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ABSTRACT

The study was aimed to investigate the pharmacokinetic interaction between the commonly used NSAID, Meloxicam, a CYP2C9 substrate
and licorice which contains Glycyrrhizin, a CYP2C9 inhibiting flavonoid in birds. The broiler chicken weighing about 2 kgs were randomly divided
into two groups consisting 8 birds in each. Birds in group I (meloxicam control) received single oral bolus of meloxicam (2mg.Kg" B.W) whereas
birds in group II received single oral bolus of meloxicam (2mg.Kg"' B.W) 01 h after pre-treatment with licorice (500 mg.Kg 'B.W, orally). Blood
samples (0.5 ml) were collected from tarsal vein at pre-determined time intervals prior to meloxicam administration and at 0.166, 0.25, 0.5, 0.75, 1,
1.5,2,3,4,6,8, 12 and 24 h post-administration of meloxicam. Plasma was separated and analyzed for meloxicam by HPLC assay. Based on plasma
concentrations of meloxicam, the pharmacokinetic parameters were determined by non-compartmental methods. The pharmacokinetic parameters
such as AUC, ., Cl,, t,,, Vd, and MRT were not significantly different when compared between group I and II birds. There were no significant
differences in either plasma concentrations or pharmacokinetic parameters of meloxicam in both the groups. It is concluded that licorice which
contains a flavonoid glycyrrhizin known to be putative inhibitor of CYP2C9 and CYP3A4 has no role on the activity of these enzymes in birds, as the
plasma concentrations and pharmacokinetics parameters of meloxicam were found unaltered.
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Pain is the most negative experience possible with ~ Currently, healthcare professionals are deeply concerned
physical and emotional effects with debilitating factor in ~ about drug-herb interactions and pharmacokinetics of drug
healing. In birds, relief of pain has demonstrated a quicker ~ and reduction of side effects of NSAIDS (Kennedy and
return to recovery (Forbes, 1999). Bumble foot, cloacal  Seely, 2010).

prolapse, fractures, certain inflammatory diseases and also Hence, the present study was designed to know the
numerous routine practices (such as de-beaking or de-  pharmacokinetic interaction of licorice with meloxicam

spurring) in poultry elicit significant pain and the  and the effect of licorice, a CYP2C9 inhibitor on
inflammatory response similar to mammals. The  pharmacokinetics of meloxicam.

commonly used NSAIDS viz., meloxicam and carprofen MATERIALS AND METHODS
to be effective in birds (Malik and Valenti
;t)el g ;oven 0 be effective in birds (Malik and Valentine, Experimental animals: Sixteen adult birds weighing 2kg

were procured from M/s Srinivasa Hatcheries, Vijayawada,

Meloxicam produces anti-inflammatory, analgesic  p,4;, They were maintained under standard management

and antipyretic properties through preferential inhibition .4 1 cpan dry conditions with free access to feed and
of COX2 enzyme (Engelhardt ef al., 1995) and primarily water. The experiments were approved by Institutional

metabolized by CYP2C9 isoform of cytochrome p450 Animal Ethics Committee (IAEC), N.T.R College of

drug metabolizing enzymes (Chesne ez al., 1998). Veterinary Science, Gannavaram, Andhra Pradesh, India.

Licorice is derived from the sweet root of various Drugs and chemicals: Oral bolus formulation of

species of Glycyrriza that contains bio active components . ;..o (Melonex®) was used for oral administration

such as flavonoids and glycyrrhizin with pharmacological 4 pure technical grade powder of meloxicam used as

properties and medicinal applications. The licorice extract external standard in HPLC assay. Heparin 20,000 TU/vial
has been found to show immunologic and antioxidant was obtained from M/s Loba Chemie, Mumbai, India.
activities that might improve the growth performance, feed
efficiency, carcass traits and blood biochemical indices of
the poultry birds and also potential solution for solving
respiratory, digestive and immune problems in poultry
(Alagawany et al., 2019). Glycyrrhizin is a well known

putative CYP2C9 enzyme inhibitor (Kent ez al., 2002).

