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ABTRACT

The use of herbal preparations is gaining popularity, with-an estimated 80% of the world’s
population still depending on herbal medicine for the treatment of various diseases. However,
data concerning their quality, safety and efficacy is not readily available.

Aim

The main aim of the study was to determine the in vitro efficacy: of some commercially
available herbal preparations used in the treatment of typhoid fever in Bamenda.

Materials and methods

Five herbal preparations indicated for the treatment of typhoid fever (coded P1 — P5) were
bought from various outlets of the herbal producers and serial dilutions made and screened
for their activities against clinical isolates of Salmonella typhi and Salmonella paratyphi using
the agar well diffusion and agar dilution methods. The inhibition zone diameters of the herbal
preparations were measured with a transparent ruler and compared with that of some
standard antibiotics (ciprofloxacin and ceftriaxone).

Results

Two of the herbal preparations (P1 & P2) showed inhibition zone diameters against S.typhi
while the rest (P3, P4 & P5) were in active. On S.paratyphi, P1 showed minimal activity while
the rest of the herbal preparations (P2, P3, P4 and P5) were inactive. The difference between
the value of the inhibition zone diameters of the herbal preparations and that of the standard
antibiotics on both S. typhiand S. paratyphiwas statistically significant (p< 0.05).

Conclusion

It was found out that most of the herbal preparations showed no activity against the test
bacterial isolates contrary to their label bogus claims.

Keywords: Herbal preparations, Salmonella typhi, Salmonella paratyphi, typhoid fever
ceftriaxone).

GSJ© 2020
www.globalscientificjournal.com


http://www.globalscientificjournal.com/
mailto:tumi.humphred@kesmondsuniversity.org

GSJ: Volume 8, Issue 7, July 2020
ISSN 2320-9186 852

1.0 INTRODUCTION

Typhoid fever is a gastrointestinal infection caused by Salmonella typhi and to a lesser extent by
Salmonella paratyphi [1].This disease is common worldwide and is transmitted by the ingestion
of food or water contaminated with faeces from an infected person [2]. This disease is estimated
to affect at least 16 million persons worldwide, most of whom reside in the developing countries
of South East Asia and Africa [3]. Advances in public health strategies, technology and hygiene
have led to the eradication of typhoid fever in the developed world but since 1800, typhoid fever
has remained an endemic disease in many developing countries [4]. Reports from the Ministry of
Public Health in Cameroon showed that 1800 and 5300 patients were affected in 1987 and 1989
respectively [5], and recent reports suggest that the diagnosis of typhoid fever is becoming more
and more frequent in health facilities in Cameroon resulting in a public scare [6].Herbal medicine
is the art or practice of using herbs and herbal preparations to maintain health and to prevent,
alleviate, or cure disease [7]. Herbal medicinal products are becoming increasingly popular all
over the world [8]. An estimated 80% percent of the world’s population still depends on
traditional herbal medicine for their health security [9]. In most African countries including
Cameroon, herbal medicine is recognized as an important component of health care system,
especially among rural dwellers that constitute about 70% of the population [10].Also the ever
increasing cost of orthodox health care services coupled with the site effects of certain synthetic
drug therapies has further caused a large proportion of patients in developing countries to resort
to alternative herbal health care which they feel is natural, safer, more accessible, more
economical and takes into the consideration the peoples social values[11].Authentication of
herbal products is the foundation of the safe and correct use of plant-based natural health
products. Without proper authentication as a starting point, the safe use of quality products
cannot be guaranteed. There is recognition within industry and government that there is a need
to protect access and choice by consumers when it comes to natural health products and at the
same time, consumers have a right to expect that these products can be used with confidence
regarding their safety and quality [12]. Assurances of safety, efficacy and quality of herbal
medicines have been limited by lack of research methodology, inadequate evidence base for
traditional medicine therapies and products, lack of international and national standards, lack of
adequate regulation and registration of herbal medicines, lack of registration of traditional
providers and inadequate support for such research efforts [13]. Herbal medicines have been
used extensively to treat a wide range of medical conditions and an estimated 80% percent of
the world’s population and Cameroon not exempted still depends on traditional herbal medicine
for their health security [9]. Recent years have witnessed an increase in the use of herbal
medicines around the world including Cameroon, but questions remain concerning their quality,
safety and efficacy [14]. The widespread availability of herbal medicines in today’s world and the
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claims of most traditional practitioners in Bamenda on the efficacy of their herbal preparations
used in the treatment of typhoid fever indicated an increase need to evaluate objectively the
biological activity of those herbal preparations that were claimed to be active against Salmonella
typhi and paratyphi[15].

2.0 Methodology

2.1 Study design

The study was an experimental procedure, following a laboratory study design.
2.2. Study setting

This study was carried out in the North West Regional city of Bamenda and laboratory base
analysis was done at Ringland Medicals. Ringland medical is a hospital located at Foncha street
opposite St Jonh catholic church Bamenda, Cameroon. It is situated in the Bamenda Il
subdivisional municipality of the Mezam Division.

2.3. Study period

This study lasted for a month. Laboratory work and analysis began from 1st to 30th October
2019

2.4. Data collection
2.4.1. Sample collection and sampling techniques
2.4.1.1. Herbal preparations

A convenient sampling of Five (5) different liquid herbal preparations ( table 1) indicated for the
treatment of typhoid fever was bought and collected from the various outlets of the herbal
producers in the North West Region of Cameroon and were assigned with codes so as to keep
the producers identity secret.

