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Infectious diarrhea of bacterial actiology are responsible for about 4 millions deaths each year.
Conventional medicine use for its treatment, has been facing microbial resistance; thus requires the
use of alternative therapeutic measures. This study seeks to estimate the antibacterial activities of the
ethanolic and aqueous extracts of Croton oligandrus Hutch against two sensitive bacterial strains
(Escherichia coli and Shigella spp.), isolated from well water in Yaoundé, Cameroon. 300 g each of
the powder, were separately extracted in 3L of water and ethanol for 48 hours; and the retrieved
concentrate were subjected to qualitative phytochemical screening. The antibacterial activity were
tested using the surface spread out and disk diffusion methods.

The phytochemical screening of both the aqeous and ethanolic extracts revealed in common
saponosides, alkaloids, tannins and polyphenols, while cardiac glycosides, resins, flavonoids, catechic
tannins, quinones and mucilages were present only in the ethanolic extract. The ethanolic and
aqueous extracts at dose 2000 mg/mL, significantly inhibited (98.04-100%) Shigella spp. and E. coli.
Complete inhibition of E. coli was observed at doses of 1000 and 2000 mg/mL, with the ethanolic
extract. At, 3 hours, the lowest inhibition potential were observed for both extracts at dose 500
mg/mL, against E. coli and Shigella spp., strains. At doses 500-2000 mg/mL, the diameter of
inhibition for Shigella spp. varied from 15-25 mm (very sensitive to extremely sensitive) for the
ethanolic extract and 10-16 mm (very sensitive to extremely sensitive) for the aqueous extract. At the
same doses, the diameter of inhibition for E. coli, varied from 16-21 for the aqueous extract and 10-
23 for the ethanolic extract.

All the studied microorganisms were sensible to the different extracts with the ethanolic extract
demonstrating greater anti-diarrheal activity on both strains compared to the aqueous extract.

Copyright © 2022 Luciane Marlyse Moungang et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

parasitic  enteropathogenic agents, which might be
transmissible by links to faecal peril and their epidemiological

Diarrhea is a major cause of child mortality and morbidity in
emerging countries. The global average is estimated at 3.3
diarrhea episodes per child annually, with extreme values of
more than 9 in poorer regions'. Eighty percent of diarrhea-
related mortality occurs during the first two years of life.
Dehydration accompanies all acute diarrhea, which 1is
aggravated by each episode therefore, increasing the risk of
death" . Diarrhea could be caused by bacterial, viral or

*Corresponding author: Luciane Marlyse Moungang

characteristics differ from one region to another according to
the level of development of sanitary infrastructures'. Acute
bacterial diarrhea may be self-limiting and therefore does not
require microbiological investigation or antibiotic treatment.
However, they can become very serious, requiring a
coproculture to look for pathogenic bacteria and antibiotic
treatment. Despite scientific advances in the pharmaceutical
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research, the problem of bacterial resistance to antibiotics
remains’.

According to the World Health Organization (WHO, 2011),
nearly 80% of the world's population rely on traditional
medicine for health care. In China, traditional herbal
preparations account for between 30 and 50% of total drug
consumption. The exploitation of ethnobotanical sources to
tackle communities’ health problems appears to be a focal
point for pharmacological research’. For instance, plants of the
Croton genus are used used in ethno-medicine for the
treatment of various diseases including ulcers, cancer,
headache, convulsion, diabetes, urinary disorder, abscesses,
rheumatism, inflammation, etc. 4367 n Cameroon, the
decoction of the stem bark of C. oligandrus is taken orally to
treat anaemia as well as microbial infections of pneumonia and
splenomegaly®. The use of C. oligandrus in treating
pathogenic infections prompted us to investigate its
antimicorbial potential against antibiotic resistant microcosm
of water origin. Thus, in this studies, we seek to estimate the
antibacterial activities of the ethanolic and aqueous extracts of
Croton oligandrus Hutch against two sensitive bacterial strains
(Escherichia coli and Shigella spp.), isolated from well water
in Yaounde, Cameroon.

MATERIAL AND METHODS

Plant material

The plant parts were collected in Boumyebel in the Central
region (Cameroon) and identified by a botanist at National
Herbarium in Yaounde. The voucher specimen n°® 66291 HNC
(YA) was deposited at National Herbarium in Yaounde,
Cameroon.

