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Abstract

This study was conducted to evaluate the efficacy of difloxacin and/or florfenicol in controlling the
experimental infection of Klebsiella pneumonia in broiler chickens. Seven experimental groups
were conducted, Group I: non-infected-non- treated, Group II: Experimentally infected with K.
pneumoniae and non-treated, Group III and Group IV: infected and treated with difloxacin at a
dose of 10 and 30 mg / kg b.wt. once daily for 7 successive days orally respectively, Group V and
VI: infected and treated with florfenicol at a dose of 20 and 30 mg/ kg b.wt. once daily for 5 succes-
sive days orally respectively. Group VII: infected and treated with florfenicol (15 mg/ kg b.wt.) and
difloxacin (15 mg/ kg b.wt.) once daily for 7 successive days orally.

Difloxacin showed antibacterial activity against K. pneumoniae with MIC and MBC values were
0.156 and 0.312 pg/ml respectively while for florfenicol were 3.125 and 6.25 pg/ml respectively.
Based on the fractional inhibitory concentration, an indifferent interaction was shown in combina-
tion of florfenicol with difloxacin (FIC index = 1.5).

Swabs from Choanal cleft, liver and lung were taken for re-isolation of K. pneumoniae and bacterial
count. The choanal swabs showed a significant decrease in percentage of the Group IV to 22.2%
while being 77.8%, 88.8% and 66.7%, in Groups III, V and VII at 5" day from the first dose respec-
tively. Difloxacin (30mg/kg b.wt.) is superior for the control of K. pneumoniae and significantly re-
duced the bacterial count in liver and lung with log CFU of 2.96 £0.10 and 3.35+ 0.02 followed by
group VII was 3.40+0.02 and 3.48+0.01then group III was 3.49+0.05 and 3.54+0.01compared with
the control positive group (3.57+0.02 and 3.59+0.01) at 5™ day after cessation of drug respectively.
Residues of Florfenicol (30mg/kg b.wt.) and difloxacin (30mg/kg b.wt) were detected in liver
(0.46+0.06 pg/gm and 0.47+0.06 pg/gm) and lung (0.8 £0.10 pg/gmand 0.58 0.03 pg/gm) after 5
days post treatments respectively.

Based on the pharmacokinetic parameters) for groups IV and VI, the C,,.,x/MIC ratio of 8.17 and
AUC/MIC ratio of 106.41 for difloxacin indicate that difloxacin at oral dose of 30mg/kg b.wt. every
24 hours had a potential clinical efficacy against K. preumoniae.
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Introduction (Saif et al., 2003). Weakness, gasping, pump-
K. pneumoniaeis an opportunistic pathogen of handled respiration, dyspnoea, mucous dis-
domestic animals and birds (Sumitha and charge, swelling of sinusswes, facial oedema,
Sukumar, 2014 and Younis, 2017). In poultry tracheitis, exudative pneumonia, pleuritis, air
they are found to be associated with different sacculitis, pericarditis, sinusitis, drop in egg
disease as respiratory infection, septicemia, production and poor egg quality (Canal et al.,
salpingitis, air sac disease, artheritis, panophth- 2005).

almitis and intestinal disturbance. Concurrent

infection of young poultry with K. pneumoniae K. pneumoniae is usually multidrug resistant to
increased the severity of respiratory disease B-lactams and non B-lactams as fluoroquino-
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lone and aminoglycosides (Gundogan and
Avci, 2013). Antibiotic sensitivity test of iso-
lated K. pneumoniae showed resistant to most
commonly used antibiotics except enrofloxacin
(Sumitha and Sukumar, 2014). FDA ban the
use of enrofloxacin in poultry in the United
States in July 2005 (FDA, 2005), in addition,
Enrofloxacin is banned by Egyptian Drug Au-
thority (EDA, 2015).

It is noted that K. pneumoniae resistant to most
antibiotics, even antibiotics that have efficacy
against K. pneumoniae are not authorized to be
used in the veterinary practice by the relevant
authorities as imipenem (carbapenem class of 8
-lactam) (Toshie ef al., 2013) which is current-
ly licensed to treat human disease.

Difloxacin is a fluoroquinolone carboxylic acid
antimicrobial agent which approved by the re-
sponsible authorities and allowed to used in the
veterinary field and has high activity against a
wide range of gram-positive and gram-negative
aerobes and anaerobes, including most species
and strains of Klebsiella, Staphylococcus, E.
coli, Enterobacter, Campylobacter, Shigella,
Proteus, Pasteurella, Mycoplasma, Rickettsia,
and Chlamydia in vitro (Abd El-Aty et al.,
2005). As a member of the fluoroquinolone
group, difloxacin acts on bacterial DNA topoi-
somerases Il and IV (Wolfson and Hooper,
1989).