Table 1: Products codes and brand names

Sample code Brand name Plants present in products

P1 Herbal mixture Cymbogogoncitratus, Carica papaya leaves and Zea mays silk
P2 Body-Colla H4 Carica papaya roots, Magiferaindica leaves, Citrus limon fruit
P3 Desefection  Carica papaya leaves
P4 Fever off Telfariaoccidentalis leaves
P5 Malsoline Gossypium arboretum whole plant
GSJ© 2020
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P: product code

2.4.1.2. Bacterial isolates

The microbial organisms were clinical isolates of Salmonella typhi and Salmonella paratyphi
obtained from the Medical Microbiology Laboratory of the Bamenda Regional Hospital. Stool
samples were first inoculated overnight in selenite F broth which is an enrichment medium that
inhibits all coliforms in stool and permits just the growth of salmonella species. The salmonella
species were then sub cultured on Salmonella Shigella agar. S. typhi colonies were pink due to
lactose fermentation or greyish due to a small production of hydrogen sulfite on a red
background while S. paratyphi colonies were dark on a red background due to the high
production of hydrogen sulfite. A biochemical test (catalase test) was done to differentiate
salmonella (catalase positive) from shigella(catalase negative).

2.5. Laboratory procedure
2.5.1. Importance and procedure for Gram stain technique

The gram stain is the maost important staining procedure in microbiology. It is used to
differentiate between gram positive and gram negative organisms, hence a differential stain. The
procedure was done through the following steps [73]

> Sterile glass slides were labelled.” A drop of sterile normal saline was placed on each
sterile glass slide and smears were made on the glass slides.

> The bacteria smear on the slide was heat fixed by passing it over the Bunsen burner
flame.

> Each slide was covered with the crystal violet stain for one minute.

> The slide was rapidly and carefully washed using clean water.

> Grams iodine was added to each slide for 30 seconds. This step fixes the crystal violet

stain on to the bacteria cell wall.

> Each slide was tilted to remove excess iodine.

> Each slide was rapidly decolourized with acetone for 20 seconds and then washed with
clean water.

> The slides were then counter stained with Carbolfuschin for 20 seconds and washed with

clean water thereafter.
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> The slides were dried and a drop of immersion oil added to each. They were then
examined microscopically using the oil immersion objective (X100 objective)

2.5.2. Preparation of turbidity standard

A 0.5 McFarland standard was prepared by adding 0.6ml of barium chloride solution to 99.4ml
of sulphuric acid solution in a clean glass bottle and the solution was mixed. A volume of 5ml of
the turbidity standard solution was transferred to a sterile labelled plain tube of the same type
and size as that used to prepare the suspension standard [73].

2.5.3. Preparation of inoculums

The following isolates were used, S. typhi and S. paratyphi. The isolate suspensions were
prepared using the direct suspension technique, were two to five uniform colonies were picked
and dissolved in sterile distill water and turbidity compared with that of a 0.5 Mac Farland
standard as described by Jan (2009) [74].

2.5.4. Preparation Mueller Hinton culture medium

Mueller Hinton agar (product of TULIP DIAGNOSTICS, India) was prepared following
manufacturer’s instructions [73]:

> 38g of Mueller Hinton agar was dissolved in 1000mlof sterile distilled water according.
> 30 plates were to be prepared each having a volume of 25mlof the agar.
> The total volume required for 30plates was therefore 25ml x 30 = 750ml.

> The mass of the agar to be weighed was Xg = 38g x 750m|/1000ml = 28.5g.

> 750ml of distilled water was measured in a clean beaker and transferred in to a clean
labelled glass bottle.

> 30g of the agar was weighed on an electronic balance and dissolved in 750ml of distilled
water in the glass bottle.

> The solution was stirred while heating to completely dissolve the agar.

> The bottle with its content was capped with aluminium foil and sterilized in an autoclaved
at 1210C for 15minutes.

> The bottle was allowed to cool until it could be touched with the hand for 5minutes;
approximately 25ml of the agar was then poured into each labelled sterile Petri dishes 90mm in
diameter in a flat horizontal surface under aseptic conditions such that each plate should have
an agar depth of approximately 4mm.
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> The plates were partially closed with their lids and allowed to stand for the agar to form.

> The surface of the agar was dried by flaming after it has been allowed to cool down for
some time.

> A small quantity of the formed agar was applied on a pH paper to determine its pH,
which was 7.3.

> One plate was incubated in an incubator at 35-370C for 24 hours for sterility testing and
the others were covered and put in a plastic bag, sealed and placed in the refrigerator.

2.5.5. Preparation of various concentrations for sensitivity testing

Various concentrations of the herbal preparations were prepared using the Standard Operating
Procedure (SOP) below obtained from the biochemistry unit of Ringland Medicals, Bamenda,
Cameroon:

> To prepare a volume per volume percent (v/v) solution, the following formula was used:

(v/v) = [volume of solute (ul) / volume of solution (ul)] x 100.

> To prepare 1000ul of @ 5% by volume solution of the herbal preparation in water, the
calculation was done as follows:

° 5% was first expressed as a decimal which is equal to 0.05.This decimal was multiplied by
the total volume: 0.05 x 1000pl = 50ul ( of herbal preparation needed)

° The volume of solute (herbal preparation) was then subtracted from the total solution
volume that is 1000ul - 50ul = 950ul (water needed).

