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The problem of drug resistance to orthodox antimicrobial agents has remained a
setback in the treatment of bacterial infections in the modern society. Adverse effects,
coupled with scarcity and high cost of orthodox drugs have necessitated interest in the
search, development and use of antibacterial agents from plant origin. Piper guineense
is claimed in traditional medicine as a remedy for gram negative organism-transmitted
infections. The leaves of Piper guineense plant was collected, washed, dried at room
temperature and pulverized. The plant material was extracted with 80% ethanol. The
ethanol-extracted residue was subjected to fractionation. Seventeen fractions were
obtained, and were pooled together based on their Rs values into five pooled-fractions
labeled: PF-1, PF-2, PF-3, PF-4, PF-5. Both the ethanol and fraction extracts were
subjected to phytochemical analysis, preliminary antibacterial screening, minimum
inhibitory and minimum bactericidal concentrations determination using both clinical
isolates and type culture organisms. The yield of ethanol-extracted residue was low
(21.08g) when compared to the amount of pulverized plant material (500g).
Phytochemical analysis revealed the presence of flavonoids, alkaloids and terpenoids
in all the extracts. The extracts produced statistically significant lower zone of
inhibition (p<0.05) when compared with the standard drug (amoxicillin), it also
demonstrated activity against test organisms used in the study. The findings of this
study demonstrated that ethanol leaf extract of Piper guineense possess antibacterial
activities, therefore justifies the traditional claim of the plant.

Introduction

Since their discovery more than 70 years ago,
antibacterial drugs have become an essential
part of the modern health care landscape,

allowing treatment of previously life-
threatening bacterial infections'. However, the
ever-increasing  levels of  antibacterial
resistance threatens the health benefits
achieved  with  antibiotics and this
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phenomenon is recognized as a global crisis
due to the current and potential impact on
global population, costs of health care system
and gross domestic product mainly through
treatment options >**. A recent report suggests
that absolute numbers of infections due to
resistant microbes are increasing’.

The problem of drug resistance is partly
caused by irrational prescription,
indiscriminate use of fake and substandard
antibiotics as well as faulty diagnosis which
ultimately lead to treatment failure and
complication of diseases conditions. In order
to overcome this ugly trend, the need to
evaluate, develop new and safe antimicrobial
agents from plant origin cannot be over
emphasized. Contrary to the synthetic drugs,
antibiotics of plant origin are not associated
with numerous side effects. Besides, plants
have been documented to have advantages of
toxicity consideration based on their long term
use in human®’. For thousands of years,
medicinal plants have been used to treat health
disorders, and prevent diseases epidemics.
Microbial growth in diverse situations has
been controlled by plant derived products®®.

Piper guineense, commonly referred to as
African black pepper or Ashanti pepper
belongs to family Piperaceae, is a herbaceous
climber plant 4-10m in length, and commonly
found in Nigeria and tropical Africa zone. It is
locally called “uziza” in Igbo, “iyere” in
Yoruba and “monsoro” in Hausa.

The fruits and leaves are commonly sold in
Nigeria markets as condiment for food
flavouring'®. Ethnomedicinal uses of Piper
guineense include: as carminative and
eupeptic ', treatment of respiratory infection
and syphilis *2, aphrodisiac 3. This present
work studied the antimicrobial activities of the
crude and fraction extracts of the leaves of
Piper guineense, as part of exploration for
new and novel bioactive compounds.

Materials and Methods

Collection and
material

identification of plant

Fresh leaves of Piper guineense (Pipereceae)
were collected from a farm land in Naze,
Owerri North Local Government Area of Imo
State, Nigeria. The plant was identified by
Boniface Uwakwem in the Department of
Pharmacognosy, Madonna University, Nigeria
and was confirmed by Chimezie Ekeke a
taxonomist, with a herbarium number
UPH/P/251 a voucher specimen was deposited
with Herbarium.

extraction of

Preparation and

material

plant

The preparation and extraction of plant
material were done according to the procedure
specified by '*. In this procedure, fresh
matured leaves of Piper guineense were
thoroughly  washed, air-dried at room
temperature for two weeks and coarsely
powdered. The powdered material was kept in
tightly closed containers until when needed for
extraction. About 500g of coarsely powered
leaves of Piper guineense was macerated in
two litres of ethanol (80%) at room
temperature with occasional shaking for three
days, after which the filtrate was separated
from the marc using filter paper (Whatman
No. 1). The marc was re-macerated twice. The
obtained filtrates were combined and placed in
a water bath (40°C) to evaporate the ethanol.

