
Metabolism of aceclofenac to diclofenac in the domestic water buffalo 

Bubalus bubalis confirms it as a threat to Critically Endangered Gyps vultures 

in South Asia 

S. CHANDRAMOHANa*, KARIKALAN MATHESHa*, JOHN W. MALLORDb1, VINNY NAIDOOc, K. 

MAHENDRANa, MANICKAM KESAVANa, GYANENDRA K. GAURa, ABHIJIT M. PAWDEa, NIKITA 

PRAKASHd, SACHIN RANADEd, DEBASISH SAIKIAd, A. K. SHARMAa, ROHAN SHRINGARPUREd, RHYS E. 

GREENe & VIBHU M. PRAKASHd. 

a Centre for Wildlife, Indian Veterinary Research Institute, Bareilly, Uttar Pradesh 243122, India 

b RSPB Centre for Conservation Science, Royal Society for the Protection of Birds, The Lodge, Sandy, 

Bedfordshire, SG19 2DL, UK 

c Department of Paraclinical Sciences, Faculty of Veterinary Science, University of Pretoria, 

Onderstepoort, Gauteng 0110, South Africa 

d Bombay Natural History Society, Hornbill House, Opp Lion Gate, Shaheed Bhagat Singh Road, Fort, 

Mumbai 400 001, Maharashtra, India 

e Conservation Science Group, Department of Zoology, University of Cambridge, David Attenborough 

Building, Cambridge, CB2 3QZ, UK 

* Equal contributions by first two authors 

1 Corresponding author: john.mallord@rspb.org.uk 

 

Keywords: pharmacokinetics, liquid chromatography with mass spectrometry, ecotoxicology, non-

steroidal anti-inflammatory drugs, NSAID, vulture declines 

 

Abstract 

Vulture declines in South Asia were caused by accidental poisoning by the veterinary non-steroidal 

anti-inflammatory drug (NSAID) diclofenac. Although veterinary use of diclofenac has been banned, 

other vulture-toxic NSAIDs are legally available, including aceclofenac, which has been shown to 

metabolise into diclofenac in domestic cattle. We gave nine domestic water buffalo the 

recommended dose of aceclofenac (2 mg kg-1 body weight), collected blood at intervals up to 48 

hours, and carried out a pharmacokinetic analysis of aceclofenac and its metabolite diclofenac in 

plasma. Aceclofenac was rapidly converted to diclofenac, and was barely detectable in plasma at any 

sampling time. Diclofenac was present within 20 minutes, and peaked 4-8 hours after dosing. 

Aceclofenac is a prodrug of diclofenac, and behaves similarly in domestic water buffalo as it did in 

domestic cattle, posing the same risk to vultures. We recommend an immediate ban on the 

veterinary use of aceclofenac across vulture-range countries.  

 

1. Introduction 

The catastrophic population declines of three species of Gyps vultures – White-rumped G. 

bengalensis, Indian G. indicus and Slender-billed G. tenuirostris Vultures – in South Asia from the 
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mid-1990s onwards, was caused by accidental poisoning by the non-steroidal anti-inflammatory 

drug (NSAID) diclofenac (Oaks et al. 2004, Green et al. 2004, 2007). Diclofenac was commonly used 

to treat injured and dying cattle (domestic cows Bos taurus and B. indicus) and domestic water 

buffaloes Bubalus bubalis across the Indian subcontinent and remains in illegal use in some areas. 

Ingestion of the drug by vultures when they fed on the carcasses of animals that had been treated 

with diclofenac prior to death resulted in kidney failure, visceral gout and death (Oaks et al. 2004). 

Subsequently, the veterinary use of diclofenac was banned by the governments of India, Pakistan, 

Nepal and Bangladesh (Prakash et al. 2012, Sarowar et al. 2016). Compliance with the ban was aided 

by the identification and promotion of meloxicam, an NSAID that is not toxic to vultures (Swan et al. 

2006, Swarup et al. 2006). Tolfenamic acid has recently been identified as another drug that is safe 

to vultures at doses they are likely to be exposed to in the wild (Chandramohan et al. 2022). 

