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ABSTRACT

Infectious diseases remain a global health challenge as result of antimicrobial resistance. The
use of natural products has revealed a potential source of alternative antimicrobial agents. The
aim of this research was to evaluate the antibacterial activities and the phytoconstituents of
Tragia brevipes against pathogenic bacteria. The crude extracts of leaves, roots and stems were
obtained using polar and non-polar solvents and the antibacterial assay was performed using
agar well diffusion and disc diffusion methods. The results showed that in the leaves and
roots, flavonoids, saponins, glycosides, phenols, tannins, and resins were present whereas in
the stem, flavonoids, glycosides, and resins were present. Only S. aureus ATCC43300, E. coli
ATCC25922 did not show inhibition zone to all plant parts. P. aeruginosa ATTCC27853 showed
the highest inhibition zone compared to other bacteria. It was observed that methanolic
extract has a great potential antimicrobial activity, followed by distilled water extracts. The
combination of plant extracts showed a marked synergic effect. The two-way ANOVA
showed a statistical difference in the mean zone of inhibition obtained among bacteria and
leaves (f = 2.3478, p < 0.05), roots (f = 2.3478, p < 0.05) whereas stem extracts difference was
between solvents and tested bacteria (f = 3.4923, p < 0.05). T. brevipes could be a potential
candidate in the treatment of bacterial infection as a source of novel antimicrobial agents.
Further studies are recommended to isolate the active ingredients and investigate
pharmacological properties of T. brevipes.

INTRODUCTION

Traditional medicine began long ago with the use of natural products and have
displayed high efficacy due to a wide spectrum of pharmacological compounds [1].
According to World Health Organization, most of populations in developing countries
consult traditional healers for the treatment of infectious diseases where medicinal
plants are used [2].

It is known that antimicrobial resistance is associated with high morbidity and
mortality and remains one of the global health concerns of this century. Multidrug
resistance patterns in Gram-positive and Gram-negative bacteria have been reported
and have presented difficulties to treat with conventional antibiotics. By 2050, the
antimicrobial-resistant infections will lead to millions of deaths per year with
subsequent socio-economic impacts if no appropriate actions at different levels [3].
Therefore, there is a need to promote the development of alternative antimicrobial
agents considering the current emergency of new strains, ineffectiveness of the existing
therapies, ineffective awareness and prevention measures [4].

Tragia brevipes is a species of shrub in Euphorbiaceae or Spurge family and is one of the
hundreds Tragia species. Studies have reported the antimicrobial activity of T. brevipes
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by inhibiting the growth of bacteria including E. coli, Salmonella species, Enterobacter
aerogenes, and Proteus vulgaris [5]. In addition, the qualitative analysis of the plant has
revealed the presence of bioactive compounds such as flavonoids, phenols, terpenoids,
tannins, glycosides, saponins but lack alkaloids and steroids [6].

Several studies have reported considerable activity against bacteria by various extracts
of medicinal plant [7]. Medicinal plants have been used in Rwanda for many years and
remain the main therapeutic option for both rural and urban populations. However, the
lack of experimental scientific studies confirming the possible antimicrobial properties
from Rwandan plants is still a gap. Among the high number of medicinal plant species,
only few have been studied and underwent pharmacological investigations. It has been
reported that plant bioactive compounds could display antimicrobial activities against
multidrug-resistant microbial pathogens by targeting specific sites other than those
used by the current antibiotics [8]. Thus, efficacy of many of the plant drugs including
Tragia brevipes (vernacularly known as isusa) used by local traditional healers as
effective anti-bacterial agent is still not well documented.

The present study was initiated to evaluate the potential antimicrobial activity and
screen bioactive compound of T. brevipes parts against selected bacteria as potential
alternative antibacterial compounds.

MATERIALS AND METHODS
Plant sampling method

Parts of the plant, T. brevipes (leaves, stem and roots) were collected in natural forest in
Musanze district, Rwanda.

Sample processing

Each part of the plant was separated from the whole herb which resulted in 3 groups
(leaves, roots and stem). The plant was washed twice using distilled water. Stem and
roots were cut into pieces for the quick air dry. Each sample was thoroughly mixed and
spread to dry at room temperature (23.5 °C) in the laboratory under sterile conditions in
shade place.

