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Detection of Bacterial Vaginosis Associated with Gardnerella vaginalis Using Molecular Methods in
Women Attending Healthcare Centers
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Abstract

Genital tract infections are among the most common reasons for women to seek medical care.
Gardnerella vaginalis is a predominant pathogen in bacterial vaginosis and plays a significant role
in producing symptoms such as malodorous vaginal discharge and inflammatory complications.
This infection is associated with an increased risk of upper genital tract diseases, including
endometritis after cesarean section or abortion, surgical site infections, pelvic inflammatory
disease, preterm labor, chorioamnionitis, and reduced success rates in assisted reproductive
technologies. Rapid and accurate diagnosis not only facilitates timely treatment but also helps
prevent the spread of infection. In this study, 250 samples were collected from women presenting
with vaginitis symptoms at clinics in Shahrekord. The samples were analyzed using macroscopic,
microscopic, biochemical, and molecular (PCR) methods. Results revealed that 220 out of 250
samples (88%) were positive for Gardnerella vaginalis infection. These findings highlight the high
prevalence of Gardnerella vaginalis among symptomatic women and emphasize the importance
of using accurate diagnostic tools for effective management and prevention of bacterial vaginosis.

Keywords: Gardnerella vaginalis, Bacterial VVaginosis, Molecular Method.
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Genotyping of Helicobacter pylori strains isolated from biopsy samples in
Shahrekord city by RAPD PCR

Hossein Aghajani™, Hossein Khodabandeh?

1. Department of Microbiology, Faculty of Basic Sciences, Islamic Azad University, Shahrekord Branch,
Shahrekord, Iran

* Corresponding author: bardiyaaghajanidezaki@gmail.com

Absteract:

Helicobacter pylori is an important cause of gastrointestinal diseases. Since genetic diversity
within the Helicobacter pylori population occurs in large quantities, methods such as RAPD-
PCR were used to determine the possible relationship between specific Helicobacter pylori
genotypes and various gastric diseases. In this study, the genetic pattern of Helicobacter pylori
strains isolated from different patients with dyspepsia was investigated by RAPD-PCR.

During this study, biopsy samples from 40 patients, including 20 normal patients, 16 ulcer
patients, and 4 cancer patients, were extracted using a DNA extraction kit manufactured by
Cinagene Company, and the strains were identified in the presence of 16srRNA primers.

In this study, after performing the determined in the presence of specific primers and the
strains were genotyping was performed by RAPD-PCR. PCR test for the definitive diagnosis of
Helicobacter pylori, all samples were detected positive with a band of 109 base pairs. The vacA
gene was detected in 30 samples (70%) and the cagA gene in 2 samples. In the dendrogram
obtained in the RAPD-PCR test in 40 Helicobacter pylori strains examined in biopsy samples,
a general affinity between 54 and 98% among the isolates is evident. All isolates were
distinguished from each other in 9 main clusters. At a similarity coefficient of 80%, a total of 30
profiles including 9 clusters and 21 separate points were identified.

In the examination of electrophoretic DNA fragments, the following patterns were observed,
indicating that the results obtained are genetically diverse and heterogeneous. The results
obtained on 20 strains isolated from normal patients showed that each of the strains has its own
genetic fingerprint pattern.

Keywords: Biopsy, Genotyping, Helicobacter pylori, RAPD-PCR
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Abstract

Staphylococcus saprophyticus is one of the causes of urinary tract infections in humans. Due to the
wide range of strains and the presence of pathogens, high costs are incurred for the isolation, diagnosis and
treatment of this bacterium. The aim of this study was to determine the antibiotic resistance pattern and
prevalence of ica operon genes in the Staphylococcus saprophyticus strains isolated from clinical samlea
in Shahrekord. This study was conducted on 34 strains of Staphylococcus saprophyticus isolated from
urinary tract infection samples in Shahrekord city. After bacterial identification using biochemical tests,
antibiotic resistance pattern was determined by Kirby-Bauer method. Then polymerase chain reaction
(PCR) test was performed using specific primers to detect tetK, ant(4)-la< vanA «ermA and icaA/C/D/B/R
genes. Of 34 strains of Staphylococcus saprophyticus isolated from infectious samples, the most commonly
detected antibiotic resistance was against penicillin (91.2%) and the most sensitivity was achieved against
vancomycin (5.9%). The distribution of tet K, erm A, ant(4)la and van A, ica A, ica D, ica C, ica B and ica
R were reported 20.58%, 55.88%, 20.58%, 0%, 73.52%, 64.70%, 20.58%, 14.7% and 14.7% respectively.
The results that show Staphylococcus saprophyticus is resistance to selected antibiotics. The lack of
significant statistical relationship

between disc resistance and molecular resistance is indicated that the transfer of antibiotic resistance
among isolates through other factors such as introns and transposons.

Keywords: Antibiotic resistance genes, Staphylococcus saprophyticcus, ica operon, Urinary Tract
Infection
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Introduction:

Urinary Tract Infections (UTIs) represent
one of the most common diseases
encountered in the medical practice today,
accounting for 150 million UTIs per annum
worldwide (1). Indicated that 40%-50% of
women had UTIs throughout their lives.
Also, a previous report of WHO showed that
the UTIs were the common causes of febrile
illness in 3-8% of girls and 1% of boys.
Escherichia coli is the primary etiological
agent, accounting for 75-90% cases of UTI
(2). Although it is one of the most easily
treatable diseases, it has been reported to be
the most common hospital-acquired
infection, affecting mainly women, children
and the elderly (3). The gram negative
bacteria are the most common pathogens and
among them, E coli is responsible of for the
acute UTI. The other gram negative bacteria
(Proteus, Pseudomonas and Klebsiella) are
probably related to chronic infections (4).

Urinary tract infections comprise a wide

Yv
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range of disorders including pyelonephritis
(infection of the Kkidney) and cystitis
(infection of the bladder), which are defined
by the presence of microorganisms in the
urinary tract (5). Antimicrobial resistance
and, in particular, multidrug resistance
(MDR) are turning in to a big problem
worldwide. MDR  encoded bylinked
resistance genes occurs on integrons, which
are potentially mobile genetic elements
involved in the transfer of MDR (6).

Integrons are genetic units containing
elements for site specific recombination,
capture and mobilization of gene cassettes.
To date, five distinct integron classes have
been found. More than 60 different antibiotic
resistance genes have been identified within
gene cassettes,alone or in combination (7).
Integrons were first described by Hall and
Collis. They are genetic elements that contain
the specific determinants of the component of
a site-specific recombination system that
recognizes and mobile

captures gene
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cassettes (8,9). Integron system is a dynamic
force in the evolution of multidrug resistance
(MDR) and helps bacteria to acquirenovel
combinations of resistance genes. Integrons
are horizontally transferable genetic elements
which play animportant role in dissemination
and accumulation of resistance genes in
bacteria (10). Most integrons encoding
antibiotic resistance have been found in

gram-negative bacteria (e.g., Pseudomonas

species, Acinetobacter species, Vibrio species,

and various enterobacteriaceae species
including  Escherichia  coli,  Klebsiella
pneumoniea, and Enterobacter cloacae).

However, integrons coding for antibiotic
resistance have also been described in
Corynebacterium species, mycobacteria, and
Enterococcus faecalis (7). There are four
different classes of integrons in bacteria
carrying genes for antimicrobial resistance,
each with a distinct integrase gene. Nearly all
known gene cassettes from class 1, 2 and 3

integrons encode resistance to antibiotics or

YA
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disinfectants. Class 1 integrons are the most
prevalent and well characterized. Class 4 is a
distinctive class of integrons located in the
Vibrio cholera genome and not known to be
associated with antibiotic resistance (11-13).
Several studies have examined integron
distributions  in  multi-drug  resistant
Escherichia coli strains around the world
(14). However, no publicized information is
available on the detection of integrons in
MDR Escherichia coli isolated from urinary
tract infections in Kermanshah, Iran. The aim
of this study was to determine the prevalence
of multi-drug resistant Escherichia coli
isolated from urinary tract infections in
Kermanshah Iran and investigate the
associations between multi-drug resistance
and the existence of integrons.

Material and Methods:

Bacteria isolation

A total number of 90 Escherichia coli
isolates were obtained from urine samples of

patients at Medical diagnostic laboratories in
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Kermanshah, Iran during a six-month period
(October to March, 2015). The bacterial
isolates were identified according to the
cultural and biochemical properties. Urine
samples were inoculated on blood and Mac
Conkey agar plates and incubated at 37°C for
18-24h. Escherichia coli isolates were
distinguished by post growth on solid
medium. It produced a large, smooth, pink
(lactose  fermented) on  MacConkey.
Furthermore, the biochemical tests were
performed for the identification of
Escherichia coli isolates from other isolates.
These tests included Indole test, Methyl red
test, Voges proskaur test, Simmon’s citrate
test, triple sugar iron test, urease test, and

Motility test (15).

Antmicrobial Susceptibility Testing:

Antibioticsusceptibility tests were done
for all isolates by Kirby-Bauer agar disk
diffusion method as recommended by CLSI
medium

on Muler-Hinton agar

(Merck,Germany). The antibiotic disks used
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in this study were: Gentamicin (GM 10ug),
Amikacin (AN 30ug), Nalidixic Acid (NA
30pg), Ceftazidim

Norfeloxacine (NOR), Choloramphenicol (C

(CAZ 30 g,
30ung), Cephalotin (CF 30 pg), Imipenem
(IPM 10 pg), Ciprofloxacin (CP 5 pg), Co-
trimoxazole (SXT 25 pg), Tetracycline (TE
30 pg) and Nitrofurantoin (FM 30 pg)
(16,17).

DNA extraction and PCR
ampilification

Template DNA for PCR was prepared by
the boiling method. Briefly, bacteria were
harvested from 1.5 ml of an overnight Luria
Bertani broth culture (Merck, Germany). It
was suspended in sterile distilled water and
incubated at 95°C for 10 min. Following the
centrifugation of the lysate, the supernatant
was stored at -20°Cand used as the template
DNA stock.

PCR Amplification:

Detection of class 1 and class 2 integrons

was performed by PCR. The primers used for
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the detection of intland int2 genes by PCR
method are presented in Table (1) (18).

PCR amplification was carried out in a 25
ul reaction mixture containing 2 pul of DNA
template, 50 pm of each oligonucleotide
primer, 0.2 mM of deoxynucleoside
triphosphates sets, 1.5 mM of MgCI2, 2.5 ul

of 10X PCR buffer (100 mMTris-HCI, pH
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8.3 and 500 mM KCI) and 2.5 U of Taq
polymerase. It was performed as follows: the
initial denaturation at 94°C for 12 min was
followed by 30 cycles consisting of 94°C for
1 min, annealing at 60°C for 30 sec,
elongation at 72 for 2 minutes,and the final
extension was conducted at 72°C for 10 min

(18).

Table 1: Oligonucleotide primers used in the PCR assay

Primer

Int 1-F

Int 1-R

Int 2-F

Int 2-R

Results:

Of the total collected samples, 90
Escherichia coli strains were detected based
on culture characterization, biochemical and
morphological features. In this study, 75% (n
= 60) were female and 25% (n = 20) were
male. The rate of resistance to 12 antibiotics

was Nalidixic acid (83.33%), Tetracycline

Oligonucleotide sequence (5’ - 3°)
GGTCAAGGATCTGGATTTCG
ACATGCGTGTAAATCATCGTC
CACGGATATGCGACAAAAAGGT

GTAGCAAACGAGTGACGAAATG

(56.66%), Norfeloxacin (55.55%),
Ciprofloxacin (58.55%), Cephalothin
(88.88%), Ceftazidim (40%),
Chloramphenicol (26.26%), Co-trimoxazole
(70%), Gentamicin (32.22%) Amikacin
(17.77%), Nitrofurantoin (21.11%) and
Imipenem (2.22%) (Table2). The highest and

lowest levels of resistance were to
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Cephalothin and Imipenem, respectively.
Resistance to 3 antibiotics was shown in 15
isolates (19.73%), 4 antibiotics in 15 isolates
(19.73%), 5 antibiotics in 15 isolates
(19.73%), 6 antibiotics in 8 isolates
(10.52%), 7 antibiotics in 8 isolates (10.52%)
and 9 antibiotics in 7 isolates (9.21%).

