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Abstract

Uvaria chamae is a plant used traditionally in the treatment of diarrhea but sometimes prolonged 
illnesses are usually observed. This work was conducted to evaluate resistance patterns and the plasmid 
profile of isolates from diarrhoeic stool samples subjected to susceptibility testing on crude root extracts of 
U. chamae (P. Beauv). Standard techniques were employed for crude root extraction of the plant and phy-
tochemical screening. Ten test isolates of Escherichia coli and Salmonella enterica species were obtained 
from the University of Uyo Medical Centre. Confirmation of the isolates was done using conventional tests 
and MicrogenTM GN ID System (Microgen Bioproducts, USA). Susceptibility testing of the isolates was 
assessed using the agar-well diffusion technique. Plasmids were extracted using gel electrophoresis and 
reverted using acridine orange. Results showed that U. chamae has tannins, alkaloids, flavonoids, and other 
phytochemical constituents. E. coli-1, E. coli-2, E. coli-3, E. coli-5, S. enterica-1, S. enterica-2, S. enteri-
ca-4 were initially resistant to the crude ethanolic root extracts of U. chamae at various concentrations with 
a low zone of inhibition and no zone of inhibition respectively. The isolates harbored single or multiple 
plasmids of low molecular weights (564 bp) together with high molecular weight (23.13 kbp). The non-sus-
ceptibility E. coli-5, S. enterica-1, S. enterica-2, and S. enterica-3 after plasmids elimination was observed. 
Therefore, resistance profiling of bacteria is essential for the proper treatment of infections caused by them. 
Additionally, U. chamae should be greatly exploited for discoveries of more bioactive constituents. 
Keywords: Uvaria chamae, Escherichia coli, Salmonella, resistance, plasmids. 
Резюме

Uvaria chamae е растение, използвано традиционно за лечение на диария, особено при 
продължителни заболявания. Целта на това изследване е да се оценят моделите на резистентност 
и плазмидния профил на изолати от проби от диарични изпражнения, подложени на тест за 
чувствителност към сулови екстракти от корени на U. chamae (P. Beauv). Използвани са стандартни 
техники за екстракция на корен от растението и фитохимичен скрининг на десет тестови изолата 
от вида Escherichia coli и Salmonella enterica, получени от Медицинския център на Университета в 
Уйо. Потвърждение на данните за изолатите е извършено с помощта на конвенционални тестове и 
MicrogenTM GN ID System (Microgen Bioproducts, САЩ). Тестването за чувствителност на изолатите 
е оценено с помощта на техниката дифузия в агар. Плазмидите се екстрахират с помощта на гел 
електрофореза и се ревертират с помощта на акридин оранжево. Резултатите показват, че U. chamae 
има танини, алкалоиди, флавоноиди и други фитохимични съставки. E. coli-1, E. coli-2, E. coli-3, E. 
coli-5, S. enterica-1, S. enterica-2, S. enterica-4 първоначално показаха резистентност с ниска зона на 
инхибиране и без зона на инхибиране към различни концентрации на суровите етанолови екстракти 
от корени на U. chamae. Изолатите съдържат единични или множество плазмиди с ниско молекулно 
тегло (564 bp) заедно с високо молекулно тегло (23,13 kbp). Наблюдава се нечувствителност към 
E. coli-5, S. enterica-1, S. enterica-2 и S. enterica-3 след елиминиране на плазмидите. Следователно, 
профилирането на резистентността на бактериите е от съществено значение за правилното лечение 
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на инфекциите, причинени от тях. Освен това, U. chamae трябва да се използва в голяма степен за 
откриване на повече биоактивни съставки.

