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Abstract

Background: Traditional medicine remedies are commonly used for treatment of diverse ailments including bacterial
infections. The activity against resistant bacteria and safety of some remedies sold as anti-infective treatments in market
places in Buea, Southwest Cameroon were investigated as potential alternative treatment to counter increasing
antibiotic resistance.

Methods: Ten remedies were purchased, their components documented and microbial load estimated. Methanol
extracts of the remedies were tested for antibacterial activity by disc diffusion and microdilution. Cytotoxicity was
evaluated on monkey kidney epithelial cells (LLC-MK2) while acute oral toxicity was done in BALB/c mice for the
bactericidal extract. Extracts were further analysed using phytochemical tests.

Results: All the remedies had microbial loads above the acceptable limit of 10° CFU/g. The highest activity was
produced by extracts of four remedies (TP 1, 2, 4, 63, 6b) against all clinical isolates among which three were
active against four control strains. Zones of inhibition ranged from 8 to 27 mm. Two of the four extracts produced zones
220 mm against multidrug resistant clinical isolates of Citrobacter freundii and Escherichia coli but were less active
compared to Gentamycin positive control (P < 0.0001-0.0014). The most active extracts also recorded minimum inhibitory
concentrations of 1 to 4 mg/mL. One of them (TP2) was bactericidal against a clinical isolate of methicillin—resistant
Staphylococcus aureus with a minimum bactericidal concentration of 8 mg/mL. Extracts of six remedies did not show
cytotoxicity and no mortality or adverse effect was recorded in the acute oral toxicity test. Phytochemical screening
showed the most active extracts contained relatively high amounts of alkaloids and flavonoids.

Conclusion: Only four of the eight remedies tested showed activity against multidrug resistant bacteria suggesting some
of these remedies may not be effective against bacterial infections. Production and handling methods should be
improved and the product quality controlled to ensure biosecurity. The remedies which were both active and non-
toxic should be further investigated including in vivo experiments to assess their efficacy.
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Background

Pathogenic microorganisms (bacteria, viruses, parasites
and fungi) contribute significantly to the global disease
burden. In particular, bacterial infections account for high
morbidity and mortality with respiratory and diarrhoeal
diseases (caused by bacteria), and tuberculosis featuring
among the leading causes of death. Furthermore, commu-
nicable diseases account for more than 50% of annual
mortality in the lower income countries like Cameroon
[1]. Presently resistance to antibiotics is threatening
chemotherapy of bacterial infections. It has led to the
emergence of extensively drug-resistant and pandrug-
resistant phenotypes in a good number of bacterial species
and has been documented in virtually all antibiotic classes
[2, 3]. This situation has been compounded by the slow
pace of development of new antibiotics whereby no new
classes have been introduced into clinical use in the last
two decades [4] except for the recently discovered teixo-
bactin which is undergoing development [5]. The infec-
tious disease burden is highest in developing countries
particularly in Sub-Saharan Africa, necessitating high anti-
biotic use which in turn leads to high levels of resistance
[6]. Overcoming the antibiotic resistance onslaught re-
quires discovery and development of new efficacious anti-
biotics and alternative treatments based on natural
products among other approaches.

Traditional medicines or remedies are widely used as
alternative or complementary treatment to pharmaceut-
ical products and the global market is growing rapidly
[7]. These remedies serve as a primary source of health-
care for treatment of many ailments including infectious
diseases. However, some of these remedies have many
limitations which include unascertained quality, safety,
efficacy, lack of regulation among others [7].Various
remedies are routinely sold in public places and local
markets in Cameroon and are widely consumed as in
most developing countries [8]. Another limitation is a
gross lack of information on their composition due to
no independent scientific data on their production. A
few studies on such remedies have shown a mixed
picture. One study of herbal products reported con-
siderable antibacterial activity indicating potential
therapeutic benefit [9], whereas another found weak
or no antibacterial activity alongside significant bac-
terial contamination [10]. Furthermore, a study re-
ported no antibacterial activity in four products [11].
Toxicity has been reported for a good number of
herbal products particularly hepatoxicity; this is pos-
sible because this is the first major organ exposed to
these products consumed principally by the oral route
at unregulated doses [12].

Most studies on traditional remedies have been limited
to in vitro experiments; in vivo efficacy studies are rare
despite findings of significant activity in vitro [9, 13].
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Significant antiviral activity was reported in vitro and
in vivo in mice for a crude extract of a complex herbal
preparation formulated from three antiviral plants [14].
Commonly used commercial antimalarial herbal prepa-
rations in Ghana were found to show chemosuppressive
activity in vivo in Plasmodium berghei infected mice
[15]. An approved study involving humans recorded
good antibacterial activity in vitro for Plantago lanceo-
lata herbal tea used in European countries for the local
treatment of oral or pharyngeal irritations; and also sig-
nificant antibacterial activity in vivo in human subjects
when used as a mouth rinse [16]. These findings justify
in vivo efficacy studies of traditional medicine prepara-
tions which have shown significant activity in vitro to
further assess their therapeutic potential.

