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ABSTRACT

A comparative pharmacokinetic study of diclofenac (2 mg/kg, i.v.) when given alone or in combination with
cefotaxime (50 mg/kg, i.v.) in five female goats was carried out by using HPLC. The study revealed that the
plasma concentrations of diclofenac were significantly lower (p < 0.05) in combined administration of
diclofenac with cefotaxime (0.042, 0.083 and 0.25 h) whereas non-significant difference in plasma drug
concentrations in later period upto 12 h. In urine, significantly higher (p < 0.001) drug concentration of
diclofenac were observed from 0.042 to 4 h whereas significantly lower (p < 0.001) urine drug concentration
were observed in later period (6 to 30 h) when diclofenac was given in combination with cefotaxime as
compared to when diclofenac was given alone. Various kinetic parameters like A, Cpo, B and K,; were
significantly lower (p < 0.001) whereas t;;, B and MRT were significantly higher (p < 0.05 and p < 0.001,
respectively) and rest other did not differ significantly in combined administration of diclofenac with cefotaxime

as compared to its alone administration.
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INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDs) are usually combined with antimicrobial agents to treat
various systemic infections associated with fever, pain and other inflammatory conditions.

Diclofenac is a potent NSAID that exhibits good analgesic, antipyretic, uricosuric and anti-inflammatory
properties. It produces its effects by irreversibly inhibiting the cyclooxygenase pathway of prostaglandin
synthesis which is the most common mediator of pain, inflammation and pyrexia. It is used in degenerative
diseases, rheumatoid arthritis, ankolysing spondylitis and allied conditions ™.

Cefotaxime is a third generation semisynthetic cephalosporin with excellent bactericidal activity against a wide

variety of gram-negative and most of the gram positive microorganisms, particularly p-lactamase producing
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strains ™. It has a very important place in antimicrobial therapy because of its relatively expanded spectrum of
antimicrobial activity, greater resistance to B-lactamase !, low renal toxicity ™!, excellent disposition kinetics
characteristics and least problem of bacterial resistance as well. It can be given in penicillin allergic patients as
well as against the infection of penicillin resistant microbes. It has minimum therapeutic concentration around
0.5 pg/ml for most of the susceptible microorganisms [5. 81,

Pharmacokinetic interactions between NSAIDs and antimicrobials have been described by various workers "8 ®
10,1112, 13, 14. 18] Though, available literatures show no studies on kinetic interactions between diclofenac and
cefotaxime in animals, particularly in goats. An attempt is made in the present study to investigate the
interaction of diclofenac with cefotaxime and whether the use of diclofenac in conjunction with cefotaxime may
be advised or not.

Objectives of present investigation were (i) to determine the concentrations of diclofenac at different time
intervals in plasma and urine when it was alone or in combination with cefotaxime following i.v. administration,
(ii) to determine the kinetic parameters of diclofenac between both groups and (iii) to compare the differences in

concentrations of diclofenac in plasma and urine, and various kinetic parameters between both groups.

MATERIALS AND METHODS

Experimental animals and drugs: The study was conducted on five clinically healthy female goats (Capra
hircus) of non-descript breed between 18 to 24 months of age and 20 to 22 kg body weight. The animals were
housed in animals shed with concrete floor, provided with dry fodder, concentrate feed and greens apart from
grazing for 5 to 6 hours. Water was provided ad lib.

Diclofenac and cefotaxime were used in the present experiment. Versatan®-an injectable commercial
preparation containing diclofenac in concentration of 25 mg/ml marketed by Ranbaxy, India and Britax®, an
injectable commercial preparation containing sterile cefotaxime sodium U.S.P. equivalent to 1 gm of anhydrous
cefotaxime marketed by Brihans Pharma, India and were used in the present study. Diclofenac (2 mg/kg, i.v)
was given in each of five goats and in the same animals the drug was again given in the same dose rate along
with cefotaxime (50 mg/kg, i.v.) in two different syringes one after another immediately after an interval of
three weeks.

Collection and storage of blood and urine samples: Diclofenac (2 mg/kg) was injected into the jugular vein in
each goat and the samples of blood were collected from the contralateral jugular vein into centrifuge tubes
containing appropriate amount of sodium oxalate before and at 0.042, 0.083, 0.167, 0.25, 0.333, 0.50, 0.75, 1,
15,2, 3,4,5,6,8, 10, 12, 24, 30, 36 and 48 h post administration. Similarly diclofenac (2 mg/kg) was given
simultaneously with cefotaxime (50 mg/kg) into the jugular vein and the samples of blood were collected
similarly in the same animals as noted above. Simultaneously samples of urine were also collected at the above
noted times. For collection of urine samples, a Foley’s balloon catheter was into the bladder through the urethra
and kept in position by inflating the balloon by giving 25 to 30 ml of water. Plasma was separated after
centrifugation at 3000 rpm for 10-15 minutes at room temperature and kept in refrigerator until analysed,
usually within three days of collection. Plasma and urine collected prior to drug administration were used for

preparing drug standards in the respective biological fluids.