Introduction
In developing countries, notably in West Af-

rica, the high cost of synthetic drugs, which are not 
often affordable by the poor, unavailability of a 
drug, lack of efficacy, and increasing abuse of drugs 
including antibiotics lead to the emergence of an-
tibiotic-resistance organisms have led to the high 
patronage of alternative traditional health care sys-
tem (Udoh et al., 2018). According to Okoro et al. 
(2010), extracts from various plant parts are used in 
the production of herbal medicine which is given 
singly or as concoctions for various ailments and up 
to 80% of the population uses traditional medicine 
in primary healthcare in Africa. Many studies have 
demonstrated and confirmed that a large number of 
plants have beneficial effects to human cells as well 
possession of antimicrobial properties (Udoh et al., 
2017; Ekong et al., 2019 ). 

Uvaria chamae (P. Beauv) is one of the Nige-
rian medicinal plants used in traditional medicine to 
cure diseases and heal injuries (Udoh et al., 2019). 
U. chamae belongs to the family Annonaceae and 
is an evergreen plant that grows about 3.6 to 4.5 m 
high which is either cultivated or found naturally 
in the savannah and rainforest regions of Africa in-
cluding Nigeria (Omale et al., 2013; Olumese et al., 
2016). Every part of the plant has several local uses 
and has various effects on the living system such 
as sedative, analgesic, cardio-protective, anti-in-
flammatory, antispasmodic, and immune modula-
tors (Obi and Onuoaha 2000; Okokon et al., 2006). 
In folk medicine, extracts of the roots are used to 
treat gastroenteritis, vomiting, diarrhea, dysentery, 
wounds, inflamed gums, and a number of other 
ailments (Omajali et al., 2011; Udoh et al., 2019). 
There are reports that extracts of U. chamae can 
neutralize snake venom in rats and are also used 
in antifungal preparation (Okwuosa et al., 2012; 
Omale et al., 2013). 

However, despite the widely known medic-
inal use of U. chamae, it is pertinent to assess the 
potency of this crude root extract of this plant on 
commonly isolated clinical isolates such as Es-
cherichia coli and Salmonella enterica species 
and examine their susceptibility to the extract. 
This is because antibiotic resistance is widely ob-
served among the members of Enterobacteriace-
ae (Akujobi and Ewuru, 2010; Udoh et al., 2018). 
Moreover, according to Ejikeugwu et al. (2013), 
there are reports on the emergence of multidrug  

 
resistance microorganisms among these patho-
gens, and resistance formed by these bacteria is of 
concern. Udoh et al. (2019) reported in their work 
some bacteria that formed resistance to the antibi-
otics as well as crude extracts by the acquisition of 
plasmids. Therefore, this research study sought to 
evaluate the resistance patterns and plasmid profile 
of E. coli and S. enterica species from diarrhoeic 
stool samples subjected to susceptibility testing of 
crude root extracts of U. chamae.
Materials and Methods
Plant collection and identification 

The plant samples namely, the fresh root of 
the plant were collected from Ikono Local Govern-
ment Area of Akwa Ibom State, Nigeria. The plant 
part was identified as U. chamae (P. Beau) at the 
Department of Botany and Ecological studies Uni-
versity of Uyo, Uyo, Akwa Ibom State, Nigeria by 
a Taxonomist and was taken to the Pharmacognosy 
Laboratory University of Uyo for phytochemical 
screening and analysis. 
Source of test isolates

Ten isolates of E. coli and S. enterica species 
from diarrhoeal stool samples were collected from 
the University of Uyo Medical Centre Uyo, Akwa 
Ibom State, Nigeria. The isolates were screened 
using standard microbiological techniques. Identi-
fication was done according to Holt et al. (1994) 
and Cheesbrough (2000) and confirmed using con-
ventional tests and MicrogenTM GN ID System 
(Microgen Bioproducts, USA). The isolates were 
coded as Ec-1=E. coli-1, Ec-2 = E. coli-2, Ec-3= 
E. coli-3, Ec-4=E. coli-4, Ec-5=E. coli-5, Sal-1=S. 
enterica-1, Sal-2=S. enterica -2, Sal-3=S. enterica 
-3, Sal-4=S. enterica- 4, Sal-5=S. enterica -5 re-
spectively.  Nutrient agar (Oxoid, USA) slants were 
used to maintain pure colonies of these isolates agar 
at 40C to preserve for further analysis.
Sample preparation

