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Short communication
Diclofenac is toxic to the Himalayan Vulture
Gyps himalayensis
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Introduction
Veterinary use of the non-steroidal anti-inflammatory drug (NSAID) diclofenac has been shown
to be the major cause of the collapse of populations of three Gyps vulture species endemic to
South Asia. The White-rumped Vulture Gyps bengalensis, Indian Vulture G. indicus and
Slender-billed Vulture G. tenuirostris, have declined by more than 98% in the Indian
subcontinent since the early 1990s, and are now all listed as ‘Critically Endangered’ (IUCN
2004). Gyps vultures are exposed to diclofenac through consuming the contaminated carcasses of
livestock that have been treated with the drug shortly before death and die from kidney failure,
with clinical signs of extensive visceral gout and renal damage. These clinical signs and diclofenac
residues have been found in carcasses of wild G. bengalensis and G. indicus, and in G.
bengalensis either dosed with diclofenac orally or given tissues from diclofenac treated livestock.
Research on White-backed Vultures G. africanus, Eurasian Griffons G. fulvus and Cape Vultures
G. coprotheres has established that these three species are about as sensitive to diclofenac as G.
bengalensis, with birds dying with the same clinical signs of visceral gout and characteristic renal
damage. This experimental testing has established that diclofenac is toxic to four species of
vultures in the genus Gyps, but information on the toxicity of diclofenac to other members of
the genus is lacking.

