunotoxins, fatty acids, and secondary 
metabolites have made to target cancer cells 
or to regress tumor via cell growth inhibition, 
inducing apoptosis or arresting cell cycle 
stages 8, 9, 10. Microbial drug discovery is 
paying an inevitable influence on cancer 
chemotherapy. For more than a century, 
bacteria to reduce the growth rate or size of 
certain forms of cancer have been screened11. 
Research on identifying several anaerobic 
bacterial species and facultative anaerobic 
bacteria for their ability to regress or target 
tumors in experimental animals has been 
studied12. Studies on the application of 
bacteria as antitumor agents are an emerging 
invention in cancer therapy13. 

Brevundimonas vesicularis belongs 
to phylum proteobacteria is a gram-negative, 
non-fermenting, aerobic bacilli. Various 
studies on acute and chronic inflammation in 
mice have been reported in many plants and 
fungi extracts. But a handful of literature was 
found on bacterial components showing anti-
inflammatory activity. There are no reports 
on the findings of an in-vivo anti-
inflammatory study of phlogistic agents 
present in the isolated endophytic bacteria 
Brevundimonas vesicularis. Also, the in vivo 
tumor and antioxidant study have not yet be 
conducted on this particular endophyte which 
pay way to our work to point out these 
activities.  
 
Material and Methods 
 
Plant Material: 
The leaves of medicinal plant Morinda 
citrifolia L. were collected from Thrissur 
district (Lat 10°37'06''N and Lon 
76°12'17''E), Kerala, India. A voucher 
specimen of M. citrifolia (15785) was 

maintained in Kerala Forest Research 
Institute, Peechi, Thrissur. 
 
Endophytic Bacteria Isolation: 
The leaves of the plant were employed as the 
source material for the isolation of 
endophytic bacteria. Fresh and healthy leaves 
were surface sterilized in 1 % sodium 
hypochlorite (10 min), 70 % ethanol (1 min), 
and washed thrice in sterile double distilled 
water. With a clean and sterile mortar and 
pestle, the material was macerated in 0.85% 
NaCl and serially diluted (10-1 to 10-7 dilution 
factors). 100 µL of it spread plated onto 
nutrient agar (HiMedia) incubated at 37°C for 
five days and observed periodically for 
bacterial growth14.  
 
Molecular Identification by 16S rDNA 
Sequencing: 
The 16S rRNA gene of the isolate was 
amplified using primers 27F (5'-AGA GTT 
TGA TCC TGG CTC AG-3') and 1492R (5'- 
GGT TAC CTT GTT ACG ACT T-3')15. The 
genomic DNA of the strain was amplified 
using a PCR machine (Thermo fisher 
scientific, U.S.A). 50 µL of reaction mixture 
containing 1 µL genomic DNA, 1 µL forward 
and reverse primer each, 38 µL sterile water, 
1 µL Taq DNA polymerase (HiMedia), 5 µL 
10X assay buffer, and 3 µL 10mM dNTP mix 
was used. The DNA amplicon was sequenced 
using BigDyeTM Terminator v3.1 Cycle 
sequencing kit on ABI 3730 XL cycle 
Sequencer. The data was used to carry out 
BLAST with the NCBI GenBank non-
redundant (nr) database16.  
 
Extraction of the Culture Filtrate: 
The bacterial isolates were inoculated into the 
LB broth separately and incubated at 37 °C 
for ten days in an orbital shaker. After 
incubation, centrifuge the culture broth at 
3000 rpm for 10 min, and the cell-free 
supernatant was collected. The culture filtrate 
(100 mL) was extracted twice with ethyl 
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acetate solvent in the ratio of 1:1 (v/v) using 
a separating funnel. The ethyl acetate fraction 
was concentrated using a lyophilizer, and the 
residue was dissolved in an ethyl alcohol 
solvent17. For in vivo studies, ethyl alcohol 
extract was again evaporated and 
reconstituted in 1% propylene glycol.  
Experimental Animals: 
Male Swiss Albino mice weighing 26 ± 
5.2gm (Mean ± S.E) were used in this study. 
Animal studies were conducted following 
Institutional Animal Ethics Committee 
(IAEC) regulations approved by CPCSEA 
(Committee for the Purpose of Control and 
Supervision of Experiments on Animals) 
(ACRC/IAEC/20(1)-P13) and conducted 
humanely. The mice were obtained from 
Small Animal Breeding Station (IAEC Reg. 
no. 328/PO/c/01/CPCSEA), Kerala 
Veterinary and Animal Science University 
(KVASU), Mannuthy, Thrissur, Kerala.  
 
