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Abstract 
BACKGROUND: Frequent drug dosing and animal handling are usually required in conventional antimicrobial therapy 
but sustained release formulations can improve compliance. 

OBJECTIVES: This study aimed to evaluate the pharmacokinetic (PK) parameters of a novel sustained release enroflox-
acin (ENR) hydrogel in comparison to a conventional ENR formulation in rabbit animal model. 

METHODS: A total of 20 rabbits were randomly divided into three groups and received a single dose of ENR or blank by 
subcutaneous (SC) injection as following: Group 1 (n=8) received ENR (10 mg/kg) using a conventional product (Enrovet®); 
Group 2 (n=8) received ENR (33.3 mg/kg) using a hydrogel formulation; and Group 3 or control group (n=4) received equal 
volumes of a blank hydrogel formulation. Blood samples were collected at different time points post-dosing. ENR concen-
trations in plasma were estimated by high-performance liquid chromatographic (HPLC) method and PK parameters were 
calculated using a non-compartmental analysis. 

RESULTS: The ENR hydrogel released the drug in a sustained manner with mean residence time (MRT) of 78.4 ± 15.3 
h, which was significantly more than that of the conventional formulation (7.39 ± 2.37 h, P<0.05). However, maximal 
plasma concentration (Cmax) for ENR hydrogel (1.41 ± 0.76 µg/mL) was significantly less than that of the conventional 
product (2.86 ± 0.79 µg/mL). The relative bioavailability (Frel) was not significantly different between the two formula-
tions.  

CONCLUSIONS: The hydrogel formulation significantly increased the MRT of ENR. Hence, it could be a promising 
delivery system to prolong the pharmacological activity of ENR in animals and enhance compliance. 
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Introduction 
Enrofloxacin (ENR) is a broad-spectrum 

fluoroquinolone antimicrobial drug with high 
efficacy against a wide variety of important 
bacterial infections in animals. It is well toler-
ated in most animal species, especially when 
used according to the product label. In general, 
ENR has high bioavailability with rapid ab-
sorption after intramuscular (IM), 
subcutaneous (SC), or oral administration 
(Trouchon and Lefebvre, 2016). Moreover, it 
has a large volume of distribution, good tissue 
penetration, and an elimination half-life in the 
range of 3 to 6 hours (López-Cadenas et al., 
2013). 

Based on a recent report, more than 34 veter-
inary products of ENR are available on the 
market under different dosage forms including 
oral and injectable formulations (Trouchon and 
Lefebvre, 2016). Since conventional ENR for-
mulations are immediate-release products used 
mostly twice a day for several days or weeks, 
they can end up with poor compliance. There-
fore, some efforts have been made to develop 
alternative long-acting formulations of ENR to 
reduce the frequency of administration and 
make the antimicrobial therapy more conven-
ient and practical (Kumar et al., 2015; Yu et al., 
2016).  

Frequent drug dosing is usually required to 
maintain the therapeutic efficacy of conven-
tional antimicrobial drug products; however, 
this method can decrease the compliance of cli-
ents in veterinary medicine. To overcome this 
problem and encourage compliance, the use of 
sustained release drug delivery systems is 
promising. By using these systems, the en-
trapped drugs are released slowly and their 
pharmacological actions are prolonged. In this 
way, long acting veterinary dosage forms may 
offer some advantages, including the reduced 
stress burden in animals and workers through 
less frequent dosing, reduced animal handling, 

reduced cost of drug therapy, and improved 
herd management (Rathbone, 2012).  

The term hydrogel describes three-dimen-
sional network structures made of a class of 
synthetic and/or natural polymers which can 
absorb and maintain significant amount of wa-
ter (Gulrez et al., 2011). The important features 
of hydrogels for in vivo applications include 
swelling ability, mechanical strength, biocom-
patibility, and biodegradability in host tissues 
(Ahmadi et al., 2015).  

The development of thermosensitive chi-
tosan hydrogels has led to promising drug 
delivery systems in animals through forming 
semi-solid gels in situ following the injection of 
the chitosan solutions (Balamurugan, 2012). 
Thus, they could act as reservoirs of entrapped 
drugs in the body and slowly release their drug 
content over time (Rathbone, 2012). 

novel a of evaluation Pharmacological 
warrants hydrogel ENR including formulation 

animal an in study (PK) pharmacokinetic its 
drug successful with data PK since model 

the facilitates models animal in delivery 
of application possibly and testing for pathway 

Accordingly animals. target in formulation het 
 ,PK the compare to aimed study present the 

forming situ in designed newly a of parameters 
in formulation conventional a with ENR of gel 

rabbits. 