METHOD OF ANALYSIS
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Table 1: Comparison of plasma and urine concentration (ug/ml) of diclofenac (2 mg/kg) when it was given

alone and together with cefotaxime (50 mg/kg) in healthy goats following intravenous administration.

Time (h) Diclofenac (ug/ml) Diclofenac + Cefotaxime (ug/ml)

Plasma Urine Plasma Urine
0.042 56.35 + 10.47 1.68 £ 0.24 11.37 £+ 1.61* 8.61 £ 0.70%**
0.083 36.64 +8.36 3.15%0.50 9.51+1.81* 38.40 + 7.56**
0.167 28.80 + 7.98 6.43 £ 0.57 8.21+ 1.69 62.18 + 19.80*
0.25 1473 £2.75 27.19 £0.77 7.11+1.53* 115.49 + 6.03***
0.33 7.06+1.32 29.64 + 0.84 6.17 + 1.55 192.84 + 10.25%**
0.50 5.28 + 1.08 95.64 + 15.33 470+ 124 206.66 + 21.46***
0.75 3.36 + 0.80 53.46 + 2.93 3.95+1.01 177.14 + 11.83***
1 2.41%0.71 36.79 + 1.55 2.88+0.73 141.1 + 12.94**
1.5 1.86 +0.29 34.45 + 1.67 1.95+0.57 116.62 + 8.48***
2 1.49+0.25 2452 +1.16 1.19+0.30 87.99 + 2.18***
3 1.20+0.26 21.39 + 0.63 0.73+0.17 63.24 + 2.21%**
4 1.01+£0.23 12.76 £ 0.61 0.61+0.13 36.43 £ 2.24%***
5 0.80 +0.14 10.22 £ 0.37 0.56 +0.12 12.48 £2.79™°
6 0.49 +0.10 8.67 +0.28 0.47 +£0.10 4.18 + 0.50**
8 0.33+0.13 7.15+0.20 0.41+0.08 2.47 £ 0.23%**
10 0.21+0.08 7.03+0.35 0.31+0.08 1.27 £ 0.23%**
12 0.08 +0.03 5.34 +0.14 0.30 + 0.04 1.04 £ 0.16%**
24 ND 3.92+0.22 ND 0.80 + 0.06***
30 2.06 +0.32 0.53 + 0.05**
36 0.86 +0.17 0.41+0.03"°
48 0.38+0.08 0.16 +0.01™°
ND = Non-detectable N> = Non-significant
*P <0.05 ** P < (.01 **% P < 0,001

Concentrations of diclofenac in plasma and urine were estimated by reverse phase partition chromatography

using High Performance Liquid Chromatography (HPLC) as described "® with slight modifications. The limit of

quantitation of the method is 0.01 pg/ml.

Calculation of kinetic parameters: Log plasma drug concentration versus time profile showed a biphasic curve

and thus followed a two-compartment open model as described " *® ' various kinetic parameters were

obtained by least square regression method ™ ). The drug concentrations in plasma can be expressed by the

following bi-exponential mathematical expression as a function of time:
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C, = Ae™ + Be™

Where, C, = concentration of the drug in plasma; o and B = distribution and elimination rate constants,
respectively; A and B = zero time intercept of distribution and elimination phases, respectively; e = base of
natural logarithm and t = time elapsed after drug administration.

Elimination rate constant () and zero time concentration during elimination phase (B) were obtained by the
least square regression method from the terminal slope of the biphasic curve. The theoretical plasma
concentration for the elimination phase can be calculated during distribution phase of various time intervals.
Subtracting the theoretical values from the observed values during distribution phase, a series of residual
concentrations were obtained. From these residual concentrations, distribution rate constant (o) and zero time
concentration during distribution phase (A) were calculated as per the method adopted for calculation of B and
B.

STATISTICAL ANALYSIS
Concentrations of diclofenac in plasma and urine at various time intervals and its kinetic parameters when

diclofenac was given alone or in combination cefotaxime in goats were compared by using paired t-test 4.

RESULTS

Comparisons of plasma and urine concentrations of diclofenac when given alone (2 mg/kg) and when given
together with cefotaxime (50 mg/kg) after i.v. administration in goats are given in Table 1. Initially
concentrations of diclofenac in plasma were noted to be lower and the difference was found to be significant (p<
0.05) at 0.042, 0.083 and 0.25 h when diclofenac was given in combination with cefotaxime as compared to its
single administration. In both the cases, the drug was present in plasma upto 12 h.

