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Quercetin and Cinnamaldehyde Show Antipathogenic
Activity Against Proteus mirabilis Isolates: Inhibition
of Swarming Motility and Urease Activity
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ABSTRACT

Introduction: Antipathogenic molecules target not the vital structures but the virulence factors of pathogenic microorganisms to prevent
the development of an infection. Proteus mirabilis is a right candidate for testing antipathogenic molecules due to its distinctive features
as an uropathogen such as spreading on urinary catheter surfaces by swarming motility, forming crystalline biofilm by intense urease
activity and causing kidney stones.

Materials and Methods: In this study, the potential antipathogenic effects of quercetin and cinnamaldehyde against swarming motility
and urease activity of P. mirabilis isolates from various services and clinics of Balcali Hospital in Cukurova University were investigated.
The effect on swarming motility was investigated by measuring the swarm diameter on the agar surface of the isolates exposed to the
respective compounds. The effect on urease activity was determined by the analysis of colorimetric changes caused by isolates in the media
containing urea and phenol red. In addition, a selected isolate exposed to the related compounds was examined by electron microscopy
(SEM) to investigate the morphological changes caused by the compounds.

Results: We observed that quercetin inhibited swarming motility for all isolates in a dose-dependent manner. Besides, the cells were found
to be in short form and deformed for the quercetin-exposed isolate examined by SEM. Cinnamaldehyde exhibited moderate inhibitory
activity against urease despite not being effective against the swarming motility.

Conclusion: These molecules, which are commonly found in plants consumed as food or used in phytotherapy, are known to have low
toxicity. It is therefore contemplated that these compounds can be used as a prophylactic in urinary tract infections and as a coating agent
in catheters. Such potentials should be explored by further in vivo studies.
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Giris: Antipatojenik molekdiller, patojenik mikroorganizmalarin hayati yapilarini dedil viriilans faktorlerini hedef alir. Proteus mirabilis,
swarm hareketi ile (liriner kateterlerin ytizeyinde yayilmasi, yogun tlireaz aktivitesi ile kristal icerikli biyofilm olusturmasi ve bébrek taslarina
neden olmasi gibi karakteristik ozellikleri nedeniyle, antipatojenik molekiillerin test edilmesi icin ideal bir adaydir.

Materyal ve Metod: Bu calismada, Cukurova Universitesi Balcali Hastanesindeki cesitli servis ve kliniklerden izole edilen P. mirabilis izolatla-
rinin swarm hareketi ve tireaz aktivitesine karsi, kersetin ve sinnamaldehitin potansiyel antipatojenik etkileri incelenmistir. Swarm hareketi-
ne etki, ilgili bilesiklere maruz kalan izolatlarin agar yiizeyindeki swarm capinin Slctilmesiyle arastirilmistir. Ureaz aktivitesine etki ise, tire ve
fenol kirmizisi iceren besiyerlerinde izolatlarin neden oldugu kolorimetrik degisikliklerin analiziyle ortaya konmustur. Ayrica, ilgili bilesiklere
maruz kalan belirli bir izolat elektron mikroskobuyla (SEM) incelenerek, bilesiklerin neden oldugu morfolojik degisiklikler arastirilmistir.
Bulgular: Kersetinin tiim izolatlarda swarm hareketini doza bagl bir sekilde inhibe ettigi gériilmiistiir. Ayrica, SEM incelemeleri neti-
cesinde, kersetine maruz kalan hticrelerin kisa formda ve deforme oldugu tespit edilmistir. Sinnamaldehit iireaz aktivitesine karsi orta
derecede inhibitor etkili bulunmus, fakat swarm hareketine karsi etkili olmamistir.

Sonug: Gida olarak tiiketilen ve fitoterapide siklikla kullanilan bitkilerde yaygin olarak bulunan bu molekdillerin disiik toksisiteye sahip
oldugu bilinmektedir. Dolayisiyla ilgili bilesiklerden idrar yolu infeksiyonlarinda profilaktik olarak ve kateterlerde kaplama ajani olarak
yararlanilabilecegi éngériilmektedir. Daha ileri diizeyde in vivo ¢alismalarla bu tiir potansiyeller arastinimalidir.