This study therefore embarked on investigating the
microbial content, phytochemical composition, antibac-
terial activity and toxicity of selected anti-infective trad-
itional medicine remedies sold in local markets in Buea
municipality, Southwest Cameroon. This was aimed at
evaluating the suitability of these products as alternative
antibacterials; and to identify remedies which could be
further developed into improved traditional medicine
therapeutics.

Methods

Study design

This was a laboratory-based experimental study. A selec-
tion of traditional medicine remedies were purchased
based on information provided by the sellers on the in-
fectious diseases treated. The bacterial loads of the prep-
arations were determined to ascertain their microbial
safety. Clinical isolates and control strains of bacteria
were characterised for antibiotic susceptibility to identify
resistant strains. Methanol crude extracts of the powders
were prepared, phytochemical constituents determined
and together with the liquid preparations (not extracted)
were screened for activity against the characterised bac-
teria. Toxicity of active extracts was investigated on a
cell line and in vivo in mice. Experimental data were
analysed by comparison with reference data.

Collection of traditional remedies

We approached sellers of traditional medicine remedies in
the local markets (Muea and Central markets) in Buea
municipality, Southwest Cameroon, who consented to
provide information on their remedies displayed for sale.
Information on the name, source, disease(s) treated, com-
ponent(s) of the remedy and their local name(s) were
noted. Ten anti-infective remedies were purchased. Where
taxonomic nomenclature of component(s) was provided,
this was crosschecked in online plant databases and publi-
cations on ethnobotanical surveys in the area of origin of
the remedy. The seller or respondent was requested to
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provide specimens (leaves, seeds, and flower of plants) for
identification. Preliminary identification of the samples
was done by botanists, Professor Chuyong George and Dr.
Neba Godlove in the Department of Plant and Animal
Physiology, University of Buea, Cameroon. The identities
were confirmed by Mr. Ndive Elias using voucher speci-
mens in the Biodiversity and Conservation Centre in
Limbe and the National Herbarium of Cameroon in
Yaounde and the voucher specimen numbers noted.
Where the taxonomic names of the components could
not be established such remedies were excluded from the
study; but their identification will be pursued further to
the source of the product subsequently.

Determination of microbial content of remedies

Presence of bacterial contaminants in the remedies was
determined as described [10]. Five dilutions of 100, 50,
25, 10 and 1% (v/v) of the liquid remedy were made. For
the powders, 10 mg of each was put in 1 mL of 0.85% sa-
line, vortexed and allowed to stand. The supernatant
was collected and diluted same as liquid remedies. Then
100 puL of each dilution was uniformly spread on nutri-
ent agar and incubated (DHP-9052, England) at 37°C
for 24 h. The number of colony forming units (CFUs)
were counted and the microbial load calculated in
CFUs/g or CFUs/mL. Gram staining was done for
microscopic analysis as described [17] using a loop of
cells and visualized under oil immersion.

Preparation of extracts and phytochemical analysis
Extracts of the remedies were prepared as described
[18]. Briefly, weighed amounts (14 to 80g) of the
powders were macerated three times in methanol for
72 h with intermittent stirring, filtered and the filtrate
concentrated by rotary evaporation (Buchi Rotavapor
R200, Switzerland). The extracts were dried at room
temperature and stored at 4°C until used. Phyto-
chemical analysis was performed for each extract to
determine chemical classes of secondary metabolites
present in them and their relative amounts based on
qualitative observations produced by specific chemical
tests for alkaloids, flavonoids, steroids, tannins and
triterpenoids [19].

Source and characterisation of bacteria

Ten resistant strains of nine pathogenic bacteria species
(Citrobacter freundii, Citrobacter youngae, Enterobacter
cloacae, Escherichia coli, Proteus mirabilis, Proteus vul-
garis, Providencia rettgeri, Salmonella typhi, Salmonella
sp. and Methycillin-resistant Staphylococcus aureus
(MRSA) were obtained from clinical specimens in Buea
Regional Hospital annex, a regional referral health facil-
ity in the Southwest region of Cameroon. The cells were
characterized by bacteriologists of the hospital by
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microscopy, susceptibility to reference antibiotics, ap-
propriate culture methods and biochemical tests using
the API 20E kit (Biomerieux SA, France). Pure stocks of
cells were then stored in 10% glycerol in Mueller Hinton
broth (Liofilchem, Italy) at -20°C during the study
period. The following control strains were obtained from
BEI Resources and American Type Culture Collection
(USA): Escherichia coli (NR 32771), P. aeruginosa
(ATCC 27853), Staphylococcus aureus (NR-46003),
Staphylococcus  epidermidis (NR-46376), Salmonella
enterica (NR-515) and Salmonella enterica (NR-4311).

