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ABSTRACT

Aims: To evaluate the antibacterial activity of Tetradenia riparia crude extracts against
Escherichia coli, Staphylococcus aureus and Enterococcuss faecalis. The phytochemicals
that are responsible for the bioactivity were also screened.

Study Design: In vitro assay of antibacterial properties.

Place and Duration of Study: Samples were collected from Njari village at Uru North in
Moshi district located in north eastern Tanzania. Extraction and phytochemical analyses
were conducted at the College of Pharmacy and Nutrition, University of Saskatchewan,
Saskatoon, Canada. Antimicrobial assay was carried out at Department of Microbiology,
Western College of Veterinary Medicine, University of Saskatchewan, Saskatoon, Canada
between March 2013 and August 2013.

Methodology: Agar well diffusion test was used to determine antimicrobial activity of the
plant extracts. Ethanol, methanol, hexane and distilled water were used as extracting
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solvents. These extracting solvents were removed by vacuo evaporator. The resulting
concentrated gummy-like materials were dissolved in Dimethysulfoxide (10% DMSO).
Chemical tests were used to determine the group of phytochemicals present in the
sample extracts.

Results: Sensitivity testing results indicated that S. aureus was found to be more
sensitive than E. coli and E. faecalis. Tetradenia riparia methanolic extracts from the root
were the most active with zone of inhibition values of 29.33+0.88mm, 21.33+0.33mm and
20.0£1.0mm in diameter against S. aureus, E. faecalis and E. coli respectively. The
relative inhibitory zone diameter (RIZD) was calculated. The highest percentage values of
relative inhibition zone diameter of 841+5.06% (S. aureus) and 76+6.86% (E. coli) were
demonstrated by T. riparia root methanolic extracts. However, T. riparia leaf and root
extracts using hexane as well as leaf extracts using water did not show any antibacterial
activity against E. faecalis. Root methanolic and ethanolic extracts demonstrated the
minimum inhibitory concentrations ranging from 1.25mg/ml to 5.00mg/ml. Phytochemical
screening of crude extracts from leaf and root of T. riparia revealed the presence of
alkaloids, flavonoids, phenolics, saponins, tannins and sterols.

Conclusion: The study findings suggest likelihood of designing and developing
potentially active antibacterial drug from T. riparia. Further studies should concentrate on
the investigations of not only leaf but also the root part of the plant.

Keywords: Tetradenia riparia; E. colii S. aureus; E. faecalis; phytochemicals;
ethnopharmacology.

1. INTRODUCTION

Tetradenia riparia (Hochst.), commonly known as Ginger bush, is a plant species belonging
to family Lamiaceae and/or Labiate [1,2]. The plant has been used for medicinal purpose by
the Chagga, Pare, Meru and Maasai ethnic groups from North East regions of Tanzania. It is
known as (“lkiingiyi” or “Momboo”-in Chagga), (Ol-ikiingyi-in Maasai and Ikingilii-in Meru).
The ethnopharmacological information obtained from these ethnic groups through personal
interview indicates that the plant has been used against bloody diarrhea, indigestion,
constipation and malaria [3]. The fresh leaves are used to deter houseflies and mosquitoes.
Moreover, Chagga, Meru and Maasai have used the leaves as tonic and are boiled with beef
in meat camping feasts commonly known as (olupul) [3].

Bryant, [4] reported that leaf decoctions and infusions of T. riparia are widely taken for
coughs and sore throats. Cold water infusion of ground leaves may also be taken for chronic
coughs; this is followed by sufficient warm water to induce vomiting [4]. Leaf infusion is
reported to be effective against malaria [5] and also leaf is chewed for dengue fever. The
Tswana people in South Africa use leaf or shoot infusion for fever and also for gall sickness
in cattle [6]. Various parts of T. riparia are used for treatment of boils and mumps in Kenya
[5]. Leaves of T. riparia blended with banana and castor oil are useful as cattle medicine to
treat insects [7]. Water macerates of leaves with those of Vernonia amydalina Del. and
Markhamia utea Schum are used for treatment of malaria in Rwanda [8]. Tetradenia plant is
also used for treatment of stomach aches, mouth ulcers, toothaches, influenza and swollen
legs. Inhaling the scent of crushed leaves apparently relieves headaches [9]. The plant is
also used as hallucinogenic herb [10]. The strongly aromatic leaf has been reported to
produce drowsiness [11]. In terms of toxicology, two cases of suspected human poisoning
from self-administered over dosage of hot water extraction have been reported [11].
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Antibiotics are undeniably one of the most important therapeutic discoveries of the 20"
century. However, only one third of the infectious diseases known have been treated from
these antibiotic synthetic products [12]. This is because of emergence of resistant pathogens
that is beyond doubt the consequence of years of widespread indiscriminate use, incessant
and misuse of antibiotics [13,14]. Antibiotic resistance has increased substantially in the
recent years and is posing ever-increasing therapeutic problems. One of the methods to
reduce the resistance to antibiotic is by using antibiotic resistance inhibitors from plants
[15,16]. Plants are known to produce a variety of compounds to protect themselves against a
variety of pathogens [17]. It is expected that extracts showing target sites other than those
used by antibiotics will be active against drug resistant pathogens [18]. Medicinal plants
have been used as traditional treatments for numerous human diseases for thousands of
years and in many parts of the world. Thus, researchers have recently paid attention to safer
phytomedicines and biologically active compounds isolated from plant species used as
herbal medicines with acceptable therapeutic index for development of novel drugs [19].