The samples of U. chamae roots were pre-
pared using the method of Mukhtar and Tukur 
(2000) and Udoh et al. (2019) with slight modifi-
cations. 
Concentration of the root extracts of U. chamae

Methods of Akujobi et al. (2004) were used 
to determine the concentration of the root extracts 
of U. chamae. The reconstituted extract concentra-
tions were stored at 15oC in the refrigerator until 
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required for use.
Phytochemical screening 

Phytochemical screening tests were conduct-
ed on the respective root extracts using standard 
methods of Sofowora (2008) with sight modifica-
tions. The screening tests were used to determine 
the presence of alkaloids, saponin, tannins, flavo-
noids, cardiac glycosides, and cyanogenic glyco-
sides. 
Antibacterial assay of U. chamae extracts

The antibacterial potentials of U. chamae ex-
tracts were assayed to determine the ability of the 
U. chamae root extracts to inhibit the growth of the 
diarrheal isolates of E. coli and S. enterica using 
the method of Udoh et al. (2019). The Kirby-Bau-
er agar-well diffusion method and the guidelines 
provided by Clinical Laboratory Standard Institute 
were also adopted for susceptibility testing (Chees-
brough, 2000; CLSI, 2006). 
Plasmid profiling using agar gel electrophoresis 
analysis

Profiling of the plasmids was carried out us-
ing gel electrophoresis analysis. The techniques 
used with slight modification are as described by 
Akinjogunla and Enabulele (2010) and Udoh et al. 
(2019). A standard molecular weight marker (Hind 
111 digit) was used as a control to determine the 
molecular weight of the plasmid of each E. coli and 
S. enterica isolate. 
Plasmid curing

The curing of the plasmids of the isolates was 
carried out using a sub-inhibitory concentration of 
0.10 mg/ml of acridine orange. The techniques of 
Udoh et al. (2018) were adopted with sight modi-
fication. 
Results and Discussions

The phytochemical constituents of the crude 
ethanol and aqueous root extracts of U. chamae 
plant are presented in Table 1. 

The major components of U. chamae were 
tannins, alkaloids, flavonoids, cardiac glycoside, 
and cyanogenic glycoside as bioactive components 
in both the ethanol and aqueous crude extracts of 

U. chamae roots. This is in agreement with Udoh et 
al., (2019), which earlier reported these bioactive 
properties for U. chamae plant. These substances 
are present in varying concentrations depending 
on extract forms. These natural substances widely 
distributed in U. chamae contribute greatly to their 
beneficial health effects (Vârban et al., 2009; Mon-
on et al., 2015). Tannins substances have different 
functions such as inhibiting the synthesis of cell 
proteins in bacteria by attaching and forming com-
plexes that are irreversible with proline-rich pro-
teins in bacteria. According to Okwu and Iroabuchi 
(2004), tannins bioactive substances have been re-
ported to be responsible for the hemostatic activity 
that can arrest bleeding from damaged or injured 
vessels. Moreover, the anti-inflammatory effect of 
tannins helps to control all indications of gastri-
tis, enteritis, and irritating bowel disorder (Ogawa 
and Yazaki, 2018). Alkaloids are also found in U. 
chamae plants. Alkaloids are natural products that 
contain heterocyclic nitrogen atoms and are always 
basic.  Alkaloids present in the plant are known to 
function as an anesthetic, spasmolytic hypertensive 
effects, antiarrhythmic effects, and anti-cancer and 
anti-cholinergic agent (Iroabuchi, 2008; Burile et 
al., 2009). Flavonoids which are also found in U. 
chamae in a very high concentration, especially in 
ethanol extract are reported to function very well in 
the human system. These functions include protec-
tion against allergy, platelet aggregation, microbial 
invasion, hepatoxic, ulcers, viruses, and tumors. 
Flavonoids are reported by Pietta (2000) to act as 
an antioxidant due to their free radical scavenging 
properties and have the ability to reduce the forma-
tion of free radicals and stabilize the membrane by 
decreasing membrane fluidity. Burile et al. (2009) 
reported that flavonoids reduce the risk of estro-
gen-induced cancer by interfering with the enzymes 
that produce estrogen. Cardiac glycosides are use-
ful in heart pumping (Ekong and Udoh, 2015). 