Acute Toxicity Study: 
For toxicity study, two groups of male Swiss 
albino mice (6 mice/group) were taken. First 
group was kept as control, and Group II was 
administered with a single dose drug (300 
mg/Kg b.wt) orally as per the OECD 
(Organisation for Economic Co-operation 
and Development) guidelines. The 
experimental animals were monitored for 14 
days, and the mortality rate of the mice was 
noted. After completion of in vivo studies, 
carbon dioxide inhalation method of 
euthanasia is adopted to kill the mice taken 
for study. 
 
In vitro Cytotoxicity Studies: 
 
Trypan Blue Exclusion Test of Cell Viability: 

Cytotoxic activity of the endophytic 
bacterial extract was studied using the trypan 
blue dye exclusion technique by analyzing 
the percentage of viability of Daltons 
Lymphoma Ascites (DLA) cells. DLA cells 
were grown in the peritoneal cavity of mice 

weighing 25-30 g by injecting cell suspension 
(1x106 cells/mL). On the 15th day, tumor cells 
were aspired from the peritoneal cavity of the 
mice and centrifuged for 15 min at 1500 rpm 
after washing with PBS (Phosphate-Buffered 
Saline) (0.2 M, pH 7.4). The pellet was again 
dissolved in PBS, and the process was 
repeated thrice. At last, the cells were 
suspended in a known quantity of PBS, and 
the cell count was adjusted to 1x106 cells/ 
mL. Next, cell suspension of 0.1 mL was 
dispensed in 0.8 mL of phosphate buffer and 
incubated with different concentrations (10-
200 μg/mL) of samples for 3 h at 37 ºC. After 
3 h, add 0.1 mL trypan blue dye (1%), and 
cells were examined in a compound 
microscope using a hemocytometer. The IC50 
value was calculated18.  
 
MTT Assay: 

The cytotoxic potential of sample 
extract against breast cancer cell line MCF-7 
was tested using MTT (3-(4,5-
dimethythiazol-2yl)-2,5-diphenyl 
tetrazolium bromide) assay19. The monolayer 
cell culture was trypsinized (0.25% Trypsin 
and 0.03% EDTA), and the cell count was 
adjusted to 1.0x106 cells/mL in the 
Dulbecco's Modified Eagle Medium 
(DMEM) with 10% Fetal bovine serum 
(FBS). About 1x106 cells were seeded in each 
well of the 96 well plates. When a partial 
monolayer was formed after 24 h, the 
supernatant was flicked off, and 100 µL of 
test extracts (12.5, 25, 50, 75, and 100 
µg/mL) were added to the cells in microtiter 
plates incubated at 37ºC in an atmosphere of 
5% CO2 for 24 h. Cells incubated in a 
complete medium without test extract were 
kept as control. After incubation, the medium 
was discarded, and 20 μL MTT (5 mg/mL) 
was pipetted, and the cells were again 
incubated for 3 h. After the incubation, the 
MTT solution covering the cells was 
removed using a micropipette. 100 μl of 
dimethyl sulphoxide was added to the wells 
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of the microtitre plate.  The absorbance were 
noted in a microplate reader (ELISA Reader, 
Biotek) at 570 nm to determine cell viability. 
The experiment was repeated thrice. The 
percentage of cell viability and IC50 value of 
the test extract was calculated using the 
formula- 

  
% 𝑜𝑓 𝐶𝑒𝑙𝑙 𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  

 