Fluoroquinolones are considered to have a con-
centration-dependent effect. They also have
characteristics such as a wide spectrum of bac-
tericidal activity, a large volume of distribu-
tion, low plasma-protein binding, and relative-
ly low MICs against target microorganisms
(Brown, 1996). Principal advantages of fluoro-
quinolones include good bioavailability, bacte-
ricidal activity at low tissue concentrations and
good penetration into phagocytic cells
(Giguere et al., 1996). They have a large vol-
ume of distribution combined with low plasma
protein binding, which allows them to reach
tissue concentrations often higher than concur-
rent serum concentrations (Prescott and Bag-
got, 1993).

Florfenicol, a structural analogue of thiam-
phenicol, is of great value in veterinary treat-

ment of infectious diseases by inhibiting
bacterial protein synthesis at the ribosome
(Cannon et al 1990). The recommended dose
is 30 mg/kg bw for 3 days via drinking water
(EMA, 1999).

Medication with florfenicol (20mg, 30mg /kg
bwt. For five days) greatly reduced the preva-
lence and severity of clinical sings of colibacil-
losis (EL-Banna et al., 2007).

Florfenicol has more antibacterial activity
than chloramphenicol and thiamphenicol,
including activity against many isolates re-
sistant to chloramphenicol such as E.coli,
Proteus vulgaris, Salmonella typhimurium and
Staphylococcus aureus (Syriopoulou et al.,
1981).

Florfenicol have been shown to be effective
against K. pneumonia (Neu and Fu, 1980).
Is the drug still effective against K. pneumonia
or it has acquired resistance against the drug,
This will be one of the objectives of this study
by using two different concentrations of the
drug.

In poultry farms, the drug combinations are
commonly used. These combinations have
been studied in chickens and may result either
in diminished effects or drug potentiation
(Becker, 2011). Therefore, the aim of this
study was to evaluate the effect of difloxacin
and /or florfenicol as a veterinary products in
different dosage regimen that can inhibit K.
pneumoniae to select the appropriate antibiotic
and dose regimen.

Materials and Methods

Drug:

Difloxacin:

Difloxacin was obtained as oral solution (10%)
from Atco Pharma for Pharmaceutical Indus-
tries / Egypt, under trade name "Diflobiotic".

Florfenicol:

Florfenicol was obtained from Pharma Swede /
Egypt as oral solution (10%) under trade name
"Floricol".

Chickens
sixty three healthy Hubbard broiler chicks
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were obtained from a private commercial
hatchery, fed on drug free-ration and supplied
with water ad-libitum before and during the
experiments. Be sure that chicks are free of K.
pneumoniae.

Bacterial strain

K. pneumoniae was obtained from serology
unit, animal health research institute. One ml
of K. pneumoniae suspension, containing
4x10° CFU.

Experimental design:

Broiler chickens of all groups except the con-
trol group were infected by intratracheal injec-
tion with 40 pL of the inoculum with a con-
centration 4x10° CFU/ml of K. pneumoniae.
Sixty three broiler chickens were divided into 7
equal groups as following :

Group I: Non-infected-non- treated (control
negative).

Group II: Experimentally infected with K.
pneumonia and non-treated (control positive).
Group III: Experimentally infected by K.
pneumonia and treated with difloxacin (10 mg/
kg b. wt.) once daily, for 7 successive days
orally.

Group IV: Experimentally infected by K.
pneumoniae and treated with difloxacin (30
mg/ kg b. wt.) once daily, for 7 successive days
orally.

Group V: Experimentally infected by K. pneu-
monia and treated with florfenicol (20 mg/ kg
b. wt.) once daily, for 5 successive days orally.
Group VI: Experimentally infected by K.
pneumonia and treated with florfenicol (30 mg/
kg b.wt.) once daily, for 5 successive days
orally.

Group VII: Experimentally infected by K.
pneumoniae and treated with florfenicol (15
mg/ kg b. wt.) and difloxacin (15 mg/ kg b.
wt.) once daily, for 7 successive days orally.

Antibiotic was administered to groups after
appearance of symptoms as mucous discharge
and facial edema and the confirmation is
done by re-isolation of bacteria from chonnal
swabs.

Bacterial re-isolation:
choanal swabs were taken from all groups

daily from the next day of drug administration
till the slaughter time for re-isolation of K.
pneumoniae. The swabs were cultivated onto
MacConkey’s agar and eosin methylene blue-
media incubated at 37°C for 24hours. Pure
culture of isolates were subjected to biochem-
ical tests according to Barbara et al. (1994).
Re-isolation of K. pneumoniae from organs
To re-isolate the challenged organism, three
birds from each group were sacrificed at days
1,3,5 post cessation of medicines (post treat-
ment). Swabs from liver and lung were inocu-
lated into nutrient broth and platted on to Mac-
Conkey agar and eosin methylene blue media
incubated at 37°C for 24hr. The organism was
identified on the basis of cultural characters
and biochemical identification according to
Barbara et al. (1994). Klebsiella organism
were counted in liver and lung samples using
drop plate technique after 10 fold serial dilu-
tion (Fig. 5) according to Barquero-calvo et
al. (2013).

