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Increasing resistance of typhoidal Salmonella enterica to conventional antibiotics has caused more cases of 
typhoid, therapeutic failure, morbidity and mortality; creating the need to search for new and effective 
antimicrobial agents from medicinal plants. The present study aimed to detect antisalmonella activity and 
cytotoxicity (safety) status of the stem bark and leaves of two Nigerian medicinal plants, Trichilia 
megalantha and Trichilia welwitschii. Nine clinical isolates of Salmonella paratyphi, whose antibiogram were 
determined by Kirby-Bauer disc diffusion method were used. Antibacterial activity, minimum inhibitory 
concentration (MIC) and minimum bactericidal concentration (MBC) of the extracts on the clinical isolates 
were done by agar cup diffusion and agar dilution methods, respectively. Acute toxicity of the extracts was 
determined using brine shrimp lethality assay (BSLA). All the nine isolates of Salmonella paratyphi were 
resistant to p-lactam antibiotics (augmentin, cefuroxime, ceftazidime and ampicillin) but susceptible to 
fluoroquinolones (ciprofloxacin, ofloxacin), nitrofurantoin and gentamicin. The crude extracts of the two 
plants elicited activity against the nine clinical isolates with the bark extracts being more active than the leaf 
extracts. T. -welwitschii was slightly less active than T. megalantha. The MIC and MBC ranged 1.25 - 5.0 mg/ 
ml and 2.5 - 10 mg/ml, respectively for the plants. The antisalmonella activity of methanolic extracts of both 
plants were found to be less than that of ciprofloxacin and ofloxacin. With modal cytotoxicity values of 400 - 
500 pg/ml, the plant parts were considered nontoxic. Therefore, T. megalantha and T. welwitschii could 
provide a potential source of antibacterial agent(s) for the treatment of Salmonella paratyphoid infections.
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INTRODUCTION

Increasing drug resistance of pathogenic 
microbes to conventional antibiotics has 
necessitated a search for new and effective 
antimicrobial agents from natural products 
(Cowan, 1999; Newmann et al., 2003; Rios 
and Recio, 2005). Screening of 
ethnomedicinal plants for bioactive 
constituents is the classical way of 
discovering new drugs or lead compounds 
(Kinghom et al., 2011). Many African 
medicinal plants are yet to be investigated 
for bioactive constituents (Hostettmann et 
al., 2000). M alaria and typhoid are still 
prevalent in many African countries, 
including Nigeria, and the two diseases may 
occur concurrently (Akinyemi et al., 2007). 
Many Meliaceae plants used to treat malaria 
in tropical countries also possess anti­
microbial property (Omar et ctl., 2003), and 
their antisalmonella activity could be of 
additional phytotherapeutic benefit when 
typhoid is also present. Salmonella typhi or 
S. paratyphi are the causative organisms of
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typhoid or paratyphoid fever, which are still 
prevalent in many developing countries, 
including Nigeria (Akinyemi et al., 2007). 
Typhoid fever causes an estimated 21.7 
million illnesses and 217,000 death, while 
paratyphoid fever causes 5.4 million 
illnesses worldwide (Crump et al., 2004; 
Gibani et al., 2018). Unlike typhoid fever, 
paratyphoid fever is difficult to handle with 
vaccines owing to the presence of three 
different forms (paratyphoid A, B, C). Many 
Meliaceae plants, to which Trichilia belongs, 
are commonly used to treat typhoid fever, as 
typified by Azadirachta indica. Cytotoxicity 
tests are very important either in the 
discovery of anticancer agents or in 
establishing the safety profile of medicinal 
plant extracts in traditional use (Pisutthanan 
et al., 2004). Brine shrimp lethality assay 
(BSLA) represents a simple, convenient and 
rapid method of preliminary assessment of 
extracts and compounds for cytotoxic 
property (Meyer et al., 1982), and has been 
used worldwide (Krishnaraju et al., 2005; 
Rahman etal., 2008).
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Trichilia megalantha Harms (Meliaceae) 
is an evergreen tree of 30 m or more in 
height, native to Southwest Nigeria and 
Ivory Coast, while Trichilia welwitschii C. 
DC. is a forest tree of 20 m or more in 
height, found in Southwest Nigeria, Zaire 
and Angola (Keay, 1989). The genus 
Trichilia contains many bioactive 
constituents (Vieira et al., 2014). Some 
bioactivities reported on Trichilia species 
that are found in Nigeria include; 
antimicrobial in T. heudelotii which is a 
synonym of T. monadelpha (Aladesanmi and 
Odediran, 2000), T. emetica (Germano etal., 
2005) and T. dregeana (Eldeen et al., 2007) 
and insect antifeedant in T. prieuriana 
(Lidert et al., 1985). Only a few works have 
been reported on the plants; the antimalarial 
activity of T. megalantha was reported by 
Fadare et al. (2013). Tsamo et al. (2013) 
reported the isolation of limonoids from the 
seeds of T. welwitschii, and the isolated 
limonoids were found to have low cytotoxic 
property to Vero cells but good nitric oxide 
and anticholinesterase inhibitory activities 
(Dzoyem et al., 2015). We hereby report the 
investigation of the antibacterial activity of 
T. megalantha and T. welwitchii against 
clinical isolates of Salmonella enterica 
serovar Paratyphi and acute toxicity for 
safety as used orally.