൬
𝑀𝑒𝑎𝑛 𝑂𝐷 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑤𝑒𝑙𝑙𝑠

𝑀𝑒𝑎𝑛 𝑂𝐷 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑤𝑒𝑙𝑙𝑠
൰  × 100 

 
In vivo antitumor activity 
EAC Induced Ascites Tumour Model: 

Male Swiss albino mice were grouped 
into five comprising of six animals each. All 
the groups were injected with EAC cells (0.1 
ml of 1×106 cells/mouse). Group I was kept as 
control without drug treatment and group II 
was treated with vehicle control 1% propylene 
glycol. Similarly standard drug 
cyclophosphamide (10 mg/kg), drug extract at 
different doses (25 and 50 mg/kg b. wt.) was 
administered in group III, IV, V respectively. 
The percentage increase in life span was 

calculated- % ILS = (T-C/C) × 100 where ‘T’ 
and ‘C’ are mean survival of treated and 
control mice, respectively20. 
 
Statistical analysis  
All the experiments were performed in 
triplicates (n=3), and the values were 
expressed in Mean ± SE. The data were 
checked for statistical significance (P<0.001, 
P<0.01, and P<0.05) using one-way analysis 
of variance (ANOVA) followed by an 
appropriate post hoc test (Tukey's multiple 
comparison test) using Prism 9.0 GraphPad 
software Inc. USA. 
 
Results and Discussion 
The isolated endophytic bacterium was 
identified as Brevundimonas vesicularis 
strain JAP and the sample code given was 
NMC15. The sequence was deposited in 
NCBI GenBank and got accession number 
MK646066. Phylogenetic tree was 
constructed in determining proper 
phylogenetic position of isolated strain as in 
Fig. 1. 

 

Figure 1: Phylogenetic position of isolated endophytic bacterial strain. 
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Figure 2: Cell viability profile of NMC15 extract against MCF-7 breast cancer cell 
lines. 

 

Figure 3: Effect of sample extract on mean survival days of EAC bearing mice. 
 

The administration of propylene 
glycol extract of the sample (single dose) in 
mice reported no observable toxicity such as 
weight loss, hair loss, skin color change, 
food, and water intake difference. Also, no 
mortality was recorded, assuming the drug is 
safe for in vivo studies. The short-term in 
vitro activity studied using DLA cells of mice 
showed IC50 39.0 ±0.627 µg/mL. Anti-
proliferative activity of the sample extract  

analysed by MTT assay towards MCF-7 cell 
line showed IC50 79.365 ±1.02 µg/mL 
(Fig.2.). An increase in life span of drug 
treated mice of higher dose (48.83%), 
followed by lower dose (22.09 %) compared 
to cyclophosphamide (60.46%). Thereby, 
ensuring the compounds present in the 
bacterial extract have anticancer. The in vivo 
anticancer study of the bacterial extract was 
depicted in Table 1 and Fig. 3. 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

0.00 25.00 50.00 75.00 100.00 125.00

%
 L

os
s 

in
 c

el
l v

ia
b

il
it

y

Drug Conc.(µg/mL)

0

1

2

3

4

5

6

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33

N
o.

 o
f 

su
rv

iv
in

g 
an

im
al

s 
in

 g
ro

up

Time (days)
Control Vehicle control Standard

NMC15 (25 mg/kg) NMC15 (50 mg/kg)



66 Neenu and Anto 
 

 

 
Table 1: Showing mean survival days and percent increase in lifespan of EAC bearing mice. 
 

 *Values are expressed as mean ± SD for 6 animals in each group. P<0.001***, P<0.01**,  
ns – non-significant. 

 
Conclusion 
Endophytic bacteria produce innumerable 
bioactive compounds relative to the 
secondary metabolites of the host plant they 
inhabit. In the current study, the bacteria 
Brevibacterium vesicularis JAP strain 
isolated from an important medicinal plant 
Morinda citrifolia L. disclose the in vitro 
and in vivo antitumor activity that marked 
these compounds can be used in 
microbiology pharmaceuticals. This work 
represents an essential primary step in 
understanding the endophytic bacterial 
compounds and their biological activity to 
benefit the medical field in further 
investigation. 
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