Methods
On 20 November 2005, an injured Himalayan Vulture G. himalayensis was found by a member
of the public on the outskirts of Kullu village, Himachal Pradesh, India. The bird was captured by
villagers and taken on the same day to a state veterinarian of the local forest department. On
examination the bird was found to have a broken leg and, in order to treat the associated swelling
and pain, the bird was administered an intramuscular injection of 1 ml of an injectable veterinary
formulation of diclofenac (Volvaren, diclofenac 25 mg/ml). The mass of the bird (recorded at
death) was 6.5 kg indicating that the bird received a diclofenac dose of around 3.8 mg kg 1
vulture body weight. Staff at the Bombay Natural History Society/Haryana State Vulture
Conservation Breeding Centre (VCBC) were informed of the bird’s capture on the following day
and the vulture was transferred to the VCBC arriving at 18h00 on 23 November 2005. The bird
was alive and dehydrated on arrival and was immediately given rehydration fluids (100 ml
subcutaneous injection of ‘Ringer lacatate’) and, to treat pain, an intravenous injection of the
NSAID meloxicam at a dose rate of 2 mg kg-1 (Melonex, Intas Pharmaceuticals Ltd,
Ahmedebad). Following death, liver and kidney tissue samples were collected, and tissue residue
analysis was undertaken at the University of Aberdeen, UK using a validated HPLC-MS-MS
methodology (Oaks et al. 2004, Shultz et al. 2004). Concentrations of diclofenac are expressed
per unit wet weight.
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Results and Discussion
The bird died at 20h15 on 23 November 2005, two hours after arrival at the VCBC and 48–56
hours after dosing with diclofenac. Post-mortem examination revealed visceral gout: the same
clinical sign observed in other Gyps vultures following diclofenac toxicity (Oaks et al. 2004,
Swan et al. 2006a). With the exception of a fracture of the left femur, no other injuries or clinical
signs could be found, and the bird was in good condition. Analysis of tissue samples confirmed
that the bird was contaminated with diclofenac, with residue levels of 0.087 mg kg 1 and
0.034 mg kg 1 in the kidney and liver tissues, respectively.
The result of this case indicates that diclofenac is toxic to the Himalayan Vulture, adding a fifth
species to the list of Gyps vultures known to be killed by this compound. The timing of death c.
two days after receiving a high dose of diclofenac, the clinical signs of visceral gout, and the
absence of any injuries likely to cause the bird’s immediate death, are consistent with diclofenac
being the cause of death of this individual and closely match the clinical signs of toxicity of
diclofenac in other Gyps vultures. The evidence for diclofenac toxicity is complicated by the
administering of fluids and the NSAID meloxicam two hours before death. However, the meloxicam treatment is very unlikely to have contributed to the death of this vulture for the following
reasons. (a) Extensive safety testing has established the safety of meloxicam to other Gyps
vultures, with 40 birds from three Gyps species (africanus, bengalensis and indicus) administered meloxicam at 2 mg kg 1 (Swan et al. 2006b, Swarup et al. 2007). (b) Clinical treatment of
birds also indicates the safety of meloxicam, which has been administered to over 700 individuals
from 60 species with no reported death or ill affects, including the treatment of seven Gyps
himalayensis (Cuthbert et al. 2006). (c) Meloxicam treatment did not result in any detectable
elevation in the concentration of uric acid in the blood plasma of Gyps africanus, G. bengalensis
and G. indicus (Swan et al. 2006b, Swarup et al. 2007). (d) The timing of death just two hours
after meloxicam treatment makes it too rapid for this drug to be responsible for the observed
clinical signs of visceral gout (Oaks et al. 2004, Swan et al. 2006a, Naidoo et al. 2009). Even
diclofenac treatment, which elevates the concentration of uric acid in the blood plasma by
a factor of about ten times, 24 hours after treatment, has little effect on plasma uric acid levels
within two hours of treatment, indicating little or no effect on kidney function within this time
(Swan et al. 2006a).
An additional important caveat of this case is that the vulture received a very high dose of
diclofenac: a dose rate 17–39 times greater than the estimated median lethal dose for G.
bengalensis (Swan et al. 2006a) and in excess of the likely maximum level of exposure a vulture
could potentially receive in the wild (RSPB unpublished data). However, the time to death and
clinical signs were consistent with other cases of diclofenac toxicity in Gyps vultures with lower
doses.
Some scavenging species appear to tolerate high levels of diclofenac, for example the Turkey
Vulture Cathares aura, a New World species unrelated to Old World Gyps vultures, exhibited no
overt signs of toxicity when dosed with diclofanac at concentrations greater than 100 times the
estimated median lethal dose reported for Gyps vultures (Rattner et al. 2008). However, the
discovery that diclofenac is toxic to a fifth species of Gyps vultures and the phylogenetic position
of these five species each forming a sister relationship with one or more of the remaining Gyps
species (Johnson et al. 2006), strongly suggests that diclofenac is likely to be toxic to all Gyps
vultures. The genus Gyps contains eight species, which includes the three resident Asian species,
two migratory species (G. fulvus and G. himalayensis), and three species within Africa
(G. africanus, G. coprotheres and G. rueppelli). The winter ranges of G. fulvus and G. himalayensis
extend into areas of India and Nepal (del Hoyo et al. 1994) in which veterinary diclofenac is
known to be in widespread use. Increasing numbers of juvenile and sub-adult birds from these
two species are now seen in northern India (V. Prakash unpubl. data), presumably because of
increased feeding opportunities available since the collapse of resident Gyps populations. As
a consequence of these movements and the toxicity of diclofenac, northern India is likely to be
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acting as a major population sink for the pre-breeding cohorts of G. fulvus and G. himalayensis,
and we therefore expect that long-term declines are now occurring, largely undetected, in the
breeding populations of these species. Evidence from the Upper Mustang region of Nepal
indicates that these declines may already be happening (Acharya et al. 2009). Determining the
location and monitoring these breeding areas is a priority, although, as is the case for the three
resident Gyps species, the essential conservation solution is a complete cessation of the
veterinary use of diclofenac and other toxic NSAIDs within the Indian subcontinent.

Acknowledgements
We are very grateful to the Forest Department of Himachal Pradesh for their prompt action in
transferring this bird to the Vulture Conservation Breeding Centre for treatment and necropsy.
Thanks to Dr Mark Taggart and the University of Aberdeen for analysis of diclofenac levels
within the tissue samples and to Professor Rhys Green at the University of Cambridge for helpful
comments on this manuscript. The UK Government’s Darwin Initiative and the Royal Society for
the Protection of Birds provided funding.