Antimicrobial activity of antibiotics:
Antimicrobial activities of antibiotic against
K.pneumoniae were evaluated by the agar well
diffusion method. K.pneumoniae strain (0.1 ml
of diluted inoculum) was swabbed on the
Mueller Hinton plates. Wells (6mm diameter)
were cut into the agar and 100 puL of different
concentrations of antibacterial agents ranging
from 100 to 0.39ug/ml are used. Activity was
measured as inhibition zone in millimeters
around the well (Balouiri et al, 2016)
(Table 1).

Minimum inhibitory concentration (MIC)
and minimal bactericidal concentrations
(MBC) of difloxacin and / or florfenicol
against K.pneumoniae.

MIC was determined using broth macrodilu-
tion method. The drugs were diluted in Mueller
Hinton broth tubes to give the final concentra-
tions ranged from 100 to 0.195ug/ml. Two fold
dilutions of antibiotic was used in Mueller Hin-
ton broth with 5x10° CFU/ml of K. pneumoni-
ae. Growth control tube was tested, containing
broth without antibiotic. The tubes were incu-
bated at 37°C for 24h.

MIC was the lowest concentration of the anti-
bacterial agent that did not permit any visible
growth of bacteria during 24hours of incuba-
tion on the basis of turbidity. To determine the
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MBC, all the tubes showing no bacterial
growth in the MIC test were subcultured. A
standard loopful (0.01ml) from each clear tube
was subculture on Mueller Hinton plate. The
plates are incubated at 35°C for 18 hours. The
lowest concentration with no visible growth
was defined as the MBC, indicating 99.5%
killing of the original inoculum (Amita et al.,
2013) (Table 2).

Evaluation of synergy between difloxacin
and florfenicol

The combinations of difloxacin and florfenicol
were tested for fractional inhibitory concentra-
tion (FIC) determination, are presented in
(Table 3). Difloxacin at a concentration corre-
sponding to 1/2 MIC was used with florfenicol
concentrations ranged from 1/32 MIC to two
times of MIC (2xMIC) and vice versa (Jarrar
et al., 2010). The fractional inhibitory concen-
tration (FIC) value was calculated using the
formula (Kamatou et al., 2006).

FIC index = FIC A + FIC B

Where FIC is the MIC of the combination /
MIC of drug alone. The drug interaction clas-
sified as:

Synergistic: if the FIC index was <1, so the
total effect is stronger than the sum of effects
of the individual agents.

Additive: if the FIC index were =1, so the total
effect is equal to the sum of effects of the indi-
vidual agents.

Indifferent: if the FIC index were between 1
and 2, so the total effect is equal to the effect
of either individual agent.

Antagonistic: if the FIC index were > 2, so
the total effect is less than the sum of effects of
the individual agents.

Pharmacokinetic / pharmacodynamics de-
termination

Pharmacokinetic parameters (Ciax, tmaxs Vdareas
to.sp, AUC.() and Pharmacokinetic / pharmaco-
dynamics (T>MIC and C,,,x /MIC) for groups
IV and VI were determined. In the first day
after inoculation by K pneumoniae and admin-
istration of 30 mg/ kg b.wt. of difloxacin and
florfenicol, blood samples from the two groups
were collected after 0.083, 0.167, 0.25, 0.5, 1,
2, 4, 8 and 12h. Serum was separated by cen-
trifugation at 2000g for 10 min. and stored at -

20°C until assay (Abo-El-Sooud et al., 2012).

Tissue residues of difloxacin and florfenicol
One gram of liver and lung of IV and VI
groups at days 1, 3, 5 post treatment were
used for determination of drug tissue concen-
trations according to San Martin et al. (2007)
Determination of drug concentrations in se-
rum and tissue

Florfenicol and difloxacin concentrations in
serum and tissue were measured by the bioas-
say method using the standard curve of the
drugs.

Standard curve of drugs

Standard curve of florfenicol and difloxacin
were done using concentrations between 10 to
0.156 pug/ml wusing Bacillus subtilis for
florfenicol and E.coli for difloxacin as an indi-
cator strain. (EL-Sayed et al., 1994)

Determination of The time for which the se-
rum drug levels remain above or equal to
MIC (T> MIC %).
T> MIC % value is calculated using the formu-
la (Turnidge, 1998).

Imol

W > MIC = In L Fl/‘p
o = O i (area) % micl T 2)

where:

D: is the proposed dose.

Vd: (area) is the volume of distribution.
tipp 1s the terminal elimination half-life.
DI is the dose interval

Statistical analysis

In this study, the values were expressed as
mean =+ standard deviation (SD). The signifi-
cance of the difference between each value
presented by various groups was evaluated by
one-way analysis of variance (ANOVA) and
values with P < 0.05 were considered as statis-
tically significant (Kim, 2014). The pharma-
cokinetic variables were determined using PK
Solver: An add-in program for Microsoft Ex-
cel, version 2 (Zhang et al., 2010).