Urine levels were noted to be highly significantly (p< 0.001) higher for long period (0.042 to 4 h) and thereafter,
highly significantly lower (6 to 30 h) in case of combined administration as compared to single i.v.
administration of diclofenac. No significant difference was observed at 5, 36 and 48 h.

Kinetic parameters of diclofenac when given alone and when given together with cefotaxime after i.v.
administration are given in Table 2. The value of extrapolated zero time concentration during distribution phase
(A) and theoretical zero time concentration (C,°) were found to be significantly (p< 0.01) lower in combined
administration of the drugs as compared to single administration of diclofenac. Elimination rate constant () was
found to be significantly (p< 0.05) lower while elimination half life (t1,) was noted to be significantly (p<
0.05) higher when diclofenac is given with cefotaxime as compared to its alone administration. The value of
mean residential time (MRT) was noted to be significantly (p< 0.01) higher while rate constant of drug transfer
from peripheral to central (K,) compartment was found to be significantly (p< 0.05) lower in combined

administration group. Rest of the kinetic parameters did not differ significantly between both the groups.

DISCUSSION

Kinetic studies of diclofenac in animals are very little while studies in man ?* %3, rat ¥ pig %, buffalo calves
1121 and sheep ™1,

Concentrations of diclofenac in plasma were found to be significantly lower only at 0.042, 0.083 and 0.25 h,

non-significantly lower upto 6 h and non-significantly higher thereafter in goats when the drug (diclofenac) was
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Table 2: Comparison of kinetic parameters of diclofenac (2 mg/kg) when it was given alone and together

with cefotaxime (50 mg/kg) in goats following intravenous administration.

Kinetic parameters (Unit) Diclofenac Diclofenac + Cefotaxime
A (pg. ml™) 45.95 + 21.13 9.27 +1.91**
B (ug. ml™) 2.69 + 0.65 1.03 +0.24"°
C,° (ug. ml™) 48.65 + 21.24 10.30 + 2.04**
o (h?) 4.467 +0.827 1.891 +0.327™°
tyo0 (h) 0.17 +£0.02 0.51+0.12™
B (h™h 0.262 + 0.040 0.119 + 0.016*
tyof (h) 2.97 +0.53 6.64 + 1.50*
AUC (mg.L™h) 19.40 +2.98 15.27 +3.71™
AUMC (mg.L*h?) 51.50 + 17.56 101.22 + 40.50 ™
MRT (h) 2.62 +0.61 6.01 + 1.00%*
Ky (hh) 1.710 + 0.141 0.957 + 0.216"°
Ko (W) 0.514 + 0.041 0.298 + 0.050*
Kel (h™) 2.509 + 0.884 0.755 + 0.088"°
Fc (Ratio) 0.13+0.02 0.16 +0.02™°
T ~ P (Ratio) 8.16 +2.21 5.87 +1.12"°
Vdc (L.kg™?) 0.06 + 0.01 0.40+0.15™
Vds (L.kg™) 0.90 +0.18 3.14 + 141N
Varea (L.kg™) 0.49 +0.11 2.01+097"
Vdgs (L.kg™) 0.28 +0.06 1.78 +0.71N°
Clg (ml.kg™.min™) 1.91+0.33 410+2.21M
N> = Non-significant * P < 0.05 ** P < 0.01

given in combination with cefotaxime. Awvailable literature shows that no kinetic interaction study with
cefotaxime particularly plasma level of diclofenac was carried out in goats so far.

Concentrations of diclofenac in urine were noted to be significantly higher from 0.042 to 4 h (except non-
significantly higher concentration at 5 h) and significantly lower from 6 to 30 h when it was given with
cefotaxime. However, no significant difference was noted from 36 to 48 h in both the groups. Peak
concentration in urine was noted at 0.5 h in both the groups.

A and B = extrapolated zero time plasma drug concentration during distribution and elimination phase,
respectively; C,° = theoretical zero time concentration; o and B = distribution and elimination rate constant,
respectively; tyo and ty,p = distribution and elimination half life, respectively; AUC = area under plasma
concentration time curve; AUMC = area under first moment of plasma concentration time curve; MRT = mean
residential time; Ky, and K,; = micro-rate constant of drug transfer from central to peripheral and peripheral to
central compartment, respectively; Kel = rate constant drug elimination from central compartment; Fc = fraction
of drug available for elimination from central compartment; T = P = approximate tissue to plasma concentration
ratio; Vdc, Vdg, Vd™®, and Vds, = volume of distribution from central compartment, elimination phase, AUC

and steady state plasma level, respectively; Clg = total body clearance.
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A significantly (p< 0.01) lower values for the A and C,° were obtained for diclofenac when it was administered
in combination with cefotaxime as compared to its single administration by i.v. route.