There are several other NSAIDs which are freely available and legally approved for veterinary use 

across vulture range states in South Asia (Galligan et al. 2020). These include ketoprofen and 

nimesulide which have both been shown experimentally to be toxic to captive vultures (Naidoo et al. 

2010, Galligan et al. 2022). There is also evidence that carprofen and flunixin are toxic to Gyps 

vultures (Cuthbert et al. 2007, Zorilla et al. 2014). The toxicity of several other NSAIDs approved for 

veterinary use in vulture range states is unknown. As a result of the threat these drugs pose to Gyps 

vultures in South Asia, which are still regarded as Critically Endangered and at risk of global 

extinction (Birdlife International 2022), conservationists have been recommending that governments 

should ban veterinary NSAIDs known to be toxic to vultures and to modify procedures for ahead of 

their approval for veterinary use, to deal with drugs of unknown toxicity (SAVE 2021a). This pressure 

has only so far been successful for one drug (apart from diclofenac) in Bangladesh, where the 

government recently banned veterinary use of ketoprofen (SAVE 2021b).  

A further NSAID, aceclofenac, has previously been shown to metabolise rapidly into diclofenac when 

administered to domestic cattle, and thus poses the same threat to vultures that consume 

contaminated carcasses of domestic cows (Galligan et al. 2016). Although the results of this study 

were conclusive, it was carried out in South Africa on Friesian Bos taurus. There was a perceived 

need to confirm that aceclofenac behaves in the same way when given to an Indian species and 

under Indian conditions, and would therefore be a threat to vultures in India. Therefore, in this 

study, we have repeated Galligan et al.’s (2016) South African study by giving aceclofenac to nine 

domestic water buffalo and examining the plasma pharmacokinetics of this drug and its potential 

metabolites.  

 

2. Material and methods 

Approval to carry out experiments on domestic water buffaloes was obtained from the Committee for 

the Purpose of Control and Supervision of Experiments on Animals (CPCSEA, licence no: F.26-1/2015-

16/JD(R), dated 01/03/2017), India. Procedures followed the ARRIVE guidelines (Percie du Sert et al. 

2020). In India, aceclofenac is mainly available as a bolus formulation, which we purchased locally 

(Bareilly, Uttar Pradesh). Each bolus contained 300 mg aceclofenac and 1500 mg paracetamol, and 

was manufactured by Hanuchem Laboratories, Solan, Himachal Pradesh, India (Batch No. T-1752705, 

Manufacturing date October 2017, Expiry date September 2019).  

2.1. Dosing and collection of samples from water buffaloes 

Three single dose pharmacokinetic studies were each conducted on three healthy male buffaloes (i.e., 

total of nine animals). The animals were all older than 12 months of age, and weighed between 210 



to 310 kg (mean 255 kg ± 40.0, n = 9). The buffaloes were sourced from the cattle farm at the Division 

of Livestock Production and Management, Indian Veterinary Research Institute (IVRI), Bareilly, Uttar 

Pradesh, India. The animals were confirmed to have not been treated with any NSAID in the weeks 

leading up to the experiment. Two weeks prior to the experiment the buffaloes were housed 

separately and provided food and water ad libitum. During this period the animals received regular 

veterinary examinations and were declared fit for the study. The experiments were conducted on 

three dates between 2017 and 2019.  

Sampling before dosing with aceclofenac was designated as occurring on day 0. A 10 ml pre-treatment 

blood sample was drawn into a heparinized tube. The aceclofenac bolus was then administered, using 

the recommended dose of 2 mg kg-1 body weight (b.w.). In the first two experiments, blood samples 

were drawn 2-, 4-, 8-, 12-, 24- and 48-hours after the bolus was administered. During the third 

experiment, blood samples were drawn after 20 minutes, 40 minutes, 1-, 2-, 4-, 8-, 12-, 24- and 48-

hours. The blood samples were centrifuged at 3000 rpm for 10 minutes. The plasma was transferred 

to fresh screw cap vials and stored at -80°C.  