In this study, a total of 76 MDR isolates

in 24 samples (31.57%) integrons were
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found. The results that show in figure 1. Class
| integron was found in 16 isolates (21.05%)
and class 2 integron was in 8 isolates
(10.52%). No strain was found to contain
both class 1 and 2 integrons. The association
of resistance to antibiotics and integrons is

show in Table 2 and Table 3.

Table 2: prevalence of antibiotic resistant in MDR Escherichia coli isolates from urinary

tract infections and associations between multi-drug resistance and the existence of integrons

Antibiotic

Total resistance (%)

Nalidixic acid (NA)
Ciprofloxacin (CP)
Ceftazidim (CAZ)
Norfloxacin (NOR)
Co-trimoxazole (SXT)
Gentamicin (GM)
Cephalothin (CF)
Amikacin (AN)
Nitrofurantoin (FM)
Chloramphenicol (C)
Imipenem (IPM)

Tetracycline (TE)

75 (83.33%)
53 (58.88%)
36(40%)
50 (55.55%)
63(70%)
29 (32.23%)
80 (88.88%)
16 (17.77%)
19 (21.11%)
24 (26.66%)
2 (2.22%)

51(56.66%)

o)
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Table 3: Prevalence of Int 1 and Int 2 in MDR Escherichia coli isolates from urinary tract infections

Resistance Number of No. of intl No. of int
Isolates (%0) isolates IIisolates

Three Anti microbial 8 (10.52)
NA/ CF/TE 0 0
NA/CF/SXT 1 0
NA/CF/FM 0 0

0 0
NA/CF/SXT

0 0
NA/CF/GM

0 0
NA/CF/SXT

0 0
NA/CF/ICAZ

0 0
NA/CF/SXT 0 0
Four Anti microbial 15(19.73%)
NA/CF/ SXTITE 0 0
CF/SXT/CP/INOR 0 0
NA/CF/ SXT/C 0 0
NA/CF/SXT/ TE 1 0
NA/CF/ SXT/FM 0 0
CF/SXT/CP/NOR 0 0
NA/CF/ NOR/CP 0 0
NA/CF/SXT/C 0 0
SXT/ TE/ CAZIC 0 1
NOR/ TE/ SXTIC 0 0
NA/CF/SXT/CP 0 0
NA/CF/ SXT/CP 0 0
NA/CF/ SXT/ TE 0 0
NA/CF/SXT/CP 0 0
NA/ CF/ SXT/CP 0 0

oy
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Five Anti microbial 12 (15.78%)
NA/CF/SXT/CP/INOR 0 0
NA/CF/SXT/NOR/CP 0 0
NA/CF/SXT/NOR/ TE 1 0
NA/CF/SXT/CP/INOR 0 0
NA/CF/SXTI/CAZI TE 0 1
NA/CF / SXTICAZ/ TE 0 0
NA/CF/ SXTICP/ TE 0 0
NA/CF/SXT/CAz/ TE 0 0
NA /CF /SXT/CP/ TE 0 0
NA/CF/SXT/CAz/ TE 0 0
NA/CF/SXT/CP/ TE 1 0
NA/CF/SXT/ TE/ NOR 0 0
Six Anti microbial 8 (10.52%0)
NA/CF/ CP/SXT/ NOR/ TE 0 0
NA/CF/CP/ISXT/NOR/ CAZ 1 0
NA/ CF/ NOR/ CP/ SXT/ TE 0 0
NA /CF/ SXT /NOR/ CP/ CAZ 0 0
NA/ CF/ CP / NOR/ SXT/TE
NA/CF/SXT/NOR/CP/ TE ° .
NA/ CF/SXT/NOR/CP/CAZ 0 0
NA /CF /SXT/ NOR/CP/ TE 0 0

oy
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Seven Anti microbial

4 (5.26%)

NA/CF/ NOR/ CP/SXT/ TE/ CAZ 0 0
NA /CF /SXT/NOR/CP/ GM/ SXT 0 0
NA/CF/ NOR/ CP/SXT/ TE/ CAZ 1 1 0
NA /CF /SXT/NOR/CP/ GM/ SXT

0 1
Eight Anti microbial 9 (11.82%)
NA/CF/CP/NOR/ SXT/GM / TE/C 0

NA/CP/CP/NOR/SXT/ TE/ CAZI FM

0
NA/CP /CP/INOR/SXT/TE/ GM/ C 1
NA /NOR/CP/SXT/ TE/FM/GM / C 0
NA/ CF/CP/NOR/ SXT/ TE/ CAZ/ C
NA/CF /INOR/CP/SXT/ TE/ CAZIGM 0
NA/CF/NOR/SXT/CP/ CAZIGM/ C 0
NA /CF /INOR/SXT/ CP/ TE/ GM/ C NA/CF/SXT 1

INOR/CAZITEIGM/ C 0

0
Nine Anti microbial 4 (5.26%)
NA/CF/ SXT/NOR/CP/CAZ TE/GM/ FM 0 0
NA/ CF/SXT /INOR/CP/ CAZIGM/ TE/ C 0 1
NA/ CF/SXT INOR/CP/CAZI TE/IGM/ C 1 0
NA/ CF/SXT/ CP/ TE/ICAZ/INOR/GM/ FM 0 0

oY
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Ten Anti microbial 8 (10.52%)

NA /CF /SXT/ NOR /CP/TE/ AN/ CAZIGM/ C 1 0
NA/CF/ SXT/NOR/CP /CAZITE/ FM/ AN/GM 0 0
NA/CF/SXT/NOR/CP /CAZ/ TE/ C/ AN/IGM 0 0
NA/CF/SXT/NOR/CP/CAZITE/ FM/ AN/GM 0 0
NA/CF /SXT/ NOR/CP/FM/C/ TEICAZIAN 1 0
NA/CF/SXT/NOR /CP /[FMITE/CAZ/ AN/GM 0 1
NA/CF/SXT/NOR/ CP/GM/ AN/TE/ CAZ/ FM 0 0
NA/CF/ SXT/NOR/CP/CAZ/AN/FMITE/GM 0 0

6 (7.89%)

Eleven Anti microbial

NA/CF/SXT/NOR/CP/C/ AN/ TE/ CAZ/ FMIGM

1 0
NA/CF/SXT/NOR / CPIAN/FM/ TE/ CAZIGM/ C . .
NA/CF/ SXT/NOR/ CP/GM/ AN/TE/ CAZ/ FM/C . .
NA/CF/ SXT/NOR/CP /CAZIAN/FM/TE/GM/C 0 0
NA/CF/ SXT/NOR/ CP/GM/ ANITE/ CAZ/ FMIC . 0
NA/CF/ SXT/NOR/CP /CAZ/IAN/FM/TE/GM/C 0 0
Tewlve 2 (2.63%)

NA/ CF/ SXT/ NOR/ CP /GM/ AN/TE/ CAZ/IPM/ 1

FM/ C 1

NA / CF/ SXT/NOR/CP/ CAZ /AN/ FM/TE/IPM/

GM/C

NA: NalidixicAcid, NOR: Norfloxacine, TE:Tetracycline, CF:Cephtazidim, SXT: Cotrimoxazole,
CRO: Ciprofloxacine, GM: Gentamycine, CP: Ciprofloxacin, AM: Amikaycine, C: Choloramphenicol,
FM: Nitroforanteine, IMP: Imipenem.

ad
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Fig 1: Gel electrophoresis of Int 1 and int 2 genes; Lane 1: 1 kb Ferments marker, Lanes 2

and 3: 1900 fragment base pair of int 1 gene, Lanes 4 and 5: 789 fragment base pair of int 2 gene

Discussion:

Multi drug resistant bacteria are now a
problem in patients hospitalized throughout
the world. The prevalence of MDR among
clinical isolates varies greatly worldwide and
in geographic areas, and rapidly changes over
time (18,19). Knowledge of antibiotic
susceptibility, prevalence of MDR, and the
presence of integrons in clinical isolates can
facilitate the selection of appropriate
treatment agents and also help control
nosocomial infections. In the present study,
we  investigated the  antimicrobial
susceptibility patterns and the presence of
class 1 and class 2 integrons in the clinical
coli ~ from

isolates of  Escherichia

of

Kermanshah, Iran. Integrons are genetic

elements located on the bacterial
chromosome or a plasmid that often carry
genetic determinants for antimicrobial drug
resistance (20, 21). The results of the present
study showed a high level of antimicrobial
resistance among Escherichia coli isolates. A
total of 90 Escherichia coli isolates were
analyzed in this study, up to 50% of
resistance was observed against different
antimicrobial

agents, including

Nitrofurantoin, Co-trimoxazole,

Ceftazidime, Cephalothin,  Gentamicin,

Tetracycline, Nalidixic acid,
Chloramphenicol, and Amikacin. This study

revealed that a major prevalence of resistant
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Escherichia coli isolates UTI samples.
Escherichia coli isolate showed a high degree
of resistance to Cephalothin (88.88%),
Nalidixic acid (83.33%), Co-trimoxazole
(70%), Ciprofloxacin (55.55%), Tetracycline
(53.33%) and ceftazidime (32.89%). In other
parts of the world, several studies have
identified entrobacteriacea family isolates,
showing high rates of resistance (up to 50%)
to different antimicrobial agents, including
Ceftazidime, Amikacin, Gentamicin, Co-
trimoxazole and Ciprofloxacin. In our study,
76 (84.44%) isolates showed MDR. The rate
of occurrence of MDR Escherichia coli
isolates observed in our study was similar to
that reported by this study (22-24). In this
study, MDR Escherichia coli isolates with
more different

resistance to three or

antibiotics were common. Seventy-Six
samples (84.44%) had MDR, similar to the
rate of multi-drug resistance reported in E.
coli isolates by Ahangarzadeh Rezaee et al.,

2011 (14).
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Escherichia coli isolates in our study

were extremely resistant (88.88%) to

Cephalothin, similar to Ahangarzadeh
Rezaee et al (84%) in K. pneumoniae from
Northwest Iran (21). A high level of
antimicrobial resistance (83.33%) against
Nalidixic Acid was also observed in this
study as compared to Muhammad et al
(84.16%), E. coli from Punjab in Pakistan
(10) and Ahangarzadeh Rezaee et al (81.3%)

in K. pneumoniae in Northwest of Iran. In this

study, resistance rate to quinolones
(Nalidixic ~ Acid, Ciprofloxacin  and
Norfloxacin) were 83.33%, 84.1% and

55.55%, respectively. Ahangarzadeh Rezaee
et al. conducted a similar study in Northwest
of Iran and reported 60.7%, 43.3% and 59.7%
resistance rate to these antibiotics. In another
study in Tabriz, Ahangarzadeh Rezaee et al
compared the prevalence of multi-drug
resistant Klebsiella pneumonia in paediatric
and adult patients with UTI in the educational

health centers of Tabriz. The resistance rate
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to Nalidixic Acid and Ciprofloxacin was

58.33% and  63.05%  respectively,
comparable with the results of this study (25).
A low level resistance rate to Imipenem was
found in this study (2.22%), similar to Soltan
Dalal (2%) in Emam Khomeini hospital and
Ahangarzadeh Rezaee et al (0.8%) in multi
drug resistance E. coli isolates in Northern
west of Iran (14, 26).