Distribution rate constant (o) of 4.467 + 0.827 h? and distribution half life (typo) of 0.17 £ 0.02 h were
calculated for diclofenac when given alone by i.v. route. The values did not differ significantly in goats when
combined i.v. administration of diclofenac with cefotaxime was given, denoting similar rate of distribution of
the drug occurred in goats between both the groups. Distribution half life (t;,0) of 0.34 + 0.08 h noted for
diclofenac in buffalo calf 2 was found to be higher as compared to the ty,a value noted in the present study
(0.17 £ 0.02) in goat which denotes faster distribution of diclofenac in goats as compared to buffalo calf.

The elimination rate constant (B) of 0.262 + 0.04 h and elimination half life (t;, p) of 2.97 £ 0.53 h were
estimated after single i.v. administration of diclofenac. Significantly decreased B (0.119 £+ 0.016 h-1) and
significantly highly increased t;,; B (6.64 £ 1.50 h) were noted for diclofenac when it was given in combination
with cefotaxime by i.v. route. The increased t;;, B observed after combined administration of diclofenac with
cefotaxime indicates very slow removal of the drug from the body as compared to single administration of
diclofenac. This is further supported by lower value of rate constant of drug elimination from central
compartment (Kel) obtained in goats (0.755 + 0.088 h™) after combined i.v. administration of diclofenac with
cefotaxime. The ty, B value of 1.1 h in man after i.v. administration of diclofenac 221and 1.15 h in man after i.m.
administration of diclofenac 1 were noted to be lower than the value obtained in goats in present study. The
terminal half life (t,, B) of diclofenac was similar in pig (2.4 h) and man (1.8 h) as observed [ 22 respectively.
Higher ty; B 0f 4.06 = 0.59 h was noted in buffalo calf (2],

The value of area under curve (AUC) was noted to be 19.40 + 2.98 mg.L*h when diclofenac (2 mg/kg) was
given alone. This value did not differ significantly when diclofenac was given together with cefotaxime (50
mg/kg) after i.v. administration. The value of total area under first moment curve (AUMC) was noted to be
51.50 + 17.56 mg.L™h? when diclofenac was given alone. This value noted to be significantly lower than those
obtained when diclofenac was given together with cefotaxime (101.22 + 40.50 mg.L*h?). The value of mean
residential time (MRT) was noted to be 2.62 + 0.61h when diclofenac was given which was significantly lower
(p<0.001) than those obtained when it was given together with cefotaxime (6.01 + 1.00 h). On the same pattern,
Kumar et al. ™ observed significantly higher (p<0.01) MRT value of 18.07 + 9.12 h for diclofenac when it was
given with enrofloxacin as compared to 4.72 + 0.85 h when it was given alone in buffalo calf. Higher values of
MRT in goats when diclofenac was given together with cefotaxime reflect that the drug remains in the body for
comparatively longer duration in combination with cefotaxime.

The values of rate constant of drug transfer from central to peripheral compartment (Ky,) and the rate constant
for drug elimination from central compartment (Kel) were found to differ non-significantly between both the
groups, while the value of rate constant of drug transfer from peripheral to central compartment (K,;) was found
to be significantly lower for diclofenac when it was given together with cefotaxime.

Higher values of volume distribution (Vdc, Vdg, Vd,ea and Vdss) were obtained when diclofenac was given
along with cefotaxime as compared to its alone administration, though there was no significant difference in the
data between both the groups. A non-significant high Vde. (2.01 + 0.97 L.kg™) of diclofenac was obtained
when it was given in combination as compared to its alone administration (0.49 + 0.11 L.kg™). A very low value

of Varea (0.17 + 0.11 L.kg™) in man was noted 2. Kumar et al. @ noted highly significantly (p<0.01) increase
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in Vdarea (1.34 + 0.04 L.kg™) when it was given in combination with enrofloxacin as compared to its alone (0.54
+0.10 L.kg™) administration in buffalo calf.

The total body clearance (Clg) was noted to differ non-significantly in case of combined administration with
cefotaxime (4.10 + 2.21 ml.kg™.min™) as compared to its single administration (1.91 + 0.33 ml.kg™.min). A
high Clg value of 4.2 + 0.9 ml.kg™>.min™ in man 2 was observed. The value obtained % in buffalo calf (1.52 +

0.07 ml.kg™.min™) is more or less similar to that of 1.91 + 0.33 ml.kg™.min™.

CONCLUSION

In conclusion, the fact that general adverse reactions were not observed in any goats and favourable
pharmacokinetic properties of diclofenac in combination with cefotaxime, such as long half-life and high mean
residence time with wide penetration into different body fluids and tissues were observed as compared to
diclofenac alone administration. Based on the present results, it can be concluded that diclofenac can be used
safely and effectively along with cefotaxime to treat the drug sensitive microbial infections associated with

fever, pain and other inflammatory conditions.
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