Anahtar Kelimeler: Proteus mirabilis; Kersetin; Sinnamaldehit; Swarm hareketi; Ureaz aktivitesi

INTRODUCTION precipitate. These precipitates (struvite and apa-
tite crystals) cause the formation of urinary tract
stones and accumulate in the biofilm on the
catheter surface. This crystalline biofilm clogs
the catheter lumen. Due to obstruction of urine
flow, urinary incontinence and vesicoureteral re-
flux emerge. These disorders are predisposing

Urinary tract infections (UTIs) are one of the
most common bacterial infections. They are seen
in all age groups and both sexes. Members of
the colon flora are usually transmitted from the
perianal region to the urethral opening and travel
through the urethra (ascending) to the bladder 5.7
and kidneys!!2l. On the other hand, the infection factors for UTIs™ "

may develop as a result of urinary catheterization. It is known that many biologically active
The unique swarming motility of Proteus mira- phytochemicals can exhibit antimicrobial activi-
bilis plays a primary role in UTI pathogenesis ty through wvarious mechanisms. Phenolic phy-
by spreading through the urinary tract epithelium tochemicals such as cinnamaldehyde, curcumin,

34 eugenol, quercetin, resveratrol show antibacterial

and antipathogenic activity by oxidation of hy-
droxyl groups to free oxygen radicals!®12l. These
radicals interact with functional groups of nu-
cleophilic amino acids, leading to the inhibition of
vital enzymes. In addition, phenols, whose lipo-
philic character is dominant, disrupt the integrity
of the cell membrane. They also make complexes

and the catheter surface!

P. mirabilis is an urease-positive bacterium.
Like the swarming motility, P. mirabilis urease
also plays a vital role in UTI pathogenesis. Ure-
ase acts as a catalyst for the release of carbon
dioxide and ammonia as a result of hydrolysis
of urea. The formed ammonia makes the urine
alkaline. Thus, various ions dissolved in the urine
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with dissolved proteins and bacterial cell wall.
Thus, they inhibit bacterial adhesins, enzymes,
and carrier proteins in the cell membrane!13:14],

In our previous studies, potential antipathogen-
ic effects of quercetin and cinnamaldehyde on P.
mirabilis HI4320 (Mobley Research Laboratory,
the University of Michigan Medical School, Ann
Arbor, USA) were examined from different angles
and this report builds on our prior study by ex-
amining detected antipathogenic effects of related
phytochemicals on multiple clinical isolates from
UTI infections!12:1€]. In this context, the effect of
the related molecules on viability, the swarming
motility, urease activity, and general cell morphol-
ogy of P. mirabilis isolates was investigated by
phenotypic tests.

MATERIALS and METHODS
Test Molecules and Media

Quercetin  and cinnamaldehyde used in the
experiments were purchased commercially (Sig-
ma-Aldrich, USA). Sufficient amount of sterile stock
solutions of the molecules in dimethyl sulfoxide
(DMSO) at 100 mM concentration were prepared.
For the sterilization of solutions, DMSO-compatible
regenerated cellulose membrane filters (EMD Milli-
pore, Germany) with a diameter of 0.45 pm were
used. Stock solutions were diluted at the required
ratios and used in experiments. Lysogeny Broth
(LB), LB agar, Mueller Hinton Broth (MHB) and
Brain-Heart Infusion Broth (BHIB) (Neogen, UK)
were used where appropriate as a medium.

Proteus mirabilis Isolates

The studies were carried out with 10 P. mi-
rabilis strains isolated from various services and
clinics of Balcali Hospital in Cukurova Universi-
ty (Adana, Turkey) (Table 1). All isolates were
stocked at -80°C in BHIB containing 15% glyc-
erin. Studies were performed with fresh cultures
grown on LB agar with an overnight incubation

at 37°C.
MIC Determination

Minimum inhibitory concentrations (MICs) of
the test molecules were determined for all isolates
before investigating their antipathogenic effects.
By the standards used in MIC determination, test
molecules were diluted with LB broth in 96-well
U-base microplates at the required concentra-
tions!!7). Then the inoculums, 100-fold dilutions
of suspensions of the isolates at 0.5 McFarland
density, were added to the wells in the same vol-
ume. After one night of incubation at 36 + 1°C,
the microplates were evaluated visually, and the
lowest concentration without growth was deter-
mined as MIC. Dilutions containing only DMSO
were also included in the experiments for control.