Results and Discussion

The misuse of antibiotic in chickens is often
associated with incomplete bacterial eradica-
tion, resulting in an insufficient clinical re-
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sponse in some cases and the risk of the
emerge of antibacterial resistance (Haritova et
al., 2006). K. pneumoniae is a multidrug-
resistant bacteria as it is resistant to multiple
broad-spectrum antibiotics such as ampicillin
and cephalosporins, which were previously
helpful in treating these organisms . The mech-
anism for its resistance is due to the extended
beta-lactamases and carbapenemases produced
by these bacteria (Bush and Fisher, 2001).
Hence, susceptibility testing and clinical effi-
cacy helps to determine which antibiotics
would be appropriate in controlling these or-
ganisms.

In vitro, Difloxacin was effective in the range
of 100 to 0.39 pg/ml against K. pneumoniae
with zone of inhibition ranged between 30 to
11 mm while florfenicol was effective in the
range of 100 to 3.125 pg/ml with zone of inhi-
bition ranged between 25 to 11 mm (table 1,
Fig. 3 and 4).

The MIC and MBC values for difloxacin was
0.156 and 0.312 pg/ml while for florfenicol
was 3.125 and 6.25 pg/ml against K. pneu-
moniae (table 2). The value may be close to
that reported by Aric et al., (2005), they found
that the MICy, of difloxacin against Enterobac-
teriaceae spp. was < 0.25 pg/mL. In this re-
spect, Shu-Peng e al. (2000) stated that the
MICs, of florfenicol for K.pneumoniae was
12.5 pg/ml. The reported MIC breakpoints for
difloxacin were < 0.5 pg/mL for susceptible
organisms, 1 to 2 pg/mL for intermediate and
>4 pg/mL for resistant organisms (NCCLS,
2002) for Gram negative bacteria while
florfenicol breakpoints adapted from Clinical
and_ Laboratory Standards Institute (CLSI) for
bovine respiratory disease are 2 pg/mL for sus-
ceptible organisms, 4 pg/ml for intermediate
and > 8 pg/mL for resistant organisms
(Michael, 2015).

Antimicrobial resistance seriously threatened
animal health. Combination therapy is general-
ly an effective strategy to fight this re-
sistance. In vitro studies, the combination of
difloxacin with florfenicol showed an indif-
ferent interaction (FIC index =1.5) for K
pneumoniae with no occurrences of synergism
or antagonism which did not significantly dif-
fer from the difloxacin treatment alone.

From the above the results of in-vitro suscepti-
bility testing, K.pneumoniae has been shown to
be susceptible to difloxacin as the MIC below
the susceptible breakpoint.

The laboratory report, provides guidance to
clinicians with respect to the potential use of
agents in the treatment of patients (Mouton et
al., 2012). The use of increasing doses and de-
creasing treatment durations, in particular, for
antibiotic, was also proposed to both avoid
treatment failures in infections caused by high-
level-resistant bacteria and control the dissemi-
nation of resistant strains. (Guillemot et al.,
1998). Therefore, a clinical trial and using of
different dose regimen is conducted to confirm
the above results by using two concentrations
of difloxacin and florfenicol and both together
(difloxacin+florfenicol) to study the extent of
their effect on K. pneumoniae.

In the present study, all chickens of uninfected
untreated group were negative for isolation of
K. pneumoniae challenge from chaonal swabs
and organs while bacteria was isolated from
chaonal swabs from Infected-untreated group
with the re-isolation rate of 100%. The group
treated by difloxacin (30mg/kg b. wt.), the iso-
lation rate was 22.2% while the group treated
by difloxacin (10mg /kg b.wt.), florfenicol (20
mg/kg b.wt.), florfenicol (30 mg/kg b.wt.) and
both (florfenicol with difloxacin), the re-
i1solation rate were 77.8%, 88.8%, 88.8%, and
66.7% at 5™ day following the first dose re-
spectively (table 4 and Fig. 6).

Enumeration of K. pneumoniae in the liver of
the Infected-untreated group ranged from
3.4x10° to 3.8x10° CFU/gm (log CFU ranged
from 3.54+0.01 to 3.5740.02) while the group
treated by difloxacin (30mg/kg b.wt.) signifi-
cantly differ from the Infected-untreated group
and the other groups with CFU/g ranged from
2.6x10° to 8x10°CFU/gm (log CFU ranged
from 3.39 £+ 0.02to 2.96 £ 0.10) during the five
days post treatment) tables 5, 6 and Fig. 1).

On the other hand, the other treatments are less
effective in controlling K. pneumoniae infec-
tion except the liver of the group VII (treated
by difloxacin and florfenicol) showed signifi-
cant decrease in the the bacterial count (log
CFU =3.43+0.06) comparing with the control
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positive group (3.56+0.01) at 3" day post treat-
ment, but other treatments, no significant
changes from the control positive group was
recorded.

