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Method:-Twelve rats were divided into two groups of six each
Key words:- JAnimals in group-1 were administered ciprofloxacin (10mg/kg body
ciprofloxacin, curcumin, weight p.o), while animals in group-Il received similar dose of
pharmacokinetics, microbiological assay ciprofloxacin after pre-treatment with curcumin (400 mg/kg body
weight p.o). Rats were anaesthetized after ciprofloxacin
administration by xylazine (10-20 mg.kg™ IP) and ketamine (44-100
mg.kg™ IP). Blood samples (200 pl) were collected into heparinised
centrifuge tubes by tail vein clipping or jugular vein puncture as per
convenience, prior to and at 0.33, 0.67,1, 1.5, 2, 4, 6, 8 and 12 h time
intervals. Plasma concentrations of ciprofloxacin were determined by
microbiological assay.

Pharmacokinetic Analysis:-Plasma concentration versus time data of
ciprofloxacin obtained in control and in pretreated group was utilized
for calculating various pharmacokinetic parameters (B, tip, AUCq.,
AUMC,.,, V4 Clg and MRT) by non compartmental methods
(Gibaldi and Perrier, 1982) and computer software (PK Solver
Version 2.0, 2010 by Zhang Yang).

Statistical analysis:- All data were expressed as Mean+SEM.
Differences in pharmacokinetic data between groups were analysed
for statistical significance using unpaired student’s‘t’ test with
Welch’s correction using ‘Instat’ software

Results:- Peak plasma drug concentration (Cpax), AUC,..,, elimination
half life tY2; Mean residence time (MRT) were significantly (p<0.05)
longer in curcumin pretreated group. There is significant decrease in
Steady state volume of distribution Vs andtotal body clearance Clg
in curcumin pretreated rats than in ciprofloxacin alone group.
Conclusion:- The present study concluded that pretreatment with
curcumin enhanced oral bioavailability of ciprofloxacin in rats.
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Introduction:-

Ciprofloxacin is a broad spectrum fluoroquinolone antimicrobial agent widely used against gram positive and gram
negative bacteria. It is reported that active efflux transporters are involved in secretion of ciprofloxacin and other
fluoroquinolones into the intestinal lumen?, a clinically important route of elimination. Murine bcrpl mediates active
efflux of ciprofloxacin across apical membrane of bcrpl-overexpressing MDCKII cell monolayers®. Multi drug
resistance protein-MRP4 is involved in ciprofloxacin transport in both ciprofloxacin-resistant and wild-type cells,
suggesting that MRP4 is most likely transporter of ciprofloxacin in murine macrophages®. Further, co-administration
of MRP4 inhibitor dipyridamole has increased in systemic exposure of ciprofloxacin in rats’ .

Curcumin is the principal curcuminoid of the popular Indian spice turmeric, which is a member of the ginger family
(Zingiberaceae). The other two curcuminoids are desmethoxycurcumin and bis-desmethoxycurcumin®. Curcumin
has wide range of pharmacological properties such as antioxidant, anti inflammatory, anti viral, antifungal, hepato-
protective action®. In addition to these beneficiary effects curcumin and its metabolite tetrahydro curcumin were
found to inhibit ATP-binding cassette (ABC) transporters Pgp, MRP1, and BCRP’ .

ATP-binding cassette transporters are membrane-bound proteins expressed virtually in all living organisms
including prokaryotes® .These proteins are expressed predominantly in liver, epithelia of intestine, blood-brain
barrier, kidneys, mammary gland, placenta and they largely determine drug absorption, distribution, metabolism and
excretion and affect the overall pharmacokinetic properties of drugs® .Most of the effectiveness of the drugs
currently used is limited by the decreased bioavailability mediated by ATP binding cassette (ABC) group of drug
transporters including p-glycoprotein (P-gp, ABCB1), multi drug resistance associated proteins (MRPs) —(MRP1,
ABCC1) (MRP2, ABCC2) (MRP4, ABCC4) and breast cancer resistance protein (BCRP,ABCG2).

With this background, considering ciprofloxacin is a substrate of efflux transporters multi drug resistance protein
MRP4 and BCRP, curcumin has inhibitory effects on multiple ABC drug transporters, the present study was
undertaken to evaluate the influence of curcumin pretreatment over on the bioavailability of ciprofloxacin.

Materials and methods:-

Materials:-

Cifran® (ciprofloxacin 250 mg) tablets were procured from Ranbaxy, India for oral administration. For
microbiological assay technical grade ciprofloxacin was generous gift from PVS Laboratories (Vijayawada, India).
Curcumin of analytical grade compounds and Heparin (20,000 1U/vial) were purchased from Loba Chemie, India.
Xylazine was obtained from Indian Immunologicals Ltd., Ketamine hydrochloride was procured from Themis
Medicare Ltd, India. Escherichia coli ATCC 25922 obtained from Post Graduate Institute of Medical Education,
Chandigarh, India was used in bioassay. Mueller-Hinton Broth was purchased from HiMedia, India.