Mobilized integrons are substantial
contributors to the spread of antibiotic
resistance genes. The three classes of
integron mostly contributing to the problem
of multidrug resistance are classes 1, 2, and 3
(27-29), where they are determined based on
sequence differences in the respective Intl
proteins (30). Of the three, class 1 integrons
are the most abundant and found in a diverse
range of other mobile elements (31,32), such
as transposons and plasmids. The
antimicrobial resistant gene located on an
integron-like structure is being increasingly

reported worldwide (18,33).
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The prevalence rate of integrons in
Europe and Asia from clinical E. coli isolates
has been reported to be 22% to 59% (17). In
the 76 MDR isolates, the class 1 integrase
gene (intl1) showed a dominant presence. A
positive test result for integrons was found in
24 (31.57%) of 76 MDR isolates screened,
including 16 isolates (21.05%) of class 1 and
8 isolates (10.52%) of class 2. No strain was
found to contain both class 1 and 2 integrons.
In the present study, class 1 integrone was
more prevalent than class 2, similar to Aarati
et al (2006), Rao et al (2006), Ahangarzadeh
Rezaee et al. (2012) (20-22). Falakian et al
(20011) reported the high prevalence of
classl integron (49.1%) among Escherichia
coli isolates of patients with urinary tract
infection in Shahrekord. Reports from Asian
countries have also noted a high prevalence
of class | integrons in gram-negative clinical
isolates (33). Hak Sun et a (2004) reported

54% and 5% for intl and int2 respectively
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among Escherichia coli isolates from urine
specimens collected in Korea (34). Reports
from different countries have described a
high prevalence of class 1 and class 2
integrons in gram-negative clinical isolates.
These data suggest that

integrons are

relatively common, especially in
enterobacteriaceae, and they contribute to the
spread of antimicrobial drug resistance in
healthcare settings (14).

In this study, we observed a significant
relationship between the presence of an
integron and the phenotypic resistance to
some antimicrobial agents tested. All data
were analyzed using SPSS software, version
19.0. The significance of differences between
the resistance patterns of the isolates was
determined using the chisquare test and
Fisher exact test. There was a positive
association between the presence of the intll
gene and resistance to Norfloxacin (P-value=

0.039) and Cephalotin (P-value=0.002). This

indicated that the antibiotic resistance genes

o014
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were located within the integron. Low
prevalence of integron in this study indicated
that the resistance gene cassettes were
located in different elements such as
transposons and prophage.

Islami et al., 2010 found a significant
correlation between integron and resistance
to Cephalothin, Gentamicin, Norfeloxacin
and Nalidixic acid (36). In another study by
Ahangarzadeh Rezaee et al (2012), were
found a positive association between the
presence of the intl1 gene and resistance to
Gentamicin,

Ttracycline,  Ceftazidime,

Cephalothin, Chloramphenicol, and
|Nalidixic Acid has been reported. In this
study, a positive association was also
observed between the presence of the intl2
gene and resistance to tetracycline (21).

In a study conducted by Falakian et al, the
prevalence of class 1 integron was reported to
be 49.01%. This study found a significant
correlation between class 1 integrons and
resistance  to

Gentamicin, Ceftriaxon,
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Aztreonam,  Ciprofloxacin and  Co-
trimoxazole, comparable with similar studies
in south and northern west of Iran (17).

Most E. coli isolates were sensitive to
imipenem, but only 2.2% were resistant to
imipenem. Franklin et al (2002) reported that
imipenem was the most active agent against
Gram-negative isolates, there by confirming
the results of this study (33).

Salem et al., 2003 reported that there was
a correlation between UTIs with gender. In
this study, 75% (n = 60) were female and
25% (n = 20) were male. It has been
previously found that UTIs is always a very
common phenomenon among the women
(35). Women are mostly at the risk of
developing UTlIs and half of them develop a
UTI during their lifetime (37). Men and
women of elderly group have been found to
be very much prone to UTI. In conclusion,
the differential association of class 1 and
class 2 integrons with resistance in E. coli

isolates suggested that integrons could
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facilitate the spread of antimicrobial
resistance. This is the first report on the
association of multidrug resistance in the
presence of class 1 and class 2 integrons in E.
coli isolates from urinary tract infection in
Kermanshah, Iran.
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Prevalence of class 1 and 2 integrons in uropathogenic Escherishia coli isolates from
diabetic patients in Kermanshah, Iran
Rasul Pajohesh?, Fatemeh Khodaverdi pour, Hossein Aghajani*
1. Department of Microbiology, Faculty of Basic Sciences, Islamic Azad University,
Shahrekord Branch, Shahrekord, Iran

Corresponding author: pajohesh@yahoo.com
Abstract:

Background and Objective: Escherichia coli is one of the most predominant pathogens
causing 80-90% of community acquired UTIs and 30-50% of nosocomial acquired UTIs. Multi
drug resistance isolates encoded by linked resistance genes occurs on integrons.

Materials & Methods: In this cross sectional study, a total number of 90 E. coli isolates were
obtained from urine samples of diabetic patients in Kermanshah, Iran, during a six-month period
(October to March, 2015). Urine samples were tested by standard bacteriological methods and
antibiotic susceptibility tests were done for all isolates by Kirby Bauer agar disk diffusion.
Detection of class 1 and class 2 integrons were performed by PCR in MDR isolates.

Findings: The most common resistant phenotypes were found to be Cefalothin (88.88%),
Nalidixic acid (83.33%), Co-trimoxazole (70%), Ciprofloxacin (58.88%), tetracycline (56.66%),
Norfloxacin (55.55%), Ceftazidim (40%), Gentamycine (32.23%), Choloramphenicol (26.66%),
Nitrofurantion (21.11%), Amikacin (17.77%) and Imipenem (2.22%). In this study, a total of 90
isolates in 76 samples were reported MDR. Class | integron was found in16 isolates (21.05%) and
class 2 integron was found in 8 isolates (10.52%). No strain was found to contain both class 1 and
2 integrons. In this study,

Conclusion: There was a significant relationship between the presence of the intl1 gene and
resistance to Norfloxacin and Cephalotin. This indicated that the antibiotic resistance genes were
located within the integron.

Key Words: Escherishia coli, Integrons, Multi Drug Resistance, Urinary Tract Infectio
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Introduction

Staphylococcus aureus is a major cause
of hospital acquired infections, causing high
morbidity and mortality throughout the world
(1). Rates of S. aureus infection have
increased during the past 2 decades (2).
Antimicrobial resistance has increased
drastically in recent years in both developed
and developing countries and it has rapidly
become a leading public health concern (3).
The introduction of penicillin in the early
1940s dramatically improved the prognosis
of patients with staphylococcal infection.
However, as early as 1942, penicillin-
resistant Staphylococci were recognized, first
in hospitals and subsequently in the
community. Methicillin, introduced in 1961,
the first of the

was semisynthetic

penicillinase  resistant  penicillin’s.  Its
introduction was rapidly followed by reports
of methicillin-resistant isolates (4). The
emergence of antibiotic-resistant strains,
particularly MRSA is recognized as very
serious health problem because of difficulties
in combating these strains (5). Initially,
MRSA was limited to hospitals, however it is
now increasingly recovered from nursing
homes and the community (6). Since the
emergence of methicillin-resistant S. aureus,
the glycopeptide vancomycin has been the

only uniformly effective treatment for
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staphylococcal infections (7,8). In 1997, the
first clinical isolate of S. aureus with reduced
susceptibility to vancomycin was reported
from Japan (9). One of the class of antibiotics
playing an important role in the therapy of
serious  staphylococcal infections are
aminoglycosides despite reports of increased
resistance to these drug in many countries in
Europe (10). Coagulase is produced by all
strains of Staphylococcus aureus. The
3’coding region of the coagulase (coa) gene
contains varying numbers of 81 bp tandem
repeats (11). Molecular typing method PCR
is an effective method for control of
nosocomial infections, this method can
reduce and prevent of epidemic situation
nosocomial infections and help in tracing the
source of infection. Therefore, the aim of this
study was to detect antibiotic-resistant
pattern S. aureus strains obtained from Imam
Reza hospital in Kermanshah by two
methods antimicrobial susceptibility test and
rapid multiplex PCR and the isolates were
typed the coa gene by PCR- RFLP. we using
one restriction enzyme Alul for their typing.
Materials and Methods

Bacterial isolates

Totally 100 strains of Staphylococcus
aureus, 65 samples from urine infections and
were

35 samples of wound infections,

collected from patients of Imam Reza


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC154455/#B19
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Hospital in krmanshah in 2012. The samples
were inoculated onto 5 percent sheep blood
agar plates and incubated at 37°C for 48
hStandard microbiological methods and
biochemical tests for identification of S.

aureus included gram staining, catalase,

coagulase, oxidase, hypersensitivity to
novobiocin resistance, phosphatase,
deoxyribonuclease (DNase) test,

carbohydrate (xylose, sucrose, terhalose and

maltose, fructose, lactose, mannose)

fermentation tests (12).

Antimicrobial agents and susceptibility
testing.

Antimicrobial susceptibility testing was
performed by using disk diffusion method on
Mueller-Hinton agar (Merck, Germany)

plates that were inoculated with 0.5
McFarland. Antibiotic discs were placed on
Mueller-Hinton agar plates, incubated at
37°C for 24 h, and the diameter of each
growth zone was measured in millimeters.

The tested were:

(30ug),
erythromycin  (15pg),

antibacterial

(10pg),
penicillin  (10pg),

agents
gentamicin neomycin
tetracycline (30pg) , amoxicillin-clavulanic
acid (30 pg), clindamycin (2pg), vancomycin

(30pg),
(25pg), vancomycin (5ug), ciprofloxacin

trimethoprim  sulfamethoxazole

(5ug), and ceftriaxone (30 pg), tetracycline
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(30ug), azithromycin (15ug), norfloxacin (10ug),
nalidixic acid(30ug), nitrofurantoin (50 ug)
and methicillin (5pg). CLSI guidelines for
susceptibility  testing and qualitative
interpretation were used throughout(13).
Standard strains of S. aureus ATCC 25923 as
a negative control and ATCC 33591asa
positive control for mec A gene (14).
Antibiotic sensitivity of the isolates
initially ~ demonstrating  resistance  to
methicillin was confirmed using BD phoenix
TM (System, Becton, Dickinson Company,
Shannon, Ireland) according to the
recommendations given by the national
Saudi  Arabia.to

methicillin was confirmed using BD phoenix

reference center in
TM (System, Becton, Dickinson Company,

Shannon, Ireland) according to the
recommendations given by the national
reference center in Saudi Arabia (15).
Determination of minimum inhibitory
concentrations (MIC)
MIC

determined by the broth microdilution test.

values of antibiotics were
All isolates were subcultured on blood agar
and incubated for 24 h at 37 °C. Then, two-
fold serial dilutions of each antibiotic were
made in Mueller-Hinton broth to achieve a
concentration range from 0 to 256 pg/ml.
After incubation at 37° for 24 h, the MIC was

defined as the lowest concentration of
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antibiotics that produced no growth. The
broth microdilution tests were performed
according to the CLSI guidelines (16)

DNA extraction

Strains were cultured on blood agar. One
colony was suspended in 1 ml LB broth
(Merck, Germany) for 24 h at 37°C. Genomic
DNA as a template for PCR assay was
extracted by DNA extraction kit DNA
(DNP™

manufacturer's instructions.