MATERIALS AND METHODS

Collection and authentication of plants:

The leaves, stem barks and root barks of 
Trichilia megalantha and Trichilia 
welwitschii were collected from Olokemeji 
Reserve Forest (Latitude: 7° 25' north, 
Longitude: 3° 32' east), Nigeria, during the 
rainy season. The plants were identified at 
the Department of Botany, University of 
Ibadan and authenticated at the Forestry 
Research Institute of Nigeria (FRIN), 
Jericho, Ibadan, where voucher specimens of 
T. welwitschii and T. megalantha were 
deposited with herbarium numbers 109860 
and 109861, respectively.

Preparation and extraction of plants:

The leaves, stem bark and root bark of T. 
megalantha and T. welwitschii were air- 
dried at room temperature, pulverized and 
extracted using Soxhlet apparatus. Powdered 
samples of the leaves, stem bark and root 
bark of the plants were extracted with 
absolute methanol. The extracts were 
concentrated under reduced pressure in a 
rotary evaporator and stored at 4 °C.

Test organisms:

Nine clinical isolates of Salmonella 
paratyphi used for the study were collected 
from the Department of Medical 
Microbiology, University College Hospital 
(UCH), Ibadan. Typed Salmonella 
typhimurium (ATCC 14208) used as a 
reference organism was obtained from the 
Pharmaceutical Microbiology Laboratory, 
University of Ibadan. All bacteria were 
cultured on nutrient agar (No. 2) and nutrient 
broth (pH 7.4) (Oxoid) and were maintained 
on agar slope at 4 °C before use. Brine 
shrimp (Artemia salina, Sanders®) eggs 
were purchased from Great Salt Lake 
Company, USA.

Antibiotic discs:

The antibiotic discs (Abtek Biologicals) 
containing the following antibiotics: c 
ipro-floxacin (5 pg), ofloxacin (5pg), 
augmentin (30 pg), nitrofurantoin (300 pg), 
ampicillin (10 pg), ceftazidime (30 pg), 
cefuroxime (30 pg) and gentamicin (30 pg) 
were used.

Antibiotic susceptibility test:

Kirby-Bauer disc diffusion method was 
used to determine the susceptibility of the 
clinical isolates and the reference organism 
to the antimicrobial agents: ampicillin, 
augmentin, ceftazidime, cefuroxime, cipro­
floxacin, gentamicin, nitrofurantoin and 
ofloxacin. A 0.1 ml of a 10-2 dilution of an 
overnight broth culture of each organism 
(containing an inoculum size 1.0 x 108 cells/ 
ml based on comparison of turbidity with 0.5
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McFarland standard) was seeded into molten 
but cooled 20 ml Mueller Hinton (MH) agar. 
The antibiotic discs were placed on the set 
agar and allowed to diffuse for 1 h before 
incubation at 37 °C for 24 h. The diameter of 
the zones of inhibition were measured in 
millimeters and values were interpreted 
according to standard (CLSI, 2007). The tests 
were performed in triplicate and average 
values were recorded.