> 50ul of the herbal preparation was then dissolved in 950ul of water to make up 1000ul,
so 50ul of herbal preparation / 1000ul x 100 = 5% (v/v) herbal preparation solution.

The above procedure was also followed in preparing the other concentrations.
2.5.6. Antibiotic sensitivity testing

About 0.1ml of the overnight broth culture of S. typhi and S. paratyphiwas taken and aseptically
transferred into labelled sterile Petri dishes. Then 25ml of molten sterile Muller Hinton agar was
poured into the seeded Petri dishes and swirled to distribute the medium homogenously. After
solidification, different concentrations (5, 10, 25, 50 and 100%) of the standard antibiotics were
aseptically poured into the wells made on the solidified Muller Hinton agar and then incubated
aerobically for 24 hours at 37oc.A seeded Muller Hinton agar plate without an antibiotic disc was
used as control [75].

GSJ© 2020
www.globalscientificjournal.com



GSJ: Volume 8, Issue 7, July 2020
ISSN 2320-9186 857

2.5.7. Activity of herbal samples against test organisms

The agar well diffusion assay was used according to Perez et al [75] to test various
concentrations of herbal preparations using Mueller Hinton Agar (MHA) media [76] against
S.typhi and S.paratyphi. 25ml of molten sterile Muller Hinton agar was poured into the seeded
Petri dishes and swirled to distribute the medium homogenously. The MHA plates were then
seeded with a suspension of the test organisms using a sterile cotton swap. The tested bacteria
suspension was adjusted previously using a freshly prepared 0.5 McFarland turbidity standard.
Wells were then prepared using an 8 mm cork borer as used by Patel et al.[77]. 100ul of the
herbal preparations at various concentrations were introduced into each well and allowed to
stand for 30mins at room temperature inorder for it to diffuse before incubation at 37oc for 24
hours. Ciprofloxacin and ceftriaxone were used as standards. After incubation, the antityphoid
activity was evaluated by measuring the inhibition zone diameters for each concentration by
using a meter rule.

2.5. Concentration (MIC 8. Determination of minimum inhibitory)

Minimum inhibitory concentration (MIC) is the lowest concentration of the antimicrobial agent
resulting in no growth after 18 to 24 hours of incubation [78]and it was determined using agar
diffusion method as described by Mendoza [79]. MIC of the herbal preparations which showed
significant activity against the test bacterial isolates were determined by preparing two fold
dilutions to concentrations of 100%, 50%, 25%, 12.5%, 6.25% and 3.12% [79]. 19ml of sterile
MHA was introduced into sterile petri dishes and 1ml of each concentration of the herbal
preparations was added and mixed for homogeneity. After the agar had solidified, inoculums of
the test bacterial isolates were streaked on the surface of each plate using a sterile cotton swap
and incubated aerobically at 370C for 24 hours. The standard antibiotics ciprofloxacin and
ceftriaxone were also screened under similar conditions for comparison. Two control plates were
maintained for each test batch. These included antibiotic control (plate containing agents and
the growth medium without the inoculums and organism control (plate containing the growth
medium and the inoculums). The lowest concentration (higher dilution) of the agent that
produced no visible growth when compared with the control plate was regarded as the MIC.

2.6. Data management and analysis

The values of the inhibition zone diameters were measured using a meter rule and results
recorded in a logbook and entered into Microsoft excel. Statistical analysis was done using
Statistical Package for Social Sciences version 20 and results presented in tables and figures.

2.7. Ethical consideration
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Research authorization was obtained from the authorities of the School of Health and Medical
Sciences of kesmonds international University and from the Regional delegation of Public Health
Bamenda.

3.0 RESEARCH FINDINGS AND RESULTS
3.1. Results

3.1.1. Inhibition zone diameters of the herbal preparations on Salmonella typhi and Salmonella
para typhi isolate. There were growth inhibitions of both species of Salmonella as indicated on
culture plates by inhibition zone diameters. P1 (Fig. 1a) and P2 (Fig. 1b) showed best inhibition
zone diameters on S. typhi that is 20mm and 14mm respectively at their initial concentrations,
but there were reductions in the inhibition zone diameters as the samples were diluted. The rest
of the herbal preparations (P3, P4, and P5) showed no activity on S. typhi (Fig. 1c). On S.
paratyphi, only P1 showed minimal activity (Fig. 1d) while the rest of the herbal preparations
showed no activity. The results are illustrated in tables 2 and 3.

: Inhibition zone diameters >

Figure 1: Zones of inhibition by P1 on S. typhi (a), P2 on S. typhi (b), No zone of inhibition (c),
minimal activity P1 on S. paratyphid)
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Table 2: Sensitivity of S. typhi against various concentrations of herbal preparations

Sample | Brand Inhibition zone diameters (mm) against
various concentrations
Code Names
5% 10% 25% 50% 100
%
P1 Herbal mixture | O 5 11 16 20
P2 Body-CollaH4 | O 0 4 10 14
P3 Desefection 0 0 0 0 0
P4 Fever off 0 0 0 0 0
P5 Malsoline 0 0 0 0 0

Table 3: Sensitivity of S. paratyphi against various concentrations of herbal preparations

Sample | Brand Inhibition zone diameters (mm) against
code Narme various concentrations
5% 10% 25% 50% 100%

P1 Herbal mixture | O 0 0 0 1

P2 Body-CollaH4 |0 0 0 0 0

P3 Desefection 0 0 0 0 0

P4 Fever off 0 0 0 0 0

PS Malsoline 0 0 0 0 0

3.1.2. Inhibition zone diameters of standard antibiotics on S.typhiand S. para typhi

After perform antibiotic sensitivity testing, it was found out that are all test organisms were
susceptible to the standard antibiotics. Inhibition zone diameters on S. typhi ranged from23mm
at 5% (ciprofloxacin Fig. 2a) to 48 mm at 100% (ceftriaxone Fig. 2b). The inhibition zone
diameters on S. para typhi ranged from 15mm at 5% concentration (ciprofloxacin Fig 2c) to
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40mm at 100% concentration (ceftriaxone Fig. 2d). The results are illustrated in Tables 4 and 5

below.