The lung of the group IV (treated by difloxa-
cin,30mg/kg b.wt.) showed significantly de-
crease in the bacterial count against the control
positive group and other groups, where CFU/
gm ranged from 2.8x10°to 2.2x10°CFU/gm
with logCFU ranged from 3.434+0.017 to 3.35+
0.02 while the control positive group was
3.6x10° to 4.0x10° CFU/gm with logCFU
ranged from 3.57+0.017 to 3.5940.01 through-
out the experiment (tables 7, 8 and Fig. 2).

The Group VII (treated by difloxacin and
florfenicol) revealed significant decrease in the
bacterial count in the lung (log CFU =
3.49+0.01 and 3.48+0.01) compared with the
control positive group (log CFU = 3.58+0.011
and 3.59+0.01) and with group IIT (3.55+0.02
and 3.5440.01) at 3™and 5™day post treatment
respectively.

This result is due to the concentration of di-
floxacin in group VII (15mg/kg b.wt) is more
than group III (10mg/kg b.wt) and the relation
between difloxacin and florfenicol showed an
indifferent interaction.

The group treated with difloxacin (10mg/kg
b.wt, Group III) showed significant decrease in
the lung bacterial count (log CFU =
3.54+0.011) compared with the control posi-
tive group (log CFU = 3.59+0.01) and w1th
group VI (log CFU = 3.57+0.017) at 5t" day
after treatment.

Based on above, the killing activity of difloxa-
cin 30mg/kg b.wt was found to be greater
against k.pneumoniae than other treatments
followed by the combination of difloxacin with
florfenicol then difloxacin 10mg/kg b.wt.

The findings of the present study are supported
by the previous reports, whereby Aric et al.
(2005) found that difloxacin appears to be safe,
adequately absorbed and may be useful in the
treatment of K. Pneumoniae infections in adult
horses. In addition, Klebsiella spp. was found
to be susceptible to difloxacin in vitro by
EMA, (2008).

Furthermore, other fluoroquinolones may
showed activity against K. pneumonia infec-
tion. Antoine ef al, (2016) reported that
K. pneumoniae were susceptible to levofloxa-
cin and moxifloxacin in vitro. In addition,
ciprofloxacin has bactericidal effect against
growing K. pneumoniae and non-growing K.
pneumonia (late infection model), but the ex-
tent of killing was higher on growing bacteria
and by increasing the dosage of ciprofloxacin
from 40 to 200 mg/kg, can compensate the
lower killing in low-level ciprofloxacin-
resistant K. pneumoniae. (Kurt and Helga,
2002). Moreover, Ofloxacin has shown activity
against K. pneumoniae (Abdullah et al.,
2013). After single oral administration of en-
rofloxacin to the affected rabbits with
K.pneumoniae at a dose of 10 mg/kg b.wt. for
five days, the mortahty rate was reduced grad-
ually by the 3™ day of initiation of treatment
(Sumitha and Sukumar, 2014). Sitafloxacin
and clinafloxacin  displays  antibacteri-
al activity against ciprofloxacin-resistant
K.pneumoniae (Brisse et al., 2000).

In this respect, Ghanem et al. (2015) found
that K. pneumoniae was sensitive to florfenicol,
highly sensitive to tulathromycin and moder-
ately sensitive to amoxicillin. Similar results
were reported by Aslan et al. (2002), they stat-
ed that florfenicol has a high bacteriological
and clinical efficacy in the treatment of calf
respiratory tract diseases due to mixed infec-
tion including K. pneumoniae (20%).
Florfenicol has a broad spectrum of antibacte-
rial activity versus clinical or subclinical bo-
vine mastitis caused by Klebsiella species
(Wilson et al., 1996).

On the other hand , some recent studies high-
light the emergence of multidrug re-
sistant K. pneumoniae strains including the re-
sistance to florfenicol and fluoroquinolones.
Junwan et al., (2018) demonstrated that
20.42% of the clinical K. pneumoniae isolates
were resistant to florfenicol, but only 7.01%
carried the floR gene and 86.96% of the floR-
positive strains demonstrated high resistance to
florfenicol with MICs > 512 pg/mL. Re-
sistance to fluoroquinolones have been shown
to be due primarily to alterations in gyrA,
which encodes DNA gyrase, a type II topoiso-
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merase (Yingmei et al., 2008) .

After repeated oral administration of drugs
(table 9), the tissue concentration of difloxa-
cin in slaughtered chickens at a dose of 30 mg/
kg. b.wt once daily for 7 days (group IV) were
0.58+0.03 and 0.474+0.06 pg/gm in the lung
and liver (the target tissues) at the 5™ day post
treatment, which were above the MIC of di-
floxacin against K.pneumoniae while florfeni-
colat a dose of 30mg/kg. b.wt once daily for 5
days (group VI), the residues in liver and lun%
were 0.840.10 and 0.46+0.06 pg/gm at the 5'
day post treatment respectively and these val-
ues below the MIC of florfenicol.