Materials and Methods 
Drugs and Reagents 

Medium molecular weight chitosan with de-
gree of deacetylation (DDA) of 75-85% and β-
glycerophosphate disodium salt pentahydrate 
were purchased from Sigma-Aldrich (St. Louis, 
MO). Acetic acid was purchased from Merck 
(Darmstadt, Germany). Enrovet® (ENR aque-
ous solution, 100 mg/mL) was provided by 
Aburaihan Pharmaceutical Company (Tehran, 
Iran) and ENR standard (ENR content 99.57%) 
was purchased from TEMAD Pharmaceutical 
Company (Tehran, Iran). Other chemicals were 
reagent grades. 
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Preparation of the ENR Hydrogel 
The preparation and properties of the hydro-

gel formulation have been published in our 
recent paper (Khanamani Falahatipour et al., 
2017). Briefly, ENR hydrogel was prepared by 
dissolving chitosan powder in 0.1 mol/L diluted 
acetic acid to achieve concentrations of 2.0% 
(w/v) along with 5.0% (w/v) β-GP, and using 
10 g/L ENR to form hydrogels. 
Animals  

In this study, 20 healthy white albino rabbits 
weighting 2.8-3 kg were used. The animals 
were housed in cages with 12 h dark/light cycle 
with free access to water and a balanced feed. 
Temperature was kept at 22-28°C and humidity 
was between 45-65%. The adaptation period 
was one week and rabbits were monitored for 
any abnormal clinical signs. The study was ap-
proved by the Ethics Committee of the Faculty 
of Veterinary Medicine, University of Tehran, 
Iran (code: 7506006-6-10).  
Experimental Design 

Using random allocation method, three 
groups of rabbits including two experimental 
groups (conventional and hydrogel groups, 
each 8 animals) and one control group (n=4) 
were used. The first group received a single SC 
injection of conventional product of ENR (En-
rovet®) (10 mg/kg) (Broome et al., 1991). The 
second group received a single SC dose of 10 
ml of hydrogel formulation, equivalent to 33.3 
mg/kg of ENR. Meanwhile, animals in the con-
trol group received equal volumes of blank 
hydrogel formulation, which had the same 
composition and formulating process as the hy-
drogel but without ENR. SC administration 
was done directly beneath the loose skin at the 
back of the neck of the rabbit after zero time-
point blood collection.  
Blood Collection  

Blood samples (about 1.5 mL) were col-
lected from the jugular vein of rabbits into 
heparin containing sterile tubes at different time 
points. In each experimental group, the samples 

were collected prior to administration (0 h) and 
at 1, 2, 4, 7, 24, 48, 72, 96, and 120 h after drug 
administration. In addition, one more blood 
sample was collected at 0.5 h from each animal 
in the group of conventional products. The 
blood samples collected on the first day were 
taken by placing a catheter into the jugular vein 
and then by venipuncture once a day on next 
days. Within 1 h following blood collection, 
they were centrifuged at ∼ 4825 ×g (Eppen-
dorf, Model 5810 R, Germany) for 10 min. The 
plasma samples were harvested and stored at -
20°C until drug analysis.  
Analytical Method 

To prepare plasma samples for estimation of 
ENR levels, 50 μL of NaOH 1 N was added to 
500 μL of each rabbit plasma and shaken for 30 
seconds. Then, 100 μL perchloric acid and 100 
μL deionized water were added to each sample, 
vortexed for 1 min and centrifuged at ∼ 4825 
×g for 5 min. The supernatant was transferred 
into special glass tube and 20 μL of each sam-
ple was injected into the high-performance 
liquid chromatographic (HPLC) system for 
analysis.  

ENR concentrations in plasma were ana-
lyzed by using an HPLC system (Waters, 
USA), including a multi-solvent pump, ultravi-
olet (UV) detector, autosampler, Chromate 
software, as well as a Chromolith-RP18e col-
umn (50 × 4.6 mm) from Merck (Darmstadt, 
Germany). The method of McKellar et al. 
(1999) was used for analysis of ENR levels in 
plasma. HPLC separation was carried out by 
using a mobile phase containing 14% acetoni-
trile, 85% water, 0.4% triethylamine, and 0.6% 
phosphoric acid. The mobile phase was filtered 
by using a 0.45 μm membrane filter. A flow rate 
of 1 ml/min and UV detection at 294 nm were 
used for chromatographic separation.  

ENR stock solution (1.0 mg⁄mL) was pro-
vided through addition of 10 mg of ENR 
standard in 10 mL of acetonitrile: water (1:1, 
v/v). It was further diluted in rabbit plasma to 
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get 0.1, 0.25, 0.5, 0.75, 1, 1.5, 2, and 2.5 μg/mL 
solutions.  