In this study the antimicrobial efficacy of T. riparia was examined using methanol, ethanol,
hexane and water as solvents and tested against three human pathogens E. coli, S. aureus
and E. faecalis using well diffusion method and minimum inhibitory concentration. Although
some studies of T. riparia have been done elsewhere, there is little information existing on
the efficacy and phytochemical studies of the plant from Tanzania. The information obtained
will therefore be useful in development of novel antimicrobial drugs that will help to solve the
problems of antibiotic resistance on some species of bacteria and provide baseline
information that is of great use for the development of pharmaceutical industries as a
therapy against various human diseases.

2. MATERIALS AND METHODS
2.1 Collection of Plant Material

Tetradenia riparia (Fig. 1) was collected from coffee plantation at Njari village, in Uru North,
Moshi, Tanzania, near Rononi Healthy Centre (coordinates 3°16' 60"S and 37°22'0"E) about
17Km north of Moshi town in February 8" 2013.The village where T. riparia plant parts were
collected has typical volcanic soils and receives biannual rainfall with short rain in October to
December and long rains in March to June. The plant is grown by Chagga people in their
coffee home gardens (Kihamba) to mark boundaries and on contours where contour farming
is practiced. It prefers high altitude of between 1450 up 1600m a.s.l. A voucher specimen is
deposited at National Herbarium of Tanzania (NHT) at Tropical Pesticides Research Institute
(TPRI)-Arusha (with reference no. EN 2980/ 2013).

Leaf, stem barks and root barks were collected, washed with tap water to remove soil debris
followed by distilled water. They were then allowed to dry under shade at The Nelson
Mandela African Institution of Science and Technology laboratories for 3 weeks. The plant
materials were pounded to fine powder using motor and pestle, packed in cellophane papers
and transported by DHL to University of Saskatchewan-Canada, School of Pharmacy and
Nutrition laboratories for analysis. All research ethical issues were adhered to including
material transfer agreement, sanitary and phytosanitary, plant export permit and biosafety
regulation for plant material handling.
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Fig. 1. Tetradenia riparia as found in the field at Njari village
Source: field photo

2.2 Procedure for Extraction

Powdered (100g) plant parts were weighed into four different conical flasks. To each of
these flasks, 500ml of one of the following solvents was added (95% methanol, ethanol,
hexane or distilled water) and then stirred by means of magnetic stirrer for 30 minutes. The
mixtures were macerated under sonicator (Bransonic Ultrasonic 5510 OR-DTH, Alberta,
Canada). Sonication was carried in water bath, at room temperature (25°C) for 30 minutes.
These mixtures contained in the four conical flasks were thereafter transferred to a shaker.
The shaker was set at 60rpm for 48 hours.
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2.3 Filtration and Evaporation of the Sample

The extracts were filtered using Whatman® no.1 filter paper in Blchi funnel under vacuum
pump. To evaporate, the samples were poured in a 250ml round bottomed flask (Pyrex®
USA). Concentration by evaporation was achieved using vacuum evaporation (Bichi
Vacuum V-850 Switzeland). The bath temperature was set at 45°C. Evaporation was run
untii @ gummy like material was formed. The concentrate extracts were stored in a
refrigerator at 4°C until used.