Operating mode

The fresh stem bark of C. oligandrus was cut into pieces, air
dried at room temperature for three weeks and ground to fine
powder using a mechanical grinder. 300 g each of the fine
powder were separately extracted using 3L of ethanol and
water for 48 hours, and evaporated using a vacuum evaporator.
Extraction yields were calculated using the following formula:

Mass of extract obtained

% Yield = X 100

Mass of initial powder
Qualitative phytochemical screening

Phytochemical screening was carried out on the extract in
order to determine the secondary metabolites present in the
plant. The phytochemical tests were carried out according to
protocol described by Harbone in 19737

Bacterial material

In this study, two bacterial strains Shigella spp. and
Escherichia coli, were isolated from well water in the city of
Yaoundé (Centre-Cameroon). The species were chosen
because of their treat to public health both to children and the
elderly.

Preparation of extract solutions

For each extract, the solutions were prepared at concentrations
2000, 1000 and 500 mg/mL, using sterilized distilled water.
The solutions were first filtered on hydrophilic cotton then on
sterile Whatman paper and finally through a filter membrane
of porosity 0.45 um. All this was carried out beside a Bunsen
burner to limit any contamination® .

Preparation of bacterial suspensions

For activation, a few bacterial colonies stored in glycerol at
5°C in the refrigerator were defrosted at room temperature
(23+2°C). 100 pL was taken and subcultured on regular agar
(PCA) in Petri dish. One colony isolated after 24 hrs was
picked with a sterile platinum loop and transferred to plain
agar poured into slant tubes. After 18 hours of incubation at
37°C, bacterial suspensions were prepared by taking from this
culture, colonies that were diluted in sterile distilled water until
a turbidity corresponding to point 0.5 of the Mc Farland scale
at concentration of 1.5x10® CFU/mL was obtained'*'"

Experimental protocol

Evaluation of the antibacterial activity of C. oligandrus
extracts on microorganisms

Effect of incubation time on the activity of C. oligandrus

24 vials were used for each of the bacterial species selected.
These vials were divided into 4 series A, B, C, D. The 4 vials
of series A contained 200 mL of physiological water (NaCl:
8.5 g/L), used as a control. Series B vials contained extract
solutions of concentration 500 mg/mL, C had 1000 mg/mL
and D extract solutions of concentration 2000 mg/mL. Each
concentration of the extract was prepared in duplicate. A
quality control of the extract was performed by subjecting the
filtrate obtained to a culture test on Endo medium for
Escherichia coli and on Hektoen for Shigalla spp. to ensure
they do not contain any other bacterial cells.

In each vial is introduced 0.5 mL of suspension of each
bacterium and this time is the initial time t,. The cell
concentration in each vial at time t, was 1.5 x 10® CFU/mL.
The incubation times were 3, 6, 9 and 24 hours, respectively.
At the end of each incubation period, the bacterial suspension
were spread until exhaustion on the surface of the culture
media poured into Petri dishes. After 24 hours of incubation of
the plates in an oven, the colony count was performed with an
OSI colony counter. The results are expressed in CFU /
100mL.

Determination of inhibition diameters in agar medium
(sensitivity test)

For this test, the inoculum was inoculated by swabbing on
Petri dishes containing Mueller-Hinton agar. Discs soaked
with different concentrations of extracts were placed on the
Petri dishes. The same was done for the reference drug
ciprofloxacin at dose 5Spg. Petri dishes were incubated at 37°C
in the oven for 18 to 24 hrs. After this time the diameters were
measured with a caliper 2.

The sensitivity of the bacteria to the different extracts
according to the inhibition diameter were classified as
follows'*:

Diameter of less than 8 mm (resistant)

Diameter between 9-14 mm (sensitive)

Diameter between 15-19 mm (very sensitive)
Diameter greater than 20 mm (extremely sensitive)

Data analysis

The data collected for this study were analysed using micro-
software EXCEL version 2010. The SPSS 23.0 software
allowed us to evaluate the relationships between the evolution
of the abundances of each of the two bacterial species as a
function of the concentrations and the different incubation
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times. Comparisons between bacterial abundances were made
using the Levens T Student test. The percentage of bacterial
inhibition was evaluated according to the formula:

Pl = (") x 100

0

Ny = Bacterial abundance in saline water (Positive control)
N, = Bacterial abundance after antibacterial activities

RESULT AND DISCUSSION

Extraction yields

300 g each of the powder were separately extracted in 3 L of
water and ethanol. The different yields obtained are presented
in the following table.

Table 1 Extraction yields

Type of extraction Mass of - Mass of the dry Yield obtained (%)
powder extract
In aqueous phase 300 g 4,7 g 1,57
In ethanolic phase 300 g 34¢g 1,13

The aqueous extraction presented a better yield to the ethanolic
extraction, with a significant difference of 0.44%.