To validate the HPLC method for the meas-
urement of ENR levels in rabbit plasma 
samples, the linearity, accuracy, precision, re-
covery, selectivity, and sensitivity of the 
analytical method were calculated. Standard 
calibration curve was obtained by using eight 
concentrations of ENR (0.1–2.5 μg/mL) and it 
was used for estimation of ENR levels in the 
plasma samples.  
PK Data Analysis  

Data of each rabbit ENR plasma levels were 
used for depicting their concentration-time pro-
files. The maximal ENR plasma concentration 

(Cmax) and the time to reach Cmax (Tmax) 
were obtained from the observed concentration 
versus time profiles (Rassouli et al., 2016). 
Non-compartmental analysis was applied for 
calculating the PK parameters including area 
under the concentration-time curve (AUC), 
area under the first moment concentration-time 
curve (AUMC), and MRT. The linear trapezoi-
dal rule was used to estimate AUC from 0-120 
h (AUC0-120). The Frel was estimated by using 
the following equation and PK parameters cal-
culated using Excel 2013.        

 

F rel =  
AUC (0 − 120) of hydrogel ×  Dose of conventional drug 
AUC (0 − 120) of conventional drug ×  Dose of hydrogel 

 

 
Statistical Analysis  

Data were expressed as mean ± SD and ana-
lyzed using SPSS 19 (SPSS Inc., Chicago, IL., 
USA). One-way ANOVA was used for analysis 
of the PK parameters. P-value<0.05 was con-
sidered as a significant difference. 

Results 
A linear calibration curve for HPLC analysis 

of ENR was obtained over the range of 0.1–2.5 

μg/mL (Figure 1). The limit of detection (LOD) 
of ENR in rabbit plasma and limit of quantifi-
cation (LOQ) were 0.05 and 0.1 μg/mL, 
respectively. Accuracy, precision, and recovery 
data of the method of analysis are shown in Ta-
ble 1. It should be noted that there was no 
interfering peak corresponding ENR retention 
time in chromatograms obtained using the 
plasma samples of control group.  

 
Table 1. Method validation data including between and within-day variability as relative standard deviation, RSD, accuracy, and 
recovery for determination of enrofloxacin in plasma (n=5).  

 
Concentration 

(µg / mL) 

Between-day variability 
Within-day 
variability 

Recovery 

RSD 
(%) 

Accuracy (%) RSD (%) Accuracy (%) (%) 
RSD 
(%) 

Enrofloxacin 

0.05 8.9 102.4 11.3 103.1 96.4 9.8 

0.1 6.9 97.8 7.6 98.2 100.2 8.6 

0.5 5.8 101.5 4.2 101.2 98.6 7.2 

1.0 6.1 99.7 7.1 99.0 96.7 6.3 

2.0 3.8 101.8 5.2 100.6 98.6 6.9 
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Figure 1. The calibration curve for HPLC analysis of enrofloxacin levels in plasma. 
 

Rabbits receiving ENR or blank formula-
tions did not show any adverse effect during the 
experiment. The mean concentration-time pro-
files for the conventional product and ENR 

hydrogel are shown in Figure 2. The PK param-
eters of the ENR formulations are presented in 
Table 2.  

 
Table 2. PK parameters of enrofloxacin in rabbits following a single SC injection of hydrogel (33.3 mg/kg) and conventional 

formulations (10 mg/kg). 

PK parameters Conventional Hydrogel 

AUC0-120 (µg.h/mL) 14.1 ± 4.30 45.7 ± 27.9 

AUMC0-120 (µg.h2/mL) 123.7 ± 63.8 3334 ± 1546 

MRT (h) 7.39 ± 2.37 78.4 ± 15.3* 

Cmax  (µg/mL) 2.86 ± 0.79 1.41 ± 0.76* 

Tmax  (h) 0.81 ± 0.26 6.0 ± 1.93 

Frel (%) 100 97.2 

Data are expressed as mean ± SD (n=8). 
AUC: area under the plasma concentration-time curve; AUMC: area under the first moment curve; MRT: mean residence time; 

Cmax: maximal concentration; Tmax: time to reach Cmax; Frel: relative bioavailability. 
*Data with significant difference (P<0.05). 
As the dose sizes of the formulations were different, the significance analysis of the PK parameters including Tmax, AUC and 

AUMC which are positively correlated with dose is meaningless. 
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Figure 2. Semi-logarithmic plot of plasma concentration (Cp) vs. time profiles of enrofloxacin after SC use of a single dose of 
ENR hydrogel (33.3 mg/kg) and ENR conventional formulation (10 mg/kg) in rabbits. Data are expressed as mean ± SD (n=8). 

 
The Cmax mean values of the conventional 

formulation was significantly higher than ENR 
hydrogel formulation (P<0.05). As a whole, the 
mean value of MRT for the hydrogel was much 
larger than that of the conventional formulation 
(P<0.05). The Frel (%) values of the two formu-
lations were not significantly different.  

As the doses between hydrogel and conven-
tional formulation were different, the PK 
parameters including Tmax, AUC, and AUMC, 
which are positively correlated with the dose, 
were significant. 