2.2. Extraction and quantification of aceclofenac and diclofenac 

Both aceclofenac and diclofenac were extracted from buffalo plasma samples using a protein 

precipitation method, and were quantified using liquid chromatography tandem mass spectrometry 

(LC-MS/MS) with electrospray ionization (ESI) and multiple reaction monitoring (MRM) in negative 

ionization mode. The level of detection and quantification was 0.77 ng mL-1 for aceclofenac and 5.6 ng 

mL-1 for diclofenac. Methodology was the same for both compounds; in the following description, 

quantities for measuring concentrations of diclofenac are shown in parentheses.  

To prepare stock standards for LC-MS/MS calibration, dimethylsulfoxide (DMSO, 1.0 ml) was added 

to 1.0 mg of aceclofenac or diclofenac in a 1.5 ml micro centrifuge tube, mixed well and sonicated. 

Internal standards (IS) were also prepared using deuterated versions of these compounds 

(aceclofenac D-2 and diclofenac D-4). These IS were used to facilitate correction of data for any 

variations in instrument sensitivity/response as well as for deviations in expected compound 

recovery that occurred during the solvent extraction process. For the IS compounds, 1.0 ml of DMSO 

was added to 5 mg of aceclofenac D-2 (or diclofenac D-4) to create IS stock solutions. Analyte 

working calibration standards (15.3 to 2,000 ng mL−1 for aceclofenac and 112 to 108,000 ng mL−1 for 

diclofenac) and quality control (QC) samples of aceclofenac/diclofenac were also prepared in DMSO. 

An IS working standard solution (containing both deuterated compounds) was prepared by diluting 

0.5 ml of each IS stock solution into 50 ml of acetonitrile (to provide a concentration of 10 µg ml-1 for 

each compound). This solution was mixed well and stored at 2 to 8 °C until used. Calibration 

standards and QC samples were prepared by spiking 95 µl of blank buffalo plasma with 5 µl of 

analyte working solution. 100 μL of calibration/QC/study sample was aliquoted into an Eppendorf 

tube and 10 μL of IS working standard added. All samples were then quenched with 300 μL of 

acetonitrile, vortexed and centrifuged at 14,000 rpm for 5 min at 4 °C. 200 μL of supernatant was 

transferred to 1 mL vials for analysis by LC-MS/MS (quantifying aceclofenac and diclofenac, 

alongside their deuterated equivalents).  

Further details of the methods for the extraction and measurement of aceclofenac and diclofenac, 

along with measured concentrations, can be found in Appendix 1 of the Supplementary Information. 

 

 



2.3. Pharmacokinetics of aceclofenac and diclofenac in water buffaloes 

The relevant pharmacokinetic parameters were calculated for aceclofenac and its metabolite 

diclofenac by noncompartmental modelling using the package Kinetica 5.1 (Thermo Fisher Scientific, 

Waltham, MA USA). In addition, diclofenac pharmacokinetics were assessed using a one-compartment 

model. Cmax (maximum plasma concentration) taken to be the first peak concentration on the plasma 

concentration versus time profile, with the corresponding time being the tmax (time to maximum 

concentration). The elimination constant (λ) was determined by least-squares linear regression of the 

natural logarithm of concentration on time, using results from the last three blood samples. The area 

under the plasma concentration versus time curve up to the last quantifiable concentration (Clast) is 

referred to as AUClast and was determined using the linear trapezoidal method (AUClast = sum of the 

area of various trapezoids making up the curve = ∑0.5 x (t2 - t1)(C2 + C1). The area under the moment 

curve (AUMClast) was determined using the same method as for AUClast, except that the concentration 

portion of the curve was determined as (t1∗C1 + t2∗C2); the mean residence time (MRT)was calculated 

as AUCMlast / AUClast; the area under the curve extrapolated to infinity (AUCinf) was calculated as AUClast 

+ Clast/λ) while the terminal half-life (t1/2) was calculated as ln(2)/λ. For the one compartment 

modelling, the elimination constant Beta was determined as the slope of the terminal portion of the 

plasma concentration versus time profile (following natural logarithmic transformation of the 

concentration values) using ordinary least-squares linear regression, with the y-intercept being the 

parameter B with the best fit equation representing the extrapolated intravenous curve. To ascertain 

the rate of formation of diclofenac, the plasma concentration versus time data for diclofenac was 

fitted to a biexponential equation: Ct = Be^(-β)t –Be^(-αt), where B is the common intercept, Ct the 

plasma concentration at time t, α the estimated rate constant for absorption and β the rate constant 

for elimination (Alvinerie et al. 1999). 