Kinetic maceration technique

Dried parts of T. brevipes were again cut into too small pieces and passed in the oven for
15 min at 75°C. It was later ground into the fine powder using sample mill machine
(electronical powder grinder, DE-200 g). Total powder of leaves, stem and roots parts
was weighed. From each group, 25 grams of the powdered group part was dissolved in
3 different solvents, 250 ml of 99.8% methanol, 250 ml distilled water and 250 ml of 90%
petroleum ether. The mixture was placed on stopper container and stand on frequent
agitation by the help of Orbital shaker / OS-34°C at 60 rpm for 5 days. Later the mixture
was filtered using a gauze and remained with a homogenous solution.

Extract preparation

Crude plant extract was prepared by Hydro-distillation method, rotary vacuum
evaporator (R-11) with 120 rpm and a water bath at low temperatures 45 °C was used to
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evaporate the solvent. The obtained extract was put in sterilized labelled tubes with a
proper labeling for future use and stored at 4 °C for further antimicrobial studies [9].

Screening of phytochemicals in the plant

The standard methods provided by Harborne [10] were used to screen the presence of
different bioactive secondary metabolites in the plant. Resins, tannins, phenols,
alkaloids, glycosides, saponins and flavonoids were screened in this study.

Microorganisms

The study used eleven strains of bacteria obtained from the National Reference
Laboratory (Rwanda): S. typhi ATCCB69, S. typhi ATCC B71, S. aureus ATCC29213, S.
aureus ATCC43300, E. coli ATCC35218, E. coli ATCC29922, P. mirabilis ATCC126, S.
pneumonia ATTCC49619, S. pyogene ATTCC 12344, K. oxytoca ATTCC700524 and P.
aeruginosa ATTCC27853.

All bacteria were sub-cultured on their selective media and incubated at 37 °C for 24 h.
Colony characterization was recorded, and Gram staining was performed followed by
biochemical tests for a better identification.

2-5 similar colonies were lifted with a sterile wire loop and transferred into a 4 ml of
normal saline contained in a sterilized tube. The bacterial suspensions were
standardized to 108 CFU/ml. To adjust the turbidity of the suspension, 0.5 McFarland
standard solution was used as reference.

Assay of antibacterial activity

Under aseptic conditions, a sterilized cotton swab was dipped (50 pl) in a prepared
bacteria suspension and uniformly distributed on the surface of the Mueller Hinton
agar (MHA) using streaking method. For agar well diffusion method, wells of 5 mm
were punched in which the extract was added and for disc diffusion method, blank
discs were dipped in the extract. The plates were incubated at 37 °C for 24 h. The zones
of inhibition were measured in millimeter and the antimicrobial assays were
interpreted according to Kirby Bauer technique [11]. Each solvent was used as a
negative control and duplicate assay was done on each antimicrobial test.

Antimicrobial study of combined parts of Tragia brevipes

The triple (leaves, roots and stem) combinations of plant extracts parts were prepared
by mixing equal quantities of each extract respective to the solvent. Each of the
obtained mixture extracts was tested for antibacterial activity under sterile conditions.
Duplicate assay was done on each antimicrobial test.

Statistical analysis

The results were analyzed depending on effect and control used. For data entry and
analysis, all results were statistically analyzed using Statistical Package for the Social
Sciences version 22. To compare the means mentioned in this study objective. Two-way
ANOVA was useful and to find a difference between two groups, a post hoc test
(Bonferroni) was run to indicate a marked difference.
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RESULTS
Phytochemical compounds

The phytochemical qualitative study revealed the presence of some major secondary
metabolites whereas other were absent in the plant extracts (Table 1).

Table 1. Phytochemical screening of the Tragia brevipes.

Bioactive chemicals Leaves Stem Roots
Alkaloids A A A
Flavonoid P P P
Saponins p A p
Glycoside P P P
Phenols P A P
Tannis P A P
Resin P P P

P: Presence A: Absence

Antimicrobial activity of T. brevipes against selected pathogenic bacteria

Results obtained from the work of testing T. brevipes antimicrobial activity indicated
that the most non inhibited strains to all plant extracts were E. coli ATCC25922 and S.
aureus ATCC43300, while other tested strains were potent to the plant extracts as shown
in Figure 1. It was observed that depending on the solvents used, the zones of
inhibition (ZI) vary and the methanolic extract was more potent against tested bacteria
compared to others.