Swarming Motility Experiments

A previous method was used to determine
the effect of quercetin and cinnamaldehyde on
swarming motility!!8l. LB agar plates (1.5%) con-
taining the molecule to be tested at the required
concentrations (0.1 to 0.4 mM) were prepared

Table 1. Characteristics of the Proteus mirabilis isolates studied

Number Sample type Origin of isolation

1 Midstream urine Pediatric nephrology

2 Midstream urine Orthopedics and traumatology service
3 Midstream urine Urology service

4 Midstream urine Pediatric nephrology

5 Midstream urine Pediatric surgery

6 Urinary catheter Pediatric intensive care service
7 Urinary catheter Neurosurgery service

8 Midstream urine Oncology service

9 Suprapubic Dermatology service

10 Midstream urine Hematology service
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for both quercetin and cinnamaldehyde. After
preparation, the plates were allowed to dry for
24 hours at 37°C. The plates containing DMSO
was also included in the experiments as the con-
trol. The inoculums to be used in the experiments
were obtained by inoculating fresh culture into
LB broth medium and culturing for several hours.
By taking 1 mL of the LB broth culture into the
microcentrifuge tube, the cells were washed a few
times with centrifugation (Thermo Scientific, USA)
(10.000 rpm, 1 min) and resuspension cycles in
serum physiologic (SF). After washing, final sus-
pension was adjusted to 0.5 McFarland density
by a densitometer (Grant Instruments, UK). Onto
the previously dried plates, 5 L. was added from
the prepared inoculum and incubated at 37°C for
12 hours. At the 12t hour, the swarming diam-
eter was measured in millimeters and recorded.
For each concentration, the mean of the swarm
diameter detected in three plates was taken, and
the results were analyzed by comparing with the
control group.

Urease Activity Experiments

In order to determine the effect of quercetin
and cinnamaldehyde on urease activity, isolates
that were cultured in LB agar plates (0.1% urea)
containing quercetin or cinnamaldehyde at 0.3
mM concentration were used!?:20, DMSO con-
taining control plates were also included again
in the experiment. After 12 hours of incubation,
suspensions of the isolates at 3 McFarland den-
sity were prepared. By taking 1 mL of the pre-
pared suspension into the microcentrifuge tubes
for each isolate, the cells were washed a few
times with centrifugation (10.000 rpm, 1 min)
and resuspension cycles in serum physiologic.
After washing, the supernatant was discarded,
and the remaining pellet was suspended by the
addition of 1% sodium dodecyl sulfate (SDS) and
incubated for 2 min. After one last centrifugation
(10.000 rpm, 1 min), the urease activity of the
soluble protein in the supernatant was determined
spectrophotometrically. For this purpose, 75 pL
of supernatants were added to the flat bottom
microplate containing the same volume of indi-
cator solution (7 pL/mL phenol red, 120 mM
urea). The absorbance value of the wells was de-
termined reading at OD550 nm by a microplate

reader (Thermo Scientific, USA) and evaluated
according to the formula given below!2l.

Urease Inhibition Rate (%) = (A-B)/A x 100

(A: Absorbance value for the control group;
B: Absorbance value for the molecules)

Examining the Effects of the Molecules
on P. mirabilis Morphology by SEM

The effect of the swarming inhibitory mole-
cule(s) (here only quercetin) on P. mirabilis mor-
phology was examined by observing the changes
in the surface morphology of the isolates ex-
posed to the inhibitory molecule by FEI Quanta
650 Field Emission (Thermo Scientific, USA). For
sample preparation, LB agar plates with quercetin
at 0.2 mM concentration were prepared[zz]. Then
plates were inoculated according to ‘swarming
motility experiments’ by taking from a fresh cul-
ture of the selected isolate (no. 2). At the end
of 12-hour incubation, a small amount of the
bacterium spread on the surface of the plates
was resuspended in 2.5% glutaraldehyde and in-
cubated for 5 min. Subsequently, the cells collect-
ed by centrifugation (10.000 rpm, 1 min) were
resuspended in SF. With a single-use disposable
plastic loop, 10 pL suspension was taken up,
spread on a clean slide, and allowed to dry over-
night. After proper gold coating and grounding
procedures, the prepared slide was examined!23],

RESULTS

According to the microdilution method applied
to the isolates, MIC values of cinnamaldehyde for
all isolates were 256 npg/mL. Quercetin did not
show inhibitory activity against any isolates at the
tested concentrations (> 1024 pg/mL).