: Inhibition zone diameters . «—»

Figure 2: Inhibition zone by, Ciprofloxacin on S. typhi(a), Ceftriaxone on S. typhi (b), Ciprofloxacin
in 8. para typhi(c), Ceftriaxone on S. para typhi(d) ]

Table 4: Sensitivity of S. typhi against various concentrations of standard antibiotics

Standards

antibiotics

Diameters of inhibition zones (mm) against

various concentrations

www.globalscientificjournal.com

5% 10% 25% 50% | 100%
Ciprofloxacin | 10 13 21 27 32
Ceftriaxone 14 19 24 29 35
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Table 5: Sensitivity of S. para typhi against various concentrations of standard antibiotics

Standards Diameter of inhibition zones(mm) against
o various concentrations
antibiotics
5% 10% 25% 50% 100%
Ciprofloxacin 5 8 15 21 26
Ceftriaxone 10 14 20 25 30

3.1.3. Minimum inhibitory concentration (MIC) of herbal preparations and standard antibiotics on
S. typhiand S. para typhi

Table 5 shows that S.typhi had he least MIC value of 6.25 % for the herbal preparation Pland
0.39 % for the standard antibiotic ceftriaxone. On S. paratyphi, the herbal preparation (P1) and
the standard antibiotics(ciprofloxacin and ceftriaxone) had MIC values of 100%, 1.56% and 0.78%
respectively. However, no MIC was determined for P2 against S. paratyphisince it did not show
any inhibition zone diameter.

Table 6: MIC of the herbal preparations and standard antibiotics against test bacterial isolates

Bacterial MIC of herbal preparations (%) | MIC of standard antibiotics (%)
species

P1 P2 CIP CEF
S.typhi 6.25 25 0.5 0.39
S.paratyphi 100 - 1.56 0.78

CIP: Ciprofloxacin, CEF: Ceftriaxone, -: no MIC value

3.1.4 Comparison of the activity of the herbal preparations with the activity of ciprofloxacin and
ceftriaxone on S. typhiisolates

Comparing the activity of the herbal preparations with that of the standard antibiotics on S.typhi,
it was found that all herbal preparations showed no activity at 5% contrary to the standard
antibiotics. P1 was the only herbal preparation that showed activity at 10% and had an inhibition
zone diameter of 5mm while ciprofloxacin and ceftriaxone had inhibitory zone diameters of 13
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mm and 19 mm respectively at the same concentration (Fig. 3). At 100%, P1 and P2 showed
inhibitory zone diameters of 20mm and 14mm respectively while no inhibition zone diameters
were noticed for P3, P4 and P5 at the same concentration. Ciprofloxacin and ceftriaxone
meanwhile showed inhibitory zone diameters of 32 mm and 35 mm respectively at 100%.
Ciprofloxacin and ceftriaxone had MIC values of 0.5% and 0.39% respectively contrary to P1 and
P2, which had MIC values of 6.25% and 25% The difference between the value of the inhibition
zone diameters of the herbal preparations and that of the standard antibiotics on S. typhi was
statistically significant (p= 0.006).
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Figure 3: Comparison of the activity of the herbal preparations with the activity of ciprofloxacin
and
ceftriaxone on S. typhiisolates

3.1.5. Comparison of the activity of the herbal preparations with the activity of ciprofloxacin and
ceftriaxone on S. Paratyphisolates.

Out of the five herbal preparations, only P1 showed a minimal activity against S. paratyphi at
100%. No inhibition zones were observed for P2, P3, P4 and P5 at the same concentration while
the standard antibiotics showed inhibition zones at all concentrations (Fig. 4). P1 had an
inhibition zone diameter of 1 mm at 100%, which was far lesser to the inhibition zone diameters
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showed by ciprofloxacin (26 mm) and ceftriaxone (30 mm) at the same concentration.
Ciprofloxacin and ceftriaxone had MIC values of 1.56% and 0.78% respectively contrary to P1,
which had a MIC value of 100% on S. paratyphi. The difference between the value of the
inhibition zone diameters of the herbal preparations and that of the standard antibiotics on S.
paratyphi was statistically significant (p=0.001).
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Figure 4: Comparison of the activity of the herbal preparations with the activity of ciprofloxacin
andceftriaxone on S. paratyphiisolates

4.0 Discussions, Conclusions and Limitations
4.2. Discussions

Out of the five (5) herbal preparations used in this study that is indicated for the treatment of
typhoid fever, only P1 and P2 showed inhibition zone diameters onS.typhiwhile the rest of the
herbal preparations (P3, P4 and P5) showed no inhibition zone diameters.OnS.paratyphi, only P1
showed minimal inhibition zone diameter while P2, P3, P4 and P5 showed no inhibition zones.
This is in accordance with studies carried out by Syed et al. in India[38] andbylkegbunamet
al.[39] in Nigeria. These authors showed that majority of the herbal preparations indicated for
the treatment of typhoid fever showed no inhibition zone diameters.Anibijuwonetal. [80]
indicated that failure of some of these herbal preparations to exert antibacterial effect on test
organisms may not be enough to conclude that they do not contain substances that can exert
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antibacterial activity against the test organisms because the potency of these herbal
preparations depends on their method of production. In addition to that, Sofoworaet al. [81]
also explained that the age of plants when harvested and the season of harvest determine the
amount of the active constituents and since the active ingredients of plants can vary in quality
and quantity from season to season, their efficacy can thus be affected.