 

3. Results 

Aceclofenac was barely detectable at any sampling time (Fig. 1a), with peak concentrations ranging 

from just 0.002 – 0.052 µg ml-1. In one buffalo, aceclofenac was not detected at any sampling time. In 

contrast, diclofenac was detected at the first sampling time (20 minutes) and increased thereafter and 

peaked at 4-8 hours (mean, 6.22 ± 2.11 h; Table 1). Peak concentrations ranged from 2.22 – 4.94 µg 

ml-1 (3.31 ± 0.93 µg ml-1). Diclofenac was still detectable in all nine animals, albeit at very low levels, 

after 48 hours (Fig. 1b, Supplementary Information Appendix 2).  

The total exposure of diclofenac (AUCinf) was 62.07 µg.h ml-1, the half-life of elimination (t1/2) was 6.59 

h (± 0.85 h) and the mean residence time (MRT) was 12.4 h (± 1.49 h). Other pharmacokinetic 

parameters are shown in Table 1.  

 

4. Discussion 

Our results confirm that treating domestic water buffalo in India with the recommended dose of 

aceclofenac in bolus form results in its rapid conversion to diclofenac, to a similar extent to that shown 

previously for Friesian domestic cattle in South Africa (Galligan et al. 2016).  This finding is relevant to 

vulture conservation because diclofenac prevalence has been found to be high in liver samples taken 

from carcasses of both domestic cattle and domestic water buffaloes in India (Taggart et al. 2007). 

Diclofenac was detectable within 20 minutes after dosing of buffalo with aceclofenac, with 

concentrations peaking after around 6 hours. It was still detectable after 48 hours in all birds. In 



contrast, aceclofenac was only detected at very low concentrations in all animals throughout. In fact, 

in one animal, concentrations of aceclofenac were below the level of quantification/detection at all 

sampling times. The rapid conversion of aceclofenac to diclofenac is consistent with the former being 

a prodrug of the latter, and confirms that the treatment of livestock with aceclofenac will have the 

same catastrophic effect on Gyps vultures feeding on contaminated carcasses as would the use of 

diclofenac.  

The barely detectable aceclofenac in the plasma of buffalo was in contrast to aceclofenac 

administered to domestic  cattle at the same dose and route (Galligan et al. 2016). In cattle, 

aceclofenac was detectable for a considerable time after dosing. In rats, oral bioavailability of 

aceclofenac of 15% was described (Noh et al. 2015). In humans (Hinz et al. 2003) and dogs (Liu et al. 

1997) aceclofenac was detectable in plasma at high concentrations. This would indicate that the 

aceclofenac had an almost complete presystemic elimination in buffalo. While this is the first 

instance of a near complete presystemic elimination being recorded for aceclofenac, this is not a 

completely unexpected phenomenon and has been described for other orally administered 

medication such as lidocaine (Boyes et al. 1971) and morphine (Brunks & Delle 1974, Bock et al. 

1978, Säwe et al. 1981) in humans and rats (Iwamoto & Klaassen 1977). At this point, while the 

actual metabolic pathways for aceclofenac metabolism is not elucidated in ruminants, we can 

speculate on the reason for the rapid conversion to diclofenac. In humans, both diclofenac and 

aceclofenac are metabolised by the hepatic CYP2C9 enzyme (Hinz et al. 2003). Considering that the 

half-life of diclofenac administered orally in our study is similar to that of intravenously-administered 

diclofenac in cattle (EMA 2003), it is unlikely that hepatic metabolism would explain the rapid 

conversion of aceclofenac to diclofenac. This suggests that a degree of extra-hepatic metabolism is 

occurring, which seems likely to occur in the rumen because aceclofenac is known to undergo rapid 

ester cleavage by anaerobic bacteria in wastewater, (Pérez & Barceló 2008). 