Iran) and according to the

Multiplex PCR for detection of
antibiotic resistance genes

The antibiotic resistance determinants
investigated were the aac-aphD
(aminoglycoside resistance) mecA
(methicillin  resistance) ermA, msrA
(erythromycin resistance) and tetK, tetM

(tetracycline resistance) Genes. PCR was

(INACMS) J5Use 5 Jshos psle 10 (255 slzilen,

performed in a PCR thermocycler
(Eppendrof Mastercycler, Germany). The
PCR primers used to detect the different loci
in a multiplex PCR approach are listed in
Table 1Multiplex PCR assays were
performed in 25uL. PCR mixtures 1 and 2.
The mixture 1 contained 1 U of Tag DNA
polymerase (Fermentas, Germany), 2.5uL
PCR buffer (10x), IuM each forward and
reverse primers of mecA, tet K and tet M
gene, 150 umol/L of each dNTP and DNA
template (50 ng). Using thermal cycling, the
target genes were amplified (94°C 5 min, 30
cycles of 1 min at 95°C for the denaturation
step and 1 min at 55°Cfor the annealing-
extension step and 90 s at 72°C for the
extension step). In mixture 2, the forward and
reverse primers of the genes aacA-D, msrA
and ermA (2.5uM) were used amplification
products were analyzed on a 1/5% agarose
gel for 30 min (17).

Tablel. Oligonucleotide primers for amplification of antibiotic resistance genes in Staphylococcus

aureus.(Zmantar et al., 2008)

Primer Nucleotide sequence (5-3) Product
Size
(bp)
mecA F: AAAATCGATGGTAAAGGTTGG 532

R : AGTTCTGCAGTACCGGATTTGC

aac- F: TAATCCAAGAGCAATAAGGGC 227
aphD R: GCCACACTATCATAACCACTA
tetk F: GTAGCGACAATAGGTAATAGT 360

R: GTAGTGACAATAAACCTCCTA
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tetM

F: AGTGGAGCGATTACAGAA 158

R: CATATGTCCTGGCGTGTCTA

msr4 F: GGCACAATAAGAGTGTTTAAAGG 940
R:AAGTTATATCATGAATAGATTGTCCT
ermA F: AAGCGGTAAACCCCTCTG 190
R:TTCGCAAATCCCTTCTCAAC
16s- F: GTAGGTGGCAAGCGTTACC 228
rDNA R: CGCACATCAGCGTCAG

Statistical analysis
The data were analyzed using SPSS ver.

16.0 statistical software and a Chi-square test
analysis was performed. Also, differences
were considered significant at values of
p<0.05.

Restriction fragment length
polymorphism

PCR was performed in a 25 pl reaction
mixture containing lpl of template DNA,
12.5 pl of masterkit, 10 pll of H20, and 0.5
ul of each primer COAG2: CGA GAC CAA
GAT TCA ACA AG, COAG3: AAA GAA
AAC CAC TCA CAT CA. The PCR
conditions were as follows: Initial
denaturation at 95°C for 2 minutes followed
by 30 cycles of amplification with 94°C for
30 seconds, annealing at 58°C for 2 minutes,
extension at 72°C for 4 minutes and final
extension at 72°C for 7 minutes. So for RFLP
reaction mixture containing 12.5ul of PCR
products, 2.5ulof enzyme, 3 pl of H20 and

2ul restriction buffer, and so incubated at

37°C overnight (14). The PCR products were
analyzed on a 1.5% agarose gel five micro
liters of the PCR products were loaded into
1.5% agarose and electrophoresis was
performed in .5x TBE buffer at 90 V for 75
min. The gels were subsequently stained with
lpug/ml  ethidium bromide for 30 min,
visualized under UV and photographed (15).

Results

Antibiotic susceptibility test results

Antibiotic resistance patterns of 100
strains of S. aureus isolated from urine
infections and wound infections are shown in
Table 2. The rate of antibiotic resistant strains
of S. aureus following nitrofurantoin (92%),

vancomycin (86%) , gentamicin (80%),

neomycin (80%), ciprofloxacin (79%),
rifampin ~ (72%), clindamycin  (64%),
azithromycin (53%), ciprofloxacin,

and
(52%),
nalidixic acid (50%), erythromycin (48%),

norfloxacin trimethoprim

sulfamethoxazole cefixime and
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ampicillin ~ (45%), methicillin ~ (36%),
tetracycline (24%) and penicillin (10%).
Most antibiotic resistance was observed in
penicillin (90%), tetracycline (76%) and the
least resistance innitrofurantoin (8%) and
vancomycin (14%).In this method, antibiotic
resistance were reported 44/6% in isolated
from wound and 42.7% from urine. In S.
aureus strains isolated from two different
sources of wound infection and urine
infection between the rate of resistance to
with  ((P=0.045,

nalidixic

antibiotic
(P=0.003),

((P<0.000, trimethoprim sulfamethoxazole

(P=0.049), (P=0.01),

penicillin

ceftriaxone acid

ampicillin

(INACMS) J5Use 5 Jshos psle 10 (255 slzilen,

nitrofurantoin ~ (P<0.000),
(P=0.001), neomycin (P=0.03), clindamycin
(P=0.01, gentamicin ((P=<0.000, Cefixime
(P=0.012), rifampin (P=0.048), erythromycin
(P=0/023), ((P=0.038

azithromycin P=<0.000)) and the source of

ciprofloxacin

tetracycline

infection there is significant association. But
there is no Significant association between
resistant  antibiotics  norfloxacin  with
(P=0.098), (P=0/064)

vancomycin (P=0.31) and the source of

methicillin and

infection.

Table 2. Antibiotic resistance pattern in Staphylococcus aureus strains isolated from urine and wound

Antibiotic

amples
F ( ) N
RO IA OR XT M
w ( 4 ¢
ound 0 1
2 5 3 3
u
rine 8
Total : : ! 1
8 9 2 8
Percent : : : 1
8 0 9 2 8
w ( ¢ 7 ¢
S
ound 2 !
8 3 6 6 5

rine

A

( G ( \ F E
C M E M A
1 f
2 5 8 6 7 1
1 0 9
1 7 9 2 1 9
3 ¢ ¢
3
2 7 0 8 8 0 8
3 ¢ ¢
3
2 7 0 8 8 0 8
1 ¢
1 7 2 7
3 2 1 4 4
1 6 4 5

-value

0/000

. 027
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Total E : : 3

4 0 3 0 7
Percent ) : : 3
4 0 3 0 7
w 2
ound 5 9 0 4 2 8
! 2
u
rine 5 9 0 4 6 7
Total ¢ ‘ ! 4 ¢
0 8 0 8 8 5
Percent ¢ ! 4 ¢
0 8 0 8 8 5

p-value ¢ ¢ ( 0 0
45 003 000 98 049 o1

,001
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1 7 3 6 2 8 2 0
4
1 7 2 3 6 2 8 2 0
0 ¢
1 2 o0 1 ¢ 0
6 8 0 1
5 4 9 2
2 1 13
1 0o 6 0 4 0 4 8 2
2 1 13
1 0o 6 0 4 0 4 8 2

.001 .03 .01 ,000 .064 .012 .31 .048 .023 .038

,000

0/000

Multiplex PCR antibiotic resistance
genes

Amplification of 16s-rDNA confirmed all
the 100 staphylococcal isolates as S. aureus.
The distribution of methicillin resistance
gene (mecA) were in 58% strains, that 29
samples (82.9%) from wound infections and
29 samples (42%) from urine infections. The
prevalence aminoglycoside resistance genes
(aacA-D) Was just in 24% of isolates in urine
infections. This resistance gene was not
found in strains isolated from wound
infections. The distribution of tetracycline
resistance gene (tetK) was detected in 13% of

strains, 9 strains (7.25%) isolates of wound,

\At

and 8 strains (3.12% isolates of urine. tet M
were known in 89% of the isolates, 54
isolates (84%) from urine and 35 isolates
(100%) of wounds. Macrolide resistance
genes (ermA and msrA) were detected,
respectively 40% and 36% of the isolates.
Results of molecular detection of antibiotic
resistance genes is presented in table 3. There
is statistically significant association between
the rate of resistance to aminoglycoside,
macrolides, tetracycline and and sources

infections. But there is no significant
association between mecA with P=0.141

between the source of infection.
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Figure (1): Multiplex PCR amplifications of S. aureus strains isolated from

wounds. Lane M: 100 bp marker. Lane 1: negative control. Lanes 2-7: 227 bp fragment of aacA-D, 940 bp

fragment msrA and 190 bp fragment of ermA.

Figure (1): Multiplex PCR amplifications on S. aureus strains isolated from wounds and urine. Lane M: 100 bp
marker. Lanel: negative control with distilled water, Lanes 2-7: 532 bp fragment of mecA, 360 bp fragments
indicated tet K and 158 bp fragment of tet M.

Table 3. Distribution of genes encoding the antibiotic resistance of S. aureus strains isolated from urine and

wound

Gene Wound Urine Total Percent P-value

mecA 29 29 58 58% 0.141
aacA-D . 24 24 24% 0<000

tetk 9 4 13 13% 0.004

tetM 35 54 89 89% 0.001

msrA 16 20 36 36% 0.038

ermA 15 25 40 40% 0.0001

VY
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Table 4.Comparison of antibiotic resistance of S. aureus strains by disk diffusion and multiplex PCR

antibiotic
resistance by multiplex

PCR method

antibiotic

resistance by disk

diffusion method

antibiotic

Tetk 13%

tetM 89%

76% tetracycline

aacA-D 24%

Neomycin 20%

aminoglycoside

Gentamicin 20%

ermA 40% Erythromycin macrolides
msrA 36% S2%
Azithromycin
47%
mecA 58% 64% methicillin

Coagulase gene RFLP results:

In the polymorphism of coagulasegene,
PCR products were analyzed by using
enzyme Alul. By using this enzyme based on
the size of the band, 9 genotypes of coagulase
was observed. The band sizes in genotypes 1-
9are as follows: I, 11, 111, 1V, V, VI, VII, VIII,
and 1X, 970, 810, 810, 810, 890, 810-1050,
890, 730, and 730 bp. Coagulase gene was

found in all of the samples. In this study, from

V¥

65 S. aureus strains isolated from urine
infections, polymorphism of coagulase gene
was observed in 53 samples, The genotype in
40 isolates (53/61%) (25 samples isolated
from male and 15 samples from women) and
genotype VIII in 8 isolates (3/12%) (5
samples from male and 3 samples from
women) and genotype IX in 5 isolates
(69/7%) (3 samples isolated from male and 2

samples from women) were observed .In the
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strains isolated from wound infections,
polymorphism of coagulase gene was
observed in 22 samples. The genotype in 15
isolates (85.42%) (8 samples isolated from
male and 7 samples from women) and

genotype VIII in 7 isolates (20%) (5 samples

(INACMS) J5sJse 5 Jshos psle 10 (5 slzilen,

isolated from male and 2 samples from
women) was observed. The results in tables 5
and 6 are shown. There was no association
significant between genotype and sex in the
statistical analysis software SPSS 16.

Figure 3. RFLP Patterns of the coa amplicon after digestion with endonuclease Alu. Lane M: 100 bp marker.
Lanes 1-4: approximately 490-320-160-240bp S. aureus PCR product.