For the purpose of this study, the clinical isolates were
re-tested for antibiotic susceptibility to determine the
magnitude of their resistance, together with the control
strains. For experimental use, working near the freezer
the stored cells were retrieved, the frozen stock rapidly
scraped using an autoclaved toothpick and deposited on
the surface of nutrient agar; and the stock returned im-
mediately into the freezer. A wire loop was flamed and
then used to streak on nutrient agar. Susceptibility was
done on the clinical isolates as described by the Clinical
and Laboratory Standard Institute [20], using discs of 12
standard antibiotics (Liofilchem, Italy), from eight chem-
ical classes selected for this study: Amikacin (30 pg),
Ceftriaxone (30 pug), Cefuroxime (30 pg), Cefotaxime
(30 ug), Ciprofloxacin (5 pg), Chloramphenicol (30 pug),
Gentamicin (10 pg), Imipenem (10 pg), Nitrofurantoin
(300 ug), Norfloxacin (10 pug), Tetracycline (30 pg),
Trimethoprim (5 pg).

Determination of antibacterial activity of extracts

All experiments were performed under sterile conditions
using sterilized glassware and materials. Freshly sub-
cultured bacterial cells were used in all experiments.
The disc diffusion test was performed as described [18]
with some modifications. Stock solutions of the extracts
(10 mg/100 pL. dimethylsufoxide, DMSO) were prepared
while the liquid remedies were tested undiluted. Bacter-
ial suspension (0.5 McFarland) was spread on Mueller
Hinton agar (Liofilchem, Italy) and allowed for 3—5 min
to dry. Six millimetre sterile Whatman filter paper discs
(number 9) were gently fixed at labelled positions on the
agar surface. Then 10 pL of test solution (1 mg extract)
was transferred onto each disc. Positive (appropriate
standard antibiotic) and negative (10 uL. DMSO) controls
were included, the plates kept for 30 min at room
temperature, incubated as above and zones of inhibition
measured.

The minimum inhibitory concentrations (MIC) of ex-
tracts were determined using the microdilution method
as described [18] with one modification: experimental
changes in microtitre plate wells were recorded by spec-
trophotometry. A stock solution of each extract was pre-
pared (40 mg dissolved in 200 uL. DMSO and 800 pL
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Mueller Hinton broth added); then diluted to obtain test
solutions from 40 to 1 mg/mL. The assay was set up in a
96 well microtitre plate in duplicate wells as follows:
50 L test solution, 130 uL Mueller Hinton broth
followed by 20 uL bacterial cell suspension (6 x 10° CEU/
mL final density). Positive (20 pg/mL Gentamicin) and
negative (0.85% saline) controls were included. Final test
concentrations were 10, 8, 6, 4, 2, 1, 0.5 and 0.25 mg/mL
respectively containing 5% DMSO. The optical densities
(ODs) of wells were read, the plate incubated as above
and the OD read again at 595 nm (Emax-Molecular De-
vices Corporation, USA).

The MIC was calculated from % growth of bacteria
relative to the negative control using the formula below:

Change in OD of Test Substance y
Change in OD of Negative Control

%Growth = 100.

where change in OD = OD at 24h — OD at 0 h. MIC is
taken as the lowest concentration at which % growth be-
comes approximately constant with no further decrease
in growth. To determine minimum bactericidal concen-
tration (MBC), a 1:10 dilution in fresh broth of MIC well
contents were re-incubated and percentage growth cal-
culated from ODs before and after incubation. The low-
est concentration without bacterial growth was recorded
as MBC using the formulas: change in OD = OD at 24 h-
OD at Oh and

OD at 24hr-OD at Ohr
OD at Ohr

%Growth of bacteria cells = x 100

Cytotoxicity test

The cytotoxicity of the extracts was investigated as de-
scribed [21] using monkey kidney epithelial cells,
LLCMK2 Original (ATCC® CCL7™), (Virginia, USA). All
reagents were from Sigma Aldrich (USA). The cells were
cultured to confluence in complete RPMI-1640 medium,
CCM (containing NaHCO3;, supplemented with 25 Mm
HEPES, 0.3 g y-irradiated L-glutamine powder, 10% heat
inactivated new born calf serum, 200 units/mL penicillin
and 200 pg/mL streptomycin and 0.25 pg/mL amphoter-
cin B, pH 7.4) in a T-shaped flask in a 5% CO, incubator
in humidified air at 37°C (Heracell 150i, USA). The
medium was decanted, washed off twice with incomplete
(calf serum-free) RPMI-1640 medium (ICM), and cells
dislodged with x5 trypsin-EDTA. The cells were then
centrifuged at 125 x g for 10 min (Eppendorf 5810R,
Germany). The supernatant was discarded; the cells re-
suspended in fresh ICM and quantified using a haemo-
cytometer (Hausser Scientificc USA) and an inverted
microscope (Nikon Eclipse TS100, China). The cells
were diluted to 30,000/mL with CCM, 100 pL seeded in
a 96-well flat bottom microtitre plate in duplicate and
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incubated as above for 3 days for cells to grow and be-
come fully confluent.