Acetonitrile and other chemicals of HPLC grade used in
the experiment were procured from M/s Merck, Mumbai,
India. Water for HPLC was obtained by Millipore water
purification system and was filtered through 0.2 um filter
prior to use. All other chemicals used in the study were of
analytical grade.

*Corresponding author: bharavibharavi@gmail.com Licorice (Glycyrrhiza glabra) roots were obtained
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Table 1

Pharmacokinetic parameters (Mean + SE) of meloxicam in
different groups of birds (n = 8)

Parameter GroupI Group II (Licorice
(Unit) (Meloxicam) extract pre-treatment
+ Meloxicam)
B(h™) 0.14+0.03 0.19+0.03
t,,p (h) 4.97+0.93 4.43+0.99
AUC,, (ug.h.ml™) 40.4246.08 44.6346.65
AUC,. (ng.h.ml™) 68.35+13.20 49.09+9.20
AUC, /AUC,. (Percent) 75.14+11.56 94.76+3.64
AUMC,, (ug.h>.ml") 378.224+66.01 438.33+82.86

commercially from crude herbs traders. The roots were
washed in distilled water, shade dried and ground to course
powder and stored at room temperature until further use.

Licorice extract was prepared by dissolving 200
grams of powder in 2000 ml of 1:1 acetone and distilled
water. The conical flask was subjected to constant stirring
using an orbital shaker overnight at room temperature with
aspeed of 100 rpm. The extract prepared was filtered using
Whatman’s filter paper (MN 640md) and the filtrate was
subjected to slow evaporation.

Experimental design: Sixteen adult birds of both sexes
were divided into 2 groups consisting eight birds in each.
Meloxicam was administered as single oral bolus dose of 2
mg.Kg" in both the groups whereas birds in group II were
pretreated with licorice extract (500mg.Kg", orally) 60
min prior to administration of meloxicam. Meloxicam
dose selected basing on basic analgesia dose in birds
prescribed by Malik and Valentine (2018). The content of
glycerrhizin in licorice varies from 2-25% depending on
species and prolonged consumption leads to adverse
effects like hypokalemia (Omar ez al., 2012). No observed
effect level for purified glycyrrhizin was 2mg/kg/day and
the oral bioavailability is poor when administered as
licorice extract, which has hampered attempts to establish
clear dose-effect levels in animals and humans (Isbrucker
and Burdock, 2006). In our study, licorice extract dose of
500 mg.Kg" was selected to induce maximum effect on
pharmacokinetic interaction, if any and no adverse effects
were observed at this dose.

Blood samples (0.5 ml) were collected in heparinized
tubes by venipuncture (left and right veins of tarsal and
jugular vein) prior to meloxicam administration and at
0.166,0.25,0.5,0.75,1,1.5,2,3,4,6,8, 12 and 24 h time
interval after meloxicam administration. They were
centrifuged at 3000 rpm for 5 min and plasma was
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harvested and stored at -20 °C till analyzed for meloxicam
by high performance liquid chromatography (HPLC).

Assay of meloxicam: Meloxicam concentrations in
plasma were determined by high performance liquid
chromatography as described by Baert and De Backer
(2003) with slight modifications. In brief, acetonitrile was
added to plasma sample in the ratio of 1:1 (0.2 mL each).
After vortex mixing at high speed for 20 s, the tubes were
subjected to centrifugation for 10 min at 9000g. The clear
supernatant thus obtained was transferred to a tube and
equal volume of HPLC grade water was added to the
supernatant. The aliquot was filtered through a 0.2 pm
nylon membrane filter and 20 pL of filtrate was injected
into the HPLC system.