Discussion 
According to our results, the novel hydrogel 

formulation could prolong the release of ENR 
and keep its plasma levels above LOQ levels 
(0.1 µg/mL) up to 120 h. A single SC injection 
of ENR hydrogel at 33.3 mg/kg body weight 
(BW) in this animal model was able to provide 
drug plasma concentration above MIC90 (0.03-
0.25 µg/mL) reported for common susceptible 

organisms in animals about 3 to 4 times longer 
than the conventional product (Sheldon et al., 
2014; Ahn et al., 2012; Sulyok et al., 2014; 
Thomas et al., 2015).  Indeed, the benefit of hy-
drogel for drug delivery may be largely due to 
creation of a depot formulation from which 
drug is slowly released. This slow release for-
mulation could present certain advantages, 
including the improvement of the PK and phar-
macodynamic properties of a drug such as 
increasing its therapeutic index, hence increas-
ing the efficiency of drug therapy and 
enhancing compliance (Rathbone, 2012; Saikia 
et al., 2015). However, from the therapeutic 
point of view, other parameters should also be 
considered including the animal species to be 
treated, MIC90 of causative microorganisms, 
the risk of antimicrobial resistance, and the du-
ration of treatment.  

In the present study, we compared PK pa-
rameters of a novel ENR hydrogel with its 
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conventional formulation. It was found that the 
hydrogel had significantly higher MRT values 
than the conventional formulation. The MRT 
mean value of ENR from conventional formu-
lation in plasma was 7.39 ± 2.37 h. By using 
conventional product, the concentrations of 
ENR in the blood decreased sharply and fell to 
unquantifiable levels after 24 h. However, the 
plasma ENR levels following the use of the hy-
drogel showed slower elimination phase, 
lasting for more than 5 days. Based on the re-
sults of the present study, the hydrogel with a 
MRT of 78.4 ± 15.3 h showed much longer 
ENR persistence in plasma in comparison to 
the conventional product (7.39 ± 2.37 h). Thus, 
the hydrogel formulation could effectively 
demonstrate sustained release of ENR in this 
animal model.  Shi et al. (2013) prepared and 
evaluated the PK of an injectable thermosensi-
tive hydrogel of diminazene aceturate 
following SC dosing in rabbits (Shi et al., 
2013). They showed that hydrogel could signif-
icantly increase MRT in comparison to its 
aqueous solution. Li et al. (2014) developed a 
thermosensitive chitosan/β-GP hydrogel 
loaded with docetaxel (DTX) for intra-tumoral 
delivery. They showed that MRT of DTX in 
plasma was approximately 9 h for DTX solu-
tion but 9 days for chitosan/β-GP hydrogel. 
These results demonstrated that the chitosan-
based in situ forming gel system could increase 
drug MRT, and as a result, could reduce dosing 
frequency, enhance compliance, and particu-
larly would be much useful during long-term 
treatment. 

In spite of its lower dose (10 mg/kg), the con-
ventional formulation in the present study 
produced significantly higher Cmax values in 
comparison to the hydrogel formulation (33.3 
mg/kg) (P<0.05), which is consistent with the 
sustained release nature of the ENR hydrogels. 
In the hydrogel formulation, the entrapped drug 
in hydrogel networks provided much prolonged 
drug release. The plasma levels of ENR using 
hydrogel formulation were above the detection 

limit until 120 h. In this manner, the plasma 
ENR concentrations were kept more stable but 
at lower levels, which could significantly de-
crease the potential drug toxicity. However, it is 
necessary for further studies to determine if 
these ENR levels can reach to the effective drug 
concentrations in target animal species, partic-
ularly in sick animals. With regard to Cmax 
values, Geng et al., (2015) studied PKs of an in 
situ forming gel system for delivery of 
florfenicol in pigs. They also reported signifi-
cantly lower Cmax values for in situ forming 
gel compared to the conventional florfenicol in-
jection.  

It is also worthy to note some inconsistencies 
between the findings of in vitro drug release 
tests and in vivo results of the present study. 
The hydrogel formulation showed gradual drug 
release up to 75% of total drug within 120 h in 
the in vitro release studies performed at 37°C 
under sink conditions without any noticeable 
initial burst release during the first 2 h. It re-
leased about 20% of total drug release during 5 
h and 40% by 24 h (Khanamani Falahatipour et 
al., 2017). But the ENR plasma profiles of hy-
drogel formulation in rabbits showed relatively 
fast drug release and absorption with Tmax 
value of 6.0 ± 1.93 h.  