Determination of antisalmonella activity:

The antisalmonella activity of the leaf 
extracts were determined using agar well 
diffusion using the method of Perez et al. 
(1990) with slight modifications. A 10-2 
dilution of an overnight broth culture of each 
organism (containing an inoculum size 1.0 x 
108 cells/ml as compared with the turbidity 
of 0.5 McFarland) was evenly spread on the 
surface of agar plates by sterile swab sticks. 
Sterile cork borer (6 mm in diameter) was 
used to bore wells in the nutrient agar. The 
plant extracts in 40% methanol or 2% 
dimethyl sulfoxide (DMSO) at various 
concentrations (100, 50 and 25 mg/ml) were 
added in each well. Gentamicin (10 pg/ml) 
served as a positive control while 40% 
methanol or 2% DMSO was used as a 
negative control. The plates were allowed to 
standfor 1 h for proper diffusion of the extract 
into the agar and incubated at 37 °C for 24 h. 
The plates were observed for presence of 
bacterial growth, and zone of growth 
inhibition around the well (> 10 mm) were 
used as a measure of activity of extracts.

Determination of minimum inhibitory 
concentrations (MICs):

The MIC of each extract was determined 
using agar dilution method of Andrews 
(2001) with slight modifications. Each 
extract was serially diluted to obtain 
concentrations of 50.0, 25.0, 12.5, 6.25, 
3.13, 1.65, 0.82 mg/ml in the agar and 2 ml 
of each concentration of the extract was 
incorporated into 18 ml of MH agar and each 
of the test isolates was inoculated on the 
plates by streaking method. Plates were

incubated at 37 °C for 24 h, after which they 
were observed for growth. The least 
concentration in which there was no visible 
growth was noted as the MIC.

Determination of minimum bactericidal 
concentrations (MBCs).

The MBC of each extract was determined 
by inoculating freshly prepared MH broth in 
test tubes with an inoculum from the MIC 
plates showing no visible growth. The tubes 
were then incubated at 37 °C for 24 h. The 
tube with the minimum concentration of the 
extract showing absence of growth was 
recorded as the MBC (CLSI, 2007).

Determination of cytotoxicity (Brine 
shrimp lethality assay):

The cytotoxicity of T. megalantha and T. 
welwitschii methanolic extracts was done 
according to the methods of Meyer et al. 
(1982) and Quazi et al. (2017). Brine shrimp 
eggs (Artemia salina, Sanders®, USA) were 
hatched in natural sea water collected from 
Badagry Beach in Lagos, in a plastic 
chamber. The eggs were sprinkled into the 
larger compartment which was darkened, 
while the smaller compartment was 
illuminated. After 48 - 72 h incubation at 
room temperature (25 - 29 °C), hatched 
nauplii (larvae) were collected by pipette 
from the lighter side while their shells were 
left in another side. The crude extracts were 
dissolved in DMSO at a maximum 
concentration of not exceeding 0.05% and 
then diluted with sea water (4.5 ml of sea 
water + 0.5 ml of dissolved extract) to final 
concentrations of 1000, 100 and 10 ppm, 
successively. Ten nauplii in sea water with 
quinidine sulphate (Sigma) at 200 pg/ml and 
those without extract were set up as positive 
and negative controls, respectively. Each 
concentration was run in triplicate and 
vincristine sulphate and DMSO were used as 
positive and negative controls, respectively. 
After 24 h, the number of nauplii that 
survived was counted under a magnifying 
glass, and these were used to determine the 
numbers killed. The numbers of dead nauplii
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were recorded and concentration response 
curve (AAT Bioquest, 2020) was used to 
determine the lethal concentration to half of 
the test organisms (LC50).