Determination of yield of plant extract of
Piper guineense

This was carried out according to the method
proposed by The plant extract was
evaporated to dryness at temperature of 40°C
in a hot air oven using a previously weighed
empty beaker. Yield in percent was calculated
using the formula:
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Yield = __ Weight (g) of Residue X 100
Weight (g) of marcerated powered material

Fractionation of ethanol-extract residue

Two chromatographic techniques (thin-layer
and column chromatograph) were employed.
The thin-layer chromatography was first used
to determine the solvent system that gave best
resolution, while column chromatography was
used to fractionate the crude extract.

Preliminary TLC was carried out according to
procedure proposed by ** and was conducted
on silica gel (Fzs4) plates to determine the
solvent system that gave best resolution. The
following solvent systems were prepared and
in the ratio stated below.

Chloroform/Ethylacetate (9:1)
Chloroform/Ethylacetate (8:2)
Chloroform/Ethylacetate/n-Hexane (7:2:1)
Chloroform/Ethanol (1:1)
Chloroform/Ethylacetate/Ethanol (7:2:1)
Chloroform/n-Hexane (1:1)
Ethylacetate/n-Hexane (1:1)
Ethylacetate/Ethanol (1:1)

The silica gel plates were spotted with
ethanol-extract residue about 2cm from the
base using capillary tube, and allowed for
about 10 minutes to dry. The spotted plate was
placed at an angle of 30° in chromatographic
tank containing about 20ml of the respective
solvent system.

After resolution, the plate from each of the
solvent system was air-dried and spots were
viewed under UV lamp at 254nm and 365nm
wave length for identification of fluorescing
spots. The TLC plates were sprayed with
Dragendoff’s reagent for colour development.

Column chromatography was carried out
according to the procedure described by,
using the solvent system
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(Chloroform/Ethylacetate/Ethanol (7:2:1) that
gave the best resolution in the preliminary
thin-layer chromatography. Column
chromatography was carried out using a glass
column of internal diameter of 20mm and
length 19cm (Quick-fit England).

The column was packed with sufficient
quantity of wet silica gel (F2s4) and allowed to
stabilize for 24 hours.

Then a 10g amount of crude extract was
dissolved in ethanol, placed on the column and
then continuously eluted with the solvent
system (Chloroform /Ethylacetate Ethanol;
7:2:1) that gave best resolution in the
preliminary thin-layer chromatography.

Seventeen-10ml fractions were collected and
their TLC mobility (Rf) and colour reaction
were determined and compared. TLC mobility
(R was calculated using the following
formula.

Rf =Distance(cm) travelled by the spot from starting point in TLC
Distance(cm) travelled by the solvent front in TLC

Pooling of fractions

Fractions that showed similar R¢ value and
colour reaction were pooled together,
evaporated to dryness, labeled appropriately
and stored in well-sealed containers in the
refrigerator until when needed.

Labeling and storage of the plant extracts

The plant extracts were labeled as follows:
EE = Ethanol Extract

PF-1 = Pooled Fraction-1

PF-2 = Pooled Fraction-2

PF-3 = Pooled Fraction-3

PF-4 = Pooled Fraction-4

PF-5 = Pooled Fraction-5

The labeled containers were stored in the
refrigerator until when needed.
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Determination of pH of ethanol and

fraction extracts

This was carried out using the procedure
described by **> where appropriate amount of
the extracted residues (ethanol and fraction
extracts) were mixed with demineralized
water and pH of the resulting solution
determined using pH meter.