T. brevipes stem was weak to inhibit the bacteria, leaves responded highly with
methanol and petroleum ether solvents whereas roots responded highly with the
extraction done by distilled water. On the other hand, the tested bacteria showed a
variation in their susceptibility to the extracts as shown below in Figure 1. The highest
inhibition was generated against the growth of P. aeroginosa ATTCC27853 (ZI: 17 mm)
and the lowest against S. pneumonia ATTCC49619 (ZI: 8 mm). Both disc and agar well
diffusion methods were conducted, the obtained results were almost the same as
shown in the Figure 1.
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S. aureus ATCC43300 ~—g=FE coli ATCC35218 —a-E.coli ATCC29922
8= P. mirabilis ATCC p126 —8=—S. pneumonia ATTCC49619  —@==S. pyogene 12344
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Figure 1. Antimicrobial activity of T. brevipes crude extracts. A) Zone of inhibition produced using agar well
diffusion method. B) Antibacterial activity screened using only solvents as negative control. C) Zone of
inhibition produced using disc diffusion method.
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Variance of antimicrobial activity of T. brevipes

The analysis of variance indicated that there was a significant difference on the mean
zones of inhibition obtained from both leaves(f = 2.3478, p < 0.05) and roots (f = 2.3478, p
< 0.05) extracts against bacteria (Table 2). Therefore, Bonferroni correction was runned
and revealed a significant difference in some bacteria as showed in Table 3. A post hoc
analysis (Bonferroni correction) showed a marked difference between bacteria and the
used P value was 0.004545 (Table 3). However, for the stem extracts, a significant
difference was observed among solvents (f = 3.4923, p < 0.05) (Table 2). The bonferroni
correction showed a clear difference between methanol vs. petroleum ether solvent
used in stem extracts (p = 0.0028, p = 0.016667) (Table 3).

Table 2. Variance of antimicrobial activity of Tragia brevipes.

Source of variation SS df MS F P-value F critical

Bacteria 853.8 10 85.38030303  2.969671 0.0183559 2.3478* =
[}

Solvents 109.15 2 54.57575758  1.898237 0.1758627 3.4928 2

Error 575.02 20 28.75075758 &

Total 1538 32

Bacteria 905.378788 10 90.53788 4.675848 0.0016462 2.3478

Solvents 92.7424242 2 46.37121 2.394851 0.1168387 3.4928 =

Error 387.257576 20 19.36288 §

Total 1385.37879 32 ’

Bacteria 214.469697 10 21.44697 1.402666 0.248668 2.347878

Solvents 283.19697 2 141.5985 9.260764 0.0014232 3.4923 * %’

Error 305.80303 20 15.29015 3

Total 803.469697 32

Table 3. Marked difference with post hoc test.
Comparison P(T<=t) Bonferroni  Significance
two-tail P-value