The HPLC system (Shimadzu Corporation, Kyoto,
Japan) comprised of LC-20AD quaternary gradient pump,
Rheodyne manual loop injector with a 20 puL loop, SPD-20
AV UV-Vis detector, column oven CTO-10ASVP and
work station software Lab_solutions version 4-0512-039
was used for data analysis. Separation of meloxicam was
performed by using a C18 reverse phase column (4.6 x 250
mm, Sum particle size) as stationary phase and a mixture
of 40 parts of acetonitrile and 60 parts of 0.05 M sodium
acetate buffer (pH 6.0) as mobile phase at a wavelength of
355 nm . The flow rate was adjusted at 0.8 mL min™. There
were no interfering substances in the plasma at the retention
time of meloxicam as evident by the chromatograms
obtained for plasma blank and spiked plasma standards
(Fig. 1). Peak heights were taken for the quantification of
meloxicam in plasma from calibration curves obtained on
analysis of blank plasma samples spiked with meloxicam
(external standards) and analyzed as described for the
experimental samples. The limit of quantification was
0.03125ug.ml". The method was found to be linear and
reproducible in the concentration range of 0.3- 10 pg.ml’
for meloxicam.

Pharmacokinetic analysis: Plasma concentration versus

PataT:biank plasma.lcd Detector A:355nm
Data2.0.03.|cd Detector A:355nm
15000-Datad:0.06.Icd Detector A:3550m
Data4.0.125.|cd Detector A:355nm
Data5:0.25.lcd Detector A:355m
Datab:0.5.Icd Detector A:355nm
12500-Datar 1 Icd Detector A:355nm
Data8:2.Icd Detector A:3550m
Datad:4.lcd Detector A:3550m
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Fig. 1. Chromatogram of meloxicam standard in plasma



time data of meloxicam obtained in birds of both groups
was utilized for calculating various pharmacokinetic
parameters with an interactive least squares linear
regression by computer software (PK Solver Version 2.0,
2010 by Zhang et al.). Best-fit model was chosen by using
minimal Akaike information criteria estimation (Yamaoka
and Nakagawa, 1978). Peak plasma concentration (C,,,)
and time to reach peak concentration (t,,) were calculated
from the actual plasma data of each bird.

Statistical analysis: The plasma concentrations and
pharmacokinetic variables of meloxicam are expressed as
Mean+S.E. Differences in plasma concentrations and
pharmacokinetic data between the two groups were
analyzed for statistical significance using two samples t-
test assuming unequal variances using ‘Instat’ software.
AUC, t,,, C
analysis. The P<0.05 values were considered statistically

values were log transformed prior to the

max

significant.
RESULTS AND DISCUSSION

Drug interaction occurs when two or more drugs are
administered together and one of them alters the
absorption, distribution, metabolism or elimination of the
other, such that the amount of drug reaching the site of
action or its presence at the site may be altered.

The mean plasma levels of meloxicam at different
time intervals after single oral administration of meloxicam
(2 mg.Kg") to both control group and licorice pretreated
group birds are presented graphically in Fig. 2. Various
pharmacokinetic parameters estimated by non compartmental
analysis of plasma concentrations of meloxicam in both
groups of birds are summarized in Table 1. The initial
mean meloxicam plasma concentration of 0.09+0.08
ng.ml” was observed at 0.166 h. Mean peak plasma levels
(C,..) of meloxicam observed in this study was 3.44+0.50
png.ml'at t_ of 6.50+0.47 h after oral administration of

Fig.2. Semi logarithmic plot of meloxicam concentration in plasma
versus time after single oral administration of meloxicam in
different groups of birds (n=28)

194

meloxicam. The pharmacokinetic profile of meloxicam
was also investigated in number of species including
vultures at the dose rate used in birds of the present study
(Naidoo et al., 2008) and C,_, observed in vulture was 5.25
pug.ml' at t_ of 0.47 h. Variations in the C,,, and t, of
meloxicam may be due to the species difference.

‘max

The various pharmacokinetic parameters of
meloxicam observed were elimination rate constant (j3)
(0.14+0.03 h), elimination half-life t,,p (4.97+0.93 h).
Almost similar elimination half-life of 3.29 h of meloxicam
in chicken and a shorter half-life of 0.52 h in ostriches was
reported (Baert and Backer, 2003). Variation in the
elimination half-lives of meloxicam may be due to species
difference.

The area under the concentration-time curve (AUC)
in pharmacokinetics forms the basis for calculation of
some kinetic parameters like MRT, Cl,, and Vd_. etc.
Mean+SE value of AUC, . obtained in the present study for
meloxicam was 68.35+13.20 pg.h.ml" after single oral
administration of meloxicam (2 mg.kg"). Comparatively
lower AUC value of 0.73 pg.h.ml” for meloxicam when
given at a dose rate of 0.5 mg.kg "' was reported in ostriches
(Baert and Backer, 2003). AUC varies with the administered
dose that may be the reason for the difference in the AUC
of meloxicam.