The fast release of hydrogel formulations in 
rabbits compared with in vitro release tests 
might be due to a number of factors, including 
the characteristics of the animal species used, 
route of administration, composition of the for-
mulation, and environmental factors 
(Moghimi, 2010). The hydrogel may have been 
diffused substantially in vast SC space in rabbit 
before the sol-to-gel transformation process. 
So, it may have increased the surface area avail-
able for drug release. On the other hand, 
chitosan, which is used in the preparation of 
these sustained release systems, has the proper-
ties of rapidly adsorbing water and higher 
swelling degree in aqueous environment, lead-
ing to the fast drug release (Sonia and Sharma, 
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2001). It has been reported that rabbits can eas-
ily tolerate 120 mL/kg per day by SC provided 
that the administration of such volume of fluids 
be divided into two or three parts; therefore, 
rabbits seem to have a large capacity for water 
turn over in SC space (Graham, 2006). Thus, 
following the exposure of these formulations to 
an aqueous solution, water attacks the hydrogel 
surface and penetrates into the polymeric net-
work. Then, the meshes of the network in the 
rubbery phase start expanding and allow other 
solvent molecules to penetrate within the hy-
drogel network well (Abruzzo, 2013). 

Comparison of the ENR PK data obtained in 
the present study by using a single SC dose of 
a conventional product at 10 mg/kg BW with 
the data of other studies in rabbit as a target an-
imal indicated some similarities as well as 
differences, which are mainly related to dose 
size, product composition, and route of admin-
istration. Broome et al. (1991) studied the PK 
properties of ENR solution (as 2.27% w/v in a 
potassium hydroxide [KOH] base) in rabbits af-
ter three routes of administration (IV, SC, and 
oral) using four New Zealand White rabbits at 
5 mg/kg BW. For SC route, they reported Cmax 
and Tmax of ENR, which are somewhat similar 
to the findings of the present study. However, 
regarding MRT and AUC values, they were 
much different from the data of the present 
study, possibly due to dose size and formulation 
differences.  

In the last two decades, antimicrobial re-
sistance has become a worldwide health 
problem in human and veterinary medicine. It 
is generally accepted that the main risk factor 
for the expansion of antibiotic resistance is a 
wide use of antimicrobial drugs (Sattar et al., 
2014). In addition, there is controversy regard-
ing the use of long-lasting antimicrobial 
formulations in veterinary medicine, particu-
larly in food animals because of their potential 
benefits and risks. In one hand, they make drug 
therapy more convenient and practical by re-
ducing the dosing frequency in animals. On the 

other hand, they can increase MRT of antimi-
crobials and persist the drug residuals that may 
increase the spread of microbial resistance in 
animals. They could also increase the with-
drawal times and worsen the problem of drug 
residues in food producing species.  

Therefore, these conflicts should be consid-
ered appropriately in the development and 
usage of long-acting formulation. According to 
the novel formulation used in the present study, 
due to biodegradability of chitosan-based hy-
drogel, it seems that the hydrogel is 
decomposed after a few days; thus, there would 
be no more depot to prolong the absorption 
phase and then the elimination process of the 
hydrogel product would be the same as that of 
the conventional drug. The time to the disinte-
gration of the formulation depends on some 
factors including the composition of the formu-
lation and environmental conditions of the site 
of injection in target animal. Consequently, be-
fore achieving the state-of-the-art long-acting 
formulations for food producing animals, these 
types of sustained release formulations seem to 
be much more interesting in companion animal 
practice. Thus, more studies are needed to reach 
the antimicrobial formulations with desired 
properties in target animal species.  

 

Conclusion 
gel forming situ in novel the conclusion, In 

ENR of rate release the decrease to able was 
blood in time residence its prolong and 

be would hydrogel ENR This circulation. 
preparation release-sustained a as promising 

the for eventually and research, further for 
in infections microbial susceptible of treatment 

practice veterinary . 
 

Acknowledgments 
This study partially supported by Deputy of 

Research, University of Tehran. Authors would 
like to gratitude the helps of Abureihan and TE-
MAD Pharmaceutical Companies (Tehran, 



Pharmacokinetics of enrofloxacin Ali Rassouli al et  . 

76 Iran J Vet Med., Vol 15, No 1 (Winter 2021) 

 

 
 

Iran). Authors also wish to thank A. Aliyari, 
GhR. Shams, and M. Baninajjar for their assis-
tance. 

Conflict of Interest 

interest of conflict no declared authors The . 
 

 
 

 
 
References 
 
Abruzzo, A. (2013) Chitosan based hydrogels for 

transmucosal drug delivery. Dissertation, Uni-
versity of Bologna, Italy. 

Ahmadi, F., Oveisi, Z., Samani, S.M., Amoozgar, 
Z. (2015) Chitosan based hydrogels: character-
istics and pharmaceutical applications. Res 
Pharm Sci, 10(1), 1-16.  

Ahn, Y., Sung, K., Rafii, F., Cerniglia, C.E. (2012). 
Effect of sterilized human fecal extract on the 
sensitivity of Escherichia coli ATCC 25922 to 
enrofloxacin. J Antibiotics, 65(4), 179-184. 
[DOI:10.1038/ja.2012.1] [PMID] 

Balamurugan, M. (2012). Chitosan: a perfect poly-
mer used in fabricating gene delivery and novel 
drug delivery system. Int J Pharm Pharm Sci, 
4(3), 54-6. 