2.4 Phytochemical Analysis

Plant filtrates were prepared by boiling separately 259 of T. riparia leaves (TRL) and 25g of
T. riparia root bark (TRRB) in 250ml distilled water. Thereafter, the solution was filtered in
Whatman® no.1 filter paper in Blichi funnel using vacuum pump. The filtrates were used for
phytochemical screening for secondary metabolites.

2.4.1 Alkaloid test

The presence of alkaloids in extracts was tested by using Wagner reagent prepared by
dissolving 2g of iodine and 6g of potassium iodide in 100ml of water. Two milliliters of
Wagner reagents was added to 2ml of extracts. The formations of reddish brown precipitate
indicate the presence of alkaloids [20].

2.4.2 Steroids test

Briefly, acetic anhydride (2ml) was added to 5ml of extracts followed by 2ml dil. H,SO,.
Colour change from violet to green show the presence of steroids [21].

2.4.3 Flavonoids test

The aqueous extracts filtrates (1mL) was taken in a test tube and added few drop of dilute
ammonia solution. An intense yellow colour appeared in the test tube. It became
colourless when 2-3 drops of dilute sulphuric acid was added that indicated the presence of
flavonoids [21].

2.4.4 Test for saponins

Two grammes of the powdered sample was boiled in 20ml of distilled water in a water bath
and filtered. To the filtered sample (10ml), distilled water (5ml) was added, shaken
vigorously and observed for a stable persistent frothing as previously described [21].

2.4.5 Test for tannins

Dried powdered sample (0.5g) was boiled in water gZOmI) in a test tube and then filtered.
One milliliters of 0.1% ferric chloride (0.01 Mol/dm~) was added to 2ml of each extract
sample. Brownish green colourations indicate the presence of tannins as previously
described [21].
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2.4.6 Anthocyanosides

One (1ml) of the plant filtrate was mixed with 2ml of dilute HCI; a pale pink color indicates
the positive test [21].

2.4.7 Reducing sugars

One millilitre of the plant filtrate was mixed with Fehling A and Fehling B separately; a brown
color with Fehling B and a green color with Fehling A indicate the presence of reducing
sugars [21].

2.4.8 Anthraquinones

Approximately 1ml of the plant extract to be tested was shaken with 10ml of benzene and
then filtered. Five millilitres of the 10% ammonia solution was then added to the filtrate and
shaken. Appearance of a pink, red or violet color in the ammoniacal (lower) phase is an
indication of presence of free anthraquinones [21,22].

2.5 Samples of Testing Microorganisms

The testing microorganisms were obtained from the Western College of Veterinary Medicine,
Department of Microbiology-University of Saskatchewan, Canada. These bacterial samples
were pure and imported from the American Type Culture Collection (ATCC) (Table 1).

Table 1. Microbial used for activity tests on T. riparia

Name of bacteria Strain type ATTC number
Escherichia coli Gram- ATCC 25922
Enterococcus faecalis Gram+ ATCC 51299
Staphylococcus aureus Gram+ ATCC 25923

Key:+=Gram positive bacteria,-=Gram negative bacteria
2.6 Media Preparation and Its Sterilization

For agar well diffusion assay, the method described by [23,24] was employed with
modification. Antimicrobial susceptibility was tested on solid Mueller Hinton Agar (MHA) in
Petri plates. For bacteria assay nutrient agar (NA) 40gm/L was used for developing surface
colony growth. The suspension of culture for bacterial cells growth was done by preparing
2% Lauria broth (w/v). All the media prepared were then sterilized by autoclaving at 121°C
for 20 minutes. The minimum inhibitory concentrations (MIC) values were determined by
serial micro dilution assay.

2.7 Standard and Control Experiment

For the control purpose, Gentamicin® was used as a standard antibiotic while
Dimethysulfoxide (10% DMSOQ) without plant extract was used as a control.
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2.8 Determination of Diameter of Zone of Inhibition (mm) Using Agar Well
Diffusion Method