Stock solutions of extracts (25 mg/mL DMSO) were
prepared and diluted with CCM to 2 mg/mL in duplicate
microtitre wells. The seeded cells were checked for con-
fluence by microscopy. Then 100 pL of extract was
transferred into respective wells giving final concentra-
tion of 1 mg/mL. Positive (30 uM auranofin) and nega-
tive (2% DMSO in CCM) controls were included. The
plates were incubated as above for 5days with daily
microscopic examination for toxicity. Extracts that were
cytotoxic were serially diluted in CCM and re-incubated
same as above with freshly cultured cells at final extract
concentrations of 15-1000 pg/mL. Thereafter the
medium was discarded and wells decolourised by shak-
ing with ICM (IKA Labortechnik KS125 basic shaker) at
600 rpm for 5 min three times. Then 100 uL of 5 mg/mL
MTT in ICM was added, the plate incubated as above
for 30 min and 100 uL. DMSO added to dissolve forma-
zan precipitate. Well contents were gently mixed by
shaking and optical densities read same as above at 595
nm. Percentage inhibition was calculated using the for-
mula below:

OD of Negative control-OD of extract

Inhibition =
Zlnhibition OD of Negative control

X 100

CCy of the cytotoxic extract was determined by plot-
ting a graph, using Graph pad prism, of % inhibition
against log of concentration of extracts.

Acute oral toxicity test for TP2 extract

This was done following guidelines of the Organization
for Economic Cooperation and Development version
423 [22]. This was done for the bactericidal extract TP2
as described [23]. Five adult female BALB/c mice (nine
weeks old) were selected in the animal house of the
study laboratory and the experiment conducted in the
adjacent test room. One animal was weighed, fasted
overnight (no food; water only), and administered a dose
of 2000 mg/kg body weight by oral gavage from a freshly
prepared solution of TP2 in 7% Tween 80. The animal
was fasted for a further 2h, then provided food and
water. The treated animal was observed for any obvious
acute signs of toxicity hourly during the day while the
other four were fasted overnight. Following the survival
of the treated animal after 24 h, the other four fasted an-
imals were weighed and treated as above and all animals
observed for gross changes such as loss of appetite,
piloerection, lacrimation, tremors, convulsions, saliva-
tion, diarrhoea, mortality and other signs of overt tox-
icity for 14 days. The animals were then sacrificed by
cervical dislocation.
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Data analysis

Zone diameters recorded in the susceptibility test and
antibacterial screening by disc diffusion were inter-
preted based on CSLI reference data for the corre-
sponding antibiotics [20]. The zone diameters of the
extracts were compared with corresponding values for
the Gentamycin positive control at a significance of
P <0.05 using the T-test (data with normal distribu-
tion determined with the Kolmogorov-Smirnov-Test)
or Welch test (no normal distribution of data). In the
microdilution assay, the % growth of bacteria calcu-
lated from optical densities were plotted against
concentration of extract, then MIC and MBC interpo-
lated at the lowest of the concentrations at which
bacterial growth was near constant and no longer de-
creasing. Data from cytotoxicity assay was analysed
using Graph pad prism version 6.0, the concentration
of extract that produced 50% cytotoxic effect (CCsp)
on Monkey kidney epithelial cells obtained.

Results

Information on remedies

Of the ten remedies purchased, two (200 Disease cure
and German powder), which could not be identified
were excluded from the study. Of the eight remedies in-
vestigated, six were powder and two in liquid form. In-
formation on the remedies obtained from the sellers and
the corresponding taxonomic information are shown on
Table 1. The sources revealed that some remedies ori-
ginate far from the local markets where sold, within
Cameroon and abroad from neighbouring Nigeria and
further from the republic of Niger, West Africa. Follow-
ing solvent extraction of the powders high yields were
obtained for most of the extracts ranging from 31 to
81%. The taxonomic information of the plant species
contained in four remedies were established as described
under the methods section, based on their correspond-
ing names (Madachi, Bagaruwa, Gewaya tsamiya and
Gesa) in the Hausa vernacular of the source areas and
specimens provided.

Microbial content of remedies

All eight remedies were contaminated with both Gram-
positive and negative bacilli and cocci. The bacterial load
ranged from 1.8 x 10° to 2.1 x 10° CFUs/mg or CFUs/
mL. None had a microbial count within the acceptable
range of microbial contamination of 10° CFU/g (10>
CFU/mg) for aerobic bacteria as stipulated in the WHO
guidelines on the quality of herbal materials [24]. TP3
(Madigest 2) and TP4 (Desert war 2) had the highest mi-
crobial counts of 1.8 x 10° CFU/mg and 2.1 x 10° CFU/
mg respectively while TP7 (Fever medicine) had the low-
est microbial count of 1.8 x 10> CFU/mg.
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Antibiotics susceptibility of bacteria

Based on reference data (diameter of inhibition zones)
for antibiotic susceptibility of the Clinical and Labora-
tory Standards Institute [20], both the control and clin-
ical isolates were sensitive to the aminoglycosides
(Amikacin, Gentamicin), fluoroquinolones (Ciprofloxa-
cin, Norfloxacin), Nitrofurantoin and Chloramphenicol.
Resistance was observed for the carbapenem (Imipe-
nem), cephems (Cefotaxime, Ceftraixone, Cefuroxime),
folate pathway inhibitor (Trimethoprim) and Tetracyc-
line. Each bacterial strain was resistant to at least one
antibiotic. Multidrug resistance was confirmed in nine of
the ten clinical isolates (resistant to at least one anti-
biotic of three chemical classes) [2], presented on
Table 2. Proteus vulgaris, Providencia rettgeri and Sal-
monella typhi were the most resistant to 5, 6 and 5 clas-
ses of antibiotics respectively. The resistance of the
clinical isolate of S. aureus to methicillin was confirmed.