Broome, R.L., Brooks, D.l., Babish, J.G., Copeland, 
D.D., Gonzelman, G.M. (1991). Pharmacoki-
netic properties of enrofloxacin in rabbit. Am J 
Vet Res, 52(11), 1835-41.  

Geng, Z.X., Li, H.M., Tian, J., Liu, T.F., Yu, Z.G. 
(2015). Study of pharmacokinetics of an in situ 
forming gel system for controlled delivery of 
florfenicol in pigs. J Vet Pharm Therap, 38(6), 
596-600.  [DOI:10.1111/jvp.12218] [PMID] 

Graham, J. (2006). Common procedures in rabbits. 
Vet Clin Exot Anim, 9, 367-388. 
[DOI:10.1016/j.cvex.2006.01.002] [PMID] 

Gulrez, S. K., Al-Assaf, S., & Phillips, G. O. 
(2011). Hydrogels: methods of preparation, 
characterisation and applications. Progress in 
molecular and environmental bioengineering-
from analysis and modeling to technology ap-
plications, 117-150. [DOI:10.5772/24553] 

Khanamani Falahatipour, S., Rassouli, A., Hosse-
inzadeh Ardakani, Y., Akbari Javar, H., Kiani, 
K., Zahraee Salehi, T. (2017). Preparation and 
in vitro evaluation of a novel chitosan-based 

hydrogel for injectable delivery of enrofloxa-
cin. Iranian Journal of Veterinary Medicine, 
11(1), 31-47. 

Kumar, P., Arivuchelvan. A., Jagadeeswaran, A., 
Subramanian, N., Kumar, S. Mekala, P. (2015). 
Formulation, optimization and evaluation of 
enrofloxacin solid lipid nanoparticles for sus-
tained oral delivery. Asian J Pharmaceut Clin 
Res, 8(1), 231-236. 

Li, C., Ren, S., Dai, Y., Tian, F., Wang, X., Zhou, 
S., Deng, S., Liu, Q., Zhao, J., Chen, X. (2014). 
Efficacy, pharmacokinetics, and biodistribution 
of thermosensitive chitosan/β-glycerophos-
phate hydrogel loaded with docetaxel. AAPS 
Pharm Sci Tech, 15(2), 417-424.  
[DOI:10.1208/s12249-014-0077-z] [PMID] 
[PMCID] 

López-Cadenas C; SIerra-Vega M; García-Vieitez 
JJ; Diez-Liébana MJ; Sahagún-Prieto A; Fer-
nández-Martínez N. (2013). Enrofloxacin: 
Pharmacokinetics and Metabolism in Domestic 
Animal Species. Current Drug Metabolism. 14, 
1042 - 1058. 
[DOI:10.2174/1389200214666131118234935] 
[PMID] 

McKellar, Q., Gibson, I., Monteiro, A., Bregante, 
M. (1999) Pharmacokinetics of enrofloxacin 
and danofloxacin in plasma, inflammatory exu-
date, and bronchial secretions of calves 
following subcutaneous administration. Anti-
microb Agents Chemother, 43(8), 1988-1992.  
[DOI:10.1128/AAC.43.8.1988] [PMID] 

Moghimi, H.R. (2010). Veterinary pharmacy, a dis-
missed necessity. Iran J Pharmaceut Res, 8 (4), 
227-229.  

Rassouli, A., Al-qushawi, A., Atyabi, F., Peigham-
bari, S.M., Esfandyari-manesh, M., Shams, 
G.R. (2016). Pharmacokinetics and bioavaila-
bility of three promising tilmicosin-loaded lipid 
nanoparticles in comparison with tilmicosin 

https://doi.org/10.1038/ja.2012.1
https://www.ncbi.nlm.nih.gov/pubmed/22274703
https://doi.org/10.1111/jvp.12218
https://www.ncbi.nlm.nih.gov/pubmed/25771961
https://doi.org/10.1016/j.cvex.2006.01.002
https://www.ncbi.nlm.nih.gov/pubmed/16759952
https://doi.org/10.5772/24553
https://doi.org/10.1208/s12249-014-0077-z
https://www.ncbi.nlm.nih.gov/pubmed/24442774
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3969486
https://doi.org/10.2174/1389200214666131118234935
https://www.ncbi.nlm.nih.gov/pubmed/24261706
https://doi.org/10.1128/AAC.43.8.1988
https://www.ncbi.nlm.nih.gov/pubmed/10428924


Ali Rassouli al et  . 
 

Medicine Veterinary of Journal Iranian  

Iran J Vet Med., Vol 15, No 1 (Winter 2021) 77 

 

 

phosphate following oral administration in 
broiler chickens. Turk J Vet Anim Sci, 40: 540-
547. [DOI:10.3906/vet-1601-32] 

Rathbone. M.J. (2012). Delivering drugs to farmed 
animals using controlled release science and 
technology. Int J Sci Med Edu, 6 (Suppl), S118-
S128.  