Percen. deaU, -  Total naupd -  Alive naupii x 100% 
Total naupu

RESULTS AND DISCUSSION

Table 1 shows the antibiogram results 
with interpretation based on CLSI (2007) 
showing: resistance (R), where there is no 
zone of inhibition or where the value is low, 
intermediate (I) for low sensitivity, or 
susceptible (S) where the zone of inhibition 
is high. All the nine isolates and the standard 
strain were completely resistant (100%) to 
ampicillin, amoxicillin-clavulanic acid and 
ceftazidime, cefuroxime (all of which are P- 
lactam antibiotics), but showed 100% 
susceptibility to ciprofloxacin, gentamicin, 
nitrofurantoin, ofloxacin. It is interesting to 
discover that the clinical isolates have 
resistance pattern that is similar to that of S. 
typhimurium standard. The recorded 100% 
resistance of Salmonella strains to penicillins 
and cephalosporins tested, which was also 
noted by Eguale et al. (2017), is worrisome. 
The isolates were mostly susceptible to 
ciprofloxacin and ofloxacin, which are now 
the current standard antibiotics for treating 
typhoid and paratyphoid fever in Nigeria. 
However, it should be noted that Salmonella 
isolates with reduced susceptibility to

fluoroquinolones have been identified in 
Nigeria (Akinyemi et al., 2007), Ethiopia 
(Eguale et al., 2017) and elsewhere.

Table 2 shows the antisalmonella activity 
of T. megalantha and T. welwitschii and the 
stem bark of the former plant being the most 
active having inhibition zone range of 9 - 18 
mm. The extracts of T. megalantha and T. 
welwitschii were active against the nine 
isolates S. paratyphi at 100 mg/ml with a 
decreased activity as the concentrations were 
reduced to 25 mg/ml. T. welwitschii and T. 
megalantha stem bark extracts were the most 
active with inhibition zone of 16 mm and 18 
mm, respectively. Zone of growth inhibition 
of T. welwitschii against the test organism 
ranged between 9 - 1 6  mm, while that of T. 
megalantha ranged between 9 - 1 8  mm. At 
50 mg/ml, the root bark extract of T. 
megalantha was active against eight isolates 
out of nine, the root bark and leaf extracts of 
T. welwitschii with the stem bark extract of 
T. megalantha elicited activity on seven 
isolates, while the leaf extract of T. 
megalantha was active on only two isolates. 
At 25 mg/ml, T. megalantha leaf extract was 
active on Sal 1 but was inactive on other 
Salmonella isolates. At 100 mg/ml, crude 
methanol extracts of both the root bark and 
leaf of T. 'welwitschii were comparable to 10 
pg gentamicin.

The methanol extracts of the root bark, 
stem bark and leaf of both T. megalantha and 
T. welwitschii possess activity against the 
clinical isolates of S. paratyphi, which were

Table 1. Susceptibility of Salmonella paratyphi isolates to antibiotics with CLSI interpretation
Antibiotics Zones of inhibition (mm)/Susceptibility of tested microorganisms

Sal 1 Sal 2 Sal 3 Sal 4 Sal 5 Sal 6 Sal 7 Sal 8 Sal 9 Sal ATCC
CPR (5 pg) 22/S 21/S 25/S 24/S 25/S 27/S 26/S 25/S 22/S 22/S
OFL (5 pg) 22/S 22/S 19/S 25/S 25/S 20/S 25/S 22/S 20/S 21/S
AUG (30 pg) R R R R R R R R R R
NIT (300 pg) 21/S 22/S 22/S 22/S 20/S 20/S 22/S 20/S 21/S 20/S
AMP (10 pg) R R R R R R R R R R
CAZ (30 pg) R R R R R R R R R R
CRX (30 pg) R R R R R R R R R R
GEN (10 pg) 14/1 15/S 13/1 14/1 14/1 15/S 15/S 14/1 13/1 13/1
CLSI: Clinical and Laboratory Standards Institute; CPR: Ciprofloxacin, OFL: Ofloxacin, AUG: Augmentin, NIT: 
Nitrofurantoin, AMP: Ampicillin, CAZ: Ceftazidime, CRX: Cefuroxime, GEN: Gentamicin; R: Resistance/No 
zone of inhibition; I: Intermediate, S: Susceptible; Sal ATCC: Salmonella typhimurium ATCC 14208.
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Table 2. Susceptibility of Salmonella paratyphi isolates to extracts of Trichilia megalantha and 
Trichilia welwitchii
Extract Cone, in Zones of inhibition (]mm) of S. paratyphi strains

