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ABSTRACT
Worldwide there are 23 species of vultures. The vultures are known as one of nature’s most successful
scavengers. However, since the 1990’s vulture numbers in South East Asia have been in decline, especially
the oriental white-rumped vulture (Gyps bengalensis), the long-billed vulture (Gyps indicus), and the
slender-billed vulture (Gyps tenuirostris). The use of the non-steroidal anti-inflammatory drug (NSAID)
diclofenac has been linked to this rapid decline in vulture populations. Diclofenac has been in use since 1974
to treat several problems in cattle such as pain during calving, lameness, mastitis, and swelling. The drug
was also used to treat diverse problems such as dysmenorrhea, ocular inflammation, rheumatoid arthritis,
osteoarthritis, ankylosing spondylitis, and actinic keratosis etc. Although, it is good for livestock, its impact
on the vulture population has been very deleterious. The present review discusses the chemical structure,
uses, and the mechanism of the action of diclofenac and its negative impacts on vulture populations along
with less harmful alternatives such as meloxicam, and controlling measures to stop decline of vulture
species that can be adopted to regain normal population numbers of these vulture species.

INTRODUCTION

V

ultures are an avian species and are deemed as the
most successful scavengers and at the highest level
of decomposers (Samson et al., 2018). There are 23
species of vultures found across the world, including
areas like the Amazon forests, African savannas, Saharan
deserts, and high roof of Himalayas (Buechley and
Sekercioglu, 2016). They act as an obligate scavenger
and provide important economic, ecologic, and cultural
services to mankind (Sekercioglu, 2006). These birds
have exceptional sight and as reported by Lisney et al.
(2013), vultures have visual activities twice as high
as humans and six times as high as ostriches. They can
soar in flight Ruxton and Houston (2004) and possess a
remarkable feature of extremely low pH of the stomach
which makes them unique in the animal kingdom. This
characteristic of low pH allows them to dissolve metal, e.g.
shovels, as well as digest nearly all organisms, including
all those that can be a reason for dreadful diseases
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(botulism, anthrax, cholera, hepatitis and polio), and
various other proteins. Vultures can eat almost anything
that is dead and rotten, including animals that died from
infections (Dan Greaney, 2017). Asia and Africa are
considered as the richest regions for vultures (Ogada et al.,
2012). These birds like to live at open sites.
Nine species of vultures are documented from
the Indian sub-continent (Fig. 1) (Prakash et al., 2007;
Mirbahar et al., 2016). The three species of vultures
endemic of the South Asia region are the oriental
white-rumped vulture (Gyps bengalensis), Long-billed
vulture (Gyps indicus), and Slender-billed vulture (Gyps
tenuirostris). All three species have shown rapid decline
and declared as critically endangered species in a number
of literature studies (Oaks et al., 2004; Anderson et al.,
2005; Swan et al., 2006; Cuthbert et al., 2007; Johnson
et al., 2008; Murn et al., 2008; Naidoo et al., 2009; Das
et al., 2010; Saini et al., 2012; Nambirajan et al., 2018).
According to another study all three species declined at
the rate of 98 % in the Indian sub-continent since early
1990’s and declared as critically endangered species by the
International Union for Conservation of Nature and Natural
Resources (Das et al., 2010). The oriental white-rumped
vulture (G. bengalensis) was one of the most important
birds of prey in the Indian subcontinent. However, a
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sudden decline of more than 95 % G. bengalensis was
noticed since 1990 at Keoladeo National Park, India (Oaks
et al., 2004; Nambirajan et al., 2018). G. indicus is a longbilled vulture and an endangered species of South Asian
region. This species has disastrously declined in India as
compared to Pakistan (Prakash et al., 2007; Chaudhry et
al., 2012). Stotrabhashyam et al. (2015) reported that the
long-billed vulture showed a rapid decline as a threatened
species and only few breeding sites have been seen in
peninsular India.