Phytochemical characterisation of the extracts

The results of phytochemical screening of the aqueous and
ethanolic extract of C. Oligandrus are given in the Table 2.
Both extracts, revealed the presence of saponosides, alkaloids,
tannins and polyphenols. Cardiac glycosides, resins,
flavonoids, catechic tannins, quinones and mucilages were
present only in the ethanolic extract.

Table 2 Phytochemical screening of C. oligandrus stem bark

extracts.
Plants C. oligandrus
Class of secondary metabolites  AE EE

Alkaloids + +
Polyphenols + +
Flavonoids - +
Cardiac Glycosides - +
Resin - +
Tannins + +
Quinones - +
Mucilage - +
Saponins + +
Catechic Tannins - +

—: absent; +: present; EE: Ethanolic extract; AE: Aqueous extract.

Evaluation of the antibacterial activity of C. oligandrus
extracts on microorganisms

The antibacterial activities of the extracts against E. coli and
Shigella spp. strains were evaluated by the surface spreading
method on agar medium and diffusion method on Mueller
Hinton medium.

Influence of incubation time on the activity of C. oligandrus

The cultivable bacteria, for each bacterial strain were counted
at concentrations 500 mg/mL, 1000 mg/mL and 2000 mg/mL,
at different incubation times 3, 6, 9 and 24 hours. Figure 1,
illustrates the effect of C. oligandrus extracts on the survival
of microorganisms as a function of incubation time.

Antibacterial activity of C. oligandrus on E. coli
Aqueous extract

As a function of incubation time, the bacterial load of
cultivable E. coli cells decreased from 1311 x10* to 569 x10°

CFU/100 mL for the control solution (0.85% NaCl). At
different concentrations of aqueous extract there was generally
a decrease in Dbacterial load with increasing extract
concentration. Bacterial abundances ranged from 543 x10° to 0
CFU/100 mL, and the highest cell concentration was recorded
in the suspension with 500 mg/mL after 3 hours of incubation.
The lowest concentration was recorded in the suspensions with
2000 mg/mL, at 6, 9 and 24 hours of incubation respectively
(Figure 1). Moreover, after 24 hours, a total inhibition of .
coli was observed with a Minimum Inhibitory Concentration
(MIC) value of 2000 mg/mL.
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Figure 1 Variation of E. coli bacterial abundances under the influence of
aqueous extract of C. oligandrus stem bark.

Ethanolic extract

As a function of incubation time, the bacterial load of
cultivable E. coli cells decreased from 1311 x10° to 569 x10°
CFU/100 mL in the control solution (0.85% NaCl). In the
presence of the different concentrations of ethanolic extract,
there was a general decrease in bacterial load from 3.7 x10° to
0 CFU/100 mL as the concentration of extract increases. The
highest cell concentration was recorded in the suspensions at
500 mg/mL after 3 hours of incubation. The lowest
concentrations were recorded at 1000 to 2000 mg/mL after 6, 9
and 24 hours of incubation, respectively (Figure 2). A
complete inhibition of E. coli was observed at doses of 1000
and 2000 mg/mL at 9 and 24 hours, respectively.

4000
3500
3000
2500 +
2000
1500 -
1000 4
500

O -

I 500mg/mL
# 1000mg/mL
R 2000mg/mL

3hr 6hr Ohr 24h

Figure 2 Variation of E. coli bacterial abundances under the influence of
ethanolic extract of C. oligandrus stem bark.
Antibacterial activity of C. oligandrus extract on Shigella
spp-.
Aqueous extract

Depending on the incubation time, the bacterial abundance of
cultivable Shigella spp varied from 569 x10° to 1311 x10°
CFU/100 mL in the control solution (0.85% NaCl). In the
presence of the different concentrations of aqueous extract, the
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bacterial load decreased as the extract concentration increases.
The cell abundances decreased from 746 x10° to 0.6 x10°
CFU/100 mL. The highest cell concentration was recorded in
the suspensions having 500 mg/mL at 3 hours of incubation;
and the lowest at 2000 mg/mL at 24 hours of incubation
(Figure 3). No minimum inhibitory concentration (MIC) was
observed with Shigella spp.

80000
70000 -

60000 -

50000 -
40000 -
30000 -
20000 -
10000 -

0 -

11500mg/mL

#1000mg/mL

®2000mg/mL

Figure 3 Variation in bacterial abundances of Shigella spp under the influence
of aqueous extract of C. oligandrus stem bark.