Tableb: coagulase gene genotyping strains isolated from urine

Type code PCR product (bp) RFLP (bp) N %

I 970 490-320-160 40 (61.53%)
11 810 410-240-160 -

I 810 490-240-80 -

v 810 490-240-160 -
\Y 890 410-240-160-80 -

VI 810+1050 490-410-320-160 -

VII 890 490-410 -

VIII 730 490-240 8 (12.3%)
IX 730 410-320 5

(7.69%)

Yo
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Table 6: coagulase gene genotyping strains isolated from wound

Type code PCR product (bp) RFLP (bp) N %
I 970 490-320-160 15(42.85%)
1 810 410-240-160 -
il 810 490-240-80 -
v 810 490-240-160 -
\Y% 890 410-240-160-80 -
VI 810+1050 490-410-320-160 -
Nl 890 490-410 -
VIII 730 490-240 7(20%)
X 730 410-320 -
Discussion: wound infections is worrying. In this

Molecular characterization 100 strains of
S. aureus isolated from urine and wound
were studied by using two methods Multiplex
PCR and RFLP-PCR. Resistant gene mecA,
msrA, ermA, aacA-D, tetK and tetM isolated
were identificated by Multiplex PCR method.
In this study, 58% of isolated were carrying
mecA.The presence of mecA gene complex
which specifies the production of an
abnormal penicillin binding protein PBP2a
that has a decreased affinity for binding p-
lactam antibiotics results in resistance to
methicillin and also to all B-lactams including
penicillins and cephalosporins (13). Aket et
al., were observed, 40 % of the isolates
carried the mecA gene in north India in 2012

(19). High antibiotic resistance rates in

A8

research, 89% of S. aureus strains isolated
from wound were carrying mecA. Akapka et
al., were reported that most cases of MRSA
was in wound swab specimens (20). Nature
of methicillin resistance in strains of S.
aureus is heterogeneous .ldentification of
methicillin-resistant S. aureus, sometimes
due to the heterogeneous expression of
resistance is complex and influenced by
variables such as pH, temperature and salt
concentration (21). In this study ,24% of the
isolates carried the aacA-D gene for resistant
to aminoglycoside, that only were detected in
the urine. Iltaly, France, Portugal and Spain
have shown high levels of resistant to
resistance to

aminoglycoside. Level of

aminoglycosides in S. aureus change from
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country to country and year to year. High
levels of resistance to aminoglycosides in S.
aureus was reported 48% in Greece in 2012
(22). In our study 76% of strains were
resistant to tetracycline by disk diffusion
method but in the multiplex-PCR method,
89% of strains have tetM and 13% have tetK
for resistance to tetracycline. This result
the high the

multiplex-PCR method in compared to disk

confirms sensitivity  of
diffusion. All strains isolated from wound

could carry tetM for resistance to
tetracycline.In our study, ermA and msrA
genes for erythromycin resistance were
identified respectively of 40 % and 36
%.Duran et al. reported only13 % of strains
carrying msrA in the hospitals in Turkey and
Hatary in 2012 (23).We did report a high
level of resistance to vancomycin and
rifampin, that is worrying. Classified the S.
aureus on the basis of coagulase gene by
molecular typing method is simple and
This

epidemiological

method
of S.

Scientists have demonstrated that special

accurate. can  study

aureus isolated.
genotypes of coagulase gene is dominant in
each region that is resistant to the action of
neutrophil phagocytosis (24). The results of
this research shows 55% of all cases of
wound and urine have genotype I. This result

shows that the type | can be responsible for

A%
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infections in many parts of the body. This
type is able to adapt to the host tissue that is
responsible for virulence in skin and urinary
tract infections. Most strains were isolated
from urine and wound have similar pattern.
Most strains were isolated from urine and
wound similar pattern existence of genotype
X1 'in 69/7% of the strains isolated from urine
is indicating different type’s indifferent
locations. There are several virulence factors
such as adhesion and antimicrobial peptides
and fatty acids suggest increasing stability of
this type in the urinary tract, and skin (25).
Montesinos et al., observed polymorphism of
coagulase gene in four patterns. patternCoal
(89%) was the most common pattern that
cause all of epidemic cases and other patterns
were observed sporadic (26).With regard that
the prevention and control of Staphylococcal
infection depends on the identification of risk
factors for infection, more studies on these
bacteria should be done so as to obtain
information about the prevalence of S. aureus
infections in hospitals.

Our study showed that S. aureus is
increasingly resistant to various antibiotics,
which is a serious warning for the treatment
of infections caused by S. aureus in the
region. In principle, the results of
antibiograms in different geographical areas

differ from each other, because this is
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influenced by factors such as how antibiotics
are used in hospitals and in the community.
To prevent the increase in resistance to other
antibiotics, avoid the unnecessary and
unnecessary  prescription of available
antibiotics.  Also, avoid  prescribing
antibiotics that are highly resistant to this

bacteria.

YA
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Abstract:

Human is the main source of Staphylococcus aureus in the nature. This bacterium is one of the
important agents of nosocomial infections. Therefore, is study molecular characterization of this
bacteria of high important. After identification and confirmation of 100 strains of Staphylococcus
aureus isolated from wounds and urine samples in Kermanshah with microbiology standard
methods, the antibiotic susceptibility testing was done and resistance genes (mecA, aacA-D, tet K,
tet M, msrA, ermA) of isolates were studied with multiplex-PCR method and genotyping of
coagulase gene of isolates was studied by RFLP-PCR method. In susceptibility testing were
reported greatest resistance to penicillin (90%) and lowest resistance nitrofurantoin (8%). In
multiplex-PCR method, (49%) of the isolates carry mecA gene, (24%) aacA-D, (89%) tetM, (14%)
tetK, (40%) ermA and (36%) msrA. In the detection polymorphism of coagulase gene from 65
strains of Staphylococcus aureus isolated from urine, coagulase gene polymorphism was observed
in 53 cases, genotype | (61.53%) and genotype VIII (12.3%) and genotype IX (7.69%). The
coagulase gene polymorphism of strains isolated from wound were observed in 22 samples.
Genotype | was reported (42.85%) and genotype VIII (20%) was observed. Detection molecular
characterization of isolates is very effective and efficient in prevention and control infection.

Keywords: Staphylococcus aureus, antibiotic resistance patterns, multiplex-PCR, RFLP-PCR,

coagulase gene
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Introduction:

Vehicle suspension main task is to separate
passenger and vehicular body interactions from
oscillations generated by road abnormalities
whilst still maintaining continuous wheel-road
contact. Currently, there are three types of
automotive suspensions commonly used namely
passive, semi-active, and active. All said systems
are based by either pneumatic or hydraulic
operation. It was asserted that some of these
suspension  systems cannot fully solve
automobile oscillations problem because they are
very costly and lend towards vehicle energy

consumption increment (1).

Active vehicle suspension systems had been
in wide investigation for more than 20 years due
to their promising characteristics. These systems
poses potentiality of responding considerably
good towards upward and downward changes
caused by road inputs irregularities since the
dampers as well as springs are mediated by an
actuator force. Actuator in an active suspension
functions to spread energy away from system and
it can be operated through various kinds of
controllers determined by proposed design. With
correct managing techniques which could induce
more beneficial compromise between driving
comfort and road handling stability, an active
system as a whole would be the superior

suspension design (2).

AY
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Definitions

Pharmaceutical suspensions are coarse

dispersions in which the inner phase is uniformly
dispersed throughout the outer phase. An internal
phase composed of insoluble solid particles
having a defined size range that is maintained
uniformly throughout the suspending carrier by
one or a combination of suspending agents. The
external phase (suspension medium) is, in some
cases, generally aqueous and may be an organic

or oily liquid for parenteral administration.
Category
1. Based on general classification
1] Oral suspension
2] External preparation
3] Parenteral suspension
2. Based on solid content ratio
1] Dilute suspension (2~10% w/v solids)

2] Concentrated suspension (50% wiv.

solids)
3]. Based on electrokinetic properties of solid
4] Particles
5] Agglomerated Suspension
6] Agglomerated Suspension
4. Based on Solid Particle Size
1] Colloidal Suspension (<1 micron)

2] Coarse Suspension (> 1 micron)
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3] Nano Suspension (10 ng)
Advantages

1] Drug suspensions can improve the
chemical stability of certain drugs. For example,

procaine penicillin G.

2] The drug in suspension has a higher level
of bioavailability than other formulations.

Bioavailability is listed in the following order:

Solution > Suspension > Capsule >
Compressed Tablet > Coated Tablet

3] The duration and onset of action can be
controlled. For example, protamine zinc insulin

suspension.
.Disadvantages

1] Physical stability, sedimentation, and

compression can cause problems.

2] It is bulky and must be handled and

transported with care.
3] is difficult to formulate.

4] An exact single dose cannot be obtained
unless the suspension is packaged in unit dosage

form.
Addendum

1] Suspensions are generally used for
insoluble or poorly soluble drugs. For example.

Prednisolone Suspension.

2] Prevents drug degradation or increases

drug stability.

AO
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for example. Oxytetracycline Suspension.

3] To mask the bitter or unpleasant taste of

medicine.

for example. Chloramphenicol Palmitate

Suspension.

4] Suspensions of the drug may be prepared

for topical use, for example for sunburn.

5] Suspensions may be formulated for parents
to control the rate of absorption of the drug

Pharmaceutical Suspension Theory
1. Sedimentation Behavior

Sedimentation refers to the sedimentation of
particles or masses by gravity in a liquid

formulation.
2. Sedimentation theory

Settling velocity expressed by the Stokes

equation:
VSed=d2 (psro) g/ 18no
= 2r2(psro) g/ 9o
where

v = sedimentation velocity (cm4) particle

diameter
r = particle Radius
p s = Density of dispersed phase
p o = Density of dispersion medium

g = Acceleration of gravity
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n o = Viscosity of dispersion medium at
equilibrium
Stokes equations in different forms
V'=vs.en
V '= fall velocity at the interface in cm/sec.

V = sedimentation rate according to the

minimum Stokes value.

¢ =indicates the initial porosity of the system,
which is the initial volume fraction of a uniformly

mixed suspension and varies by one unit.

n = measure of system "obstacles” and

constants for each system
Stokes Equation Constraints
Stokes equation applies only to:

Spherical particles in a very dilute

suspension (0.5-2 g per 100 ml).

Particles that settle freely without

interfering with each other (no collisions).

. Particles that have no physical or chemical
attraction or affinity for the dispersion

medium
3. Deposition Parameters
Three important parameters are considered.

1. Sedimentation volume (F) or height (H) for

flocculated suspensions:

F=Vu/Vo (A)

A7
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Where, Vu = final or ultimate volume of

sediment

Vo = original volume of suspension before

settling
F=Hu/Ho

Where, Hu = final or ultimate height of

sediment

Ho = original height of suspension before
settling Sedimentation volume can have values
ranging from less than 1 to greater thanl; F is
normally less than 1. F=1, such product is said to

be in flocculation equilibrium.

And show no clear Supernatant on standing
Sedimentation volume (F) for deflocculated

suspension
F¥=V¥/Vo
Where, F¥ =sedimentation volume of

deflocculated suspension

V¥ = sediment volume of completely

deflocculated suspension.
(Sediment volume ultimate relatively small)
Vo=0riginal volume of suspension
3. Sedimentation Velocity

The velocity dx / dt of a particle in a unit
centrifugal force can be expressed in terms of the
Svedberg coefficient 'S' Under centrifugal force,
particle passes from position x at time t to
position x at time t. Settling behavior of

flocculated and deagglomerated suspensions
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Flocculated Slurry

Floc (loose agglomerates) generated from
flocculated slurries increase the settling rate due
to the increase in the size of the settling particles.
As a result, the flocculated suspension settles
faster. Here the deposition depends not only on
the size of the flakes, but also on the porosity of
the flakes. The loose structure of flocs, which
quickly settling in flocculated slurries, tends to
persist in sediments containing significant
amounts of entrained liquid. Therefore, the
volume of the final sludge is relatively large and

it is easy to redisperse by stirring.

Fig 1. Sedimentation
Behaviour of Flocculated
and Deflocculated

Suspensions

period of
standing

filocculated deflocculated

®]

R in edmen: PRARRGIA < ko

wolume

Deflocculated Suspensions

Deflocculated Suspensions In Deflocculated
Slurry, individual particles are settling and the
settling rate is low, which prevents entrapment of
the liquid medium, making it difficult to

redisperse during stirring. This phenomenon is

AY
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also called ‘"cracking” or “clay". In a
deflocculated suspension, large particles settle
quickly while small particles remain in the
supernatant, so the supernatant becomes cloudy
and even the smallest particles in the flocculated
suspension appear, making the supernatant

invisible.
Brownian motion (Drunk Walk)

Brownian motion keeps the dispersed
material in random motion to prevent settling.
Brownian motion depends on the density of the
dispersed phase and the density and viscosity of
the dispersed medium. If the size of the particle is
less than the critical radius (r), the kinetic impact
of the particle with molecules in the suspending
medium keeps the particle in suspension.
Brownian motion can be observed when the
particle size is 2-5 mm when the density of the
particles and the viscosity of the medium are
good. When particles (about 2 microns in
diameter or less) are observed under a
microscope or when light scattered by colloidal
particles is observed under an ultramicroscope,
the observed random motion is called Brownian
motion.