Sattar, S., Hassan, M.M., Islam, S., Alam, M., Al-
Faruk, M.S., Chowdhury, S., Saifuddin, A. 
(2014). Antibiotic residues in broiler and layer 
meat in Chittagong district of Bangladesh. Vet 
World, 7(9), 737-743. [DOI:10.14202/vet-
world.2014.738-743] 

Sheldon, I.M., Bushnell, M., Montgomery, J., 
Rycroft, A.N. (2004). Minimum inhibitory con-
centrations of some antimicrobial drugs against 
bacteria causing uterine infections in cattle. Vet 
Record, 155(13), 383-387. 
[DOI:10.1136/vr.155.13.383] [PMID] 

Shi, Y., Zhang, X., Li, J., Wang, Z., Cheng, S., 
Chen, L., Qiang, Y., Li, H., Ni, J. (2013). Prep-
aration and pharmacokinetics of an injectable 
thermosensitive hydrogel of diminazene ace-
turate. J Drug Deliv Sci Tech, 23(6), 531-535. 
[DOI:10.1016/S1773-2247(13)50081-5] 

 

 

 

 

Sonia, T.A., Sharma, C.P. (2011). Chitosan and its 
derivatives for drug delivery perspective. Adv 
Polym Sci, 243(1), 23-54. 
DOI:10.1007/12_2011_117] 

Sulyok, K.M., Kreizinger, Z., Fekete, L., Hrivnák, 
V., Magyar, Y., Jánosi, S., Schweitzer, N., 
Turcsányi, I., Makrai, L., Erdélyi, K., Gyuran-
ecz, M. (2014). Antibiotic susceptibility 
profiles of Mycoplasma bovis strains isolated 
from cattle in Hungary, Central Europe. BMC 
Vet Res, 10, 256-263. [DOI:10.1186/s12917-
014-0256-x] [PMID] [PMCID] 

Thomas, V., Jong, A., Moyaert, H., Simjee, S., 
Garch, F.K., Morrissey, I., Marion, H., Valle, 
M. (2015). Antimicrobial susceptibility moni-
toring of mastitis pathogens isolated from acute 
case of clinical mastitis in dairy cows across 
Europe: VetPath results. Int J Antimicrob 
Agents, 46, 13-20. [DOI:10.1016/j.ijantimi-
cag.2015.03.013] [PMID] 

Trouchon, T., Lefebvre, S. (2016). A review of en-
rofloxacin for veterinary use. Open J Vet Med, 
6, 40-58. [DOI:10.4236/ojvm.2016.62006] 

Yu, Z., Li, H., Guo, F., Zhang, Z., Tian, J., Luo, X. 
(2016). Pharmacokinetic studies of an in situ 
forming gel system for controlled delivery of 
enrofloxacin in pigs. SOJ Pharm Pharm Sci, 
3(4), 1-5. [DOI:10.15226/2374-
6866/5/1/00149] 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.3906/vet-1601-32
https://doi.org/10.14202/vetworld.2014.738-743
https://doi.org/10.14202/vetworld.2014.738-743
https://doi.org/10.1136/vr.155.13.383
https://www.ncbi.nlm.nih.gov/pubmed/15499809
https://doi.org/10.1016/S1773-2247(13)50081-5
https://doi.org/10.1007/12_2011_117
https://doi.org/10.1186/s12917-014-0256-x
https://doi.org/10.1186/s12917-014-0256-x
https://www.ncbi.nlm.nih.gov/pubmed/25344297
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4210529
https://doi.org/10.1016/j.ijantimicag.2015.03.013
https://doi.org/10.1016/j.ijantimicag.2015.03.013
https://www.ncbi.nlm.nih.gov/pubmed/26003836
https://doi.org/10.4236/ojvm.2016.62006
https://doi.org/10.15226/2374-6866/5/1/00149
https://doi.org/10.15226/2374-6866/5/1/00149


 

 

 
 78- 68  ، 1  شماره   ، 15  دوره   ، 1399  ، ایران   دامی   طب   مجله 

 ـــــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

  دهندهتشکیل انروفلوکساسین جدید فرآورده یک فارماکوکینتیک مطالعه
 خرگوش  در رایج فرآورده یک با مقایسه در محل در ژل

 
 2کیانی  کتایون  ، 3جوار  اکبري حمید  ، 3اردکانی زاده حسین یلدا  ، 2پور فالحتی خنامانی سکینه ، *1رسولی علی

 
 ایران  تهران، تهران،  دانشگاه دامپزشکی،  دانشکده اي،مقایسه زیستی  علوم گروه 1

   ایران تهران، تهران،  دانشگاه دامپزشکی، دانشکده آموخته، دانش 2
 ایران   تهران، تهران، پزشکی  علوم دانشگاه داروسازي، دانشکده فارماسوتیکس،  گروه 3