Ethanolic extract

The bacterial load of cultivable Shigella Spp. cells varied from
569 x10° to 1311 x10° CFU/100 mL in the control solution
(0.85% NaCl). At different concentrations of ethanolic
extracts, the bacterial load decreased as the extract
concentration increases. The cell abundances decreased from
10.29 x10° to 0 CFU/100mL. The highest cell concentrations
was recorded in suspensions at 500 mg/ml after 3, 6 and 9
hours of incubation. The lowest concentration was recorded at
2000 mg/mL after 3, 6 and 9 hours of incubation, respectively
(Figure 4). Significant inhibition of Shigella spp. cells with
minimum inhibitory concentration (MIC) was observed at all
incubation times for the ethanolic extract.
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Figure 4 Variation in bacterial abundances of Shigella spp under the influence
of ethanolic extract of C. oligandrus bark.

Percentage of inhibition of bacterial cells

The variation of inhibition percentages (IP), were observed for
both bacterial species in the solution containing the aqueous
and ethanolic extract of C. oligandrus, after exposure at 3, 6, 9
and 24 hours period, at concentrations of 500, 1000 and 2000
mg/mL, respectively. The ethanolic and aqueous extracts at
dose 2000 mg/mL during 3, 6, 9 and 24 hours period inhibited
(98.04-100%) of shigella spp and E. coli (Table 3 and 4). The
lowest IP in E. coli and shigella spp were observed at 500
mg/mL extract concentrations at 3 hours.

Table 3 Percentage of inhibition of cultivable E. coli bacteria.

Concentration in Incubation Aqueous Ethanolic
(mg/ mL) time (h) extract (%) extract (%)

3 95.79 99.69

6 95.97 99.85

9 96.76 99.96
500 24 98.45 100

3 97.14 99.89

6 97.98 99.91

9 98.38 100
1000 24 99.14 100

3 99 .81 99.99

6 99.87 100

9 99.88 100
2000 24 100 100

PI= percentage Inhibition in %

Table 4 Percentage of inhibition of cultivable bacteria of

Shigella spp.
Concentration in Incubation Aqueous Ethanolic
(mg/ mL) time (h) extract (%) extract (%)

3 94.25 92.05

6 99.04 97.39

9 99.33 97.93
500 24 99.51 99.35

3 97.30 96.02

6 99.52 98.46

9 99.66 98.53
1000 24 99.70 99.79

3 98.04 100

6 99.76 100

9 99.83 100
2000 24 99.88 100

Determination of inhibition diameters in agar medium
(sensitivity test)

The different plant extracts and selected microorganisms
showed a variable sensitivity from one germ to another. The
variation in extract sensitivity was confirmed by the existence
of different inhibition diameters on the tested extracts. At dose
500-2000 mg/mL, the diameter of inhibition on both bacteria
strains varied from 12-25 mm (very sensitive to extremely
sensitive) for the ethanolic and 10-21mm for the aqueous
extracts.

Table 5 Diameter of inhibition on Mueller Hinton effect on

Shigella sp.
Concentration in mg/ mL_ Aqueous extract  Ethanolic extract
500 10 mm S 15 mm VS
1000 12 mm S 17 mm VS
2000 16 mm Al 25 mm ES
Ciprofloxacine (5pug) 32 mm ES 31 mm ES

S= Sensitive VS= Very sensitive ES= Extremely Sensitive

Table 6 Diameter of inhibition on Mueller Hinton effect on E.
coli

Concentration in mg/ mL_ Aqueous extract Ethanolic extract

500 16 mm Al 12 mm S

1000 17 mm VS 16 mm Al

2000 21 mm ES 23 mm ES
Ciprofloxacine (5ug) 32 mm ES 31 mm ES

S= Sensitive VS = Very Sensitive ES= Extremely Sensitive

Student's t-test for comparison of E. coli abundances

Comparison of the same dose and at different incubation
times

Maintaining the dose of the aqueous and ethanolic extract at
1000 or 2000 mg/mL at different incubation time, resulted in a
significant decrease (P < 0.01) of bacterial abundance of E.
coli.
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Comparison of Different Extract Doses and Same Incubation
time

The doses at 500, 1000 and 2000 mg/mL of the ethanolic and
aqueous extract at the same incubation time, resulted in
significant decrease (P < 0.01) in E. coli abundances.

Student's t-test for Comparison of Abundances of Shigella
spp

Comparison of Different Concentrations and the same
Incubation times

At different concentrations of the extracts and at the same
duration of incubation, a very significant decrease (P < 0.01) in
the bacterial abundances of Shigella spp. was observed. The
significant difference observed was valid for the comparisons
made between the concentrations at 500 and 1000 mg/mL of
the aqueous and ethanolic extract at the same incubation
duration.