mg/ml Sal 1 Sal 2 Sal 3 Sal 4 Sal 5 Sal 6 Sal 7 Sal 8 Sal 9
TWRB 100 13 15 10 14 11 11 13 12 12

50 12 11 - 11 10 - 10 11 10
25 9 10 - 9 9 - - - 9

TWSB 100 11 14 12 16 15 10 14 11 12
50 10 12 11 13 11 9 12 9 11
25 9 11 9 10 10 - - - 9

TWL 100 13 12 13 14 13 14 12 13 13
50 - 10 10 - 9 12 11 10 10
25 - - 9 - - 10 - 9 9

TMRB 100 12 11 11 10 11 16 11 14 9
50 11 10 10 9 10 10 9 12 -
25 10 9 - - 9 - - 10 -

TMSB 100 15 11 12 9 10 14 10 18 15
50 11 10 11 - 9 10 - 14 12
25 9 9 - - - - - 10 -

TML 100 12 10 11 9 10 9 10 10 11
50 11 - - - - - - 9 -
25 10 - - - - - - - -

TWRB: T. -welwitchii root bark, TWSB: T. -welwitchii stem bark, TWL: T. -welwitchii leaf; TMRB: T. megalantha 
root bark, TMSB: T. megalantha stem bark, TML: T. megalantha leaf; -: No zone of inhibition; Sal 1-9: Salmonel­
la paratyphi isolates number 1 to 9.

resistant to ampicillin, augmentin, cefta­
zidime and cefuroxime. The greatest anti­
bacterial activity was found in the stem bark 
extracts of both plants. The antisalmonella 
activity of methanol extracts of the two 
plants were less than those of ciprofloxacin 
and ofloxacin which are the current drugs of 
choice for severe cases of typhoid and 
paratyphoid fever in Nigeria (Akinyemi et 
al., 2007), this may be due to the presence of 
a very minimal concentration of active 
constituents in the crude extracts. The 
antibacterial activity of the extracts is 
expected to be greater when the active 
constituents are isolated. Hence, the two 
plants can generate leads through isolation 
and characterization of their active 
constituents especially from the stem barks, 
which can be modified structurally to obtain 
antibiotic of choice for treating typhoid and 
paratyphoid fever and other bacterial 
infections caused by susceptible organisms.

Table 3 shows MIC and MBC of the two 
plants’ extracts on selected S. paratyphi 
strains. The MIC range of 1.25 - 5.0 mg/ml 
was close to the MBC value of 2.5 - 10 mg/

ml. MIC and MBC provide quantitative 
assessment of antimicrobial activity unlike 
agar diffusion method where zones of 
inhibition give qualitative evaluation. The 
lower the MIC (and MBC), the higher the 
activity of the agent, therefore, the roots of 
T. megalantha with MIC of 1.25 mg/ml was 
slightly more active than the others. Further, 
the MIC index (MBC/MIC) values were less 
than 4, indicating that the extracts exhibited 
bactericidal action on the organisms (Kone 
et al., 2007; Mogana et al., 2020). When the 
MIC index value is greater than 4, 
bacteriostatic action is indicated. In chemo­
therapy of infectious diseases, bactericidal 
drugs are preferable in immunocompromised 
patients. Therefore, the extracts of the 
Trichilia species with MIC index of 1 - 2 are 
bactericidal in action and can be of 
therapeutic value.