The displacement or displacement distance (Di)

due to Brownian motion is given by Equation
.Di2 = RTt
N3mnr
where R = gas constant

T = temperature. Kelvin in degrees
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N = Avogadro's number
n = Viscosity of the medium
t=Time

r = Particle radius

Electro kinetic properties
1. Zeta potential

Zeta potential is defined as the potential
difference between closely adjacent bonding
surfaces. An electrically neutral region of a layer
(shear surface) and solution. As shown in Figure
1.2, the dislocation drops sharply at first and then
gradually decreases as it moves away from the
surface. This is because counter ions located
close to the surface act as a shield to reduce the
electrostatic attraction between the charged
surfaces and counter ions farther from the

surface.

Fig: 1.2 Zeta potential
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Zeta potential has practical applications for
the stability of systems containing dispersed
particles. Because this potential, not the Nernst
dislocation, determines the degree of repulsion
between neighboring and evenly charged
dispersed particles. When the zeta potential
decreases below a certain value (depending on
the specific system used), the attractive force
exceeds the repulsive force and the particles bind.

This phenomenon is called agglomeration
2. Flocculent

Flocculent reduces the zeta potential of

suspended charged particles, causing

agglomeration (flocculation) of the particles.
Examples of flocculants:
* Neutral electrolytes such as KCI, NaCl.
* Calcium salt
e Alum
3. Agglomeration System

In this system, the dispersed phase is in the
form of large loose masses in which individual
particles are weakly bound to each other. As the
size of the settler increases, the rate of
sedimentation increases due to agglomeration.
The rate of sedimentation depends on the size and
porosity of the floc. The formation of particle
swarms reduces the free surface energy between
the particles and the liquid medium, resulting in

thermodynamic stability. Formulation of the
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Flocculant Suspension System Formulating a

flocculent suspension requires two critical steps.

* Particle wetting * Controlled

agglomeration

Various Methods to Increase Viscosity of

Suspensions
1. Viscosity improvers

Using some natural gums (gum arabic,

tragacanth), polymers, cellulose derivatives
CMC,

(bentonite) and sugars (glucose, fructose) to

(sodium methylcellulose),  clays
increase the viscosity. Viscosity of the dispersion

medium. These are known as suspending agents
2. Solvent

Certain solvents that are highly viscous on
their own are used as cosolvents to increase the
viscosity of the dispersion medium. Thus
increasing the physical stability ... ... The clinical
effect of a nitrofurantoin suspension increases as

the viscosity of the suspension increases.
Suspension Syringe Capability

Parenteral Suspensions are generally non-
agglomerated suspensions and are often supplied
as dry suspensions. If the parenteral suspension is
flocculated, less syringes will be injected. This
means that it will be more difficult for the doctor
or nurse to administer and the patient will suffer
from greater cohesion. Suspensions for parenteral
administration are generally administered
intramuscularly. Suspensions for intravenous

administration with a particle size of less than 1

A4
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micron, called nanosuspensions, are also

currently available. The viscosity of the
suspension should be on the table so that it can be
easily injected with a syringe and is less painful

for the patient.
Colloidal Properties

Colloids in suspension form compounds such
as ions in solution. Therefore, the suspension
properties of colloids are generally ignored. In
general, colloids are maintained in suspension
form by a very low electronegativity charge on
the surface of each particle. This charge is called
the zeta potential. This small charge, called the
zeta potential, is the main function that
determines the ability of the liquid to transport the
substance in the suspension. As this charge
(electronegativity) increases, more material is
transported through the liquid in the suspension.
As the charge decreases, the particles move closer
to each other and the liquid reduces its ability to
move substances in the suspension. There is a
point where the particles go beyond their ability
to carry the material in suspension and begin to
aggregate with the heavier particulate matter that
falls out of the liquid and solidifies. The colloids
in the suspension determine the ability of all
liquids, especially water-based liquids, to carry
the fabric. This also applies to semi-solid and

solid materials.

Formulation of Pharmaceutical

Suspensions Structured Carrier
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The term "structured carrier" is of paramount
importance for formulation and stability criteria
when stable suspensions are required. A major
drawback of suspension formulations that limit
their use in everyday life is their stability during
long-term storage. To overcome these problems
or to reduce them to some extent, the term
'structured car' is meaningful. Structured carriers
are carriers in which the viscosity of the
formulation approaches infinity during storage
under static conditions of very low shear. The
vehicle behaves like a "false body" that can keep

particles suspended, which is rather stable.

The concept of "structured carrier" applies
only to agglomerated suspensions that form a
solid precipitate due to precipitation of solid
particles and must be readily and uniformly
redispersed during administration. The concept of
a structured vehicle is not applicable to
agglomerated slurries as the precipitated mass is
easily redispersed by shaking. In general, the
concept of structured carriers does not apply to
parenteral suspensions as their high viscosity can

cause syringe problems.

The density of structured filler may be

increased as
* Polyvinyl pyrrolidone
* Polyethylene glycol
* Glycerin

List of suspending agents used in

suspension production
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* Alginate * Methyl cellulose

*  Hydroxyethyl cellulose 4 methyl
carboxymethyl ¢ Carboxymethyl cellulose 44 44
* Carboxymethyl cellulose 44 44 -
Carboxymethyl Cellulose 44 44 « Carboxymethyl
Cellulose 44 44 « Carboxymethyl Cellulose 44 44
4 44 - 4

44 44 o 44

* Carboxymethyl Cellulose

Carboxymethyl Cellulose
Carboxymethyl 4 Cellulose Alginate has almost
the same suspending effect as tragacanth. There
is. Alginate solutions lose their viscosity when
heated above 600 °C. due to depolymerization.
Fresh solutions have the highest viscosity, after
which the viscosity gradually decreases and
acquires a constant value after 24 hours. The
maximum viscosity is observed in the pH 59
range. It is also used as a laxative in the food
industry. Due to its significant thickening effect,
alginate is used in lower concentrations to avoid
viscosity issues. High viscosity slurries are not
easy to pour. A 1% solution of low viscosity
alginate has a viscosity of 410 mPa-s at 200°C.
Alginate is a polymer composed of monomers of
mannuronic acid and glucuronic acid by chemical
composition. The ratio of mannuronic acid to
glucuronic acid determines the rafting properties.
High percentages (eg 70% glucuronic acid) form

the strongest rafts
2. Methylcellulose

Methylcellulose is available in several
viscosity grades. The difference in viscosity is
due to differences in methylation and polymer

chain length. Methylcellulose is more soluble in
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Addition of

methylcellulose to hot water and cooling with

cold water than in hot water.

constant stirring produces a clear or milky white
viscous solution. Methylcellulose is stable in the
pH range of 3-11. Methylcellulose is nonionic

and therefore compatible with many ionic aids
3. Hydroxyethylcellulose

It is another excellent suspending agent with
properties somewhat similar to methylcellulose.
In HEC, the hydroxyethyl group is attached to the
cellulose chain. Unlike methylcellulose, HEC
dissolves in both hot and cold water and does not

gel when heated.

Sodium Carboxymethylcellulose (NaCMC)
(53,54).

The

difference in viscosity depends on the degree of

Various viscosities are available.

polymerization. Dissolve both in hot and cold
water. It is stable in the pH 510 range. Because it
is anionic, it is not compatible with polyvalent
cations. Sterilizing rubber powder will lower its

viscosity. Used in concentrations up to 1%.
Acacia [54]

Most widely used in the preparation of

suspensions for immediate administration.
Acacia is not a good thickener. For a dense
powder, acacia itself cannot provide a suspending
effect, so we mix tragacanth, starch and sucrose,
commonly known as BP complex tragacanth

powder.

Surfactant

q)
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Surfactant reduces the interfacial tension
between the drug particle and the liquid, allowing
the liquid to penetrate into the pores of the drug
particle, displacing air, providing wetting. The
optimum concentration of surfactant helps to
disperse the particles. We usually use nonionic
surfactants, but ionic surfactants can also be used
under certain conditions. The downside of
surfactants is that they tend to foam. It also tastes
bitter. Some surfactants, such as polysorbate 80,
with such  as

interact preservatives

methylparaben, reducing their antimicrobial

activity.

Polysorbate 80 is the most popular because

of its advantages:

1 Since it is non-ionic, the pH of the medium

does not change.
2 No toxicity. Safe for internal use.

3 It does not foam well, but it should be used

at a concentration of less than 0.5%.
4 Compatible with most supplements.
Solvent

The most commonly used solvents are

alcohol, glycerin, and
polypropylene glycol.

provides wettability is that it is mixed with water

polyethylene glycol

The mechanism that

to reduce the interfacial tension between the
liquid and air. The liquid penetrates the individual
particles and aids in wetting. To avoid stability
issues, all liquid formulations should be

formulated at an optimum pH. Rheology,
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viscosity, and other properties depend on the pH
of the system. Most liquid systems are stable in
the pH 410 range. This is most important when
the API consists of ionizable acidic or basic
groups. If the API consists of neutral molecules
with no surface charge, this is not a problem.
Steroids, phenacetin, but pH control is strictly

required as a quality control tool.
Process Quality Control (Ipgc) for Slurries

Process Quality Control is the process of

monitoring critical manufacturing  process
parameters to ensure the quality of the final
product and achieve results. Instructions required
when discrepancies are found. In a continuous
process, production management is established
and documented by quality control and
that the

predictable values of each production run are

production personnel to ensure

within acceptable standards.

For in-process quality control to function

properly, it must be determined:

Which processes should be monitored and at

what stage?

How many samples were taken for analysis

and how often?

The purpose of the IPQC test, such as the
amount of each sample, acceptable variability,

etc.

1 Minimize party and within-party

variability.

2 To ensure the quality of the final product.

ay
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3 Ensures continuous monitoring of process

variables that can affect product quality.

4 Ensuring the introduction of GMP in

production.

5 Indicates that a functional quality assurance

system is in place (55,56).
IPQC occurrence of phases

This test is performed for dispersed phase and
dispersion medium. To prepare the dispersed
phase for the suspension, purified water and
syrup are often used. Particle size distribution,
syrup
monitored water quality to monitor product

clarity, gum dispersion viscosity,

quality
Dispersed phase particle size

Optimal particle size The drug in the
dispersed phase is essential for the stability of the
final suspension. So this test is done to analyze
under the microscope and find out the drug
particle size range, then compare with the
required optimal particle size. In the event of
control of the

discrepancies,  stricter

microbiological step should be ensured
pH test

The pH of the suspensions also contributes to
the stability and properties of the formulation.
Therefore, the pH of the different media,
suspension phase, pre-mix and post-mix are all
monitored and recorded over time to ensure

optimum pH environment is maintained
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Feasibility

Experimental This is done on suspensions
after mixing to ensure that the end result, the
product is pourable and will not cause any

problems during patient loading and handling
Check final product

To obtain an accurate dose of the dosage
form, the active ingredient should be evenly
distributed the
Therefore, samples removed from the dispersed

throughout dosage form.
phase after microbiology and, after mixing with
the dispersion medium, were tested to determine
the degree of homogeneity. If a deviation is
found, it is corrected appropriately by monitoring

the mixing step to ensure a reliable formulation.
Measure zeta potential

The value of zeta potential reflects future
stability of the suspension, so it tracks over time
to ensure optimal zeta potential. The zeta
potential is measured with a zetameter or by

micro electrophoresis (57).
Appearance
1. Colour, odour and taste

2. Physical properties such as particle size
determination and microscopic imaging for

crystal growth

3. Sedimentation rate and zeta potential

measurement

4. Body sedimentation volume

qy
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5. Centrifugation and redispersity test
6. Flow measurement

7. Test resistance

8. pH

9. FreezeThaw temperature cycle Container

and cap liner compatibility
10Torque test
Centrifugal test

This test provides information on the physical
stability of a suspension. Product is tested for
uniform Color distribution, no air bubbles prior to
packaging. Final quality check of suspension QC
quiescent test.