Antibacterial activity of remedies

Extracts of four remedies (TP 1, 2, 4, 6a, 6b) were active
against all the clinical isolates. Extracts of three remedies
(TP 1, 2, 4, 6a, 6b) were active against at least four of
the control strains. All extracts showed activity against
S. enterica (NR-515). The liquid remedies (TL 5 and 7)
tested undiluted were less active; TL7 showed relatively
low activity against only two control strains with no
activity against the clinical isolates (Table 3). The zones
of inhibition for the extracts ranged from 8 to 27 mm
against 17 to 24 mm for Gentamycin positive control.
Two extracts (TP1 and 4) produced zones >20 mm against
multidrug resistant clinical isolates (Citrobacter freundii
and Escherichia coli). The highest zone against clinical iso-
lates was 24 mm produced by TP1 against E. coli; and the
highest zone against control strains was 27 mm produced
by TP4 against Staphylococcus aureus (NR-46003). How-
ever, when zone diameters were compared using statistical
tests, Gentamycin was more active than each of the four
most active extracts (P < 0.0001-0.0014). Four of the eight
remedies (TP 1, 2, 4, 6) recorded MIC values from 1 to 4
mg/mL. TP1 had the lowest MIC of 1 mg/mL against S.
typhi clinical isolate shown on Table 4. Of these 4 extracts,
only TP2 showed MBC at 8 mg/mL against MRSA. The
MBC:MIC ratio gave a value of 2 which is less than 4 indi-
cating bactericidal effect of TP2 against this strain (Table
4) [25]. Figure 1 shows inhibition of growth at higher con-
centrations of TP2 with higher growth at the lower con-
centrations giving the MIC and MBC values of 4 and 8
mg/mL respectively.

Phytochemical profile of extracts
The crude extracts and undiluted liquid remedies were
found to contain alkaloids, flavonoids, steroids, tannins
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Table 1 Traditional anti-infective remedies purchased in Buea, Cameroon

Product Source/ Use Component(s) Remedy Extract
Name Family, Species (Voucher Local name Code Phytochemical
number)/ or Reference (part used) Yield classes
(%)
Kiankia SW Cameroon/ typhoid fever, Annonaceae: Annickia chlorantha Quinine stick TP1 Alkaloids (3)
malaria (Oliv.) Setten & Maas (SCA 1043) (stem bark) 50.6 Triterpenoids (2)
Apocynaceae Alstonia boonei De Wild  Milk stick ?I;}vgg?as) M
(SCA 5972) (stem bark),
Madachi *  Nigeria and Niger/ gastritis, Meliaceae: Khaya senegalensis (Desv)  Mahogany TP2 Alkaloids (3)
stomach irritation A. Juss) SCA 6785 [40, 41] (stem bark) 31.0 Triterpenoids (3)
Flavonoids (2)
Tannins (3)
Madigest 2 NW Cameroon/ gut infection, Liliaceae: Allium sativum (SCA 1143) Garlic (fruit), TP3 Alkaloids (3)
gastritis Zingiberaceae: Zingiber officinale Ginger 624 FlaVOhOIdS 2
(SCA2926) (thi ) Steroids (3)
rhizome Tannins (2)
Asphodelaceae: Aloe vera (SCA 713) Aloe vera (leaves)
Desert NW Cameroon/ microbial iinfections  Myrtaceae: Eucalyptus globulus Libille  Eucalyptus (leaves) TP4 Alkaloids (3)
war 2 plus gonorrhoea, syphilis, urinary tract (SCA 7840) 36.3 Flavonoids (2)
pains . ) . . . Steroids (3)
Liliaceae: A. sativum (SCA 1143) Garlic (fruit) Tannins (1)
Araliaceae: Vernonia guineensis Cameroonian
(SCA12431) ginseng (rhizome)
Asphodelaceae: Aloe vera (SCA 713) Aloe vera (leaves)
Bagaruwa® North and NW Cameroon/ Fabaceae: Acacia nilotica (L) Willd. @ (stem bark) TLS Triterpenoids (2)
Cough ex Delile (SCA 2973) [40, 42] Flavonoids (3)
Tannins (3)
Gewaya Niger / typhoid fever, malaria, Fabaceae: Cassia nigricans Vahl [40, 411 ¢ (leaves) TP6 Alkaloids (3)
tsamiya ®  yellow fever (N® 5970/HNC) 56.8 Triterpenoids (3)
Flavonoids (3)
Steroids (3)
Tannins (3)
Fever SW Cameroon/ malaria/typhoid fever  Labiatae: Ocimum gratissimum (SCA 4764)  Masepu (leaves) TL7 Triterpenoids (2)
medicine e . . Flavonoids (2)
Asteraceae: Bidens pilosa (SCA 6352) Black jack (leaves) Tannins (2)
Caricaceae: Carica papaya (SCA 1756)  Paw paw (leaves)
Rutaceae: Citrus aurantifolia (SCA11102)  Limes (fruit)
Gesa® North and NW Cameroon/ diarrhoea  Combretaceae: Combretum ? (leaves) TP8 Alkaloids (2)
micranthum (SCA 2976) [40, 42] 815 Triterpenoids (3)