Antimicrobial potentials of crude ethanol ex-
tracts of the root of U. chamae on the E. coli and S. 
enterica isolates are shown in Table 2 while Table 
3 shows antimicrobial potentials of crude aqueous 
root extracts of U. chamae on the isolates. 

Table 1. Phytochemical constituents of the ethanolic root and leaf extracts of U. chamae plant

Plant parts Solvents used
Phytochemical constituents screened

Tannins Saponins Flavonoids Alkaloids Cardiac 
glycosides

Cyanogenic 
glycosides

Root Ethanol +++ - ++ +++ +++ ++
Root Aqueous + - ++ ++ ++ +

Keys: + present in small concentration, ++ present in moderately high concentration, +++ present in very high concentration
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The E. coli-1, E. coli-2, E. coli-3, Ec-5=E. 
coli-5, S. enterica-1, S. enterica-2, S. enterica-4 
recorded lower ZI and NZ at various concentrations 
of the crude ethanol and aqueous extracts of U. 
chamae and standard antibiotics. The potency of 
the ethanol extracts was observed only on E. coli 
-4 with a zone of inhibition of 17.1 ±0.1mm at 200 
mg/ml. The non-susceptibility of some test isolates 
of E. coli and S. enterica observed in this study does 
not indicate that the plant lacks inhibitory potentials 
but rather, the isolates formed a resistance against 
the crude extracts and antibiotics. This corroborates 
with Bush and Fisher, (2011), who reported 
resistance among members of Enterobacteriaceae 
with particular reference to Salmonella organisms 
and E. coli. 

Plasmid profiling of E. coli and S. enterica 
species in the study is presented in Fig. 1. The 
result revealed that all test isolates except E. coli- 
4 harbored plasmids that confer them multiple 
resistances to both the ethanol and aqueous forms 
of both root extracts as well as control antibiotics 
used in the study. Some isolates harbored more than 
one plasmid. 

The molecular weights of the plasmids ranged 
from 564 bps to 23.13 kbp. The multiple bands were 
observed with E. coli-1, E. coli-2, E. coli-3, E. coli-
5, S. enterica-1, S. enterica-2, and S. enterica-4 
respectively. The acquisition of plasmids by these 
test isolates harmonizes with the observation from 
Buisan et al. (1994), who stated that this is best 
understood to be a plasmid that encodes for viru-

Table 2. Antimicrobial potentials of crude ethanolic extracts of the root of U. chamae on the E. coli and S. 
enterica isolates

Test isolates
Concentration of extracts (mg/ml)/zones of inhibitions (mm) Concentration of control drugs 

(µg)/zones of inhibitions (mm)
200 150 100 50 CHL (30) CPX (10)

E. coli1 - NZ NZ NZ NZ 12.0±0.3
E. coli-2 13.0±0.3 NZ NZ NZ NZ 11.0± 1.0
E. coli-3 9.1 ±0.1 9.1 ±0.1 9.0±0.03 NZ NZ 10.2 ±0.01
E. coli-4 17.1 ±0.1 11.3±0.1 8.2±0.4 7.06±03 10.4±0.5 30.1 ±0.1
E. coli-5 9.0± 0.13 10.1±0.24 NZ NZ 10.0±0.4 10.4 ±0.03
Sal-1 NZ NZ NZ NZ NZ NZ
Sal-2 NZ NZ NZ NZ NZ 11.3±0.6
Sal-3 14.1 ±0.12 13 .3±0.04 11.4±0.1 NZ 15±0.15 10.2±0.05
Sal-4 NZ NZ NZ NZ NZ 11.1 ±0.13
Sal-5 13.1 ±0.1 11.3±0.05 NZ NZ 13.0±0.5 12.3±0.06