While very little aceclofenac was detected, complete profiles for diclofenac were obtained. The poor 

bioavailability of aceclofenac and the presence of diclofenac as early as the first time point, indicates 

that aceclofenac is rapidly and efficiently metabolised to diclofenac in buffalo, possibly while it is in 

the rumen of the alimentary canal. When the rate of formation was determined, the half-life of 

formation was rapid at less than 2 hours (Alpha-HL, Table 1). The half-life of elimination (t1/2) was 

6.59 hours which was similar to domestic  cattle (Galligan et al. 2016). However, the extent of 

absorption (i.e., total exposure of animals to the drug, AUCinf) was 50% higher in buffalo (62.07 ug 

ml-1*h), in comparison to that previously determined for cattle (48.34 ug ml-1*h) (Galligan et al. 

2016). To further understand the risks posed to vultures, the extent of absorption obtained in this 

study was compared to the pharmacokinetics of diclofenac following intravenous administration in 

buffalo at the concentration of 1 mg kg-1 (Kumar et al. 2003). In that study, an area under the curve 

of 11 ug ml-1*h was calculated, which was six-fold lower than in this study. The significance of this 

finding needs to be considered in relationship to the initial toxicity studies undertaken by Oaks et al. 

(2004), where a dose of 2.5 mg kg-1 administered to domestic water buffalo was sufficient to cause 

the death of vultures fed on its tissues. While Oaks et al. did not determine the pharmacokinetics of 

diclofenac in vultures, a 2.5-fold increase in AUC based on an assumption of linear pharmacokinetics, 

will still be substantially lower than the AUC obtained in this study; therefore, the amount of 

diclofenac detectable in this study is higher than that previously reported to be toxic to vultures in 

food.  It should also be noted that all the animals showed linear depletion of the diclofenac 

metabolite, which would further support this extrapolation as being valid i.e., there were no 

metabolic constraints present in buffalo.  



The ban on the manufacture and use of diclofenac for veterinary purposes has had a positive impact 

on vulture populations in South Asia (Chaudhry et al. 2012, Prakash et al. 2017, Galligan et al. 2019). 

Despite this, the illegal use of human formulations of the drug remain stubbornly high in India 

(Galligan et al. 2020), and still poses a significant threat to vulture populations. However, sales of 

aceclofenac to treat injured cattle are increasing in some areas of India (BNHS, unpublished data), so 

given the results of this and other studies, there is an increasing risk of vultures being poisoned by 

diclofenac derived from aceclofenac. There is now sufficient evidence for governments in vulture-

range states in South Asia to act, as they did for diclofenac, and immediately ban the manufacture, 

distribution, sale and use of bolus and injectable formulations of aceclofenac in doses suitable for 

large animals (i.e., vials > 3 ml) (Galligan et al. 2016). Failure to act will threaten the progress that 

has been made supporting the partial recovery of vulture populations across South Asia.  
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Figure 1. Change in plasma concentrations over time of (a) aceclofenac and (b) diclofenac metabolite 

of aceclofenac in nine male domestic water buffaloes Bubalus bubalis and domestic cattle Bos 

taurus. Note different scales on y-axes. Data for domestic cattle are rom Galligan et al. (2016) 
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Table 1: Mean pivotal pharmacokinetic parameters with standard deviations in parenthesis 

Parameter Units Aceclofenac Diclofenac 

Cmax µg ml-1 0.012 (0.017) 3.31 (0.93) 

tmax h 1.87 (1.1) 6.22 (2.11) 

AUClast µg ml-1*h 0.13 (0.18) 61.47 (18.82) 

AUCinf µg ml-1*h 0.87 (1.51) 62.07 (18.98) 

λ h-1 0.05 (0.04) 0.11 (0.01) 

AUMClast µg ml-1*h2 3.2 (4.41) 745.43 (254.97) 

t1/2 h 77.93 (129.32) 6.59 (0.85) 

MRT h 113.06 (186.05) 12.4 (1.49) 

AUCextra % 57.5 (18.25) 0.94 (0.56) 

Alpha h-1  0.42 (0.16) 

Alpha-HL h  1.84 (0.58) 

B µg ml-1  5.37 (1.70) 

Beta h-1  0.09 (0.01) 

Beta-HL h  7.89 (0.70) 

 