Adult male rats of Wistar albino strain were procured from Mahaveer Enterprises (Regd No: 146/1999/CPCSEA),
Hyderabad. They were maintained under standard management and husbandry conditions with free access to feed
and water. The experiments were approved by Institutional Animal Ethics Committee (IAEC), N.T.R College of
Veterinary Science, Gannavaram

Methods:-

Preparation of standard drug solutions:-

Ciprofloxacin (1 mg.mL™) solution was used for preparing working standards (0.06, 0.12, 0.25, 0.5, 1, 2, 4 and 8.0
pg.mL™) by serial dilution with phosphate buffer (pH 7.4) and drug free rat plasma. These standards of known
concentrations were assayed by agar well diffusion method by using Escherichia coli (ATCC 25922) as described
by™. The diameter of zone (mm) of inhibition was plotted against concentrations of standards to obtain standard
curves for ciprofloxacin. The standard curves were linear in the range of 0.12-1.0 pg/ml with R? = 0.987, Figure 1.
The minimal limit of detection of ciprofloxacin was found to be 0.06 pg/ml.
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Figure 1:- Standard calibration curve of ciprofloxacin in rat plasma.

The microbiological assay employed in the present study to measure the concentrations of ciprofloxacin in plasma,
was also used previously by many authors to measure the concentrations of fluoroquinolones including
ciprofloxacin in the plasma/serum of animals***#**** |t was found that bioassay method correlates well with HPLC
studies™*®

Experimental design:-

Rats were off feed 12 hours prior to the experimentation, with ad libitum access to water. Body weight of the rats
was taken just before the experiment. Ciprofloxacin was administered as single oral dose (10 mg.kg™, per 0s) in
both groups whereas in group Il rats, ciprofloxacin was given after 30 min of pretreatment with curcumin (400
mg.kg?, per os). Rats were anaesthetized after administration of ciprofloxacin by xylazine (10-20 mg.kg™) and
ketamine (44-100 mg.kg™) intramuscularly. Blood samples (0.2 mL) were drawn into heparinized tubes from jugular
vein and by tail clipping prior to and at 0.33, 0.67,1, 1.5, 2, 4, 6, 8 and 12 h time intervals after ciprofloxaicin
administration. They were centrifuged at 3000 rpm for 10 min and plasma was harvested and kept at - 20° C till
analysed for ciprofloxacin by microbiological assay using agar well diffusion method.

Pharmacokinetic Analysis:-

Plasma concentration versus time data of ciprofloxacin obtained in control and in pretreated group with curcumin in
the present study was utilized for calculating various pharmacokinetic parameters (B, ti3, AUCq..., AUMCo..., Vi,
Clg, and MRT) in rats by non compartmental methods and computer software (PK Solver Version 2.0, 2010 by
Zhang Yang). Peak plasma ciprofloxacin concentration (Cy.x) and time to reach peak concentration (t.) for were
calculated from actual plasma data of each rat. Elimination rate constant () of ciprofloxacin which was calculated
by least square regression analysis method. The area under the time plasma concentration (AUC,.;) of ciprofloxacin
was calculated by linear trapezoidal rule, the (AUC,.,,) was calculated by dividing the last plasma concentration of
the drug (C; 1) by elimination rate constant (B). AUMC,. was also determined linear trapezoidal rule. The
elimination half life (ty3) was calculated by using the formula ty,,3= 0.693/p.

The mean residence time (MRT) was estimated from MRT = AUMC,_,,/AUCy_.,

(Vq) and (Clg) were calculated using equations V4 = Dose x AUMC,._.../ (AUC,.....)
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Clg -Dose/(AUC...)
Statistical Analysis:-
All data were expressed as Mean+SEM. Differences in pharmacokinetic data between ciprofloxacin alone and
pretreated curcumin groups were analysed for statistical significance using unpaired student’s‘t’ test with Welch’s
correction using ‘Instat’ software. Difference of (p<0.05) and (p<0.01) were considered statistically significant.

Results:-

The mean plasma concentrations of ciprofloxacin obtained in the present study is shown in (Table 1). It was found
that C . OF ciprofloxacin was significantly (p<0.01) higher in curcumin pretreated group (1.74+0.052 pg.mL™) than
in control (1.12+0.18 ug.mL™). The plasma concentration of ciprofloxacin persisted up to 8 h in curcumin pretreated
rats, while it was detected up to 6 h in the untreated group as shown in fig. 2. The pharmacokinetic parameters
estimated by non-compartmental analysis of plasma concentrations of ciprofloxacin with and without curcumin
pretreated rats are presented in Table 2.

Prior administration of curcumin modified the Kinetic profile of ciprofloxacin as evidenced by the significant
(p<0.01) increase in AUC, AUMC from 2.38+0.31 t0 6.03+1.01 pg.h.mL™and 6.26+1.24 to 35.37+15.10 pgh>mL
! respectively, whereas V4 and Clg were significantly decreased from 10.98+0.78 to 8.31+0.82 L.kg™ and 4.560.56
to 1.83+0.22 L.kg™.h * respectively. The mean residence time (MRT) was significantly (p<0.05) prolonged from
2.52+0.2 to 5.03+1.06 h. Further treatment with curcumin increased elimination half life significantly (p<0.05) from
1.85+0.22 to 3.49+0.77 h.