These results were supported by a previous re-
sults reported by (Samah et al., 2012) where
they found that oral dose of florfenicol (30 mg/
kg b.wt. for 5 days), liver concentration was
0.48 pg/gm at 5™ day post last dose and tissue
disposition of florfenicol were persisted up to 7
days.

Arturo et al. (2011) reported that a withdrawal
time of 5 days for difloxacin was necessary to
ensure that the residues after multiple oral dose
(10mg difloxacin/kg b.wt., daily for 5
days) were less than the maximal residue lim-
its.

Combined use of pharmacokinetic (PK) and
pharmacodynamics (PD) helps us to optimize
effective use of an antimicrobial agent. Inte-
grated use of PK and PD data provides a ra-
tional basis to understand the impact of various
dosage regimens on the time course of pharma-
cologic responses. It provides information on
the effective dose and duration of therapy of a
specific agent against a specific pathogen.
Pharmacokinetic-pharmacodynamic studies
support the possibility that dose patterns may
affect the selection of resistance and bacterial
eradication (Drusano et al., 1993).

The pharmacokinetic study of florfenicol and
difloxacin was studied for groups IV and VI
(tables 10, 11). Florfenicol acts as a time-
dependent drug and the most important phar-
macodynamics /pharmacokinetic parameter for
this type of drug is the length of the time dur-
ing which drug remains above the MICy, val-
ue. It is generally recommended that T>MIC

should be at least 50% of the dosage interval to
ensure an optimal bactericidal effect (Toutain
and Lees, 2004).

The experimental data shows that C,,,, AUC
and V4 of florfenical were 5.24+0.43ng/ml,
29.8+2.8 pg/ml.h and 5.89+0.51 (mg)/(ng/ml),
while MIC against K.pneumoniae was 3.125
pg/ml. Florfenicolat dose of 30 mg/kg b.wt.
orally at 12 h or 24 h interval, the T>MIC
were 13.63% and 27.20% respectively which
is not enough to remain the plasma drug levels
above or equal to the minimal inhibitory con-
centration (MIC) value. This dosage regimen
predicted an ineffective treatment against
K.pneumoniae.

The obtained findings were in agreement with
results previously reported in broiler chickens
(Shen et al., 2003), they found that C,,x and
AUC of florfenicol were 5.82 pg/ml and 27.59
mg. h/L after oral dose of 30mg/kg b.wt. re-
spectively.

In contrast, Fluoroquinolonesappearsasa con-
centration dependant antibacterial agents (Abo
-EL-Sooud et al., 2017). The AUC/MIC ratio
is the most important factor in predicting eftfi-
cacy, with the rate of clinical success being
greater than 80%, when this ratio is higher than
100-125 (Lode et al., 1998). A second predic-
tor of efficacy for concentration dependent an-
tibiotic is the ratio C,,,/MIC, considering that
values above 8—10 would lead to better clinical
results and to avoidance of bacterial resistance
emergence (Walker, 2000). Following oral
administration of difloxacin, 30mg/kg b.wt.,
the Cpax, AUCy and V4 area were 2.55+0.23
pg/ml, 16.6+£0.95 pg/mlh and 10.77+£0.46
(mg)/ (ug/ml). The Cp.x /MIC ratio was 8.17
and AUC/MIC ratio was 106.41 .

The obtained results were in close to that re-
ported by Abo El-Elaa et al. (2014), they re-
ported that C,.xand AUC, of difloxacin were
1.34pug/ml and 12.16pg/ml.h after oral admin-
istration of 10mg/kg b.wt. respectively .

The findings of the present study indicate that
difloxacin at dose 30mg/kg b.wt. has more
activity than other treatments against K. pneu-
moniae and a dose of 30 mg/kg b.wt. of diflox-
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acin given orally every 24 h in chickens can
maintain  effective serum concentrations
against K.pneumoniae.

Conclusion
The findings of the present study indicate that
difloxacin therapy at 30 mg/kg b.wt. every 24

h for 7 days has been shown to be highly effec-
tive in the treatment of K. pneumonia while
florfenicol alone is not effective against K.
pneumoniae. The combination of difloxacin
with florfenicol showed an indifferent interac-
tion against for K. pneumoniae.