Agar well-diffusion method was employed to determine the antimicrobial activity. Eighteen-
hour broth culture of the test microorganisms (Table 1) was suspended into sterile Mueller
Hinton broth (MHA). It was standardized according to National Committee for Clinical
Laboratory (NCCLs) by gradually adding 9% normal saline to compare its turbidity to
McFarland standard of 0.5 which is approximately 1.0X10° (CFU/mL). Nutrient agar plates
were swabbed (sterile cotton swabs) with the 18 hour old-broth culture of respective
bacteria. Wells (6mm in diameter and about 4cm apart) were made in each of these plates
using sterile borer. The extracts of the T. riparia plant were tested as follows; -Extraction of
10mg/ml of methanol, ethanol, hexane and water of T. riparia leaves and 10mg/ml of T.
riparia root bark for the same solvents were tested in turn. Stock solution from the two plant
parts was prepared. About 100ul of plant extracts were added into the wells using
micropipette and allowed to diffuse at room temperature for 2 hours. Gentamicin® was used
as a standard antibiotic drug in each plate. The plates were incubated at 37°C for 18-24
hours for bacterial pathogens. The diameter of the inhibition zone (mm) and diffusion rates
were measured. Triplicates were maintained and the experiment was repeated thrice, for
each replicate the readings were taken in three different fixed directions and the average
values recorded.

2.9 Determination of the Minimum Inhibition Concentration

The minimum inhibition concentration (MIC) of plant extracts were determined according to
the method previously described [25] with modification. Extract solution (concentration
20mg/ml) was serially diluted two-folds in Mueller-Hinton broth in seven test tubes to give
decreasing concentration of 10mg/ml, 5mg/ml, 2.5mg/ml, 1.25mg/ml, 0.625mg/ml,
0.3125mg/ml and 0.156mg/ml. Gentamicin® stock concentration (2mg/ml) was serially
diluted two-folds to give decreasing concentration of 1mg/ml, 0.5mg/ml, 0.25mg/ml,
0.125mg/ml, 0.0625mg/ml, 0.03125mg/ml and 0.0156mg/ml. An aliquot (0.1ml) of overnight
broth culture of the test microorganism (concentration 1.5x1OSCFU/mI) in sterile normal
saline was introduced into each extract dilution. The mixtures in test tubes were incubated at
37°C for 24h. After incubation, visual turbidity was observed and recorded. Turbidity
(signifying growth) or absence of it (signifying inhibition). Gentamcin® the standard antibiotic
drug was used as positive control while sterile normal saline as negative control. The
minimum inhibitory concentration was the lowest concentration of the extract solution that
inhibited microbial growth. Results are presented in (Table 5).

2.10 Percentage Relative Inhibitory Zone Diameter for E. coli and S. aureus
Antibacterial activity was determined by measuring the inhibition zone diameter (mm)

against each test organism. The antimicrobial activity expressed as percentage relative
inhibition zone diameter (RIZD) was calculated according to [26] as follows:

100

IZD sample — IZD negative control)

%RIZD = (
% 1ZD standard antibiotic

RIZD is the percentage of relative inhibition zone diameter and 1ZD is the inhibition zone
diameter (mm).
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2.11 Statistical Analysis

The statistical analysis was performed using the one way analysis of variance (ANOVA) with
the computations being performed with STATISTICA software program. The results are
recorded as Meanststandard error.The Fisher's least significance difference (L.S.D) was
used to compare treatment means at P=0.05 level of significance [27].

3. RESULTS

3.1 Diameter of Zone of Inhibition (mm) Using Agar Well Diffusion Method

The inhibitory effects of different parts of T. riparia namely roots and leaves using different
extracting solvents against the three pathogens E. coli, S. aureus and E. faecalis were
determined. The results of zone of inhibition (ZOI) against tested pathogens are presented in
(Table 2).

3.1.1 Inhibitory effects of different parts of T. riparia on E. coli

The plant extracts exhibited inhibitory effects against E. coli (Fig. 2). Methanol root barks
extracts of T. riparia (TrRMeOH) demonstrated zone of inhibition value 20.0+1.0mm against
E. coli. This was followed by root bark aqueous extracts (TrRH,O) and leaves aqueous
extracts (TrLH,O) with values of 19.33+0.33mm and 16.0+0.33mm respectively. Leaves
extract with ethanol (TrLEtOH) and root barks extract with ethanol had values of
15.66+£0.33mm and 15.33+0.33mm respectively. However, Gentamicin® demonstrated the
highest antimicrobial activity against E. coli with zone inhibition ranging from zero to
26.66+0.33mm. In contrast, T. riparia leaves extracted with hexane showed relatively lower
antimicrobial activity with zone of inhibition value of 8.66+0.33mm against E. coli. The higher
ZOl values for methanol and ethanol extracts may be explained in terms of solvent polarity.
The plant may contain active ingredients that are more soluble in polar solvent and these
were responsible for the activity.