Phytochemical analysis of ethanol and

fraction extracts.

This was conducted using standard procedures
specified by '8

Sources and purification of test organisms

The organisms used in the antibacterial study
were clinical isolates obtained from patient
with sexually transmitted disease in Madonna
University Teaching Hospital Elele. Standard
typed cultures were obtained from
Bioresources Development and Conservation
Project Center, Nsukka. The test organisms
(i.e. the clinical isolates and typed cultures)
were repeatedly isolated to purify them
according to the procedure described by *°.
The cultures were appropriately stored in agar
slant until when needed.

Preparation of culture media

The culture media were prepared according to
manufacturers’ specification which involves
accurate weighing of amounts of pre-
formulated product, and dissolved in one litre
distilled water. The mixture was distributed in
bijou bottle and sterilized in autoclave at
121°C for 15 minutes. The sterilized nutrient
agar was maintained in a molten state until
when needed, while sterilized nutrient broth
was stored in the refrigerator until when
needed.

Standardization of bacterial suspension

Bacterial  suspension was  standardized
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according to the procedure prescribed by 2
which involves streaking the test organisms on
agar plate and incubating for 24 hours at 37°C,
the emergent discrete colonies were incubated
in agar broth until turbidity of 0.5 Mcfarland
was achieved, which can be determined using
Mcfarland standard (5x10° cfu/ml for gm-ve,
and 1x10° cfu/ml for gm +ve organisms).

Preliminary antibacterial screening of plant
extracts and standard antibiotic
(amoxicillin)

This test was done to determine the doses of
the extracts (ethanol and fractions) and
standard drug (amoxicillin) that may have
antibacterial  activity. The  preliminary
sensitivity screening was conducted according
to procedure described by %°.

In this test, each of the test organisms were
seeded into agar plates and subsequently,
different concentration of the extracts (ethanol
and fractions) and standard drug were
introduced into duplicate well of agar culture.
After incubation for 24 hours at 37 C, zones of
inhibition (mm) were measured and mean
zone inhibition (MZI) determined. Only the
samples that showed significant zone of

inhibition  were  selected for  further
antimicrobial studies.
Determination of minimum inhibitory

concentration of the plant extracts and
standard antibiotic (amoxicillin)

In a method described by?, two fold serial
dilutions of plant extracts (ethanol and
fractions) and Amoxicillin were prepared,
each in ten test tubes containing nutrient broth.
Each dilution was seeded with 100 microlitres
(0.1ml), (representing 5x10° for gm-ve) of the
standardized suspension of test organisms
previously incubated for 24 hours at 37°C (i.e.
24 hour broth culture).
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Minimum inhibitory concentration (MIC) was
determined as the highest dilution or the least
concentration that produced no visible growth.

Determination of minimum bactericidal
concentration of the plant extracts and
standard antibiotic (amoxicillin).

This was also done using a procedure
described by . In this method, 0.1ml volume
of dilution showing no visible growth were
inoculated on sterile agar and incubated for 24
hours at 37°C. The Minimum bactericidal
concentration (MBC) was determined as the
highest dilution showing no visible growth.

Statistical Analysis

The figures obtained from the preliminary
sensitivity test were expressed as =* standard
error of mean (SEM). The mean MICs for the
extracts and standard drug (amoxicillin) were
tested for statistical significance using one-
way analysis of variance (ANOVA), Chi-
Square (X?), followed by Turkey’s multiple
comparison tests using SPSS software version
24. P<0.05 was considered as significant.

Results and Discussion

Yield and pH of Plant Extracts (Ethanol
and Fraction)

The quantitative yield of the ethanol extract
and fraction extracts were relatively low when
compared to respective amount (5009) of
pulverized plant material macerated and the
amount (10g) of ethanol extract (EE)
fractionated. Column chromatographic
separation yielded a total of seventeen (17)
fractions. Both the ethanol and fractions
extracts possessed low acidity as shown in
table 1.