in patients. It is administered intramuscularly, rectally,
and orally. Oral consumption of the drug is rapid in action
and binds efficaciously to the albumin in the plasma.
The targeted site of the action of NSAIDs is the synovial
fluid (Day et al., 1999). These NSIADs are characterized
by their ability to suppress cyclooxygenase enzymes i.e.
COX-1 and COX-2. It is known that COX-1 enzymes
are involved in blood flow modulation to the kidneys and
the COX-2 are responsible for the modulation of the pain
and inflammatory response (Fig. 3). The cyclooxygenases
enzymes are participants in the production of the
prostaglandins. The drug imposes negative effects on
the kidneys (Swan et al., 2006). According to Naidoo
and Swan (2009) the drug is very toxic for the renal
tubular epithelial and increases the production of reactive
oxygen species by decreasing the transfer of uric acid and
interfering the channels of p-amino-hippuric acid. Ng et
al. (2006) described decrease in NADPH production on
the mitochondrial membrane potential of rat kidneys after
exposure to diclofenac. In this study, very low ATP formed
due to the blockage of glutamate and malate entry in the
cycle by the diclofenac.

Fig. 1. Nine famous species of vultures of subcontinent
(Adopted from google images).

Diclofenac (Fig. 2) was prepared with the aim to
produce the most effective results in cattle ailments.
It is a non-steroidal anti-inflammatory drug (NSAID)
(Anderson et al., 2005; Muralidharan and Dhananjayan,
2010; Nambirajan et al., 2018). It is in use since 1974
for the long-term treatment of degenerative diseases (Ng
et al., 2006). It exhibits anti-inflammatory, analgesic,
antithrombotic, and antipyretic properties (Anderson et
al., 2005).

Fig. 2. Chemical structure of diclofenac.

Diclofenac sodium is an analgesic and well tolerated
drug that is used to cure both chronic and acute painful
and inflammatory ailments (Todd and Sorkin, 1988;
Jafari, 2013). Kayali et al. (2007) also reported that a dose
of diclofenac sodium (150 mg/day) was applied as an
effective short-term treatment against acute ankle injuries

Fig. 3. Mechanism of action of diclofenac (https://www.
slideshare.net/lovnishthakur75/presentation-on-diclofenac).

Diclofenac is used by veterinarians for the treatment
of cattle facing pain during calving, lameness, mastitis,
and swelling (Van Dooren, 2010). This drug has also been
used to treat pain, menstrual pain, dysmenorrhea, ocular
diseases, osteoarthritis, rheumatoid arthritis, chronic
spondylitis, and actinic keratosis in humans as reported
in number of studies (Rishabha et al., 2010; Shirse, 2012;
Kołodziejska and Kołodziejczyk, 2018).