S. aureus ATCC43300 vs. S. pyogene ATTCC12344 0.00023 0.00455 S*

S. aureus ATCC43300 vs. K. oxytoca ATTCC700524 1.46E-05 0.00455 S* [y

S. aureus ATCC43300 vs. P. aeroginosaATTCC27853 0.00032 0.00455 S* %

E. coli ATCC25922 vs. S. pyogene ATCC12344 0.00023 0.00455 S* @

E. coli ATCC25922 vs. K. oxytoca ATTCC700524 1.46E-05 0.00455 S*

E. coli ATCC25922 vs. P. aeroginosa ATTCC27853 0.00032 0.00455 S*

S. typhi ATCCB69 vs. S. aureus ATCC43300 1.08E-06 0.004545 S*

S. typhi ATCCB69 vs. E. coli ATCC25922 0.00000108 0.004545 S*

S. typhi ATCC B71 vs. S. aureus ATCC43300 0.00016 0.004545 S*

S. typhi ATCC B71 vs. E. coli ATCC25922 0.00016 0.004545 S*

S. aureus ATCC29213 vs. S. aureus ATCC43300 5.68E-06 0.004545 S* gq

S. aureus ATCC43300 vs. P. mirabilis ATCC p126 0.0005 0.004545 S* %

S. aureus ATCC43300 vs. S. pyogene 12344 4.65E-06 0.004545 S*

S. aureus ATCC43300 vs. K. oxytoca ATTCC700524 1.17E-01 S*

E. coli ATCC35218 vs. P. aeroginosa ATTCC27853 0.0005 S*

E. coli ATCC25922 vs. S. pyogene 12344 4.65E-06 S*

Methanol vs. Petroleum ether 0.0028 0.016667 S

Methanol vs. Distilled water 0.018 0.016667 NS 92

Petroleum vs. Distilled water 0.32 0.016667 NS g

Total 803.469697 32
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Effects of combined parts of T. brevipes on selected pathogenic bacteria

The triple combinations of plant extracts parts resulted to potent activity (Figure 2).
Combined extract of methanol showed a marked increased activity compared with
other solvents. Obtained zone of inhibition ranged between 10 to 18 mm. Generally,
bacteria strains were inhibited by methanol and distilled water extracts. Petroleum
ether only inhibited S. aureus strains. In addition, the combination showed an increase
in zone of inhibition against all bacteria, highly on Gram positive bacteria compared to
Gram negative bacteria.

200

Leaves Stem Roots Leaves Stem Roots Leaves  Stem Roots

Methanol Petroleum ether Distilled water Methanol Petroleum Distilled
combined  ether water

part  combined combined
extracts part part

extracts  extracts

A) Antimicrobial activity of plant parts B) Antimicrobial activity of combined parts
—a—S.typhi ATCCB69 oS, typhi ATCC B71 S. aureus ATCC29213 S. aureus ATCC43300
~a—E.coli ATCC35218 - E.coli ATCC29922 =8 P. mirabilis ATCC p126 —&—S. pneumonia ATTCC49619

e Streptococcus pyogene 12344 —e—K. oxytica ATTCC700524 ~—o— P.aeroginosaATTCC27853

Figure 2. Antimicrobial activity of crude extracts of T. brevipes vs combined crude extracts. A) Zone of
inhibition produced by different parts of the plant from different solvents. B) Zone of inhibition produced
when different parts from the same solvent are combined.

Variance of antimicrobial effects of combined parts of T. brevipes

Three different extracts of T. brevipes were tested for antimicrobial activity using agar
well diffusion method. The presence of zone of inhibition proved that plant was able to
inhibit the growth of bacteria but at a different extent depending to the solvents (Table
4). The analysis of variance of two factors showed that there was significant difference
on the mean zones of inhibition obtained against bacteria through different solvents (f =
3.492828, p < 0.05) (Table 4). A post hoc test using Bonferroni correction indicated that a
significant difference was between methanol vs. petroleum ether solvent (Table 5).

Table 4. Comparison of the activity produced by combined parts crude extracts.

Source of variation SS df MS F P-value F crit
Bacteria 437.3806 10 43.73806 1.81369 0.1234082 2.347878
Solvents 724.5497 2 362.2748 15.02248 0.0001* 3.492828
Error 482.3103 20 24.11552

Total 1644.241 32

Table 5. Marked difference observed between solvents.

Comparison P(T<=t) two-tail Bonferroni P value Conclusion
Methanol vs petroleum ether 0.00001 0.016667 S

Methanol vs distilled water 0.028 0.016667 NS
Petroleum vs distilled water 0.0403 0.016667 NS

S: significant, NS: non-significant
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DISCUSSION

Worldwide a large number of medicinal plants are harvested from the natural
environment for traditional medicine [12]. Thus, the natural area is very important for
local populations to satisfy their primary healthcare needs. Testing the antimicrobial
activity of various medicinal plants require complex methods such as sampling, air
drying, grinding, maceration, extraction, and antimicrobial testing although extraction
is key step in this experiment. Different solvents were used while macerating and thus
different extracts were obtained. Maceration is a convenient and less costly method for
small and medium research projects compared to other modern extraction methods [13].
This technique softens and breaks the plant’s cell wall or other various substances to
release the soluble phytochemicals as reported previously [14].