Nanosuspension
Ddefinitions:

Pharmaceutical nanosuspensions are "very
fine solid particles in an aqueous carrier
stabilized with a surfactant for oral and topical
administration or parenteral and pulmonary
administration, resulting in an increased rate of
dissolution due to a decrease in particle size and
consequently, improved bioavailability (52).
Dissolution thus

bioavailability (52). More than 40% of the new

rate  and improved

chemicals created in drug development programs

are poorly soluble in water or lipophilic

compounds. Creating water-insoluble drugs has
always been a daunting challenge for
pharmacists. Nanoparticle formulations can be

applied to all medicinal compounds belonging to
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Class Il and IV of the Classification of
Biologicals (BCS) to increase their solubility and
thus allow separation from the gastrointestinal
barrier. Undifferentiated is used for Class Il drugs
(BCS), i.e. drugs with good permeability and
poor solubility. Traditional methods for
increasing the solubility of poorly soluble drugs
include micronization, solubilization using a
cosolvent, salt form, dispersion of surfactant,
precipitation method, and oily solution. Other
methods [814] such as liposomes, emulsions,
microemulsions, solid dispersions and complex
inclusion formation using cyclodextrins (14).
Give reasonable results but are not universally
applicable to all drugs. This method does not
apply to drugs that do not dissolve in agueous and
organic solvents. Nanotechnology can be used to
solve problems associated with this traditional
approach  of increasing solubility and
bioavailability. Nanosuspension is preferred for
compounds that are insoluble in water (but
soluble in oil) with high log P, high melting point
and high capacity. Nanosuspensions can also be
used for drugs that are insoluble in water and
organic solvents. Hydrophobic drugs such as
atorvastatin (15), famotidine (16), simvastatin
(17), revaprazan (18) and aceclofenac (19) are

formulated as nanosuspension

A nanosuspension is a colloidal dispersion of
nanosized drug particles stabilized with a
surfactant. They can also be defined as a two-
phase system consisting of pure drug particles
dispersed in an agueous vehicle with suspended
in diameter.

particles less than 1 micron

1¥
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Nanosuspensions can be lyophilized or spray
dried, and nanoparticles of nanoparticles can also

be incorporated into a solid matrix (20-25).

nano is the Greek word for dwarf. Nano
means 1/109 or 1/billion. Some nan scale

comparisons are provided.
Microns = 106 m = 104 cm = 103 mm 4,

For a long time, colloid mills or jet mills were
used to favor the micronization of poorly soluble
drugs. The overall particle size distribution
ranges from approximately 25 microns to 0.1
microns to microns, with only a small fraction

being less than 1 micron in the nanometer range.
When to use nano-suspensions Approach

1] Preparation of nano-suspensions is
preferred for compounds that are insoluble in
water (but soluble in oil) with high log P.

2]. In general, drugs that are insoluble in
water but soluble in oil are formulated as
liposomes, emulsion systems, but this lipid
formulation approach does not apply to all drugs.
In these cases, nano-sized suspensions are

preferred.

3] For drugs that are insoluble in both water
and organic media, nanosuspensions are used

instead of using lipid systems as formulations.

4] The nanosuspension approach is best for
compounds with high log P, high melting points,
and high doses.
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Potential benefits of nanosuspension

technology for poorly soluble drugs

1] Reduced particle size, increased drug
dissolution rate, increased absorption rate and
absorption rate, increased drug bioavailability,
plasma area over time curve, time onset,
level,

maximum drug variability Reduced,

reduced lactation/fasting effects.

Nanosuspension can be used for compounds
that are insoluble in water but soluble in oil. On
the other hand, nanosuspensions can be used in
contrast to lipid systems, successfully generating

compounds that are insoluble in water and oil.

the

gastrointestinal mucosa to prolong the contact

2] nanoparticles can attach to

time of the drug, thereby increasing the

absorption of the drug.

3] An obvious advantage of nanosuspensions
is that they can be administered in a variety of
ways, including oral, parenteral, pulmonary,

dermal, and ocular.

4] Nanosuspension of nanoparticles (NPs)
offers a number of advantages over conventional
dosage forms for the eye, including reduced
dosage, sustained drug release for a long period
of time, reduced systemic drug toxicity, and
improved drug absorption due to prolonged
residence. Nanoparticles can be advantageous
drug carriers for ophthalmic applications because
of the length of time nanoparticles are present on
the corneal surface, higher drug concentrations in

infected tissue, compatibility for poorly water-

0
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soluble drugs, and smaller particles are better

tolerated by patients than larger particles.

5] Nanosuspension has a low incidence of

side effects of excipients.

6]. Nanosuspension eliminates compound
delivery problems by eliminating the need for
dissolution and keeping the drug in its desirable
state  small

crystalline enough to be

pharmaceutically acceptable.
Methods for preparing nanosuspension

there are two methods for
The

precipitation method (hydrosol) is called bottom-

Basically,
preparing Nanosuspension. traditional
up technique .The top-down technique is the
preferred decomposition method over the
sedimentation method. Top-down techniques
include intermediate milling (nanocrystals), high
pressure homogenization in water (dissociation),
high pressure homogenization in non-aqueous
media (Nano-refining), and a combination of
precipitation and high pressure homogenization

(Nanoedege) (26-32).
Advantage
1) Use simple and inexpensive equipment.

2) Higher solubility upon saturation favors
precipitation compared to other methods of

preparing nanosuspensions.
Disadvantages

1) The drug must be dissolved in one or more

solvents (except for all new drugs that are poorly



V\F.Y ul.a.u.o)f o)Lo.i:Y 0,99

soluble simultaneously in aqueous and organic

media).

2) The solvent must be mixed with at least

one non-solvent.

3) Residual solvent must be removed, which

increases production cost.

4) 1t is slightly difficult to maintain particle
properties (ie size, especially the amorphous
part). A second sequential process, spray drying
or freeze drying, is generally recommended for

particle preservation (33, 34).
TopDown Technology
a) Medium Milling
b) High Pressure Homogenization
Medium Milling

Nanosuspensions are produced using high
shear mills or pearl mills. The grinder consists of
a grinding chamber, a milling shaft and a
recirculation chamber. The aqueous drug slurry is
then fed into a grinder containing fine grinding
balls/pearls. Because this ball rotates at a very
high shear rate at a controlled temperature, it
passes through the inside of the grinding ball and
collides with the sample on the opposite wall of
the grinding ball. Combining friction and impact
forces significantly reduces particle size. The
grinding media or balls are made of ceramic

sintered alumina or zirconium oxide

or highly crosslinked polystyrene resin with

high wear resistance. Planetary ball mills (PM100

47

(INACMS) J5Use 5 Jshos psle 10 (255 slzilen,

and PM200; Retsch GmbH and Co., KG, Haan,
Germany) are an example of equipment that can
be used to achieve sub-0.1 micron fineness.
Zninsulin  nanosuspensions with an average
particle size of 150 nm were prepared using a wet
milling technique. The main disadvantages of this
technique are the erosion of beads/pearls that can
leave a contaminating residue in the final product,
the degradation of thermally labile drugs due to
the heat generated during the process, and the
relatively high proportion of particles larger than
5 um in size (35, 37).

Advantages
1] Simple technology
2] Low cost of self-polishing

3] To some extent large-scale production is

possible (batch process).
Disadvantages

1] There is a possibility of erosion of the

crushed material, resulting in  product

contamination.

2] The process duration is not very favorable

for production.

3] Prolonged grinding may result in the

growth of microorganisms in water.

4] Time and costs associated with procedures
for separating milled material from suspensions
of pharmaceutical nanoparticles, particularly in
the production of sterile parenteral products (35,
38).
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High-pressure homogenization

Dissocubes ~ homogenization involves
pumping the slurry under pressure through a

narrow orifice UY.
Dissocubes

It was developed by Muller et al. In this case,
the drug suspension is passed through a small
hole and the static pressure drops below the
boiling pressure of the water, causing the water to
boil and bubbles to form. When the suspension
leaves the gap and reaches normal atmospheric
pressure again, the bubble bursts and the
peripheral part containing the drug particles
rushes towards the center and the particle size
decreases during the colloidal process. In most
cases, several passes or cycles of the
homogenizer are required depending on the
hardness of the drug, the desired average particle
size and the required uniformity. This principle is
in the APV Gaulin Micron LAB 40
homogenizer Libeck,
Germany) and the NS 1001LPanda 2K high

pressure homogenizer (Nirosuavi. S.P.A., Parma,

used

(APV  homogenizer,

Italy). The main advantage of high pressure
homogenization over medium grinding is that it
can be used for both dilute and concentrated
suspensions and can also be used for aseptic
production (39,40).

Nanopure

Nanopure is a homogenized suspension in
anhydrous medium or aqueous mixture. In

Dissocubes technology, cavitation is the defining

v
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element of the process. However, unlike water,
oils and fatty acids have very low vapor pressures
and high boiling points. As a result, the drop in
static pressure is not sufficient for cavitation to
occur. Patents dealing with the disintegration of
high
homogenization promotes disintegration at high

polymer  materials by pressure
temperatures of about 800°C, so it is mentioned
that it cannot be used for heat-labile compounds.
In nanoparticle technology, a suspension of drug
in a non-aqueous medium is homogenized at 0 °C
or even below freezing, called "deep freeze"
homogenization. The results obtained are similar
to dissocube, allowing effective use for heat-
milder conditions

labile substances under

(41,42).
The basic principle of the Nanoedge™

Nanoedge is the same as sedimentation and
homogenization. The combination of these
methods results in a smaller particle size and
better stability in a shorter time. The major
drawbacks of the deposition method, such as
crystal growth and long-term stability, can be
addressed with Nanoedge technology. In this
method, the precipitated suspension is further
homogenized. This reduces the grain size and
prevents crystal growth. Precipitation is
performed in water using water-miscible solvents
such as methanol, ethanol and isopropanol.
Although these solvents may be acceptable to
some degree in the formulation, it is desirable to
them For efficient

remove completely.

production of nanosuspensions using Nanoedge
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technology, the modified starting material can be

obtained without solvent, including an
evaporation step, and then homogenized at high

pressure (43).
Emulsion Diffusion Method

In addition to using an emulsion as a carrier
for drug delivery, it can also be used as a template
for preparing nanosuspensions. Using an
emulsion as a template is applicable to drugs that
are soluble in volatile organic solvents or
partially water-miscible solvents. These solvents
can be used as the dispersed phase of the
emulsion. The organic solvent or solvent mixture
containing the drug is dispersed in an aqueous
phase containing a suitable surfactant with
stirring to form an emulsion. The resulting
emulsion was further homogenized by high
After the

homogenization cycle, the emulsion was diluted

pressure homogenization.
with water and homogenized in a homogenizer to
diffuse the organic solvent and convert the
droplets into solid particles. Because one particle
is formed in each droplet of the emulsion, it is
possible to control the size of the emulsion,
optimize the surfactant formulation, and increase
the absorption of the organic phase, ultimately
controlling the particle size of the
nanosuspension. Drugs in emulsions. Initially,
methanol, ethanol, ethyl acetate, and chloroform

were used as organic solvents (42 46).
Advantages

1] No special equipment is required.

QA
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2] The particle size can be easily controlled

by controlling the droplet size of the emulsion.

3] Can be easily extended with correct recipe

optimization.
Disadvantages

1] Poorly soluble formulations in aqueous
and organic media cannot be prepared using this
method.