The effect of quercetin and cinnamaldehyde
on swarming motility of the isolates is represent-
ed in the graph in Figure 1. When the swarming
diameter was measured at the 12% hour, sig-
nificant swarming inhibition was detected for all
isolates grown on the quercetin containing plates
(except isolate no. 3 at 0.1 mM concentration)
compared with the control plate containing only
DMSO (p< 0.01). It was observed that the in-
hibitory activity increased in direct proportion to
the concentration. Also, cinnamaldehyde caused
dose-dependent inhibition in isolates no. 4,8,9
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Figure 1. Effect of quercetin and cinnamaldehyde on the swarming diameter for various concentrations. The
control groups contain only DMSO, which is used as a solvent. The bars in the columns represent means and
standard deviations for the data obtained from three separate plates. Q-1: Quercetin (at 0.1 mM concentra-
tion); Q-2: Quercetin (at 0.2 mM concentration); C-2: Cinnamaldehyde (at 0.2 mM concentration); C-4: Cin-

namaldehyde (at 0.4 mM concentration).
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Figure 2. Effect of quercetin (0.3 mM) and cinnamaldehyde (0.3 mM) on urease activity (%). Control groups
are omitted for clarity of the graph, and relative results were given for quercetin and cinnamaldehyde.

and 10. On the other hand, for the various con-
centrations of cinnamaldehyde, dose-independent
inhibition was observed in isolates 1, 2, 3, 5,

6 and 7.

The effect of quercetin and cinnamaldehyde at
0.3 mM concentration (an average inhibitory dose)
on the urease activity of isolates was represented
in the graph in Figure 2. At this concentration,
in the spectrophotometric measurements after 12
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Control

" Quercetin

Figure 3. SEM images of preparations from isolate no. 2 grown on plates containing quercetin (0.2 mM) or

only DMSO as a control.

hours incubation, a significant urease inhibition
was observed in isolates that were cultured in
cinnamaldehyde containing plates (except isolates
no. 4 and 8) when compared to control groups
containing only DMSO. Over 10% inhibition rate
was detected for 8 isolates by cinnamaldehyde and
4 of them were higher than 20%. No significant
inhibition of urease activity was detected for any
isolates grown on quercetin containing plates.

The effect of quercetin on the morphology of
selected isolate no. 2 was demonstrated by direct
observation with SEM (Figure 3). Typical, quite
long bacilli were observed in the control group,
while the cells observed in quercetin containing
plates were found to be in short form and de-
formed. On the other hand, cinnamaldehyde did
not cause any visible changes in cell morphology.

DISCUSSION

By the determined objectives at the beginning
of our study, quercetin and cinnamaldehyde were
found to be effective inhibitors of P. mirabilis
swarming motility and urease activity. Such ap-
proaches targeting virulence factors that play a
role in infection pathogenesis aim to neutralize
pathogenic bacteria without Kkilling. Thus, mole-
cules which are both active and less likely to
develop resistance due to selective stress can be
developed. In general, the higher the bactericidal
effect of a molecule, the higher the probability of
resistance. Therefore, molecules such as quercetin
and cinnamaldehyde, which have no known toxic
effects for bacteria at concentrations where they
are effective as virulence inhibitors, may be an

alternative option to solve the resistance problem.

Phytochemicals such as resveratrol, geraniol,
citral, tannic acid, curcumin have been reported
to inhibit swarming motility of various bacte-
ria including P. mirabilid® 1224261 In our study,
quercetin inhibited the swarming similarly or more
effectively compared to these studies. As can
be clearly understood from the SEM image of
the selected isolate, quercetin-exposed cells can-
not perform swarm differentiation and remain in
short form. On the other hand, no significant in-
hibition of swarming was detected with cinnamal-
dehyde. The inhibition of swarming was evident
for all isolates with increasing doses of quercetin,
whereas for only 3 isolates a similar situation
was observed with cinnamaldehyde. When ure-
ase inhibition was evaluated, cinnamaldehyde was
found to be moderately active, and no significant
inhibition was observed with quercetin.