  

 ) 1399  ماه   آذر   07  : نهایی   پذیرش   ، 1399  ماه   مرداد   ، 20  : مقاله   دریافت ( 

 
 
 

Iranian Journal of Veterinary Medicine 
10.22059/ijvm.2020.295087.1005057 Abstracts in Persian Language 

Online ISSN 2252-0554 

ه  د ی ک  چ

  توانند ی م   رهش آهسته   ي ها فرآورده   اما   است   از ی ن   مورد   وانات ی ح   ي دستکار   و   دارو   مکرر   ز ی تجو   معموالً   ج ی را   ی کروب ی ضدم   ي داروها   با   درمان   در    : مطالعه   زمینه 
 . بخشند   بهبود   را   ی درمان   دستورالعمل   ت ی رعا   ا ی   انس ی کامپل 

  ق ی تزر   از   پس   ج ی را   ة فرآورد   ک ی  با   سه ی مقا   در   ن ی انروفلوکساس   رهش آهسته   دروژل ی ه   ک ی   ک ی نت ی فارماکوک   ي پارامترها   ی بررس  منظور به   مطالعه   ن ی ا   هدف: 
     . شد   انجام   ی وان ی ح   مدل   ک ی   عنوان به   خرگوش   در   ي جلد   ر ی ز 

  شرح   این   ه ب   ي رجلد ی ز   صورت ه ب   بالنک   ا ی   ن ی انروفلوکساس   دوز   ک ی   آنها   به   و   شدند   م ی تقس   گروه   سه   در   ی تصادف   طور ه ب   خرگوش   رأس   ست ی ب   : کار   روش 
  رأس)   8(   2  گروه   ؛ کردند   افت ی در   وت)   (انرو   ج ی را   ة فرآورد   ک ی   از   استفاده   با   لوگرم ی ک   بر   گرم ی ل ی م   10  زان ی م   به   را   ن ی انروفلوکساس   رأس)   8(   1  گروه   : د ی گرد   ق ی تزر 

  مشابه   یی ها حجم   ) رأس   4(   شاهد  گروه   ا ی  3  گروه   و   کردند   افت ی در   دروژل ی ه   ون ی فرموالس   از   استفاده   با   لوگرم ی ک   بر  گرم ی ل ی م   33/ 3  زان ی م   به  را   ن ی انروفلوکساس 
  با  پالسما   در   ن ی انروفلوکساس   غلظت   . د ی گرد   اخذ   دارو   ق ی تزر   از   بعد   مختلف   ي ها زمان   در   خون   ي ها نمونه   کردند.   افت ی در   را   بالنک   دروژل ی ه   ون ی فورموالس   ک ی   از 

  . د ی گرد   محاسبه   ی کومپارتمان   ر ی غ   ز ی آنال   با   ی ک ی نت ی فارماکوک   ي پارامترها   و   شد   ي ر ی گ اندازه   باال   یی کارآ   با   ع ی ما   ی کروماتوگراف   روش   از   استفاده 
  شتر ی ب   ي دار ی معن   طور ه ب   که   ساعت   ) MRT(   78/ 4  ±  15/ 3  حضور   زمان   ن ی انگ ی م   با   کرد   زاد آ   رهش آهسته   صورت به   را   دارو   ن، ی انروفلوکساس   دروژل ی ه   : ج ی نتا 

  کروگرم می   1/ 41  ±  0/ 76(   ن ی انروفلوکساس   دروژل ی ه   ي برا   ) Cmax(   پالسما   غلظت   حداکثر   حال،   ن ی ا   با   ). >0P/ 05(   بود   ) ساعت   7/ 39  ±  2/ 37(   ج ی را   ة فرآورد   از 
 نداشت.   ي دار ی معن   تفاوت   فرآورده   دو   ی نسب   ی فراهم ست ی ز   بود.   ) تر ی ل ی ل ی م   بر   کروگرم می   2/ 86  ±0/ 79(   ج ی را   فرآورده   از   کمتر   دار ی معن   طور ه ب   ) تر ی ل ی ل ی م   در 

  ستم ی س  ک ی  تواند ی م  فرآورده  ن ی ا  و  داد  ش ی افزا  ي دار ی معن  طور ه ب  را   ن ی ساس انروفلوک  ي دارو  حضور  زمان  ن ی انگ ی م  دروژل ی ه  ة فرآورد  : نهایی   گیري نتیجه 
   . باشد   انس ی کامپل   ش ی افزا   و   وانات ی ح   در   ن ی انروفلوکساس   ک ی فارماکولوژ   ت ی فعال   کردن   ی طوالن   ي برا   بخش د ی نو   ی دارورسان 

 رهش آهسته   خرگوش،   فارماکوکینتیک،   محل،   در   ژل   دهنده تشکیل   انروفلوکساسین،    : کلیدي   هاي واژه 
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