Vd,_, provides an estimate of drug distribution that is
independent of elimination process. It is a function of
drug’s ability to reach various peripheral tissues in the
body after absorption. In the present study, the Vd,
obtained for meloxicam after single oral administration
was 0.54+£0.10 Lkg". A lower Vd_ of 0.065 L.kg"' was
reported in Muscovy ducks (Baert and Backer, 2003).
Clearance (Cly) is a characteristic of the drug and indicates
volume of plasma cleared of the drug by various elimination
processes per unit time. The clearance obtained in the
present study was 0.06+0.01 L.Kg".h". Mean residence
time (MRT) is the mean time required for a drug molecule
to transverse through the body and thus reflects time
associated with absorption, distribution and elimination.
In the present study, MRT values obtained for meloxicam
was 9.24+0.95h.

Effect of licorice pretreatment on the plasma levels
and pharmacokinetics of meloxicam oral administration (2
mg.Kg') was observed. The initial meloxicam plasma
concentration of 0.00+0.0 pg.ml" was observed at 0.166 h,
which is non-significantly lower compared to the initial
plasma concentration of 0.09+0.08 pg.ml" obtained in



group I. The peak plasma concentration (C,, ) of

meloxicam was 4.26+0.55 pg.ml' which is non-

max

significantly higher than that of the value obtained in the
meloxicam alone group 3.44+0.50 pg.ml'. Similarly
reports are there where meloxicam C,,, increased from
0.84 to 1.22 pg.ml' when pre-treated with quercetin in
rabbits and this may be attributed to the inhibition of
CYP2C9, which metabolizes meloxicam (Jayakanth,
2010). Grape juice containing flavonoids decreased C,
from 2.4 to 1.lpg.ml’ when given concurrently with
phenacetin in humans and this was due to the enhancement
of first pass metabolism of phenacetin by grape juice
(Dong et al. 1999).

It appears that licorice pretreatment has non-
significantly increased the meloxicam concentration and
hence the higher C
licorice pretreated birds. This may be due to interference of
licorice to the enzyme CYP2C9.

for meloxicam was noticed in the

max

There were no significant differences in elimination
half-lives (t,,,), area under curve (AUC, ), mean residence
time (MRT), volume of distribution at steady state (Vd,,)
and the total body clearance (Cl;) of meloxicam alone and
meloxicam in licorice pretreated group. The results
obtained suggest that there were no pharmacokinetic
interaction between licorice and meloxicam in birds when
licorice was given 60 min prior to the administration of
meloxicam as single dose. A recent study investigated the
interaction of licorice with CYP3 A4 in rats and their study
demonstrated that glycyrrhetinic acid, a glycyrrhizin
metabolite, activated the CYP3A4 function and
subsequently reduced the oral bioavailability of
cyclosporine A (Hou et al.,2012; Huang et al., 2008).

Licorice, a CYP2C9 and CYP3A4 inhibitor (Kent e?
2002), did not significantly alter the important
pharmacokinetic parameters like elimination half-life and
clearance of both meloxicam. However, there are reports
that glycyrrhetinic acid and glycyrrhizin altered the
pharmacokinetic parameters of other CYP3A4 substrates
like cyclosporine A (Hou ez al., 2012; Huang et al., 2008).
Probably the experimental design made in the present

al.,

study had no scope to detect such alterations because of
administration of licorice in single dose at 60 min prior to
the administration of meloxicam.

CONCLUSION

The present study revealed that there is no
significant difference in pharmacokinetics of meloxicam
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between licorice extract single dose pretreated meloxicam
group and meloxicam alone treated group. Hence, licorice
extract in a single dose has no effect on pharmacokinetics
of meloxicam in broiler chicken. Further studies are
required with prolonged administration of licorice to
assess the pharmacokinetic interaction between
meloxicam and licorice.
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