References
Acharya, R., Cuthbert, R., Baral, H. S. and
Shah, K. B. (2009) Rapid population declines of Himalayan Griffon Gyps himalayensis in Upper Mustang, Nepal. Bird
Conserv. Internatn. 19: 99–107.
Cuthbert, R., Parry-Jones, J., Green, R. E. and
Pain, D. J. (2006) NSAIDs and scavenging
birds: potential impacts beyond Asia’s
critically endangered vultures. Biol. Lett.
doi:10.1098/rsbl.2006.0554
Del Hoyo, J., Elliott, A. and Sartagal, J. (1994)
Handbook of the birds of the world. Volume 2: New World vultures to guineafowl.
Barcelona, Spain: Lynx Edicions.
Green, R. E., Newton, I., Shultz, S.,
Cunningham, A. A., Gilbert, M., Pain, D.
J. and Prakash, V. (2004) Diclofenac
poisoning as a cause of vulture population
declines across the Indian subcontinent.
J. Appl. Ecol. 41: 793–800.
IUCN (2004) 2004 IUCN Red list of threatened species. Gland, Switzerland: IUCN.
http://www.iucnredlist.org (accessed on 05
December 2005).
Johnson, J., Lerner, H., Rasmussen, P. and
Mindell, D. (2006) Systematics within the
Gyps vultures: a clade at risk. BMC Evolutionary Biology doi:10.1186/1471-21486-65
Naidoo, V., Wolter, K., Cuthbert, R. and
Duncan, N. (2009) Veterinary diclofenac
threatens Africa’s endangered vulture species. Regul. Toxicol. Pharm. 53: 205–208.

Oaks, J. L., Gilbert, M., Virani, M., Watson,
R. T., Meteyer, C. U., Rideout, B.,
Shivaprasad, H. L., Ahmed, S., Chaudhry,
M. J. I., Arshad, M., Mahmood, S., Ali, A.
and Khan, A. A. (2004) Diclofenac residues
as the cause of vulture population declines
in Pakistan. Nature 427: 630–633.
Prakash, V., Green, R. E., Pain, D. J.,
Ranade, S. P., Saravanan, S., Prakash,
N., Venkitachalam, R., Cuthbert, R.,
Rahmani, A. R. and Cunningham, A. A.
(2007) Recent changes in populations of
resident Gyps vultures in India. J. Bombay
Nat. Hist. Soc. 104: 129–135.
Rattner, B. A., Whitehead, M. A., Gasper, G.,
Meteyer, C. U., Link, W. A., Taggart, M. A.,
Meharg, A. A., Pattee, O. H. and Pain, D. J.
2008. Apparent tolerance of turkey vultures
(Cathares aura) to the non-steroidal antiinflammatory drug diclofenac. Environ. Toxicol. Chem. 27: 2341–2345. doi:10.1897/
08-123.1
Shultz, S., Baral, H. S., Charman, S.,
Cunningham, A. A., Das, D., Ghalsasi, G.
R., Goudar, M. S., Green, R. E., Jones, A.,
Nighot, P., Pain, D. J. and Prakash, V.
(2004) Diclofenac poisoning is widespread
in declining vulture populations across the
Indian subcontinent. Proc. R. Soc. Lond. B
(Suppl.) 271: S458–S460.
Swan, G. E., Cuthbert, R., Quevedo, M., Green,
R. E., Pain, D. J., Bartels, P., Cunningham, A.
A., Duncan, M., Meharg, A. A., Oaks, J. L.,

Diclofenac toxicity to Himalayan Vulture
Parry-Jones, J., Shultz, S., Taggart, M., Verdoorn, G. and Wolter, K. (2006a) Toxicity of
diclofenac to Gyps vultures. Proc. R. Soc.
Lond. B Biol. Sci. 2. doi:10.1098/rsbl.2005.
0425.
Swan, G., Naidoo, V., Cuthbert, R., Green, R.,
Pain, D., Swarup, D., Prakash, V., Taggart,
M. A., Bekker, L., Das, D., et al. (2006b) Removing the threat of diclofenac to critically

4
endangered Asian vultures. PLoS Biol. 4:
395–402.
Swarup, D., Patra, R. C., Prakash, V., Cuthbert,
R., Das, D., Avari, P., Pain, D. J., Green, R.
E., Sharma, A. K., Saini, M., Das, D. and
Taggart, M. (2007) The safety of meloxicam to critically endangered Gyps vultures and other scavenging birds in India.
Anim. Conserv. 10: 192–198.

DEVOJIT DAS, VIBHU PRAKASH
Bombay Natural History Society, Hornbill House, S.B. Singh Road, Mumbai, India.
RAM D. JAKATI
Forestry Department of Haryana, Van Vaban, Sec 6, Panchkula, Haryana, India.
RICHARD J. CUTHBERT*
Royal Society for the Protection of Birds, The Lodge, Sandy, Bedfordshire SG19 2DL, UK.
*Author for correspondence; email: richard.cuthbert@rspb.org.uk

Received 17 December 2009; revision accepted 5 January 2010