For both swarming inhibition by quercetin and
urease inhibition by cinnamaldehyde, the results
of our previous studies performed with P. mira-
bilis HI4320 are similar with the data obtained
from clinical isolates in this study, except that
cinnamaldehyde inhibits not only urease but also
swarming of P. mirabilis HI4320. In addition,
cinnamaldehyde inhibited urease at different rates
in different isolates. It is thought that these vari-
ations are due to differences between the urease
activity of the isolates, which requires investigat-
ing this issue at the molecular level. Besides,
the ineffectiveness of quercetin in this study may
also be related to the method followed. Because
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quercetin is a yellow compound, it can lead to
misleading results in spectrophotometric methods.
Therefore, it is planned to investigate the effect
of urease expression by molecular methods with
future studies.

In the prevention and treatment of infectious
diseases caused by urease-positive bacteria, the
potential benefits of urease inhibitors lack the
attention they deserve. It is possible to find alter-
natives to licensed but highly toxic molecules such
as acetohydroxamic acid among many phytochem-
icals with low toxicity and readily available(27],
The urease inhibitory qualification of cinnamal-
dehyde, which is shown in our study, should be
evaluated in this respect. This compound, which
is frequently used in the food and cosmetic indus-
try and traditional folk medicine, has no known
toxic effects at concentrations which shows inhibi-
tory activity. It has been shown in various studies
that cinnamaldehyde also has other therapeutic
properties that can be used in many conditions.
Similarly, quercetin is also a commonly known
and widely searched molecule in the medical lit-
erature. The effectiveness of these molecules in
UTI prophylaxis and catheter coating should be
examined in detail with further studies.

As a result of this research, cinnemaldehyde
and quercetin had antibacterial and antipathogenic
potential against P. mirabilis isolates. It can be
envisaged that these compounds may be utilized
against P. mirabilis and similar pathogens which
may develop significant resistance to antibiotics
used in urinary tract infections such as cotrimox-
azole and beta-lactams!28l,

ACKNOWLEDGEMENT

This study was supported by Cukurova Uni-
versity Department of Scientific Research Project
within the scope of Individual Research (grant
number: TSA-2017-9688).

CONFLICT of INTEREST

Authors have no competing interests to disclose.
AUTHORSHIP CONTRIBUTIONS
Concept/Design: AA, PC
Analysis/Interpretation: AA, FK, PC

Data Acquisition: AA

Writting: AA
Critical Revision: AA, FK, PC
Final Approval: AA, FK, PC

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Sheerin NS. Urinary tract infection. Medicine (Baltimore)
2011,39(7):384-9.

Flores-Mireles AL, Walker [N, Caparon M, Hultgren SJ. Uri-
nary tract infections: epidemiology, mechanisms of infection
and treatment options. Nat Rev Microbiol 2015,13(5):269-
84.

Schaffer [N, Melanie MP. Proteus mirabilis and urinary tract
infections. Microbiol Spectr 2015,;3(5):1-66.

Armbruster CE, Hodges SA, Mobley HLT. Initiation of swar-
ming motility by Proteus mirabilis occurs in response to spe-
cific cues present in urine and requires excess L-glutamine. |
Bacteriol 2013;195(6):1305-19.

Armbruster CE, Mobley HLT. Merging mythology and morp-
hology: the multifaceted lifestyle of Proteus mirabilis. Nat
Rev Microbiol 2012;10(11):743-54.

Nicolle LE. Catheter associated urinary tract infections. An-
timicrob Resist Infect Control 2014,;3(23):1-8.

Mobley HLT, Warren |W. Urease-positive bacteriuria and
obstruction of long-term urinary catheters. | Clin Microbiol
1987;25(11):2216-7.

Amalaradjou MAR, Narayanan A, Baskaran SA, Venkitana-
rayanan K. Antibiofilm effect of trans-cinnamaldehyde on
uropathogenic Escherichia coli. | Urol 2010,184(1):358-63.

Packiavathy IASV, Priya S, Pandian SK, Ravi AV. Inhibition of
biofilm development of uropathogens by curcumin: An an-
ti-quorum sensing agent from Curcuma longa. Food Chem
2014;148:453-60.

Kim YG, Lee JH, Gwon G, Kim S Il, Park JG, Lee |. Essential
oils and eugenols inhibit biofilm formation and the virulen-
ce of Escherichia coli O157:H7. Sci Rep 2016,6(10):1-11.

Xiao ZP, Wang XD, Peng ZY, Huang S, Yang P, Li QS, et
al. Molecular bocking, kinetics study, and structure-acti-
vity relationship analysis of quercetin and its analogous
as Helicobacter pylori urease inhibitors. | Agric Food Chem
2012;60(42):10572-7.