Keys: NZ=No zones of inhibition CHL=Chloramphenicol CPX =Ciprofloxacin, The values are means of three measurements of the 
zones of inhibitions on the triplicate cultures at the same concentration and standard deviation (means + standard deviation)

Table 3. Antimicrobial potentials of crude aqueous root extracts of U. chamae on the E. coli and S. enterica 
isolates

Test isolates
Concentration of extracts (mg/ml)/ zones of inhibitions Concentration of control drugs (µg)/

zones of inhibitions (mm)
200 150 100 50 CHL (30) CPX (10)

E. coli-1 NZ NZ NZ NZ NZ 12.0±0.3
E. coli-2 NZ NZ NZ NZ NZ 11.0± 1.0
E. coli-3 NZ NZ NZ NZ NZ 10.2 ±0.01
E. coli-4 15.1 ±0.1 13.1 ±0.1 12.1 ±0.1 8.3 ±0.1 10.4±0.5 30.1 ±0.1
E. coli-5 9.0± 0.13 9.0± 0.13 9.0± 0.13 10.1±0.24 10.0±0.4 10.4 ±0.03
Sal-1 NZ NZ NZ NZ NZ NZ
Sal-2 NZ NZ NZ NZ NZ 11.3±0.6
Sal-3 12.1 ±0.6 13.1 ±0.1 13.1 ±0.1 12 .3 ±0.1 15±0.15 10.2±0.05
Sal-4 NZ NZ NZ NZ NZ 11.1 ±0.13
Sal-5 12.3 ±0.1 9.0 ±0.6 NZ NZ 13.0±0.5 12.3±0.06

Keys: see Table 2. 
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lence and resistance. The finding agrees with Udoh 
et al. (2018) also reported high molecular weight 
plasmids among Salmonella organisms studied. 
Udoh et al. (2019) likewise reported strains of P. 
aeruginosa and P. mirabilis with multiple plasmids 
of varied molecular weights that formed resistance 
to both the conventional drugs and crude extract of 
U. chamae. Nikaido (2009) similarly reported that 
resistance plasmids called R-plasmids are found in 
bacteria and often contain several resistance genes 
and these genes are steadily maintained in the host 
strains of bacteria stably and are transferred effi-
ciently to other neighboring drug-susceptible bac-
terial cells which later become resistant against dif-
ferent classes of antimicrobial agents. Additionally, 
the detection of resistant Salmonella strains that 
produce plasmid-mediated resistance agrees with 
reports of Rankin et al. (2002) and Pitout and Laup-
land (2008). 

Table 4 shows the antimicrobial potentials of 
ethanol crude root extracts of U. chamae on the E. 
coli and S. enterica isolates after plasmid curing 
while Table 5 presents antimicrobial potentials of 
aqueous crude root extracts of U. chamae on the E. 
coli and S. enterica isolates after plasmid curing. 
Resistance patterns of some isolates were reverted. 
E. coli-1, E. coli-2, E. coli-3, and E. coli-5 record-
ed increased ZI with increased concentration of the 
crude ethanol root extract after curing of plasmids. 
E. coli- 4 had the highest ZI of 26.1±0.1 mm at the 
200 mg/ml concentration of the ethanol extract. 
The E. coli-1, E. coli-2, E. coli-3, Sal-2, and Sal-4 
respectively similarly had increased sensitivity for 
the crude aqueous extracts with increased concen-
tration of 200 mg/ml. 