HARMFUL IMPACTS OF DICLOFENAC ON
VULTURES
A diminished number in population of three vulture’s
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species (G. tenuirostris, G. bengalensis, G. indicus) is
an important issue. This high drop off in the vulture
population was found due to exposure of these birds to
diclofenac (Green et al., 2004, 2006; Johnson et al., 2008;
Rattner et al., 2008; Naidoo et al., 2009; Naidoo and
Swan, 2009; Buechley and Sekercioglu, 2016; Galligan et
al., 2016). This drug was found extremely toxic to vulture
populations and mortality resulted within few days after
exposure (Rattner et al., 2008; Johnson et al., 2008; Naidoo
and Swan, 2009). According to one study, diclofenac was
experimentally administrated to vultures that resulted in
renal failure and visceral gout-like problems (Oaks et al.,
2004; Meteyer et al., 2005). Gilbert et al. (2002) reported
drastic changes in the population of vulture’s occurred
in 1990. Similarly, a dramatic decline of 95% was also
noticed within 10 years for all three species (Naidoo et al.,
2009). However, Johnson et al. (2006, 2008) reported 95%
decrease in the population of oriental white-rumped vulture
particularly due to diclofenac. Arshad et al. (2009) also
agreed and reported 95-100 % reduction in G. bengalensis,
and Gyps indicus population on the Indian subcontinent
due to severe effects of diclofenac. In the literature, a
number of studies reported that all the three species, G.
tenuirostris, G. bengalensis, and G. indicus have been
observed as critically endangered species (Prakash et al.,
2003; Oaks et al., 2004; Naidoo et al., 2009; Nambirajan
et al., 2018). Apart from the adverse effects of diclofenac,
the main reasons for the mortality and decline of the
vultures are the disturbance of food, nesting and breeding,
changes in feeding behavior, loss of habitat, cutting down
of mature trees and weather changes such as temperature
fluctuation and cyclones (Green et al., 2004; Paitala and
Duttac, 2015; Di Vittorio et al., 2018; Samson et al., 2018;
Yadav and Kanaujia, 2018). However, the use of diclofenac
in veterinary practices is one of the most important factors
for the decline of the vulture population (Green et al.,
2006; Oaks et al., 2004; Shultz et al., 2004; Johnson et
al., 2006, 2008; Taggart et al., 2007; Rattner et al., 2008;
Naidoo et al., 2009; Das et al., 2010; Paitala and Duttac,
2015; Nambirajan et al., 2018). Traces of diclofenac
and its derivative compounds have been detected in
cadavers of vultures found across India by Paitala and
Duttac (2015) and Das et al. (2010). This might be due to
improper disposal of carcasses and spread of diseases. The
literature studies justified the presence of diclofenac in
vultures as a result of biomagnifications, as these vultures
fed on carcasses of cattle that were treated with these
drugs before mortality (Rattner et al., 2008; Das et al.,
2010; Chaudhary et al., 2012; Paitala and Duttac, 2015).
The presence of diclofenac in cattle carcasses are a
source of contamination. Saini et al. (2006) collected 1251
liver samples of livestock carcasses and analyzed them by
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enzyme-linked immunosorbent assay (Elisa) and Liquid
Chromatography Electrospray Ionization Tandem Mass
Spectrometric (LC-ESI/MS) for the presence of diclofenac.
Results indicated that Elisa was more robust technique
than LC-ESI/MS and 60% of the samples were positive
for the presence of diclofenac in the liver of carcasses.
According to Oaks et al. (2004) the dose of diclofenac
that was provided to cattle’s before their death was a big
reason for the vulture’s decline. Moreover, a large number
of the dead vultures reported from India and Nepal were
fed upon carcasses of cattle treated with diclofenac. The
postmortem results of these vultures showed residues of
diclofenac resulting in kidney failure (Shultz et al., 2004).
Diclofenac was in use worldwide and its toxic effects
were experimentally identified on vulture populations in
different regions. An amount of 0.8 mg/kg body weight
was found very lethal for European (G. fulvus), and an
African (G. africanus) vulture species (Swan et al., 2006).
A study was performed to determine the toxicological
effects of diclofenac on the Cape Griffon vulture (G.
coprotheres), one of the most important South African
species. The study revealed that 0.8 mg/kg body weight
dose of diclofenac was fatal by all means, i.e, clinical
symptoms, gross pathology and histo-pathological
findings. The author and coworkers agreed with all other
literature studies that diclofenac is very toxic for all
Gyps species (Naidoo et al., 2009). Diclofenac was also
determined to be a noxious drug for all Gyps species
such as G. africanus, G. fulvus, G. coprotheres and G.
bengalensis (Das et al., 2010). Another study conducted
during 2005-2007 where tissue and blood plasma samples
were collected from different vulture species (oriental
white-rumped vulture (G. bengalensis), Egyptian vulture
(Neophron percnopterus), and two Griffon vultures (G.
fulvus) reported that 89% of the plasma samples had
residues of diclofenac. The highest levels were identified
in the liver and kidneys. However, the concentration of
this drug was lower than the toxic limits (0.8mg/kg body
weight) (Muralidharan and Dhananjayan, 2010). In the
literature, different parameters for the analysis of vulture
population have been monitored: size, breeding success,
death rate, and sex ratio of dead and newly hatched baby
vultures. Arshad et al. (2009) found that diclofenac was
directly affecting the mortality and sex ratio imbalance for
the population of G. bengalensis in Toawala.
There are very few studies performed about the decline
of vultures from Pakistan across the years (Table I, Fig. 4)
Chaudhary et al. (2012) reported a rise within 1-2 years
in vulture’s abundance (55%), nest occupancy (52%), and
nest productivity (95%) after the ban of diclofenac (2006).
However, there is still a gap for a comprehensive study and
for an up to date numbers.

