
ABSTRACT

Objectives: The aim of this study was to investigate 
the antibacterial activity of Cinnamomum zeylani-
cum bark (Czb) water extract against Escherichia 
coli isolates. The synergistic activity of Czb water 
extract with various antimicrobial drugs against 
Escherichia coli isolates (extended spectrum beta 
lactamase-ESBL- producing and non-ESBL produ-
cing) was also investigated.

Materials and Methods: Isolates were isolated 
from various clinical specimens.  Antibacterial ac-
tivity of plant extract was determined by agar dilu-
tion method. The synergistic effect of Czb extract 
with certain antibiotics (ciprofloxacin, ofloxacin, 
ceftriaxone, amoxicillin-clavulonate, imipenem, 
amikacin, trimethoprim-sulfamethoxazole, pipera-
cillin-tazobactam) was assayed by the disc diffusi-
on method on agar containing subinhibitory con-
centrations of the extract.

Results: The extract showed antibacterial activity 
against all tested E. coli isolates. In non-ESBL 
producing isolates, the extract showed statistically 
significant synergism with all of the selected antibi-
otics. In ESBL producing isolates, significant syner-
gism was detected only with imipenem. 

Conclusions: In this study, in vitro Czb water ext-
ract was found to have antibacterial activity against 
E. coli isolates. Also, the extract was potentiated 
the antibacterial effects of the selected antibiotics. 
We thought that extract used in the study can contri-
bute to the development of new antibacterial agents 
in the anti-E.coli isolates treatment regimen. 

Keywords: antibacterial activity; Cinnamomum 
zeylanicum; medicinal plants

ÖZET

Amaç: Bu çalışmanın amacı Cinnamomum zey-
lanicum kabuğunun (Czb) su ekstrat formunun 
Escherichia coli izolatlarına karşı antibakteriyel 
etkinliğinin araştırılmasıdır.  Aynı zamanda eks-
tratın çeşitli antimikrobiyal ajanlar ile genişlemiş 
spektrumlu beta laktamaz (GSBL) üreten ve GSBL 
üretmeyen E. coli izolatlarına karşı sinerjistik etkisi 
de araştırılmıştır.

Materyal ve Metod: İzolatlar çeşitli klinik örnekler-
den elde edilmiştir. Ekstratın antibakteriyel etkin-
liği agar dilüsyon metodla saptanmıştır. Ekstratın 
bazı antibiyotiklere (siprofloksasin, ofloksasin, seft-
riakson, amoksisilin-klavulonat, imipenem, ami- 
kasin, trimetoprim-sulfametoksazol, piperasilin-ta-
zobaktam)  karşı sinerjistik etkisi ekstratın subin-
hibitör konsantrasyonunu içeren agarda disk difüz-
yon yöntemi ile değerlendirilmiştir.

Bulgular: Ekstrat çalışmada kullanılan E. coli 
izolatlarına karşı antibakteriyel etki göstermiştir. 
GSBL üretmeyen izolatlarda, ekstratın tüm antibi-
yotikler ile sinerjistik etki gösterdiği saptanmıştır. 
GSBL üreten izolatlarda ise, sinerjistik etki sadece 
imipenemde tespit edilmiştir.

Sonuçlar: Bu çalışmada, in vitro Czb ekstratının E. 
coli izolatlarına karşı antibakteriyel etkisi olduğu 
bulunmuştur. Aynı zamanda ekstratın seçilmiş olan 
antibiyotiklerin antibakteriyel etkisini arttırdığı da 
saptanmıştır. Çalışmada kullanılan extratın E. coli 
izolatlarına karşı yeni antibakteriyal ajanların geli-
şimine katkısı olabileceğini düşünüyoruz.

Anahtar Kelimeler: antibakteriyel etki; Cinnamo-
mum zeylanicum; şifalı bitkiler
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INTRODUCTION

	 Various products derived from plants have 
been used for treatment of a wide variety of 
diseases by humans for a long period of time. 
According to a report by World Health Organi-
zation (WHO), traditional medicine is based on 
drugs derived from plants (1). Spices and herbs 
and their constituents are generally recognized 
to be safe, either because of their traditional use 
without any documented detrimental impact or 
because of dedicated toxicological studies (2).

	 Cinnamomum zeylanicum bark (Czb) is 
an aromatic plant that is used as a spice all over 
the world. The major constituent of Czb is the 
volatile oil which contains cinnamic aldehyde, 
eugenol, terpenes and tannins and mucilage. 
These substances provide antimicrobial acti-
vity alone or in combinations (3).

	 The reports from China have shown that 
inner bark, oil and fruit parts of cinnamomum 
zeylanicum have good antimicrobial activity. 
Water, ethanol and acetone extracts of the plant 
were tested against urinary tract pathogenic 
bacteria. Ethanolic extract was found to be 
more active than acetone and water extract (4). 
Ethanol has a stronger extraction capacity and 
thus the number of active constituents in etha-
nolic extract is greater than acetone and water 
extract. It is probable that the active compounds 
present in water extracts are different from tho-
se responsible for the action in other type of 
extracts. However, the water extracts of some 
plants indicated a higher antimicrobial activity 
than their ethanolic counterparts. Each type of 
extract contains multiple and different antimic-
robial agents which act in different ways on va-
rious bacterial isolates (5).