3.1.2 Inhibitory effects of different parts of T. riparia on S. aureus

The results indicated further that, root bark extracted with methanol (TrRMeOH) had a value
of 29.33+£0.88mm against S. aureus. Followed by root barks ethanol extracts (TrREtOH) with
a value of 25.66+1.85mm and leaves methanol extracts (TrLMeOH) with a value of
21.66+£0.33mm. The ethanol leaves extracts (TrLEtOH) had a value of 13.0+0.57mm and
root extracts in hexane (TrRHex) had a value of 12.66+1.2mm, these were relatively lower.
The lowest value was given by extracts of leaves with hexane which was only 11.0+£0.57mm.
Gentamicin®, had the highest antimicrobial activity with zone of inhibition ranging from zero
to 31.66+0.66mm. against S. aureus at (P<0.05) level of significance.

3.1.3 Inhibitory effects of different parts of T. riparia on E. faecalis

The evaluation of T. riparia plant materials against E. faecalis showed that, methanol root
bark extracts (TrRMeOH) demonstrated antibacterial activity with a value of 21.33£0.33mm
against E. faecalis. It was followed by methanol extracts of leaves (TrLMeOH) with a value of
15.661£0.33mm and roots ethanol extracts which was 9.66+0.88mm. Leaves ethanol extracts
gave a value of 6.66+0.33mm. The aqueous roots extracts had a value of 9.66+0.33mm.
However, the extractions of leaves and root barks with hexane and those of leaves with
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water had zero effects against E. faecalis. Likewise (Gentamicin®) had also zero inhibition
against E. faecalis. It is worth noticing that Gentamicin®, the standard antibiotic used in this
experiment had no inhibition activity against E. faecalis.

Fig. 2. Zone of inhibition for E. coli under different extracts of T. riparia
Source; photo taken during experiment; The numbers are 1-TrLEtOH; 2-TrLMeOH; 3-TrRMeOH; 4-
TrREtOH; 5-TrRHex; 6-DMSO, GM-Gentamcin. TrLEtOH, Tetradenia riparia leaves with ethanol;
TrLMeOH, Tetradenia riparia leaves with methanol; TrLHex; Tetradenia riparia leaves with hexane,
TrRMeOH; Tetradenia riparia roots with methanol, TrREtOH; Tetradenia riparia roots with ethanol,
TrRHex; Tetradenia riparia roots with hexane, Gentam®; Gentamicin a standard antibiotic

3.2 Percentage RIZD for E. coli and S. aureus for Different Extracts

The results of percentage relative inhibition zone diameter (RIZD) against the tested
pathogens are presented in (Table 3). Methanol root barks extracts (TrRMeOH) gave the
highest percentage relative inhibition zone diameter with a value ranging from zero to
7616.86% against E. coli. This was followed by aqueous root extracts with a value of
74+1.99%. Leaves extract using ethanol had a value of 63.0£3.14%. The lowest relative
inhibitory zone diameter were given by extracts of leaves using methanol (TrLMeOH) and
hexane (TrLHex) with values of 42+1.19% and 37+2.38% respectively against E. coli. On the
other hand, the percentage relative inhibition zone diameter against S. aureus ranged from
zero to 84+5.06% shown by extracts of root barks in methanol (TrRMeOH). This was
followed by extracts of root barks using ethanol (TrREtOH) with a value of 75+£10.33%. The
extracts of leaves using methanol (TrLMeOH) had a value of 66+6.27% while extracts of
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leaves using ethanol had a value of 47+3.35%. The lowest values were given by root barks
and leaf extract using hexane with values of 40+6.4% and 36+2.28% respectively against S.
aureus. It is worth noticing that Gentamicin®, experienced resistance against E. faecalis with
inhibition of zero. The percentage relative inhibition zone diameter could not be calculated
since the standard antibiotic value was zero. Additionally, other extractions such as the
leaves with hexane (TrLHex), root bark with hexane (TrRHex) and the aqueous extractions
of leaves (TrLH,O) had also zero inhibition. This indicates that E. faecalis has higher
resistance against the extractions and drug.