Our results also showed that the herbal preparations had higher minimum inhibitory
concentration (MIC) values on S. typhi and S. paratyphi. This result is in line with a study carried
out by Syed et a/,[38] in India and is contrary to a study carried out by lkegbunamet al. [39] who
found out that minimal concentrations of the herbal preparations were needed to inhibit the
activity of S. typhi and S. paratyphi. The reason for the higher MIC values can be attributed to the
methods of production where the herbal preparations are over diluted, thus reducing their
activity against the test bacterial isolates. It can also be explained by the fact that different
combinations of plants were used in preparing the herbal preparations as well as different
strains of the test bacterial isolates might have been used in the various studies. The standard
antibiotics showed higher inhibition zone diameters contrary to the herbal preparations. In
addition, the standard antibiotics had higher inhibitory activities at minimal concentrations when
compared with that of the herbal preparations.

The comparison of the activity of the herbal preparations with that of the standard antibiotics on
both Salmonella species showed that the standard antibiotics are more active than herbal
preparations as confirmed by Anibijuwonet al. [80] and Ikegbunamet al. [39] in their respective
studies. The reason for standard antibiotics being more active can be explained by the fact that
traditional practitioners lack knowledge on the exact concentration of their products which often
requires higher doses of the products being administered to their patients contrary to standard
antibiotics whose concentrations are known require lower doses. In addition, it can also be
attributed to the fact that most herbal preparations are prepared using a combination of whole
plants which contains varieties of different substances that may interact with each other
antagonistically, thus reducing its potency. In our study, it was found out that the activity of the
standard antibiotics was not uniform. The test bacterial isolates were more sensitive to
ceftriaxone and showed higher inhibition zone diameters compared to ciprofloxacin against both
Salmonella species. This result is in line with a study carried out by Amna et al. [82] in Pakistan
where the authors found out that ceftriaxone showed better results in the treatment of typhoid
fever than ciprofloxacin.

4.2 Conclusion

Two of the herbal preparations (P1 and P2) showed inhibition zone diameters against S. typhi
while only one (P1) showed inhibition zone diameters on S. paratyphi giving scientific evidence
for the use of these herbal preparations in the treatment of typhoid fever. The comparison of
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the inhibition zone diameters of the herbal preparations with that of the standard antibiotics on
both S. typhi and S. paratyphi was statistically significant (p = 0.006 and p = 0.001 respectively)
indicating that the standard antibiotics are more active than the herbal preparations.Most of the
herbal preparations used in this study, had no activity against the test bacterial isolates contrary
to their label bogus claims.

4.3 Limitations

> Most of the traditional practitioners did not give their herbal preparations after they
knew it was for research.

> There is very limited information on the in vitro efficacy of herbal preparations in Africa
and Cameroon in particular.

ACKNOWLEGEMENTS

Sincere thanks goes to KIU America and above all, to God Almighty for His strength, wisdom,
grace, favour and direction that has brought me this far. | wish to thank my dear parents
(KwanyuySafiatu and Wirba N. John) and my fiancé (Bah Ella S.) for the support they gave me
throughout this study.

COMPETING INTEREST

The authors declare no competing interest regarding the publication of this paper

REFERENCES

1. Harris JB brookWA.typhoid and paratyphoid (enteric) fever. In tropical medicine and
emerging infectious disease. 9th edition. New York sounders Elsevier: 2013:568-576.

2. Gianella RA salmonella in Barons medical microbiology 4th edition. Baron S et al(eds).
Univ of Texas medical branch.ISBN 0-9631172-1-1.

3. Center for disease control and prevention (CDC) 2003 traveler’s health. Preventing
typhoid fever; a guide for travelers. Atlanta.

4, Ashbolt NJ. Microbial contamination of drinking water and disease outcomes in
developing regions. J toxicol, 2004; 198(1-3); 229-38.

5. Ghangha 1991 clinical and epidemiological study of typhoid fever as seen in Banso Baptist
hospital. Thesis project submitted in partial fulfilment of the requirement for the degree of
doctor of medicine(MD). CUSS, Yaoundé.

6. Ministry of health(MOH) 1996 annual statistics. Ministry of health, Yaoundé, Cameroon.

GSJ© 2020
www.globalscientificjournal.com



GSJ: Volume 8, Issue 7, July 2020
ISSN 2320-9186 866

7. WHO, Geneva (2000) General guidelines for methodologies on research and evaluation
of traditional medicine, World Health Organization.

8. Fisher P and Ward A (1994) Complementary Medicine in Europe. Br. Med. J. 309, 107-
111.
9. Carter, |. (2001) Footsteps: A quarterly newsletter linking development workers around

the world. Tear fund, England, No. 48, September 3.