Flavonoids (3)
Tannins (3)

SW Southwest, NW Northwest, TP Crude extract prepared from powder remedy, TL Liquid remedy used neat without further extraction. *Local name in Hausa
vernacular [40, 41], Bagaruwa has as synonym Gabaruwa in some reports [41]. Relative amount:- 1 =low; 2 = moderate; 3 = high

and triterpenoids from the phytochemical tests. The four
most active extracts (TP 1, 2, 4, 6a, 6b) had relatively
high amounts of alkaloids and flavonoids (Table 1).

Toxicity of remedies

The cytotoxicity assay on monkey kidney cells, LLCMK2
Original (ATCC® CCL7™), showed that 2 extracts (TP 3
and 6a) were non-cytotoxic at a high dose of 1000 pg/
mL since their percentage inhibition of formazan forma-
tion was less than 50%. Six extracts (TP 1, 2, 4, 6b, 8
and TL7) had CCjyq values greater than the cut-off point
for lack of cytotoxicity (CCso>30 pg/mL), [26]. One

extract (TL5) had CCs, value lower than 30 ug/mL indi-
cating mild cytotoxicity (Table 4). Only piloerection was
observed in the first two days in the oral toxicity test for
TP2 with no mortality recorded. The body weight of all
the animals increased; average body weights at the start
and after day 14 were 26.6 and 29.4 g respectively with
an average increase of 2.8 g.

Discussion

Traditional medicine remedies are commonly sold in
local markets in Cameroon and some may serve as alter-
native therapy for infections caused by multidrug
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Table 2 Susceptibility of bacterial strains to standard antibiotics

Bacteria Strains Diameter of zone of inhibition (mm) Resistant
AK GM a NX L NI Ip X a XM TR TE gf;;f;;’;
(n)

Citrobacter freundii 27 24 30 32 23 25 - - - - - 15 3
Citrobacter youngae 30 28 31 31 27 25 - - - - 11 - 3
Citrobacter sp. 19 16 20 26 21 22 - 17r - - 30 16 2
Enterobacter cloacae 23 17 30 30 24 16 15r 151 - - 27 - 3
Escherichia coli 25 18 - 10r 22 30 25 - - - - - 4

MRSA 24 22 35 29 33 24 ND 10r - ND 15 15 3P
Proteus mirabilis 20 20 37 36 - 14r - 23 - - 22 - 4
Proteus vulgaris 20 16 28 30 30 14r 15r 25 - - - - 5
Providencia rettgeri 20 19 25 27 - - - - - - - - 6
Salmonella typhi 19 20 25 25 - 15 - - - - - - 5
Salmonella sp. 20 15 36 37 23 18 18r - - - - 17 3

E. col? ND 20 26 30 29 22 8r 8r ND ND 8r 8r 4

P. aeruginosa® ND 24 30 24 18 20 - 8 ND ND - 20 1

S. enterica “a ND 22 20 28 30 21 - 20 ND ND 22 19 1

S. enterica®b ND 19 29 27 25 or 9r - ND ND 11r 19 3

S. aureus® ND 21 22 19 15r 12r 7r 8r ND ND 7r 19 5

S. epidermidis® ND 22 ND 29 28 7r Or 10r ND ND 29 28 3

Antibiotic classes: Aminoglycosides (AK Amikacin, GM Gentamicin), Carbapenems (IP Imipenem), Cephems (CT Cefotaxime, TX Ceftriaxone, XM Cefuroxime),
Fluoroquinolones (ClI Ciprofloxacin, NX Norfloxacin), Folate pathway inhibitors (TR Trimethoprim), Nitrofurans (NI Ntrofurantoin), Phenicols (CL Chloramphenicol),
Tetracyclines (TE Tetracycline)

2 Control strains (BEI Resources and ATCC, USA); S. enterica strains a = (NR-515), b = (NR-4311). MRSA: methicillin resistant Staphylococcus aureus; ® resistant to
methicillin, confirmed by a 0 mm zone not shown on the table. r and - (zone diameter =0 mm), both indicate resistant strain. n: Number of antibiotic classes to
which bacterial strain is resistant based on the reference data [20]; n > 3, strain is considered multidrug resistant [2].