Table (1). Antibacterial activity (zone of inhibition) of difloxacin and florfenicol against K. pneumoniae

by agar well diffusion method

Drug conc. Diameter of zone of inhibition ( mm)
(ng/ml) Difloxacin Florfenicol

100 30 25
50 27 22
25 25 18
12.5 22 15
6.25 20 13
3.125 17 11
1.563 15 ND
0.781 13 ND
0.390 11 ND
0.195 ND ND

ND : not detected

Table (2). Minimum inhibitory concentration (MIC) and minimum bactericidal conc. (MBC) of difloxacin

and florfenicol against K. pneumoniae

Drug MIC (pg/ml) MBC (ng/ml)
difloxacin 0.156 0.312
florfenicol 3.125 6.25

Table (3). Fractional inhibitory concentration (FIC) index

Drug M(IHCg/ ?Il](l))ne MIC ll; :g/nlllll)ll)natlon FIC
Difloxacin 0.156 0.156 1.0
Florfenicol 3.125 1.562 0.5
FIC index 1.5 (indifferent )
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Table (4). Re-isolation of K.pneumoniae in choanal swab of broiler chickens experimentally challenged
by k. pneumoniae (No. of positive samples /No. of broilers examined, percentage in parentheses)

in different groups (n=9).

Number and percentage of positive chickens with k. pneumoniae

Number
f 2 "da
G o st y th
roups Exam- frlon(lhtll)ie from 3" day 4™ day ffon(lhtll)l]e 6™ day from 7™ day
l_ned first the from the from the first the from the
chickens dose first first dose | first dose dose first dose first dose
dose
Ii"g‘;ttfgl 9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
(Group I) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
l‘f(‘)’s‘::fv": 9 9/9 9/9 9/9 9/9 9/9 9/9 9/9
(Group II) (100%) | (100%) ( 100%) ( 100%) ( 100%) ( 100%) ( 100%)
D(“l‘g’;ﬁg“ 0 9/9 9/9 8/9 8/9 7/9 7/9 6/9
(Group 1) (100%) (100%) (88.8%) (88.8) (77.8%) (77.8%) (66.7%)
D(‘gg’;‘gc)‘“ 9 6/9 6/9 5/9 4/9 2/9 2/9 1/9
(Group 1V) (66.7%) | (66.7%) (55.6%) (44.4%) (22.2%) (22.2%) (11.1%)
Florfenicol
(20mg) ? (1(9){)9%) (1869%) (18(/)9%) (1369%) (888 /z?%) NR NR
(Group V) ’
Florfenicol
(30mg), ? (13{)9%) (1369%) (18(/)90/) (888/98) (888 /890/) NR NR
(Group VI) 0 : 070
Dﬁﬂ;’f"e‘:ﬁ‘c‘(‘)l* 0 9/9 9/9 8/9 8/9 6/9 6/9 5/9
(Group VII) (100%) (100%) (88.8%) (88.8%) (66.7%) (66.7%) (55.56%)
NR : not required where florfenicol was administered for 5 days
Table (5). Enumeration of K.pneumoniae in liver of experimental broiler chicken, CFU/g (n=3).
. . Control Control difl. difl. Flor. Flor. .
Time bacteria negative Positive 10mg 30mg 20mg 30mg dif.+lor,
0 3.4x10° 3.6x10° 2.4x10° 3.6x10° 3.6x10° 3.2x10°
1% day
post treat- No. of 0 3.6x10° 3.6x10° 2.4x10° 3.4x10° 3.6x10° 3.2x10°
ment colonies
0 3.6x10° 3.2x10° 2.6x10° 3.4x10° 3.4x10° 3.4x10°
0 3.8x10° 3.6x10° 1.8x10° 3.8x10° 3.2x10° 3.2x10°
3" day No. of
post treat- loui 0 3.8x10° 3.2x10° 1.8x10° 3.2x10° 3.6x10° 2.6x10°
ment colonies
0 3.6x10° 2.6x10° 1.6x10° 3.2x10° 3.2x10° 2.4x10
0 3.6 x10° 3.6x10° 1.2x10° 3.6x10° 3.8 x10° 2.6x10°
5" day No. of 3 3 2 3 3 3
posrtn;rl:at- colonies 0 3.8x10 2.8x10 8x10 3.6x10 2.8x10 2.4x10
0 3.8 x10° 3.0x10° 8x10° 3.0x10° 3.2x10° 2.6x10°

Dil: dilfloxacin

Flor: florfenicol
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Table (6). Log CFU of K. pneumoniae in liver of experimental broiler chicken (Mean =+ S.D.) (n=3).