10. Esimone C.0., Chah K.F., and lkejide S.C. (2002). Microbiological quality of herbal
preparations marketed in Southeast Nigeria. J. Nat. Remedies 2:42-48.

11. Nwaogu M.A. (1997). Insight into herbal medicine: An approach to a healthier life. Aba:
Pan Aluminium Co. Ltd, pp. 1-85].

12. Ahmad M., Khan M.A,, Rashid U., Zafar M., Arshad M. and Sultana S. (2009). Quality
assurance of herbal drug Valerian by using chemotaxonomic markers. Afr. J. Biotechnol., 8(6):
1148-1145.

13. Pietroni P. (1992) beyond the boundaries: relationship between general practice and
complementary medicine. Br-Med J; 305: 33-43.

14. Ekegbunam Nm*, lokpata 0.0, Ugwu, M.C And EsimoneC.O;authentication of the
antimicrobial activity of some indigenous herbal remedies used in the treatment of typhoid and
urinary tract infections in‘anambra state, Nigeria Vol 5, Issue 2, 2013.

15. Jung, W. W. (2007) Herbal Medicinal Products: Quality, Safety and efficacy
considerations. Pharmalink Consulting Inc.

16. Crump JA, Luby SP, Mintz ED. The global burden of typhoid fever. Bull world health organ
2004; 82:346-53.

17. Indian academy of clinical medicine. Vol. 2, No.1 and 2. January to June 2001.

18. Murray MT and Pizzorno JE Jr (2000). Botanical medicine - a modern perspective. In Text
Book of Natural Medicine Vol 1(eds. Pizzorno JE Jr., Murray M T) Churchill Livingstone, pp 267-
79.

19. Alschuler L, Benjamin SA, Duke JA (1997). Herbal medicine - what works, what is safe.
Patient Care, 31, 48-103.

20. Gottlieb S (2000). US relaxes its guidelines on herbal supplements. BMJ, 320, 207.

21. Brevoort P (1998). The booming US botanical market. A new overview. Herbal Gram, 44,
33-44.,

GSJ© 2020
www.globalscientificjournal.com



GSJ: Volume 8, Issue 7, July 2020
ISSN 2320-9186 867

22. Cragg GM, Newmann DJ, Snader KM (1997). Natural product in drug discovery and
development. J Nat Prod, 60, 52-60.

23. Harvey AL (1999). Medicines from nature: are natural product still relevant to drug
discovery? Trends PharmacolSci, 20, 196-8.

24. Sanjoy KP, Yogeshwer S (2002). Herbal medicine: current status and the future, APJ,
286,281-288.

25. Winslow LC and Kroll DJ (1998). Herbs as medicine. Arch Intern Med, 158, 2192- 9.

26. Vickers A and Zollman C (1999). ABC of complementary medicine: herbal medicine. BMJ,
319, 1050 -3.

27. Miller LG (1998). Herbal medicinals: selected clinical considerations focusing on known or
potential drug-herb interactions. Arch Intern Med, 158, 2200-11.

28. Mudur G (1997). Panel defends India’s traditional doctors. BMJ, 314, 1573.
29. Mudur G (1995). Mandatory rural practice proposed in India. BMJ, 311, 1186.

30. Gesler WM (1992). Therapeutic landscape: medicinal issue in light of the new cultural
geography. SocSci Med, 34, 735-46.

31. Twumasi, P.A. (2005a). Medical Systems in Ghana: A study in Medical Sociology, Second
Edition. Tema: Ghana Publishing Corporation, pp. 1-171.

32. Clement, Y.N. Morton-Gitten, J., Basdeo, L., Blades, A., Francis, M., Gomes, N., Janjua, M.
and Singh, A. (2007). Perceived Efficacy of Herbal Remedies by Users Accessing Primary
Healthcare In Trinidad. BMC Complementary and Alternative Medicine, vol. 7, no. 4.

33. Shaikh, B.T. & Hatcher, J. (2005). Complementary and Alternative Medicine in Pakistan:
Prospects and Limitations. Oxford: Oxford University Press.

34, Yeboah, T. (2000). Improving the Provision of Traditional health Knowledge for Rural
Communities in Ghana. “Health Libraries Review, vol. 17, no.4, pp. 203-208.

35. WHO (2003b). “Traditional Medicine”. Fifty-Sixth World Health Assembly, Provisional
agenda item 14.10. Geneva: World Health Organization Press.

36. IUPAC (2008). Protocols on Safety, Efficacy, Standardization, and Documentation of
Herbal Medicine (IUPAC Technical Report). “Pure and Applied Chemistry, vol80, no. 10, PP: 2195-
2230.

37. Davies .M. (1994). Modern and Traditional Medicine in the Developing World. The McGill
Journal for Developing studies, vol. 14.

GSJ© 2020
www.globalscientificjournal.com



GSJ: Volume 8, Issue 7, July 2020
ISSN 2320-9186 868

38. Syed Aun Muhammad, Zia Ullah Shahl, Fawad Alil and Inam-ul-Hag. Activity of
commercially available herbal drugs against Salmonella typhi; Vol. 4 No.5 (May 2011) ISSN: 0974-
6846.

39. lkegbunam Nm*, lokpata 0.0, Ugwu, M.C And EsimoneC.O;authentication of the
antimicrobial activity of some indigenous herbal remedies used in the treatment of typhoid and
urinary tract infections in anambra state, Nigeria Vol 5, Issue 2, 2013.