Table 3 Antibiogram of methanol extracts of anti-infective traditional remedies sold in Buea, Cameroon

Bacteria Diameter of zone of inhibition (mm)

TP P2 TP3 P4 TP5 TP6a TP6b TP7 P8 GM
Citrobacter freundii 12 13 10 20 - 11 11 - 10 23
Citrobacter youngae " M 1 13 10 10 11 - - 23
Enterobacter cloacae 19 12 14 11 - 17 16 - 10 24
Escherichia coli 24 15 12 13 10 11 12 - 15 21
MRSA 15 - 10 1" 9 11 12 - 1 10237°
Proteus mirabilis 15 17 14 13 8 15 15 - 9 24
Proteus vulgaris 22 " 10 13 9 1 1 - 9 17
Providencia rettgeri 15 13 13 12 - 12 10 - 9 20
Salmonella typhi 13 13 - 17 - 10 10 - - 17¢
'E coli - 14 - 1 - 9 1 9 - 18
P aeruginosa 15 15 1 16 9 11 11 - 10 20
'S, aureus 13 12 13 27 - 16 1 - 13 24
S. enterica ¢ 13 1 12 15 13 9 10 12 15 20
'S enterica © - - - - - - - - - 8?

TP Extract of powder remedy, TL Liquid remedy tested undiluted. Positive controls: GM Gentamicin, a: Norfloxacin; b: Trimethoprim; c: Chloramphenicol. Nd Not
Done. -: No inhibition. TP6a: methanol extract residue (deposited below oil layer in extract container), TP6b: oil layer above solid residue of TP6 crude extract.
MRSA: metbhicillin resistant Staphylococcus aureus. ‘Control strains; S. enterica strains d = (NR-515), e = (NR-4311)
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Table 4 MICs, MBC and CCsy, of crude extracts of traditional
medicine preparations

(2019) 19:150

Product Name Extract Activity (Organism) CCsp (ug/mL)
code  uc  wec
(mg/mL) (mg/mL)
Kiankia TP1 1(ST) - 652.3
Madachi * P2 4 (MRSA) 8 (MRSA)  689.0
Desert war 2 TP4 4 (MRSA) - 2183
Bagaruwa® TL5 - - 114
Gewaya tsamiya ®  TP6b 4 (PM) - 4352
Fever medicine TL7 - - 149.2
Gesa® TP8 - - 502.1

MIC Minimum inhibitory concentration, MBC Minimum bactericidal
concentration, CCsq Cytotoxic concentration for 50% of monkey kidney
epithelial cells (LLC-MK2 from ATCC, Virginia, USA).. ST Salmonella. typhi, MRSA
Methicillin resistant Staphylococcus aureus, PM Proteus mirabilis.TP6b: oil layer
above solid residue of TP6 crude extract. -: no MIC, no MBC recorded in the
test concentration range. *Local name in Hausa vernacular

resistant bacteria or source of new efficacious antibacter-
ial compounds. Three main findings were recorded in
this study of eight anti-infective traditional remedies sold
in Buea, Cameroon. Firstly, only four (50%), showed ac-
tivity against resistant bacteria based on minimum in-
hibitory concentration (MIC) recorded on at least one
bacterial strain. Secondly and contrary to the above, a

140 -
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=
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0 : : : ‘ ‘ ‘
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TP2 (mg/mL)
—==MIC =e=MBC
Fig. 1 Effect of TP2 extract on growth of methicillin resistant Staphylococcus
aureus. Legend: TP2 is methanol extract of Madachi traditional remedy
prepared from stem bark Khaya senegalensis. MIC and MBC are minimum
inhibitory and minimum bactericidal concentrations respectively
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promising finding was made in that six of seven remed-
ies tested for cytotoxicity were not cytotoxic, suggesting
that these remedies may not cause serious toxicity when
used for therapeutic purposes. Thirdly, all eight remedies
were found to be contaminated by bacteria above ac-
ceptable limits.

Nine of the ten bacteria isolates tested for antibiotic
susceptibility were multidrug resistant. This finding con-
firmed that of the medical laboratory of the Buea Re-
gional Hospital where they were isolated from clinical
specimens and first tested for antibiotic susceptibility
(Table 2). These data also confirm findings of previous
studies in the study area which reported high levels of
resistance in Citrobacter freundii, Enterobacter cloacae,
P. aeruginosa and Proteus vulgaris, whereby more than
50% of isolates from clinical specimens were resistant to
antibiotics [27]. The information provided by sellers of
the remedies indicates that all the remedies are used to
treat bacterial infections among others (Table 1), thereby
justifying the screening of these remedies for antibacter-
ial activity against multidrug resistant strains.