This observation corroborates the report by 
Akinnibosun and Adeola (2015), who in their work 
recorded increased zones of inhibition after plasmid 

Fig. 1. Plasmid profiling of E. coli and S. enterica in the study
Keys: MK, Molecular weight marker(Hind 111 digest); Ec-1, E. coli-1; Ec-2, E. coli-2; Ec-3, E. coli-3; Ec-4, E. coli-4; Ec-5, E. 
coli-5; Sal-1, S. enterica-1; Sal-2, S. enterica-2; Sal-3, S. enterica-3; Sal-4, S. enterica-4; Sal-5, S. enterica -5.

Table 4. Antimicrobial potentials of ethanolic crude root extracts of the of U. chamae on the E.  coli and S. 
enterica isolates after plasmid curing
Cured Test 
isolates Concentration of extracts (mg/ml)/ zones of inhibitions Concentration of control drugs (µg) / 

zones of inhibitions (mm)
200 150 100 50 CHL (30) CPX (10)

E. coli-1 22.3±0.01 16.2±0.4 12.0±0.21 NZ 20.2 ±0.2 30.2 ±0.2
E. coli-2 20.1±0.03 18.1±0.1 12±0.1 NZ 26.2 ±0.6 28.2 ±0.2
E. coli-3 17.1 ±0.4 15.0±0.12 16.4±0.21 11±0.03 18.4 ±0.02 20.2 ±0.6
E. coli-4 26.1 ±0.1 15.3 ±0.06 12.2±0.4 11.2±0.1 16 .4±0.5 31.1 ±1.02
E. coli-5 12.0± 0.13 12.1±0.2 12.0±0.6 NZ 16.0±0.4 18.4 ±0.03
Sal-1 10.4 ±0.12 10 ±0.03 NZ NZ 11. 3±0.4 24.2 ±0.2
Sal-2 18.4±0.02 16±0.3 14±0.1 NZ 11 .2±0.1 21.3±0.6
Sal-3 17.1 ±0.1 14 .3 ±0.1 11.4 ±0.1 NZ 15±0.15 20.2±0.05
Sal-4 14.2 ±0.1 13.4±0.1 11±0.1 NZ 16 .0±0.1 24.1 ±0.13
Sal-5 16.0 ±0.1 15.2±0.05 NZ NZ 10.3 ±0.3 20.0±05

Keys: see Table 2
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curing of the test isolates. However, the non-sus-
ceptibility by E. coli-5, S. enterica-1, S. enterica-2, 
and S. enterica-3 after plasmids elimination agree 
with reports recorded by Yah and Eghafona, (2009) 
and Udoh et al. (2019) reported that acriflavine has 
the ability to remove the plasmids that are found 
between the DNA bases. This probably may be be-
cause some isolates harbored resistant genes that 
could not be eliminated by acridine orange. 

Additionally, after the elimination of plas-
mids, it was observed that the ethanol root extract 
had a greater inhibitory effect on the isolates. This 
was evidently observed with E. coli-3, E. coli-4, 
E. coli-5, and SE-1. Thus, the results indicated that 
ethanol is a better extraction solvent for the extrac-
tion of the root of U. chamae plant active princi-
ples. This corroborates the reports of Ogueke et al. 
(2007). The inhibitory effect exhibited by the root 
extracts of U. chamae is of great significance, es-
pecially in this region where the cost of obtaining 
medicare is high. 
Conclusion

This study confirms that the U. chamae plant 
possesses some antimicrobial substances that can 
inhibit the growth of these diarrheal isolates, but 
these potentials were prevented by some test iso-
lates who formed resistance by the acquisition 
of one or multiple plasmids of various molecular 
weights. The study further portrays the resistance 
patterns of these test organisms were reverted by 
the removal of plasmid-mediated genes. There-
fore, resistance profiling and rapid detection of the 
presence of plasmids are essential for the proper 
treatment of bacterial infections caused by these 
isolates. Additionally, U. chamae should be greatly 

exploited for discoveries that might not have been 
considered in this study.
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