Table 4 shows brine shrimp lethality 
assay (BSLA) result of the extracts. Five of 
the six extracts showed LC50 of 440 - 560 
pg/ml while the 6th (T. megalantha stem 
bark) was 128 pg/ml. Sahgal et al. (2010) 
reported LC50 of 680 pg/ml for Swietenia
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Table 3. Minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations 
(MBCs) of the plant extracts on selected Salmonella paratyphi isolates

Plant Plant part Salmonella paratyphi 1 Salmonella paratyphi 8
MIC MBC MIC MBC

Leaf 2.50 5.00 5.00 10.00
Trichilia megalantha Stem bark 2.50 5.00 2.50 5.00

Root bark 1.25 2.50 1.25 2.50
Leaf 2.50 5.00 5.00 5.00

Trichilia welwitschii Stem bark 2.50 5.00 5.00 10.00
Root bark 5.00 10.0 2.50 5.00

mahagoni of the same family Meliaceae. The 
higher the value of LC50 the lower the 
cytotoxicity, and according to Pisutthanah et 
al. (2004) and Krishnaraju et al. (2005), 
LC50 higher than 100 pg/ml is considered 
nontoxic and not potent enough to be 
considered for anticancer use. For a 
significant cytotoxicity useful as antitumor, 
the LC50 must be close to the vincristine 
standard of 0.91 pg/ml. Generally, cytotoxic 
antitumor activities are low among extracts 
of Trichilia species (Vieira et al., 2014; 
Dzoyem et al., 2015), therefore the high

LC50 values may not favor anticancer 
property but surely represent nontoxicity 
when consumed. It is an advantage when an 
extract of low cytotoxicity possesses good 
antimicrobial activity, since the antibacterial 
mechanism is not based on cytotoxicity. 
Although McLaughlin et al. (1998), Carballo 
et al. (2002), and Sahgal et al. (2010) 
showed correlation between BSLA and cell­
line cytotoxicity values, BSLA is considered 
a preliminary test that requires confirmation 
with cell-line or animal model (Quazi et al., 
2017).

Table 4. Results of brine shrimp lethality assay (BSLA) of the plant extracts
Extract 1000 ppm

OO

ppm 10 ppm lc50
(pg/ml)

0 min 24 h 0 min 24 h 0 min 24 h
TWL 10 8 10 10 10 10 559.544

10 9 10 10 10 10
10 9 10 10 10 10

TWSB 10 4 10 10 10 10 498.534
10 5 10 10 10 10
10 4 10 10 10 10

TWRB 10 4 10 10 10 10 458.759
10 6 10 10 10 10
10 7 10 10 10 10

TML 10 5 10 9 10 9 441.853
10 7 10 10 10 9
10 6 10 9 10 9

TMSB 10 0 10 5 10 9 127.762
10 0 10 7 10 10
10 0 10 6 10 9

TMRB 10 0 10 10 10 10 448.559
10 1 10 10 10 10
10 0 10 10 10 10

TWL: T. welwitchii leaf, TWSB: T. welwitchii stem bark, TWRB: T. welwitchii root bark; TML: T. megalantha 
leaf, TMSB: T. megalantha stem bark, TMRB: T. megalantha root bark; -: No zone of inhibition; Sal 1-9:  Sal­
monella paratyphi isolates number 1 to 9.
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CONCLUSION

The methanolic extracts of the various 
parts of T. megalantha and T. welwitschii 
showed good antibacterial activity against S. 
enterica serovar Paratyphi to justify the 
traditional uses of the plants in typhoidal 
diseases. Brine shrimp lethality assay 
showed the nontoxic nature of the plants 
hence should be safe when consumed for 
therapeutic purposes. We recommend a 
bioassay-guided isolation of the active

compound(s) which may serve as a 
therapeutic agent or as a lead compound.
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