Overall, the four most active extracts (TP 1, 2, 4, 6a,
6b) showed bacteriostatic activity, and also showed the
highest activity against an individual bacteria strain in
both the disc diffusion test and the MIC assay. These ex-
tracts produced the highest zones ranging from 16 mm
for TP6b to 27 mm for TP4, in the disc diffusion test.
However, when all the zones for each extract were con-
sidered (Table 3), they were significantly (P < 0.0001—
0.0014) lower than those of the Gentamycin positive
control suggesting the extract are less active than Genta-
mycin. These four extracts also produced the lowest
MICs (1 mg/mL for TP1 and 4 mg/mL for the others)
showing consistency in their activity in the disc and
microdilution assays (Tables 3 and 4). Furthermore, one
of them (TP2) also recorded a MBC value (8 mg/mL)
with the MIC:MBC ratio equal to 2 (being less than 4)
indicating bactericidal activity [25], (Fig. 1). The findings
of this study show that the four most active remedies are
potential alternative or complementary antibacterials for
treatment of infections of resistant bacteria. However,
activity was observed for only four of eight remedies
suggesting some of the remedies may not be sufficiently
efficacious in clinical infections. They should be further
investigated using in vivo experiments to evaluate the
efficacy of the remedies.

The cytotoxicity test showed that six of the remedies
have a low risk of toxicity as seen from their CCs, values
of 149 to 689 pg/mL (Table 4), which are much higher
than the cut-off point for lack of cytotoxicity (CCsq >
30 pg/mL), [26]. When the United States National Can-
cer Institute plant screening program criterion for cyto-
toxic (CCso is <20 pg/mL) is considered, only one
extract TL5 (CCso=11.4 pug/mL) is cytotoxic [28]. This
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finding supports the general view that traditional remed-
ies are safe though this must necessarily be confirmed
by experimental data, given the increasing evidence of
their toxicity [29]. One of the most active and bacteri-
cidal extract TP2, recorded the highest CCsq (689 pug/
mL, Table 4) indicating a very high safety margin. This is
further supported by findings in the oral toxicity test
where no mortality occurred after 14 days at 2000 mg/kg
body weight, with only piloerection observed in the first
two days. Piloerection (involuntary erection or bristling
of hairs) is likely due to sympathetic stimulation involv-
ing body heat or temperature regulation mechanisms or
due to serotonin release [30].

Whereas the toxicity data for almost all the remedies
are favourable, the microbial contamination is the re-
verse being higher (1.8 x 10 to 2.1 x 10° CFUs/mg or
mL) than the acceptable limit of 10° CFU/g (10> CFU/
mg) in herbal materials [24]. Hence the remedies ironic-
ally have a potential risk of infection to the consumers.
This risk may be averted through neutralization of the
microbes by acidic gastric secretion following oral ad-
ministration which is the principal route for these rem-
edies. A study found high Bacillus spp. contamination
(1.2 x 10% to 6 x 10° CFUs/g or mL) in ten herbal remed-
ies manufactured by a business entity and sold widely
[31]. Similar findings in another study were attributed to
poor preparation and handling of these remedies [10].
The distant source of some of the remedies implies a long
chain of custody which may aggravate the contamination.
At the user end, some of the products are displayed in
open containers and even when closed, are sold by ration-
ing from the same stock hence favouring further contam-
ination by the handlers and the surrounding. The
preparation and handling of these products therefore
needs significant improvement, standardisation and qual-
ity control at all stages to commercialization. The distant
source also made establishment of the components of two
remedies (excluded from the study) daunting and untrace-
able as the sellers acquire their stock from middlemen
who also do not have this information.

Interestingly, the yields of the powder extracts were
quite high reaching about 80% (Table 1), probably due
to thorough drying. Phytochemical analysis revealed the
most active remedies were rich in alkaloids with also
moderate to high amounts of flavonoids and triterpe-
noids. Antimicrobial activity of extracts of the plants
contained in the most active remedies has been re-
ported; phytochemicals of classes mentioned above
among others have been detected in them and the struc-
tures of some of their bioactive secondary metabolites
reported. These include A. boonei [32]; K. senegalensis
[33]; A. vera [34] and C. nigricans [35]; this study there-
fore further confirms the reported activities. The activity
of the traditional remedy (Madachi) is likely accounted
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for by one or more of the compounds detected in the
TP2 extract as earlier reported for Khaya senegalensis
[33]. The possible mechanisms of action of the active ex-
tracts will be investigated later. However, some studies
have revealed a number of mechanisms of action of ex-
tracts on bacteria. These include decrease in bacterial
cytoplasmic pH and disruption of cell wall [36], gener-
ation of reactive-oxygen species and membrane damage
[37]. Some extracts cause potentiation of the action of
antibiotics resulting in a synergistic inhibition of bacter-
ial cell wall synthesis hence afford a possibility of com-
bination therapy with antibiotics in clinical use [38].

Conclusion

Only four of the eight remedies tested showed activity
against multidrug resistant bacteria suggesting some of
these remedies may not be effective against bacterial infec-
tions. However, most of the remedies have a low risk of tox-
icity in spite of their high microbial content. The
production and handling methods should be improved to
prevent microbial contamination; and the remedies sub-
jected to stringent quality control before commercialization
to ensure biosecurity. Considering their activity against
multidrug resistant bacteria and the low risk of toxicity, fur-
ther studies should be done including in vivo experiments
to assess their efficacy.
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