	 Novel antibacterial actions of plant ext-
racts or phytocompounds have been documen-
ted which include inhibition of MDR-efflux 
pump, β-lactamase activity and anti-antibiotic 
resistance properties (6-8).

	 It was reported that natural products in 
cinnamomum zeylanicum show antibacterial 
effect on E.coli isolates by inhibiting the car-
boxyltransferase component of E. coli acetyl-
CoA carboxylase (9).

	 In this study, antibacterial activity of Czb 
water extract against Escherichia coli isolates 
was investigated. In vitro synergistic action of 
Czb water extract with some antibacterial drugs 
used against E. coli isolates was also evaluated 
by using the disc diffusion method.

MATERIALS AND METHODS

Plant samples: In the assays, Czb obtained 
from retail was used.

Preparation of plant extracts: Extracts were 
prepared by soaking and mixturing the Czb 
powder (5 % w/v) in distilled water for 36 ho-
urs. Upper part was removed after centrifuga-
tion at 5000 rpm for 15 min and used in the 
assays.

Bacterial isolates: A total of 21 microorga-
nisms composed of one reference isolate (E. 
coli ATCC 25922) and 20 clinical isolates (10 
extended spectrum beta lactamase (ESBL) pro-
ducing and 10 non-ESBL producing E. coli) 
were used in the study. Clinical isolates were 
isolated from various (urine, and wound) clini-
cal specimens.

Detection of ESBL production: Confirmatory 
testing for ESBL presence was performed by 
disk diffusion using ceftazidime and cefota-
xime disks, with and without clavulanic acid. 
Isolates demonstrating a clavulonic acid effect, 
defined as an increase in zone diameter of ≥5 
mm in the presence of clavulonic acid for at le-
ast one antibiotics, were considered to be ESBL 
producers.10 Klebsiella pneumoniae ATCC 
700603 (ESBL positive) and E. coli ATCC 
25922 (ESBL negative) were used as quality 
control for ESBL detection. Antibiotic potency 
of the cefotaxime and ceftazidime disks was 
standardized against the reference isolate, E. 
coli ATCC 25922. Antibiotic disks were obta-
ined from Oxoid Ltd, Basingstoke, UK.

Antimicrobial activity: Antimicrobial activity 
of plant extract was determined by agar diluti-
on method (10). Test plates were prepared with 
19 ml of Mueller-Hinton agar (MHA) (Oxoid, 
Unipath LTD., Basingstoke, Hampshire, Eng-
land), and 1 ml of 2-fold dilutions of plant ext-
ract (mg/ml). After cooling and drying, the pla-
tes were inoculated with 10 µl of the 106 cfu/
ml suspension. Plates were incubated for 48 h 
at 35°C, and the minimal inhibitory concent-
ration (MIC) were defined as the lowest con-
centration of plant extract that inhibits visible 
growth of microorganisms spots, and the MIC 
90% was calculated. Tests were repeated three 
times.

Synergy assay: One-fourth the MIC 90% was 
thought as the sub-inhibitory concentration of 
the plant extract in the synergism assays (11). 
Eigth drugs were evaluated: ciprofloxacin (5 
µg), ofloxacin (5 µg), ceftriaxone (30 µg), amo-
xicillin-clavulonate (20/10 µg), imipenem (10 

- 23 -

CiLT:3  SAYI:1  YIL:2016BOĞAZİÇİ TIP DERGİSİ



µg), amikacin (30 µg), trimethoprim-sulfamet-
hoxazole (1.25/23.75 µg), piperacillin-tazobac-
tam(100/10 µg). Antibiotic potency of the disks 
was standardized against the reference isolate, 
E. coli ATCC 25922. Antibiotic disks were ob-
tained from Oxoid Ltd, Basingstoke, UK. Two 
antibiogram sets were performed in duplicate 
for each E. coli isolate in control plates, with 
plain MHA, and in plates containing MHA plus 
one-fourth the MIC 90% of the plant extract. 
The diameters (mm) of the each inhibitory 
zone were recorded after incubation for 24-48h 
at 35°C. The assays were performed in tripli-
cates and the inhibition zone diameter (IZD) 
was measured separately and the average of the 
three replicates were recorded.

Statistical analysis: Results from the syner-
gism assays were subjected to the Wilcoxon 
nonparametric test to compare the values (mm) 
of the inhibitory zones obtained by the disk 
diffusion method (Minitab Statistical Software 
version 13.32). P values <0,05 were considered 
as significant.

RESULTS

	 MIC values of the extract were determined 
as an evaluation of antibacterial activity against 
the bacteria tested. MIC values were found to 
be 2.5 mg/ml and sub inhibitor concentrations 
0.625 mg/ml for 21 E. coli isolates.