Table 2. Activity of plant extracts indicating (zone of inhibition, mm) on selected
bacterial species

Zone of inhibition in (mm) for different bacteria species

Extract/drug E. coli S. aureus E. faecalis
TrLEtOH 15.66+0.33c 13.0+£0.57d 6.66+0.33d
TrLMeOH 10.66+0.33d 21.66+0.33c 15.66+0.33b
TrLHex 8.66+0.33d 11.0£0.57d 0.0£0.0 e
TrLH,O 16.0£0.0c 19.66+0.33c 0.0£0.0 e
TrREtOH 15.33+0.33c 25.66+1.85b 9.66+0.88¢
TrRMeOH 20.0%£1.0b 29.33+0.88a 21.33+0.33a
TrRHex 11.33+1.66d 12.66+1.20d 0.0£0.0 e
TrRH,0 19.33+0.33b 20.0+0.57c 9.66+0.33c
Gentam 26.66+0.33a 31.66+0.66a 0.0+00e
DMSO 0.040.0e 0.040.0e 0.040.0e
One way ANOVA F statistics value

Extract/drug 62.1*** 67.4**** 45.8**

Values presented are MeansSE; **, *** significant at P<0.01, P<0.001 respectively, ns= not significant;
SE=standard error; means followed by dissimilar letter(s) in a column are significantly different from each other at
P=0.05 according to fischer least significance difference (LSD); TrLEtOH, Tetradenia riparia leaves with ethanol;

TrLMeOH, Tetradenia riparia Leaves with Methanol; TrLHex; Tetradenia riparia leaves with hexane, TrLH,O;
Tetradenia riparia leaves with water, TrRMeOH, Tetradenia riparia roots with methanol, TrREtOH; Tetradenia riparia
roots with ethanol, TrRHex; Tetradenia riparia roots with hexane, Gentam®; Gentamicin a standard antibiotic

Table 3. Calculated percentage RIZD for E. coli and S. aureus for different extracts

Extract/ drug E. coli S. aureus
TrLEtOH 63+3.14b 47+3.35cd
TrLMeOH 42+1.19¢c 6616.27b
TrLHex 37+2.38¢ 36+2.28d
TrLH20 62+1.19b 64+4.19bc
TrREtOH 58+1.19b 75+10.33ab
TrRMeOH 76+6.86a 84+5.06a
TrRHex 46+5.45bc 40+6.4d
TrRH.O 7411.99a 5915.42bc
One way ANOVA (F statistics)

Extact / drug 16.8*** 8.2 ***

Values presented are MeansxSE; *** significant at P<0.001, ns=not significant; SE=standard error; means followed
by dissimilar letter(s) in a column are significantly different from each other at P=0.05 according to fischer least
significance difference (LSD). KEY: TrLEtOH, Tetradenia riparia Leaves with Ethanol; TrLMeOH, Tetradenia riparia
leaves with methanol; TrLHex, Tetradenia riparia leaves with hexane; TrLH,O, Tetradenia riparia leaves with Water;
TrRMeOH, Tetradenia riparia roots with methanol; TrREtOH, Tetradenia riparia roots with ethanol;

TrRHex, Tetradenia riparia roots with hexane; Gentam®, Gentamicin a standard antibiotic

1471



European Journal of Medicinal Plants, 4(12): 1462-1478, 2014

3.3 Qualitative Phytochemicals Analysis of T. riparia

The phytochemical screening of T. riparia for secondary metabolites indicated the presence
of the following major compounds namely alkaloids, saponins, steroids, tannis, phenols and
flavonoids. Reducing sugars were also present. However, antraquinones and
anthocynosides were absent (Table 4).

Table 4. Results of qualitative phytochemicals analysis of T. riparia

Phytochemical components TRL TRRB
Alkaloids + +
Antraquinones _ _
Anthocynosides _ _
Flavonoids + +
Phenolic + +
Steroids + +
Saponins + +
Tannins + +
Reducing sugar + +

(with Fehling’s A)
Reducing sugar (with Fehling’s B) + +
Key: +=presence of compound in question; -=absence of the compound in question; TRL=Tetradenia riparia Leaf;
TRRB=Tetradenia riparia root bark

3.4 Minimum Inhibitory Concentration

The Minimum Inhibitory concentrations (MIC) for different extracts of T. riparia are presented
in (Table 5). The results showed that roots extracts generally had more promising activity
when compared with the leaves extracts at a given concentration. The best extracts that
demonstrated inhibitory effects at lower concentration include both methanol and ethanol
root extracts with a value of 1.25mg/ml against E. coli and S. aureus. The ethanol and
methanol leaves extracts followed with the MIC value of 2.50mg/ml against E. coli and S.
aureus. In contrast the minimum inhibitory concentration that had effect against E. faecalis
had a value of 5.00mg/ml for both root and leaves methanol and ethanol extracts.