R. Yasmeen et al.

426

Table I. Reported data about vulture species from different study areas of Pakistan.
Study area

Species of vulture

Decline in Decline in
population nests

No. of vul- Year
ture sp. (N)

Year of published data

Kasur, Khanewal, Layyah, Oriental white-backed 34-95%
and Muzaffargarh
vulture

-

-

2000-2003 Oaks et al. (2004)

Changa Manga

Oriental white-backed vulture

198 nests declined to zero

-

2000-2004 Gilbert et al. (2006)

Dholewala

Oriental white-backed vulture

421 nests declined to two

-

Toawala

Oriental white-backed vulture

445 nests declined to 203

-

Punjab Province

Oriental white-backed 11-61%
vulture

-

-

2001

Karunjhar Hills

Long-billed Vulture

73%

-

2003-2012 Chaudhary et al.

-

128

-

48

-

41

61 %

Pir Lasura National Park in Himalayan griffons
Azad Jammu and Kashmir White rumped vultures Egyptian vultures

-

Murn et al. (2008)

(2012)
2015-2016 Mahmood et al.
(2019)

Sp., Species; N, No. of individual.

Fig. 4. Pakistan map showing sites from where vulture’s data has been reported.

Diclofenac was banned in South Africa for the
treatment of livestock because of the potential exposure of
this drug on birds and especially on vulture’s food habitats
(Anderson et al., 2005; Swan et al., 2006). Different
studies were carried out to see the effects of diclofenac
with different avian fauna. Hussain et al. (2008) fed four