40. Lucas, G.N. (2010). Herbal Medicine and Children. “Sri Lanka Journal of Child Health”,
vol.39, pp. 76-78.

41. Darko, I.N. (2009). Ghanaian Indigenous Health Practice: The Use of Herbs. Unpublished
MA Thesis presented to Department of Sociology and Equity Studies in Education. Ontario
Institute for Studies in Education, University of Toronto.

42. De Smet PAGM (1995). Should herbal medicines-like product be licensed as medicines?
BMJ, 310, 1023-4.

43, CLSI, Performance Standards for Antimicrobial Disk Susceptibility Tests, Approved
Standard, 7th ed., CLSI document M02-A11. Clinical and Laboratory Standards Institute, 950
West Valley Road, Suite 2500, Wayne, Pennsylvania 19087, USA, 2012.

44, Jorgensen .J.H., Ferraro .M.J. (2009). Antimicrobial susceptibility testing: a review of
general principles and contemporary practices Clin. Infect. Dis., Volume 49, pp. 1749-1755.

45, . Caron F. Antimicrobial susceptibility testing : a four facets tool for the clinician J. Des.
Anti-Infect., Volume 14, 2012 186-174

46. A. Nijs, R. Cartuyvels, A. Mewis, et al. Comparison and evaluation of Osiris and Sirscan
2000 antimicrobial susceptibility systems in the clinical microbiology laboratory J. Clin.
Microbiol., Volume 41, 2003, pp. 3627-3630.

47. S. Arikan, V. Paetznick, J.H. Rex Comparative evaluation of disk diffusion with
microdilution assay in susceptibility testing of caspofungin against Aspergillus and Fusarium
isolates Antimicrob. Agents Chemother., Volume 46, 2002, pp. 3084-3087.

48. CLSI, Method for Antifungal Disk Diffusion Susceptibility Testing of Nondermatophyte
Filamentous Fungi, Approved guideline, CLSI document M51-A. Clincal and Laboratory Standards
Institute, 950 West Valley Roead, Suite 2500, Wayne, Pennsylvania 19087,USA, 2010.

49. L. Fourati-Ben Fguira, S. Fotso, R. Ben Ameur-Mehdi, et al. Purification and structure
elucidation of antifungal and antibacterial activities of newly isolated Streptomyces sp. strain
US80 Res. Microbiol., Volume 156, 2005, pp. 341-347.

GSJ© 2020
www.globalscientificjournal.com



GSJ: Volume 8, Issue 7, July 2020
ISSN 2320-9186 869

50. J. Hausdorfer, E. Sompek, F. Allerberger, et al. E-test for susceptibility testing of
Mycobacterium tuberculosis Int. J. Tuberc. Lung Dis., Volume 2, 1998, pp. 751-755.

51. C.N. Baker, S.A. Stocker, D.H. Culver, et al. Comparison of the E Test to agar dilution,
broth microdilution, and agar diffusion susceptibility testing techniques by using a special
challenge set of bacteria J. Clin. Microbiol., Volume 29, 1991, pp. 533-538.

52. R.L. White, D.S. Burgess, M. Manduru, et al. Comparison of three different in vitro
methods of detecting synergy: time-kill, checkerboard, and E test Antimicrob. Agents
Chemother., Volume 40, 1996, pp. 1914-1918.

53. Denes, N. HidriSynergieetAntagonismeenAntibiothérapieAntibiotiques, Volume 11, 2009,
pp. 106-115.

54, D. Gilmez, A. Cakar, B. Sener, et al. Comparison of different antimicrobial susceptibility
testing methods for Stenotrophomonasmaltophilia and results of synergy testing J. Infect.
Chemother., Volume 16, 2010, pp. 322-328.

55. S. Magaldi, S. Mata-Essayag, C. Hartung de Capriles, et al. Well diffusion for antifungal
susceptibility testing Int. J. Infect. Dis., Volume 8, 2004, pp. 39-45.

56. A.E. Jiménez-Esquilin, T.M. Roane Antifungal activities of actinomycete strains associated
with high-altitude Sagebrush Rhizosphere J. Ind. Microbiol. Biotechnol., Volume 32, 2005, pp.
378-381.

57. M. Lertcanawanichakul, S. Sawangnop A comparison of two methods used for measuring
the antagonistic activity of Bacillus species Walailak J. Sci. Tech., Volume 5, 2008, pp. 161-171.

58. M.S. Ali-Shtayeh, S.I. Abu Ghdeib Antifungal activity of plant extracts against
Dermatophytes Mycoses, Volume 42, 1999, pp. 665-672.

59. M.A. Pfaller, D.J. Sheehan, J.H. Rex Determination of fungicidal activities against yeasts
and molds: lessons learned from bactericidal testing and the need for standardization Clin.
Microbiol. Rev., Volume 17, 2004, pp. 268—280.

60. . CLSI, Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria that Grow
Aerobically, Approved Standard, 9th ed., CLSI document MOQ07-A9. Clinical and Laboratory
Standards Institute, 950 West Valley Road, Suite 2500, Wayne, Pennsylvania 19087, USA, 2012.

61. A.G. Al-Bakri, F.U. Afifi Evaluation of antimicrobial activity of selected plant extracts by
rapid XTT colorimetry and bacterial enumeration J. Microbiol. Methods, Volume 68, 2007, pp.
19-25.