Control .
. . . difl. Flor. Flor. .
Time positive difl. 10mg 30mg 20mg 30mg dif.+flor
st
ltr;ﬁ{n‘ézit 3544 0011° | 3.5220017° | 33940.017° | 3.53+£0.012° | 3.54+0.012° | 3.51+0.017°
3" day
posttreat- 3.56+0.01° 3.48+0.07° | 3.24+0.034" | 3.52+0.04° 3.51+0.02° 3.43+0.06*°
ment
5™ day
post treat- 3.57+ 0.02° | 3.49+0.05° | 296+ 0.10* | 3.52+0.04° | 3.51+0.06° | 3.40+0.02°
ment
* significantly different from the control group at p< 0.05
® significantly different from difloxacin 30 group at p<0.05
Table (7). Enumeration of K.pneumoniae in lung of experimental chicken (CFU/g) (n=3).
Control . . .
Time ba?te- nega- Corgt_rol difl. difl. Flor. Flor. dif.+flo
tive positive 10mg 30mg 20mg 30mg r
0 3.8x10° | 3.6x10° | 2.8x10° | 3.8x10° | 3.6x10° | 3.6x10°
1" day post treatment | O Of 0 3.8x10° | 3.4x10° | 2.6x10° | 3.6x10° | 3.6x10° | 3.4x10°
colonies
0 3.6x10° | 3.8x10° | 2.8x10° | 3.8x10° | 3.8x10° | 3.4x10°
0 3.8x10° | 3.4x10° | 2.6x10° | 3.8x10° | 3.6x10° | 3.0x10°
3rd day No, of 0 3.8x10° | 3.8x10° | 2.4x10° | 3.8x10° | 3.6x10° | 3.2x10°
post treatment colonies
0 4.0x10° | 3.6x10° | 2.4x10° | 3.6x10° | 3.8x10° | 3.0x10°
0 4.0x10° | 3.6x10° | 2.2x10% | 3.8x10° | 3.8x10° | 3.0x10°
th
S day No. of 0 40x10° | 3.4x10° | 2.4x10° | 3.6x10° | 3.8x10° | 3.0x10°
post treatment colonies
0 3.8x10° | 3.6x10° | 2.2x10% | 3.8x10° | 3.6x10° | 3.2x10°

Table (8). Log CFU of K. pneumoniae in lung of experimental chicken (Mean £ S.D.) (n=3).

Control .
. .l . difl. Flor. Flor. .
Time positive difl. 10mg 30mg 20mg 30mg dif.+flor
1* day b
post treat- | 3.57=0.017" | 3.55£0.025° | 3.43+0.017% | 3.570.018" | 3.56=0.017° | 330011
ment
3rd day abe
post treat- | 3.58£0.011° | 3.55:0.02° | 3392001 | 356£001° | 3.56+001° | 349+0-01
ment
5 day 354 +
post treat- | 3.59+ 0.01% 0,011 3.35 + 0.02* | 3.57+0.017° | 3.57+0.017* | 3.48 +0.01"
ment :

“significantly different from the control group at p< 0.05
® significantly different from difloxacin 30 group at p< 0.05
¢ significantly different from difloxacin 10 group at p< 0.05
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Table (9). Mean + S.D. of difloxacin and florfenicol residues (pg/g) after oral administration once daily for

five consecutive days in Group IV and Group VI (n=3).

1* day 3" day 5™ day
Treatment Drug and Post treatment Post treatment Post treatment
regimen Dose
lung liver lung liver lung Liver
Grou Difloxacin
v P (30mg/Kg 1.90+0.10 1.5340.06 1.13+0.05 | 0.9240.02 | 0.58 +0.03 | 0.47+0.06
b.wt.)
Grou florfenicol
VI P (30mg/Kg 2.13+0.06 1.1+0.26 1.46+0.11 | 0.76£0.05 | 0.80+0.10 0.46+0.06
b.wt),
Table (10). Pharmacokinetic parameters of difloxacin and florfenicol in groups IV and VI (Mean + S.D.)
(n=9).
Drug DOSE Conax Thmax AUC (4 Va to.sp
. . 30 mg/kg 2.5540.23 16.6+0.95 10.77+ 0.46
Difloxacin bwt. wg/ml 1.70+ 0.09 h ug/ml.h (mg)/(ug/ml) 4.84+041h
. 30 mg/kg 5.24+0.43 29.8+2.8 5.89+0.51
Florfenicol b.wt. ng/ml 1.60+0.07 h ug/ml.h (mg)/(ug/ml) 4.62+0.33h

AUC,.; = areas under the concentration time curves;
to.sp = the half-life of the b phase;

Cmax = Mmaximum concentration;

t max = time to maximum concentration

V4 = volume

of distribution

Table (11). Pharmacokinetic / pharmacodynamic integration of difloxacin in groups IV and VI.

Parameters Difloxacin florfenicol
T>MIC % 64.04% 13.63%
Dose interval ( 24h)
T>MIC% 128.08% 27.20%
Dose interval ( 12h)
Cnax/MIC ratio 8.17 1.68
AUC /MIC ratio 106.41 9.54
38
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(Figure 1). Antibacterial activity of different treatments against K. pneumoniae in liver of broiler chick-
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( Figure 2 ). Antibacterial activity of different treatments against K. pneumoniae in lung of broiler
chickens

Figure (4). In vitro , Zone of inhibition of Florfenicol against K. preumoniae
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Figure (5). Drop plate technique for of bacterial count of K. pneumoniae from liver of broiler chickens on
MacConkey’s agar media

T e ee—————
Figure (6). Bacterial isolation of K. pneumoniae in choanal swab of broiler chickens on MacConkey’s
agar media
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