	 The results of the in vitro interaction stu-
dies of the extract and the selected antibiotics 
against bacteria were presented in Table I and II. 

Antibiotics
Antibiotic 

alone 
(mm)*

Antibiotic 
plus plant 

extract 
(mm)*

% 
change 
in IZD**

p
values

Ciprofloxacin 28,50 35,82 26 ,018***

Ofloxacin 26,45 32,45 23 ,020***

Ceftriaxone 31,36 38,00 21 ,008***

Amoxicillin-
clavulonate 26,36 32,09 22 ,008***

Amikacin 21,45 28,64 34 ,015***

Trimethoprim-
Sulfamethoxazole 23,82 29,09 22 ,018***

Imipenem 35,91 41,82 16 ,003***

Piperacillin-
tazobactam 32,00 38,73 21 ,005***

Antibiotics
Antibiotic 

alone 
(mm)*

Antibiotic 
plus plant 

extract 
(mm)*

% 
change 
in IZD**

p
values

Ciprofloxacin 11,40 14,70 29 ,249

Ofloxacin 10,00 9,00 -10 ,705

Ceftriaxone 10,00 9,00 -10 ,705

Amoxicillin-
clavulonate 14,10 16,90 20 ,066

Amikacin 18,70 19,40 4 ,723

Trimethoprim-
Sulfamethoxazole 9,60 8,20 -15 ,715

Imipenem 34,90 40,60 16 ,007***

Piperacillin-
tazobactam 22,40 21,90 -2 ,674

	 Synergy was observed between all tested 
antibiotics and plant extract in non- ESBL pro-
ducing E. coli (10 clinical isolates and one re-
ference isolate).

	 The increasing IZDs were detected against 
ciprofloxacin, amoxicillin-clavulonate, amika-
cin and imipenem at different rates in ESBL 
producing E. coli. Based on statistical analyses, 
the increase in IZD was significant only against 
imipenem (p: 0,007 p<0,05). No sinergism was 
established between the tested antibiotics and 
the extract in ESBL producing E. coli,  except 
imipenem.

DISCUSSION

	 In the present study, the antibacterial ac-
tivity of Czb water extract was detected on E. 
coli isolates (both ESBL-producing and non 
ESBL-producing).

	 Plant extracts are commonly prepared 
with water, as infusions and decoctions, in tra-
ditional medicine (12). We also preferred to use 
water extract of the plant in this study.  

	 Few plants’ extracts and phytocom-
pounds exhibited synergistic interaction with 
antibiotics against Gram-positive bacteria. 
Interaction of plant extract with classical an-
tibiotics may also be due to different mecha-
nisms (13, 14). In our study, Czb water ex-
tract showed significant synergistic interaction 
with ciprofloxacin, ofloxacin, ceftriaxone, 
amoxicillin-clavulonate, imipenem, amikacin, 
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Table I: The combination of the extract and selected antibiotics 
against non-ESBL producing E.coli (10 clinical isolates and one refer-
ence isolate).

* The values of all isolates are average figures of three replicates.
** IZD: inhibition zone diameter.
*** p values <0,05 were considered as significant.

Table II: The combination of the plant extract and selected antibiotics 
against ESBL producing E.coli (10 clinical isolates).

* The values of all isolates are average figures of three replicates.
** IZD: inhibition zone diameter.
*** p values <0,05 were considered as significant.



trimethoprim-sulfamethoxazole, and piperacil-
lin-tazobactam against non ESBL-producing 
E.coli isolates.

	 An increase in IZDs of ciprofloxacin, 
amoxicillin-clavulonate, amikacin and imipe-
nem was also detected in different ratios for 
ESBL producing isolates. The increase in IZD 
(synergistic activity) was found to be statisti-
cally significant for only imipenem.

	 Such plants or active fractions may en-
hance the activity of classical antibiotics by 
above-mentioned or yet unknown mode of ac-
tions. Various plant extracts have been reported 
to have synergistic interactions with antibiotics 
(13, 14). 

	 According to the data obtained with ESBL 
producing isolates in this study, ESBL enzymes 
were found to inhibit or decrease the antibac-
terial synergism between Czb extract and the 
antibiotics, excluding imipenem. Currently, we 
could not be able to explain the mechanism of 
the above-mentioned effect of the ESBL en-
zymes. Further studies need to be carried out in 
order to establish the mechanism of such inter-
action.

	 In conclusion, Czb water extract was also 
found to have antibacterial effect on E.coli 
isolates. We suggest that, consumption of Czb 
water extract may be beneficial in treatment of 
infections caused by E. coli. Moreover, due to 
synergistic action with antibiotics, Czb water 
extract could help treatment of infections more 
effectively when used with antibiotics. We 
thought that extract used in the study can con-
tribute to the development of new antibacterial 
agents in the anti-E.coli isolates treatment regi-
men.
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