Comparison at the same dose and Different Incubation times

When the concentration of the extract and the incubation time
was increased, the bacterial abundance of Shigella spp.
decreases significantly (P < 0.01). It is valid for the
concentrations ranging from 1000 to 2000 mg/mL of the
aqueous and ethanolic extract of C. oligandrus.

DISCUSSION

The results obtained in the present study showed a strong
antimicrobial activity of aqueous and ethanolic extracts of C.
oligandrus on E. coli and Shigella spp. The extraction yields
were 1.57% and 1.13% for the aqueous and ethanolic extracts,
respectively. The calculated yield of the ethanolic extracts of
C. oligandrus was lower to that of Dzotam et al. (2016)" that
yielded 3.95%. This difference could have been influenced by
the geographical origin and the extraction method.

The phytochemical screening of the extracts of C. oligandrus
revealed the presence of tannins, polyphenols, saponins, resin,
flavonoids, and alkaloids. These results are similar to those
reported in Croton zambezicus, Croton leichleri and Croton
tiglium". Moreover, the ethanolic extract was richer in
secondary metabolites to the aqueous extract; indicating the
metabolites had greater affinity with ethanol as solvent.

At 24 hours period, the aqueous extract at doses 500 < MIC <
2000 mg/mL inhibited 98.45 -100 % of E. coli, while the
ethanolic extract at doses 500 < MIC < 2000 mg/mL,
completely inhibited E. coli. As concerns Shigella spp., for the
ethanolic extract at 24 hours, 100% inhibition was observed at
dose 2000 mg/mL, for the ethanolic extract, while the aqueous
extract at dose 500 < MIC < 2000 pg/mL, inhibited 99.51-
99.88 % of the bacteria strain. Therefore, the extracts in this
studies showed moderate activity at MIC >500 pg/mL and
significant activities at 1000 < MIC <2000 mg/mL.

Polyphenols and alkaloids in extracts of plants are known to
demonstrate interesting antimicrobial activity'”, and sometimes
good bactericidal or bacteriostatic effects'®. The variation in
the composition of metabolites such as the presence of
polyphenols, flavonoids and alkaloids in the ethanolic extracts
could account for the significant increase in the antimicrobial
activities of C. olingandrus. The results of antibacterial tests of
C. olingandrus, ethanolic extract is comparable to that of
Enerva et al., 2015'7. However, the aqueous extract of C.
oligandrus showed no complete inhibition of Shigella spp.

This might be due to the fact that the bacterial strain is
resistant to the effect of this extract.

Previous studies had shown that, if the inhibition diameters are
lower than 8 mm, the bacterial species used are said to be
resistant'’. In this studies, all the inhibition diameters are
greater than the limit diameter (8 mm) of the zone of inhibition
for which an extract is considered inactive. For instance, the
aqueous and ethanolic extracts of C. oligandrus demonstrated
inhibition diameters above 8 mm for bacteria strains. Hence,
the ethanolic and aqueous extracts, were effective against £
coli and Shigella spp strains.

CONCLUSION

The results of the phytochemical screening of both the ageous
and ethanolic extracts of C. oligandrus revealed in common
saponosides, alkaloids, tannins and polyphenols, while cardiac
glycosides, resins, flavonoids, catechic tannins, quinones and
mucilages were present only in the ethanolic extract. The
ethanolic and aqueous extracts at dose 2000 mg/mL during 3,
6, 9 and 24 hours period inhibited (98.04-100%) Shigella spp.
and E. coli. Complete inhibition of E. coli, with the ethanolic
extract was observed at doses of 1000 and 2000 mg/mL at 9
and 24 hours. The lowest inhibition potential for both extracts,
were observed at dose 500 mg/mL, at 3 hours for E. coli and
Shigella spp. At doses 500-2000 mg/mL, the diameter of
inhibition for Shigella spp. varied from 15-25 mm (very
sensitive to extremely sensitive) for the ethanolic extract and
10-16 mm (very sensitive to extremely sensitive) for the
aqueous extract. At the same doses, the diameter of inhibition
for E. coli, varied from 16-21 for the aqueous extract and 10-
23 for the ethanolic extract.

All the studied microorganisms were sensible to the different
extracts, with the ethanolic extract demonstrating greater anti-
diarrheal activity on both strains compared to the aqeous
extract. The present study indicates, C. oligandrus stem bark
extract could be used in reducing the risk of waterborne
disease such as diarrhea.
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