4. DISCUSSION

In the present study, different extracts of T. riparia were evaluated for exploration of their
antimicrobial activity against Gram positive and Gram negative bacteria. Our preliminary
investigation showed that ethanol, methanol, hexane and aqueous extracts of T. riparia were
active in vitro against the tested pathogens namely Escherichia coli, Staphylococcus aureus
and Enterococcus faecalis. Root extracts with methanol gave a value of 29.33+0.33mm zone
of inhibition against S. aureus. This compares very closely to the standard antibiotic
(Gentamicin®) with zone of inhibition of 31.66+0.66mm for the same bacterial strains.
Statistically, there was no significance difference between the two values. Furthermore, root
extracts with methanol had a value of 20.0+1.0mm zone of inhibition, which compares
closely to the standard antibiotic (Gentamicin ®) with zone of inhibition of 26.0+0.33mm
against E. coli at P<0.01 level of significance. Aqueous extracts of roots had a value of
19.33+0.33mm which is closer to the standard antibiotic value. This is a good indication that
a supplement antimicrobial may be developed from the root part of T. riparia. It is worth
noting that methanol root extracts had been able to produce inhibition effect with a value of
21.33+0.33mm against Enterococcus faecalis whereas standard antibiotic (Gentamicin ®)
encountered resistance.
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Table 5. Minimal Inhibitory concentration of T. riparia extracts with antibacterial activity

Bacteria
(Microorganisms)

Minimal inhibitory concentration of T. riparia extracts mg/ml

TrLEtOH TrLMeOH TrLHex TrLH20 TrREtOH TrRMeOH TrRHex TrRH20 Gentam

E. coli 2.50 2.50 5.00 2.50 1.25 1.25 5.00 2.50 0.125
S. aureus 2.50 2.50 5.00 2.50 1.25 1.25 5.00 2.50 0.125
E. faecalis 5.00 5.00 N/A N/A 5.00 5.00 N/A 5.00 N/A

KEY: TrLEtOH, Tetradenia riparia leaves with ethanol; TrLMeOH, Tetradenia riparia leaves with methanol; TrLHex, Tetradenia riparia leaves with
hexane; TrLH,0O, Tetradenia riparia leaves with water; TrRMeOH, Tetradenia riparia roots with methanol; TrREtOH, Tetradenia riparia roots with
ethanol; TrRHex, Tetradenia riparia roots with hexane; Gentam®, Gentamicin a standard antibiotic; N/A, no activity observed
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In a study conducted by Chow [28], it was indicated that gentamicin and vancomycin or
combination was synergistically bactericidal against enterococcal strains that exhibit low-
level resistance to gentamicin. E. faecalis resistance to Gentamicin® is explained in terms of
aminoglycoside resistance [29]. There are three mechanisms of aminoglycoside resistance
namely; reduced uptake or decreased cell permeability, alterations at the ribosomal binding
sites, or production of aminoglycoside modifying enzymes [29,30]. Some strains of
Enterococcus exhibit aminoglycoside resistance due to a transport defect or membrane
impermeabilization [31]. This mechanism is likely chromosomally mediated and results in
cross-reactivity to all aminoglycosides [32]. The present study reveals that methanol extract
of T. riparia roots produce inhibition effects against Enterococcus faecalis. A comprehensive
research on the extracts and phytochemicals arising from T. riparia leaves and roots may
lead into a good source of a drug that may be developed into a suitable pharmaceutical.
Though, the mechanism of action of these plant constituents is not yet fully understood it is
clear that the effectiveness of the extracts largely depends on the type of solvent used. The
organic extracts provide more powerful antimicrobial activity as compared with aqueous
extract [26]. This observation is in line with the current study. The methanol and ethanol
extracts had higher antimicrobial activity compared with the aqueous extracts against E. coli,
S. aureus and E. faecalis. Cowan, [32] reported that most of the antibiotic compounds
already identified in plants are reportedly aromatic or saturated organic molecules which can
easily be solubilized in organic solvents.