Three solvents were used to evaluate the plant activity based on the polarity of solvents
from low to high where the petroleum ether is a nonpolar solvent while methanol are
distilled water polar solvents [15]. Bioactive compounds represent the
phytoconstituents which are synthesized as secondary metabolites in all plant cells with
different concentrations depending on the plant part [16]. In the present study, resins,
tannins, phenols, glycosides, saponins and flavonoids were present in the leaves and
roots while flavonoids, glycosides and resins were present in stem. Similar findings
have been reported by Swamy et al. [6] where the leaves contained all the components
were present but they lacked alkaloids and steroids. Each compound has a specific
target [17] and the presence of the same phytochemicals in the roots and leaves could
be an indication of the same potential antibacterial activity. Maobe et al. [18] revealed
that the active compounds interfere with the microorganism metabolic processes or
may change their gene expression. Phenolic structures are highly active against the
microorganisms and tannins have been reported as inhibitors to the growth of many
fungi, yeast, bacteria and other viruses [19].

From this study, the plant extracts were found to have antibacterial activity against
nine of the eleven bacteria tested and the observed antibacterial activity was closely
associated with the polarity of solvents [20]. The experiment showed a future hope of
having novel antibacterial agent as the potential antibacterial activity of T. brevipes
recorded in this study was also confirmed by other studies. Swamy et al. reported that T.
brevipes was found to inhibit the growth of E. coli, Salmonella sp., E. aerogenes, B. cereus, S.
liquefaciens and P. vulgaris [5].

In this study, a very high zone of inhibition was observed on P. aeruginosa. It has been
reported that P. aeruginosa is highly inhibited by the plant extracts with phenolic
content [21]. Both S. aureus ATCC43300 and E. coli ATCC25992 were not inhibited by
the plant extracts. Those bacteria have been reported among the most resistant bacteria
[22]. The variations between different studied strains of S. aureus and E. coli could be
attributed to different factors including the isolation site and the type of prophylactic
antibiotics [23].

The combination of the plant extracts exhibited diverse antibacterial activity against the
tested microorganisms with reference to plant parts alone. Interestingly, both S. aureus
ATCC43300 and E. coli ATCC25992 (which were not inhibited in the first experiments)
were inhibited by the combined parts. It has been observed that the increased activity
was found more on Gram positive bacteria. The sensitivity of microbes to the extracts
may be due by the cell wall structure of the bacteria as reported by Rachuonyo et al. [24].
Gram positive bacteria contain layers of peptidoglycan which make them more
permeable to many molecules than the cell wall of Gram negative bacteria with the
outer membrane and lipid bilayer which make them less sensitive to many extracts [25].

www.bsmiab.org/jabet

Migabo et al., ] Adv Biotechnol Exp Ther. 2023 Jan; 6(1): 140-148

146


http://www.bsmiab.org/jabet

Both ANOVA and ad hock test indicated a significant difference between bacteria and
within solvents. This could be explained by the fact that Gram positive respond
differently to extracts compared to Gram negative and non-polar solvents react
differently to polar solvents [26]. To exclude the action of solvents on bacterial growth,
the antibacterial activity was screened using only solvents as negative control.
Interestingly, the solvents alone didn’t exhibit any activity.

In additional to the antimicrobial activity studies, T. brevipes was found to be an anti-
proliferative activity on cancer cells, relief stomach pain, purgative and in treatment of
rheumatism [27, 28]. It was reported that its leaves and roots are used to treat peptic
ulcers, diabetes, local anesthetic agent and antivenom [29-31].

CONCLUSION

This study has revealed that the antibacterial activity of T. brevipes is attributed to the
phytochemicals present in the plant as the result showed that leaves and roots act as
best antibacterial agents than stem extract which lack many bioactive compounds.
Therefore, data obtained in this study could be used as a scientific report for plants
traditional use and T. brevipes could be a potential good candidate in bacterial infection
treatment and management as a source of novel antimicrobial agents. However,
antibiotics that appear potent in vitro are not necessarily more beneficial in vivo when
treating or preventing disease. Therefore, further studies are needed for better
understanding the plant toxicity and side effects. In addition, it is recommended to
evaluate the activity against other microorganisms with several other solvents, isolate
the active ingredients, and investigate the mechanisms of action.
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