Phytochemical Analysis of Plant Extracts
(Ethanol and Fractions)

The ethanol extract (EE) and fraction extracts
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(PF-1, PF-2, PF-3, PF-4 and PF-5) contained
flavonoids, while glycosides were absent in
pooled fraction-2 and pooled fraction-4. There
were absence saponins in pooled fraction-1
(PF-1), pooled fraction-2 (PF-2) and pooled
fractions-5 (PF-5), while tannins and phenols
were absent in pooled fraction — 3 (PF-3) as
shown in Table 2 below.

Preliminary Antibacterial Screening of
Plant Extracts (Ethanol and Fractions) at
50mg/ml and Standard Drug (Amoxicillin)
at 50mcg/ml.

The result of preliminary antibacterial
screening revealed that the plant extracts
(ethanol and fractions) and standard drug
produced significant mean zone of inhibition
diameter (mm) at concentration of 50mg/mi
and 50mcg/ml respectively on test organisms
with exception of Pseudomonas aeruginosa as
shown in Table 3 below. The zone inhibition
produced by PF-1 was small.

Minimum Inhibitory Concentration of the
Plant Extracts (Ethanol and Fractions) and
Standard Drug (Amoxicillin)

From the result in Table 4, it is shown that
with exception of pooled fraction-1 (PF-1) and
pooled fraction-2 (PF-2), the rest of the
extracts produced inhibition on the clinical
isolate and type cultures used in the study.
They did not produce inhibition on P.
aeruginosa but pooled fraction-4 (PF-4) at
100mg/ml  produced inhibition of P,
aeruginosa

Minimum Bacterial Concentration (MBC)
of Plant Extracts (Ethanol and Fractions)
and Standard Drug (Amoxicillin)

The result of minimum bacterial concentration
revealed that pooled fraction-4 (PF-4) did not
produce bactericidal activity on E. coli clinical
Isolate. The pooled fraction-1 (PF-1), pooled
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fraction-2 (PF-2) ethanol extract did not show
bactericidal activity on different organism as
shown in Table 5.

In this study, ethanol was used in the
extraction of plant material because it gave the
highest yield when compared to other solvents
in the preliminary extraction. Moreso, it was
reported®that ethanol maceration is a more
applicable method of extraction for research
because of its effectiveness and low cost when
compared to other extraction methods. In
addition, most traditional herb preparations
were done with ethanol as solvent. The
ethanol preparations were used traditionally
on account of their efficacy %. Judging by the
amount of pulverized plant material (500g) in
this study, crude extract yield obtained was
low (21.08g). This correlated with the finding
by 2, that biologically active compounds

usually occur in low concentration in plants.
Both ethanol and fraction extracts possess low
acidity as shown in Table 1. Medicinal plants
are safe, cheap, effective and available source
of biologically active  molecules®*®.
Phytochemical screening of crude and fraction
extracts of Piper guineenses in this study
showed the presence of Saponins, Flavonoids,
Tannins, Glycosides, Alkaloids, Phenolic acid
and Terpenoids. This observation is supported
with those report from other studies which
indicated the presence of  these
phytochemicals in plant extracts 2°. One or
more of these plant secondary metabolites
may be responsible for antiulcer activities of
the plant.

Flavonids are natural metabolites present in
different fruits and vegetables have been
reported to possess antimicrobial activities®’.

Table.1 Yield and pH of Plant Extracts (Ethanol and Fractions)

Extracts Yield(g)

EE 21.08
FE-1 0.41
FE-2 0.47
FE-3 0.35
FE-4 0.54
FE-5 0.38
FE-6 0.47
FE-7 0.62
FE-8 0.75
FE-9 0.55
FE-10 0.74
FE-11 1.22
FE-12 0.67
FE-13 0.63
FE-14 0.40
FE-15 0.56
FE-16 0.73
FE-17 0.42