Regarding percentage relative inhibitory zone, root bark extracts with methanol gave a value
of 76+6.86% and 84+5.06% for E. coli and S. aureus respectively. While ethanolic root
extract had a value of 75£10.33% against S. aureus. Higher percentage of relative inhibition
zone diameter demonstrated by root extracts is a good indication that roots may contain
higher percentages of phytochemicals that are responsible for controlling the activities of E.
coli, S. aureus and E. faecalis. It is worth to mention here that although the indigenous
knowledge and practices shows that the local people normally use leaf parts of T. riparia
more frequently as compared with root parts for their medicinal use [3], but the findings from
this study indicates that the extracts from root parts is far more effective compared with the
leaves part (Table 2). Based on the current observation, | recommend that the root part of T.
riparia should be thoroughly studied as may be a good source for a drug that may be
developed into a novel antimicrobial drug.

Phytochemical screening of plant material is an important aspect, especially if there are
some ethnopharmacological claims on the use of particular plant. In this regard, T. riparia
has been reportedly used by traditional medicinal practitioners among Maasai, Chagga and
Meru in treating bloody diarrhea, coughs, sores and wounds [3]. A need therefore arose to
test for presence of certain secondary metabolites. The study has revealed that T. riparia is
rich on alkaloids, phenols, steroids, saponins and tannins. The Phenolic compounds in T.
riparia may be responsible for the therapeutic, antiseptic and antibacterial properties of the
plant [33]. The observed inhibiting role on Escherichia coli, Staphylococcus aureus and
Enterococcus faecalis explains the reason behind the utilization of leaves in traditional
medicine as anti-diarrhea, bloody diarrhea, anti-cough and treatment of general stomach
aches. The mechanism of inhibitory action of these phytochemicals on microorganisms may
be due to the impairments of variety of enzyme systems, including those involved in energy
production, interference with the integrity of cell membrane and structural component
synthesis [34,35]. Phenolic compounds are considered to be bacteriostatic against such
bacteria like E. coli and S. aureus and fungistatic [35,36]. These compounds caused swelling
of hyphal tips, plasma seeping around hyphae, leaking of plasma, cell wall distortions,
abnormal branching or fusion of hyphae surface [34,35]. It has been observed that tannins
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are responsible for anti-diarrheal activity [37] and saponnins used as dietary supplements,
expectorant and anti-inflamatory agents [38,39]. Alkaloids are known to possess a lot of
pharmacological properties. They are mostly used as antidepressant (morphine), stimulants
(caffine), anaesthetic (cocaine), antitumor (vinblastine), antimalaria (quinine) and amoebicide
(emetine) [32,40,41,]. The plant, T. riparia is rich in flavonoids. The biological function of
flavonoids includes protection against allergies, inflammatory, free radical scavenging,
platelets aggregation and microbes. Flavonoids serves as healthy promoting compounds as
a result of anion radicals [36-38]. These observations support the indigenous knowledge of
some ethnic groups in using this plant for treatment of skin fungal diseases as well as mouth
sores [41,42]. The presence of saponins and flavonoids explains the reasons for Tetradenia
riparia being used traditionally for treatment of bacterial related diseases.

Minimum inhibitory concentration (MIC) refers to the lowest concentration of an antimicrobial
that will inhibit the visible growth of a microorganism after overnight incubation [43]. MICs
are important in diagnostic laboratories to confirm resistance of microorganisms to an
antimicrobial agent and also to monitor the activity of new antimicrobial agents [43]. In the
present study, the best extracts that demonstrated inhibitory effects at lower concentration
included the methanol and ethanol root extracts with a value of 1.25mg/ml against E. coli
and S. aureus. The ethanol and methanol leaf extracts followed with the MIC value of
2.50mg/ml. It required 5.00mg/ml against E. faecalis which is slightly higher compared with
the amount needed for E. coli and S. aureus. This observation suggest that root parts of T.
riparia may contain important active ingredients in reasonably small amounts that may be
developed into a useful drug against E. coli, S. aureus and E. faecalis., thus supporting the
indigenous knowledge on the use of this plant as medicine.

5. CONCLUSION

The present investigation indicates clearly that T. riparia contains potential antimicrobial
bioactive compounds. Ethanol, methanol, hexane and aqueous extracts of T. riparia possess
significant inhibitory effects against Escherichia coli, Staphylococcus aureus and
Enterococcus faecalis. Comprehensive research may lead into isolation and purification of
the active ingredients that will be useful for the development of pharmaceutical as a therapy
against diseases caused by the three investigated bacteria. The results of study support the
indigenous knowledge of Chagga, Pare, Meru and Maasai of North Eastern Tanzania on the
use of the plant as medicine along with the development of new antimicrobial drug from both
root and leaf parts of this plant. Further studies should concentrate on investigations on the
root part of the plant.
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