2] Safety concerns due to the use of

hazardous solvents in the process.

3] Ultrafiltration is required to purify the drug
nanosuspension, which can make the process

expensive.

4] A large amount of surfactant/stabilizer is
required compared to the preparation method

described above.
Micro emulsion Template

This method uses an organic solvent or
solvent mixture loaded with a drug dispersed in
an aqueous phase containing a suitable surfactant
to form an emulsion. The organic phase is then
evaporated under reduced pressure to form a
nanosuspension in which drug particles are
instantaneously precipitated and stabilized by a
surfactant. Another method uses a partially
water-miscible solvent such as butyl lactate,
benzyl alcohol and triacetin as the dispersed

phase instead of the hazardous solvent. (44-48).
Advantages

1] No special equipment is required.
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2] The particle size can be easily controlled

by controlling the droplet size of the emulsion.

3] can be easily extended with correct recipe

optimization.
Disadvantages

1] Poorly soluble formulations in aqueous
and organic media cannot be prepared using this

method.

2] Ultrafiltration is required to purify the drug
nanosuspension, which can make the process

expensive.

3] A large amount of surfactant/stabilizer is
required compared to the preparation method

described above.
Dry CoGrinding

Recently, nanosuspensions can be obtained
by dry grinding. Successful work on the
preparation of stable nanosuspensions by dry
grinding poorly soluble drugs into soluble
polymers and copolymers after dispersion in a
liquid medium has been reported. Many soluble
polymers and copolymers have been used, such
as PVP, glycol  (PEG),
hydroxypropyl methylcellulose (HPMC) and

cyclodextrin derivatives. and preventing Ostwald

polyethylene

aging and agglomeration of the nanosuspension
to obtain a physically stable composition by
providing a steric or ionic barrier. The type and
amount of the stabilizer significantly affects the
and behavior of the

physical  stability

nanosuspension in vivo. Stabilizers used so far

19
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are  poloxomers, polysorbates, cellulose,
povidone and lecithin. Lecithin is the preferred
stabilizer when developing parent-friendly and

autoclavable nanosuspensions ([49).
Organic Solvent

When an emulsion or microemulsion is used
as the matrix, an organic solvent is used as part of
the nanosuspension. Pharmaceutically acceptable
less hazardous water-miscible solvents such as
methanol, ethanol, chloroform, isopropanol, and
partially water-miscible solvents such as ethyl
acetate, ethyl formate, butyl lactate, triacetin,
propylene carbonate, and benzyl alcohol are more
common than hazardous solvents. It is desirable
such as

formulation.  Solvents

dichloromethane (49.50)

in the

Cosurfactant The choice of cosurfactant is

important when using microemulsions to
makenanosuspensions. Since cosurfactants can
have a strong influence on the phase behavior, the
effect of cosurfactants on the internal phase
absorption and drug loading of the selected
should  be

investigated. Although the literature describes the

microemulsion  composition
use of bile salts and dipotassium glycerol
chisinate as co-surfactants, various solubilizers
such as transcutol, glycofurol, ethanol and
isopropanol can be safely used as co-surfactants

in microemulsions (51).
Characterization of Nanosuspensions

Invitro
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1] Colour, Odor, Taste

2] Particle Size Distribution

3] Particle Charge (Zeta Potential)
4] Crystal Form

5] Dissolution Rate and Saturation 4 6]
Density

7] pH value

8] Droplet size

9] Viscosity measurement

10] Stability of nanosuspension
Biological properties In-vivo

Evaluation of surface modified

nanosuspension

1] Surface hydrophilicity 2] Interaction with

nano protein
Invitro Ratings
1] Colour, Odor, Taste

These properties are particularly important

for oral administration. Changes in taste,
particularly changes in active ingredients, can be
explained by changes in particle size, crystal
shape and subsequent particle dissolution.
Changes in Colour, odor and taste may also

indicate chemical instability (52, 53).
2] Particle Size Distribution

Particle size distribution determines the

physicochemical behavior of a composition, such
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as saturated solubility, dissolution rate, physical
stability, etc. Particle size distribution was
determined by photon correlation spectroscopy
(PCS), laser diffraction (LD) and multisize
coulter counters. The PCS method measures
particles from 3 nm to 3 um, while the LD
method has a measurement range of 0.0580 pm.
The Coulter Counter Multilyzer shows the
absolute number of particles as opposed to the LD
method, which provides only a relative size
distribution. For intravenous administration, the
particles should be less than 5 microns, given that
the minimum capillary size is 56 microns.
Therefore, as the particle size increases,
capillaries can become obstructed or embolized

(54).
3] Zeta potential

Zeta potential indicates the stability of the
suspension. A minimum zeta potential of £ 30
mV is required for a stable suspension that is
stabilized only by electrostatic repulsion, but a
zeta potential of £ 20 mV is sufficient when the
electrostatic stabilizer and steric stabilizer are

combined.
4] Crystal morphology

Techniques such as differential scanning

calorimetry or X-ray diffraction analysis
combined with differential thermal analysis can
be used to characterize polymorphic changes due
to the effects of high pressure homogenization in
the crystal structure of the drug. Increase. Due to
high the

pressure homogenization,
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nanosuspension may experience a change in

crystal structure, which may change to

amorphous or other polymorphic morphology.
5] Dissolution rate and saturated solubility

The

advantages over other technologies in that it can

nanosuspension  has  significant
increase both dissolution rate and saturated
solubility. These two parameters need to be
determined by different physiological solutions.
Assessment of saturation solubility and
dissolution rate helps determine the in vitro
behavior of the pharmaceutical product. Bohm
etc. We have reported an increase in dissolution
pressure and dissolution rate with a decrease in
particle size down to the nanometer range. There
is. Reached to "minimize pH-drift" and ensure
electrode surface coating with suspended solids.
To stabilize the pH, do not add electrolytes to the

outer phase of the formulation.
7] Droplet size

The droplet size distribution of the
microemulsion vesicle can be determined either
by light scattering technology or by electron
light

spectrophotometer using a neon laser with a

microscopy. A  dynamic scattering

wavelength of 632 nm.
8] Viscosity measurement

Viscosity of lipid-based formulations of
different compositions can be measured at
different temperatures and at different shear rates

using a Brookfield rotational viscometer. The
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sample chamber of the device must be maintained
at 37 ° C by a thermal bath and the sample must

be immersed in the device for measurement (55).

Establishing In Vivo Biological

Performance

In vitro / In vivo correlations and monitoring
in vivo performance of drugs is an important part
of the study, regardless of Route or the delivery
system wused. This is most important for
intravenously injected nanosuspension. This is
because the In vivo behaviour of the drug
depends on the organ distribution, which depends
on surface properties such as surface
hydrophobicity and interaction with plasma
proteins. The protein absorption pattern observed
after intravenous injection of nanoparticles is
recognized as an essential factor in organ
distribution. Therefore, appropriate techniques
should be used to evaluate surface properties and
in vivo

protein interactions to understand

behavior. Techniques such as hydrophobic
interaction chromatography can be used to
determine surface hydrophobicity, and 2D-PAGE
is used to quantitatively and qualitatively protein
adsorption after intravenous injection of drug

nanosuspension into animals (55).
Nanosuspension applications
Oral

Oral administration of the drug is the most
preferred route of drug delivery. However, some
drugs have the problem that their poor solubility

and absorbability limit their bioavailability and
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ultimately reduce their effectiveness. In such
cases, nanosuspensions can solve the problem by
improving dissolution rate and absorption by
increasing surface area and improving adhesion.
Nanosuspensions can lead to increased mucosal
adhesion, which can prolong gastrointestinal
transit time and lead to increased bioavailability.
Improved oral bioavailability may be due to
increased surface area, saturated solubility, and
adhesion of drug nanosuspensions. The taste
masking of the particle system is also possible

without any problem.
Eyepiece preparation

Nanosuspension may benefit drugs with low
solubility in tears. Nanosuspensions are an ideal
approach for the delivery of hydrophobic drugs to
the eye due to their unique ability to improve the
saturated solubility of the drug. Kasse metal.
Development

of Nanosuspension Delivery

System for Specific Glucocorticoid Medication.
Lung

Nanosuspension may be beneficial for
delivery of drugs with low solubility in lung
secretions. Currently available approaches to
pulmonary administration, such as aerosol or dry
powder inhalers, have certain drawbacks such as
limited diffusion at the desired site, reduced
residence time, which can be overcome with
nanosuspensions. Can be done. Fluticasone and
budesonide have been successfully prescribed as

nanosuspensions for pulmonary delivery.
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Orally administered in the form of a

Mucoadhesion

Suspension of nanoparticles, nanoparticles
diffuse into the liquid medium and rapidly reach
the mucosal surface. Particles are anchored to the
intestinal surface by an adhesion mechanism
called "bioadhesion". From this point on, the
concentrated slurry acts as a reservoir for the
particles and the adsorption process takes up sites
very quickly. Direct contact of particles with
intestinal cells via the bio adhesive step is the first

step before particles are absorbed
Conclusion:

The suspension is stable as long as the system
does not follow the zero order, but as soon as it
enters the first order dynamics, the disintegration
is faster. However, if the slurry is thickened, it
will take longer for the system to go from Oth to
1st order. This is why concentrated slurries are
often stable enough to be placed on the market,
whereas diluted slurries are not. However, the
thickened suspension affects
of the

pharmaceutical manufacturers must optimize

the physical

stability suspension.  Therefore,
both the physical and chemical parameters of the
dispersed particles to achieve the desired
suspension stability. Nanosuspension solves the
problem of low bioavailability of hydrophobic
drugs and drugs, which are poorly soluble in
aqueous and organic solutions. Production
technologies such as the Medium Grinding and
High Pressure Homogenizer are used for large-
scale of

production nanosuspensions.
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Nanosuspensions can be administered by oral,
parenteral, pulmonary, ophthalmic and topical
routes. Because nanotechnology is simple, there
are fewer requirements for excipients, and has an
increased rate of dissolution and solubility at
saturation, so many drugs with low
bioavailability are formulated in the form of

nanosuspensions (51).
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ABSTRACT

Pharmaceutical Suspension is a coarse dispersion of insoluble solid particles in a liquid medium. The
particle diameter of the suspension is usually greater than 0.5 um. However, establishing sharp boundaries
between suspensions and dispersions with finer particles is difficult and impractical. Suspensions are an
important class of pharmaceutical dosage forms. Advantages of suspension formulations include effective
administration of hydrophobic drugs; refusal to use co-solvents; It masks the unpleasant taste of some
ingredients. Ensuring resistance to degradation of drugs due to hydrolysis, oxidation or microbial activity;
it can be easily swallowed by young and elderly patients. Effective intramuscular depot therapy. In addition,
relatively higher drug concentrations may be included in suspension products compared to solution
formulations. This review provides an overview of various aspects of suspensions, such as classification of
suspensions, suspension theory, various suspending agents, aspects of suspension formulations, packaging
of suspensions, evaluation of suspensions, stability of suspensions, and recent research in progress. pendant.
Solubility is a decisive factor in the effectiveness of a drug regardless of the route of administration. Most
of the recently discovered drugs are insoluble in water and have low bioavailability, so development has
failed. These so-called "Brickellia" candidates can now be formulated and delivered as nanosuspensions.
Nanosuspension technology solves the problem of drugs that are poorly soluble in water and have low
bioavailability. Nanosuspension technology can be used to improve drug stability and bioavailability. The
preparation of nanosuspension is simple and applicable to all water-insoluble drugs. Nanosuspensions are
prepared using wet mills, high pressure homogenizers, emulsion and solvent evaporation, melt
emulsification, and supercritical fluid methods. Nanosuspensions can be prepared using stabilizers, organic

solvents and other additives such as buffers, salts, polyols, osmagents and cryoprotectants.

Keywords: Suspensions, Suspending agents, Stability, Dissolution, Nanosuspension
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