GSJ© 2020
www.globalscientificjournal.com



GSJ: Volume 8, Issue 7, July 2020
ISSN 2320-9186 870

62. . R.S. Reis, I. Neves, S.L.S. Lourenco, et al. Comparison of flow cytometric and alamar blue
tests with the proportional method for testing susceptibility of Mycobacterium tuberculosis to
Rifampin and Isoniazid J. Clin. Microbiol., Volume 42, 2004, pp. 2247-2248.

63. A. Gomez-Lopez, A. Aberkane, E. Petrikkou, et al. Analysis of the influence of tween
concentration, inoculum size, assay medium, and reading time on susceptibility testing of
Aspergillusspp J. Clin. Microbiol., Volume 43, 2005, pp. 1251-1255.

64. S. Arikan Current status of antifungal susceptibility testing methods Med. Mycol., Volume
45, 2007, pp. 569-587.

65. C. Lass-Florl, M. Cuenca-Estrella, D.W. Denning, et al. Antifungal susceptibility testing in
Aspergillus spp. according to EUCAST methodology Med. Mycol., Volume 44, 2006, pp. 319-325.

66. E. Petrikkou, J.L. Rodri, A. Gomez, et al. Inoculum standardization for antifungal
susceptibility testing of filamentous fungi pathogenic for humans J. Clin. Microbiol., Volume 39,
2001, pp. 1345-1347.

67. CLSI, Methods for Determining Bactericidal Activity of Antimicrobial Agents. Approved
Guideline, CLSI document M26-A. Clinical and Laboratory Standards Institute, 950 West Valley
Roadn Suite 2500, Wayne, Pennsylvania 19087, USA, 1998.

68. E. Canton, J. Peman, A. Viudes, et al. Minimum fungicidal concentrations of amphotericin
B for bloodstream Candida species Diagn. Microbiol. Infect. Dis., Volume 45, 2003, pp. 203-206.

69. CLSI, Methods for Antimicrobial Dilution and Disk Susceptibility of Infrequently Isolated or
Fastidious Bacteria, Approved Guideline, 2nd. ed., CLSI document M45-A2. Clinical and
Laboratory Standards Institute, 950 West Valley Roadn Suite 2500, Wayne, Pennsylvania 19087,
USA, 2010.

70. T. Menon, K. Umamaheswari, N. Kumarasamy, et al. Efficacy of fluconazole and
itraconazole in the treatment of oral candidiasis in HIV patients Acta Trop., Volume 80, 2001, pp.
151-154.

71. K. Konaté, J.F. Mavoungou, A.N. Lepengué, et al. Antibacterial activity against B-
lactamase producing Methicillin and Ampicillin-resistants Staphylococcus aureus : Fractional
Inhibitory Concentration Index (FICI) determination Ann. Clin. Microbiol.Antimicrob., Volume 11,
2012, p. 18.

72. C.J. Clancy, H. Huang, S. Cheng, et al. Characterizing the effects of caspofungin on
Candida albicans, Candida parapsilosi s, and Candida glabrata isolates by simultaneous time-kill
and postantifungal-effect experiments Antimicrob. Agents Chemother., Volume 50, 2006, pp.
2569-2572.

GSJ© 2020
www.globalscientificjournal.com



GSJ: Volume 8, Issue 7, July 2020
ISSN 2320-9186 871

73. Monica Cheesbrough. Antimicrobial susceptibility testing. In Textbook of District
Laboratory Practice in Tropical Countries, 2nd edition. Cambridge University Press. 2000;pp 133-
143.

74. Jan H. Microbe Library Dec 2009 [updated 01 Apr 2013].
microbelibrary.org/component/resource/laboratorytest/3189-kirby-bauer-disk-diffusion-
susceptibility-test-protocol.

75. Stephen JC et al. Manual of Antimicrobial Susceptibility Testing: American Society for
Microbiology. Washington, D.C, United States of America: 2005.

76. Perez C, Paul M and Bazerque P (1990) Antibiotic assay by agar-well diffusion method.
ActaBiologiaeet Medicine Experimentalis 15, 13-115.

77. PatelA,Sohn HY, Son KH, Kwon CS, Kwon GS, et al. (2004) Antimicrobial and cytotoxic
activity of 18 prenylated flavonoids isolated from medicinal plants: Morus alba L.,
Morusmongolica Schneider, Broussnetiapapyrifera (L.) Vent, SophoraflavescensAit and
EchinosophorakoreensisNakai. Phytomedicine. 11(7- 8), 666-672.

78. Prescott LM, Harley JP and Klein DA (2005) Microbiology (Prescott Microbiology) (6th
edition), McGrawHill Comp. ISBN-07-111216-2 (ISE), pp: 783-784.

79. Mendoza MT (1998) what’s new in antimicrobial susceptibility testing? The Philippine J.
Med. Microbiol. 44, 317-319.

80. Anibijuwon 1. |., Duyilemi O. P., and Onifade A. K. (2010) Antimicrobial Activity of Leaf of
Aspilaafricana on some Pathogenic Organisms of Clinical Origin. Ethnobotanical Leaflets 14: 390-
401.

81. Sofowora, E.A. (1982) Medicinal plants and Traditional Medicine in Africa. Spectrum
Books Ltd. John Wiley and Sons, Chichester.

82. Amna N, Zeeshan A, (2016). Treatment of Typhoid Fever in children; comparison of
Efficacy of Ciprofloxacin with Ceftriaxone. European Scientific Journal, Vol 12, No.6 ISSN:1856-
7881.

GSJ© 2020
www.globalscientificjournal.com