Table 1:-Effect of curcumin pretreatment on concentrations of ciprofloxacin in plasma (MeanzSE) after single
oral administration of ciprofloxacin at 10 mg.kg™* (n=6).

Time (h) Ciprofloxacin Curcumin+Ciprofloxacin
0.16 0.65+0.05 0.948+0.243

0.33 0.75+0.04 1.215+0.272

0.67 0.80+0.02 1.365+0.194" (p=0.0158)

1 1.03+0.2 0.942+0.171s

1.5 0.57+0.08 0.902+0.155

2 0.33+£0.04 0.67+0.062" (p=0.0015)

4 0.17+0.023 0.542+0.067" (p=0.0004)

6 0.13+0.004 0.383+0.073

8 ND* 0.21+0.054

Note: ND means Not detected.

- 10.00 -
]
£
o0
=,
S——
=
=
=
& — 1.00 - _
E —#— cipro alone
% —=— curcumin pretreated
>
=
=
v
=
=~ 0.10 T T T T T T T 1
0 1 2 3 4 5 6 7 8

Time (h)

Figure 2:-Semilogarithmic plot of ciprofloxacin concentrations in plasma versus time after single oral bolus
administration of ciprofloxacin (10 mg.kg™) in ciprofloxacin alone (Blue plot) and curcumin pretreated (Red plot)
in adult male wistar rats. Each point represents the mean + SE of six rats
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Table 2:-Effect of curcumin pretreatment on pharmacokinetic parameters of ciprofloxacin in rats after single oral
dose administration of ciprofloxacin (10 mg.kg™) (n=6).

Parameter Unit Ciprofloxacin alone Curcumin+Ciprofloxacin
B h' 0.40420.05 0.237+0.037
g h 1.85+0.22 3.49+0.77
AUC pghmL™ 2.028+0.28 4.67+0.39"
AUC,_. pghmL™” 2.38+0.31 6.03+1.017
AUC . /AUC,._,, % 14.98+1.72 18.4645.54
AUMC. pgh?mL? 3.42+0.72 13.94+1.97
AUMC,_,, pgh?mL? 6.26+1.24 35.37+15.10"
MRT h 2.52+0.2 5.03+1.06~
Vs L.kg™ 10.98+0.78 8.31+0.82
Clg Lkg h™ 4.56+0.56 1.83+0.22"
Crnex pg.mL?’ 1.12+0.18 1.74+0.052"
tax h 0.67+0.12 0.60.19

Values are expressed as Mean+SEM.
Significantly different (p<0.05) from respective normal values
Significantly different (p<0.01) from respective normal values

Discussion:-

Ciprofloxacin is a fluorinated quinolone carboxylic acid derivative used both in humans and veterinary practice to
treat respiratory, gastro-intestinal, urogenital infections. It was reported that intestinal elimination of ciprofloxacin
appears to be a leading cause for low oral bioavailability of between 50% and 80% *’.It was reported that active
secretion of ciprofloxacin both in human and rodent intestine is attenuated by specific BCRP inhibitor, Ko 143° and
co-administration of MRP4 inhibitor, dipyridamole has increased systemic exposure of ciprofloxacin in rats°. One of
the activities of curcumin that has been reported to be of great interest is its ability to inhibit the drug efflux
mediated by major ATP-binding cassette (ABC) transporters such as P-gp, ABCG2, MRP12 .

In the present study, the plasma concentration-time profile indicates peak plasma drug concentration (Cnax) and
AUC,. are significantly (p<0.01) high in curcumin pretreated group. The elimination half life t¥; Mean residence
time (MRT) of ciprofloxacin are significantly (p<0.05) longer in curcumin pretreated group than that of control
group. There is a significant decrease in total body clearance Clgin curcumin pretreated rats than in ciprofloxacin
alone group, indicating decreased clearance of ciprofloxacin. It might be due to inhibitory effect of curcumin on
drug efflux transporters which mediate active intestinal secretion of ciprofloxacin in oral administration. These
findings are in accordance with'®, where curcumin pretreatment increased absorption levels of norfloxacin in rabbits.
However the concept of improving oral bioavailability of concentration dependent antibiotics likes ciprofloxacin, by
using natural inhibitors like curcumin which are relatively non toxic to host is of beneficial therapeutic approach.
For example, Kol143 and GF120918, which are well characterized and potent inhibitors of ABCG2 and ABCB1,
have an IC50 value of 19 and 18 pM for MCF-7 cells®® respectively, while curcuminoids have 1C50 values in the
range of 25-50 uM for the same cells'® (Chearwae et al.,., 2006).

Conclusion:-

This study suggested the prospective use of non-toxic natural products to improve the oral bioavailability of
antibiotics. However to confirm the interpretation, curcumin inhibiting ciprofloxacin active intestinal secretion, it is
necessary to conduct experiments upon the role of curcumin over the regulation of efflux transporters mRNA
expression along the intestine.
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