bird species (pigeons, Japanese quail, mynah, and broiler
chicks) with diclofenac at different dose rates (0, 0.25, 2.5,
10 and 20 mg/kg body weight). Very acute results such as
depression, drowsiness, loss of body weight and mortality
were recorded. Appearance of symptoms was directly
related to the dose of the drug. An enlargement of the liver
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and kidney was found in all birds, but results were more
severe in broiler chicks, followed by pigeons, Japanese
quail, and mynah. Similarly, another study was conducted
on turkey vultures (Cathartes aura) and diclofenac
(doses ranging from 0.08 to 25 mg/kg body weight)
was fed to birds. The estimated half-life of diclofenac
was found to be six hours. Moreover, no residue of the
drug was found in liver and kidney after necropsy. The
study showed the sensitivity of different bird species
with varying concentrations of diclofenac (Rattner et
al., 2008). However, very controversial results were
recorded in Japanese quail (Coturnix coturnix japonica)
after exposure to diclofenac and lead. Hepatotoxicity
along with nephrotoxicity were detected after diclofenac
intake (Osickova et al., 2014; Nambirajan et al., 2018).
Swan et al. (2006) also affirmed that vulture exposures to
diclofenac resulted in kidney damage, elevated levels of
uric acid, visceral gout, and death. In addition, in a study
quantifying the levels of diclofenac in Himalayan griffon
(G. himalayensis) and Indian white-backed vulture during
2011-2014, revealed that G. himalayensis had higher levels
(139.69 to 411.73 ng/g) of diclofenac than Indian whitebacked vultures (62.28 to 272.20 ng/g). Additionally, the
authors reported that fourteen out of twenty-nine whitebacked vultures and nine out of twelve G. himalayensis
had died due to diclofenac poisoning (Nambirajan et al.,
2018). Munjpara et al. (2018) also performed a study
in Gujrat, India and reported a decline of 68 % in four
Gyps species (red-headed vulture, white rumped vulture,
Egyptian vulture, and long billed vulture) during 20052016.
According to Acuna et al. (2015) there is a need to
focus on the harmful and negative impacts of diclofenac
and other products. Although pharmacologists made
diclofenac-like products for human and animal health
welfare, they were not concerned with these serious threats
that directly or indirectly are harming the non-targeted
organisms of freshwater and environment. However,
most of studies considered diclofenac as major reason for
the vulture’s decline however Paitala and Duttac (2015)
also reported that inadequate data is available to confirm
whether the diclofenac is the primary cause of vulture’s
mortality. As decline of vultures due to other contaminants
has also been not well studied. Moreover, there should be
need to do more research which may determine the actual
factors that are responsible for vulture mortalities.
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(Gilbert et al., 2007). For this reason, already since 2006
a complete ban on the use of diclofenac in livestock has
been recommended and the establishment of conservation
breeding centers are also suggesting to stop the extinction
of these three species of vultures (Anderson et al., 2005;
Muralidharan and Dhananjayan, 2010; Chaudhry et al.,
2012; Mirbahar et al., 2016). There are already lower
toxicity alternative drugs such as meloxicam, which
should immediately be used. The mechanism of action
of meloxicam is shown in Figure 5. The comparison of
pharmacokinetics and pharmacodynamics of both drugs
(diclofenac and meloxicam) showed that meloxicam is
better to use as compared to diclofenac (Ng et al., 2008;
Mahmood et al., 2010; Saran et al., 2016). Meloxicam
is also in use for veterinary practices in India. This
drug did not show any effect in the birds as no clinical
signs were seen with varying doses (Swan et al., 2006).
According to Chaudhry et al. (2012) and Nambirajan et
al. (2018) diclofenac was officially prohibited since 2006
in India, Nepal, and Pakistan. There is a need to educate
veterinarian, pharmacologists, stock raisers, and general
public about the harmful effects of diclofenac. Moreover,
conservationist agencies need to work for uplift of these
Gyps species and to launch various incentive programs for
the general public. Besides this, there is an urgent need to
plan captive facilities for the re-introduction of threatened
species again to their natural habitat (Green et al., 2004;
Baral and Gautam, 2007; Johnson et al., 2008). However,
regular monitoring and collection of data is required to
update the status of these species so that we can change a
plan if it is not working properly. As Safford et al. (2019)
had stated that conservationists are working well for the
stability and increase of the vulture populations in Europe
however, anthropogenic threats still exist.

CONTROLLING MEASURES TO STOP
DECLINE OF VULTURE SPECIES
Diclofenac is used extensively in Pakistan and
India and is the main reason for vulture’s extinction

Fig. 5. Mechanism of action of meloxicam (Hilario et al.,
2006).
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CONCLUSION
Vultures are scavenging birds and ecologically very
important species. Nature has provided them a sharp
vision and a unique stomach with extremely low pH and
both characteristics are well suited with their job as they
can clear cattle carcasses and are also able to eliminate
dreadful human pathogens. We concluded that diclofenac
was very toxic for vulture populations and one of the main
causative agents for their rapid decline. There is a need
to treat livestock diseases with alternate and less harmful
drugs such as meloxicam. There is also a need to educate
veterinarian, pharmacologists, stock raisers, and general
public about the harmful effects of diclofenac and some
other medicines (ketoprofen and aceclofenac) which are
also harmful for vultures. Moreover, conservationist
agencies should work for the uplift of these Gyps
species and to launch various incentive programs for the
awareness of general public. A decrease in habitat and
food due to urbanization is also a reason for the decline of
these species. So, captive facilities are required to enhance
the number of these critically endangered species for the
reintroduction of these environment friendly birds again to
their natural environment.
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