Wang WB, Lai HC, Hsueh PR, Chiou RYY, Lin SB, Liaw
§J. Inhibition of swarming and virulence factor expres-
sion in Proteus mirabilis by resveratrol. | Med Microbiol
2006;55(10):1313-21.

Cowan MM. Plant products as antimicrobial agents. Clin
Microbiol Rev 1999;12(4):564-82.

Cushnie TPT, Lamb AJ. Antimicrobial activity of flavonoids.
Int | Antimicrob Agents 2005,26:343-56.

Aygiil A, Oztiirk [, Cilli FE Ermertcan §. Quercetin inhibits
swarming motility and activates biofilm production of Pro-
teus mirabilis possibly by interacting with central regula-
tors, metabolic status or active pump proteins. Phytomedi-
cine 2019;57(September 2018):65-71.

82|

FLORA 2020;25(1):76-83



Aygul A, Kibar F, Ciragil P.

16.

17.

18.

19.

20.

21.

22.

Aygiil A, Oztiirk I, Ermertcan §. Cinnamaldehyde inhibits
swarming motility and urease expression of proteus mirabi-
lis in a dose dependent manner. In: 27th European Congress
of Clinical Microbiology and Infectious Diseases (ECCMID).
2017:5223.

Clinical and Laboratory Standards Institute. Performance
Standards for Antimicrobial Susceptibility Testing; Twenty-
Fifth Informational Supplement. In The Clinical and Labora-
tory Standards Institute (CLSI), 2015.

Belas R, Schneider R, Melch M. Characterization of Proteus
mirabilis precocious swarming mutants: Identification of
rsbA, encoding a regulator of swarming behavior. | Bacteriol
1998;180(23):6126-39.

Bhaduri S, Demchick PH. Simple and rapid method for dis-
ruption of bacteria for protein studies. Appl Environ Micro-
biol 1983,;46(4):941-3.

Mobley HLT, Chippendale GR. Hemagglutinin, urease, and
hemolysin production by Proteus mirabilis from clinical
sources. | Infect Dis 1990,161(3):525-30.

Kwiecinska-pirog J, Skowron K, Bartczak W. The ciprofloxa-
cin impact on biofilm formation by Proteus mirabilis and
P. vulgaris strains. Jundishapur | Microbiol 2016;9(4):1-8.

Pearson MM, Mobley HLT. Repression of motility during
fimbrial expression: identification of 14 mrpJ gene paralo-
gues in Proteus mirabilis. Mol Microbiol 2008;69(2):548-
58.

23.

24.

25.

26.

27.

28.

Erdin N. Tarama elektron mikroskobunun temel prensipleri
ve numune hazirlama. istanbul Universitesi Orman Fakiil-
tesi Derg 1986,36(2):102-24.

Echeverrigaray S, Michelim L, Delamare APL, Andrade CP,
Da Costa SOP, Zacaria J. The effect of monoterpenes on
swarming differentiation and haemolysin activity in Proteus
mirabilis. Molecules 2008;13(12):3107-16.

Smith DG. Inhibition of Swarming in Proteus spp. by Tannic
Acid. | Appl Bacteriol 1974,38:29-32.

Lee JH, Kim YG, Cho HS, Ryu SY, Cho MH, Lee J. Coumarins
reduce biofilm formation and the virulence of Escherichia
coli O157:H7. Phytomedicine 2014,21(8-9):1037-42.

Kosikowska P, Berlicki L. Urease inhibitors as potential drugs
for gastric and urinary tract infections: a patent review. Ex-
pert Opin Ther Pat 2011,21(6):945-57.

Kurtoglu MG, Bozkurt H, Giidticiioglu H, Bayram Y, Berktas
M. Klinik érneklerden izole edilen Proteus mirabilis susla-
rinin antimikrobial ajanlara duyarliliklari. Genel Tip Derg
2008;18(1):23-6.

Address for Correspondence/Yazisma Adresi
Dr. Ogr. Uyesi Abdurrahman AYGUL

Cukurova Universitesi Eczacilik Fakiiltesi,
Farmasotik Mikrobiyoloji Anabilim Dali,
Saricam, Adana-Tiirkiye

E-mail: abdurrahmanaygul@gmail.com

FLORA 2020;25(1):76-83

EE