EE = Ethanol Extract
FE = Fraction Extract

Percent Yield pH
- 6.2
4.1 6.4
4.7 6.3
3.5 6.0
5.4 6.3
3.8 6.1
4.7 5.8
6.2 6.0
7.5 6.1
5.5 5.9
7.4 5.8
12.2 6.2
6.7 6.4
6.3 5.9
4.0 6.0
5.6 6.2
7.3 5.9
4.2 6.3

13
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Table.2 Phytochemical Analysis of Plant Extracts (Ethanol and Fraction)

Test CEE PF-1 PF-2 PF-3 PF-4 PF-5

Terpenoids + + + + + +
+ =Present; - = Absent

Table.3 Preliminary Antibacterial Screening of Plant Extracts (Ethanol and Fractions) at
50mg/ml and Standard Drug (Amoxicillin) at 50mcg/ml

Test organism EE PF-1 PF-2 PF-3 PF-4 PF-5 Amoxicillin
Salmonella spp 2.1240.66 | 0.28+0.11 1.6 £0.04 16.2 +0.30 5.7 +0.61 | 6.8+0.17 A 21.856
E. coli (ATCC 11775) 5.175+1.07 | 0.29+0.89 11.9+1.2 14.140.11 | 9.06 £1.4 | 7.0+1.6 | 30.05+1.6

| | |
P.aeruginosa 2.24+0.0 0.00£0.0 0.00 0.00 0.00 0.00 0.00
(ATCC10145)

Table.4 Minimum Inhibitory Concentration (MIC) of Plant Extracts (Ethanol and Fractions) and
Standard Drug (Amoxicillin)

Test organism EE PF-1 PF-2 PF-3 PF-4 PF-5 | Amoxicillin
(mg/ml) | (mg/ml) | (mg/ml) | (mg/ml) | (mg/ml) | (mg/ml) | (mcg/ml)
| | | |
_Ecoi | 200 | - | - | 125 | 250 | 250 | 100 |
| | | |

~ P.aeruginosa - | - | - | - | - - -

|
S. kintambo 100 6.25 12.5 50.0 50
SSRL 115

14
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Table.5 Minimum Bactericidal Concentration (MBC) of Plant Extracts (Ethanol and Fractions)
and Standard Drug (Amoxicillin)

Test organisms EE PF-1

E. coli -
Salmonella spp
P. aeruginosa
E. coli (ATCC
11775)

S. kintambo
(SSRL 115)
P. aeruginosa
(ATCC10145)

On the basis of spectrum of activity, ethanol
and fraction (PF-3, PF-4 and PF-5) extracts of
Piper guineense when compared with
controlled drug  (amoxicillin),  showed
antibacterial activity against wide range and
Gram-ve organisms used in this study. This
observation may explain why the extracts of
the plant is widely applied in traditional
medicine, particularly in the treatment of
stomach disorders and sexually transmitted
diseases. However while amoxicillin was
effective in microgram amounts, the extracts
were effective in milligram amounts. The
ethanol and fraction (PF-3, PF-4 and PF.5)
extracts at different concentrations showed
bacteriostatic and bactericidal activities
against different organisms in the study.
Pseudomonas aeruginosa is generally known
to be resistant to most antibiotics, the fraction
(PF-4) extract at 100mg/ml exhibited
bacteriostatic activity against the organism
(ATCC 10145) and hence making it a good
candidate for further investigation.

Although the fraction (PF-3, PF-4 and PF-5)
extracts showed wide range of antibacterial
activity, but comparing their mean zone of
inhibition with those produced by ethanol
extract, this study observed increase in
antibacterial activity. This may suggest that
fractionation of the extracts might have led to

PF-
(mg/ml) | (mg/ml) | (mg/ml) | (mg/ml) | (mg/ml) | (mg/ml)

2
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PF-3 PF-4 PF-5 | Amoxicillin
(mcg/ml)

100 - 100 100

100 100 50 100

200 50 100 50

100 100 50 50
increased  antibacterial  activity ~ which
correlates with the finding of 2® that
purification increases the efficacy of

secondary metabolites
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