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Hammad et al.: Metabolism in Quails: An Ex situ pharmacokinetic study
The current experiment describes hematological restrictions such as blood cells, packed cell volume, and 
the percentage of mean corpuscles value. It also evaluates the influence of drugs on critical body organs 
such as the liver, kidney, and heart by analyzing serum biochemical data. Our main goal is to administer 
weight-dependent doses of anti-inflammatory pharmaceuticals to birds and study the effects of those 
medications. Five groups of roughly fifty common quails were acquired. Four of the five groups were 
labeled as experimental, while one was classified as the control group. Subsequently, the experimental 
groups were divided into four groups, with each group being assigned a trial of 5, 10, 15, or 20 d. 
Dose of non-steroid anti-inflammatory medications were administrated according to weight of bird. 
Administrative dose of Famotidine and Naproxen was 0.02 mg/g and 0.55 mg/g respectively, 2X a day. 
Clinical signs included hypersomnia, reduced food and drink intake, gout, dehydration, accumulation of 
nitrogen products in the body, and restlessness. There was also significant swelling in the foot. Watery 
eyes later on, accompanied by swollen eyes, fever, weight loss, and beak cutting in all birds that received 
the dose, but no similar signs in birds that were not treated. A certain percentage of birds treated 
with Naproxen died. Administration of Famotidine during summer trial showed significant increase in 
total white blood cell (p=0.003), uric acid (p=0.02), creatine kinase myocardial band level (p=0.014), 
mean corpuscular volume level (p=0.006) ASAT (p=0.007), aminotransferase (p=0.029), albumin 
(p=0.016). While during winter trial uric acid (p=0.000), aminotransferase (p=0.041), mean corpuscular 
volume (p=0.014), albumin level (p=0.006 ) uric acid (p=0.035) and while administration of naproxen 
showed cholesterol level (p=0.003), aminotransferase (p=0.008), mean corpuscular volume (p=0.003), 
total white blood count (p=0.008), creatine kinase myocardial band (p=0.014), albumin (p=0.011) and 
aminotransferase (p=0.001).While during winter mean corpuscular volume (p=0.004), white blood cell 
count, (p=0.016), cholesterol (p=0.011), albumin (p=0.007), total protein (p=0.000), total white blood cell 
count (p=0.002), albumin level (p=0.014) and aminotransferase (p=0.036).
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The close anatomical and physiological similarity of 
common quails to domestic chickens, combined with 
their small size, make them perfect models for poultry 
research[1]. The primary benefit of utilizing this 
species as a model animal for birds is its modest size. 
Males weigh 100-120 g at maturity, while females 
weigh 120-150 g[2]. Their high egg production rate 
(up to 300 per year) and short generation interval 
make them easy to manage in a lab setting. Due to 
their sensitivity to environmental changes, quails are 
housed in ideal conditions[3].

The majority of Non-Steroid Anti-Inflammatory 
Medications (NSAIDs) have analgesic[4], 
antipyretic[5], and anti-inflammatory properties[6]. 
To treat inflammation in the musculoskeletal system 
and other tissues, NSAIDs are frequently utilized 
in veterinary medicine[7], colitis[8], joint pain[9], 
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cramps[31]. Researchers at fox chase cancer centre 
found that naproxen and no-naproxen reduce tumour 
formation in a type of mice with mutations that 
naturally induce colon tumours. These findings 
are based on animal experiments using the NSAID 
naproxen. Additionally, the information suggests 
using naproxen portions as a first step to initiate 
tumour growth[32].
Famotidine is a medication that is ingested. It reduces 
the amount of acid in the stomach by blocking the 
cells involved in acid production[33]. This medication 
is used to treat stomach and intestinal sores and 
prevent recurrence of previously healed intestinal 
ulcers[34,35]. 
According to a study, some veterinary professionals 
have been recommending painkillers to their 
patients for a long time[36]. However, new research 
has improved our understanding of these patient’s 
suffering and made it a crucial component of medical 
animal husbandry care. Our prior knowledge about 
pain in affected individuals has been compromised 
by misconceptions about the fundamentals of pain 
and its consequences, issues with determining its 
severity, poor decisions regarding crucial medical 
treatments, and a fundamental lack of scientific 
information about rare animals[37]. To effectively 
induce pain in enigmatic veterinary patients. These 
articles discuss interferences that represent current 
understanding on the acknowledgement of pain in 
veterinary patients[38].
The effects of injecting various histamine subtypes 
that are hostile to one another on food consumption 
were investigated in an experiment[39]. In the initial 
study, the animals received injections of famotidine, 
thioperamide, and subsequently chlorpheniramine. 
However, following the administration of each shot 
the pre-treatment of birds with chlorpheniramine 
maleate resulted in a considerably lower amount of 
food consumption (p< or =0.05). However, no effect 
was observed with famotidine or thioperamide[40]. 
Researchers have found that naproxen and no-
naproxen are both useful treatments for colon and 
urinary bladder cancer, but not for the development 
of breast cancer in rats raised on methyl nitrosourea-
induced mammary cancer. Between 550 and 400 ppm, 
no-naproxen and naproxen exhibited non-significant 
inhibitions (12 % and 24 %), respectively[41].
In an experiment, it was proposed that Japanese 
quails are utilized to produce meat and eggs for 
both humans and experimental animals[40]. Our goal 

endotoxin shock[10], trauma, or surgical pain[11]. 
In circumstances of trauma or infection, these 
medications are advised for use in avian medicine[12], 
heat stress, rapid death syndrome, broiler 
ascites, growth, or egg production[13], locomotion 
disturbances, and pain related to beak trimming[14]. 
Quail NSAIDs are used as an extra label and their 
dosage is derived from other species because there 
isn’t an approved NSAID for quails[15].
It is already commonly recognized that NSAIDs 
poison scavenging birds[16], three Gyps vulture species 
experienced major population collapses on the Indian 
subcontinent (about 90 %-98 % in Pakistan, India, 
and Nepal). This was caused by renal failure and 
visceral gout that developed from devouring corpses 
polluted with diclofenac[17]. Among the medications 
that are most commonly found in marine surface 
waters are NSAIDs[18], including estuaries, lagoons 
and coastal areas[19]. NSAIDs, including naproxen, 
diclofenac, ibuprofen, and nimesulide, have also been 
found in fish and aquatic invertebrates on a regular 
basis, which may indicate that they have spread to 
ichthyophagous and invertivorous animals[20].
More than 99 % of the vultures in the Indian 
subcontinent have disappeared as a result of 
veterinary use of the NSAID diclofenac[21]. The Gyps 
vulture was widely distributed before this medication 
was used for veterinary purposes in Bangladesh, 
India, Pakistan, and Nepal. Birds were thought to 
pose a menace to aircraft in the 1980s due to their 
enormous numbers[22]. In addition to aspirin, NSAIDs 
increase the risk of stroke and cardiac damage[23]. 
There is proof that naproxen has less negative effects 
than famotidine[24]. NSAIDs have been linked to an 
aggressive impact on the kidneys[25] and prolonged 
use results in chronic disease. NSAIDs, or non-
steroidal anti-inflammatory medications, have shown 
great promise in preventing skin, bladder, and colon 
cancer[26] colon adenoma development both pre-
clinically and in clinical trials. Nevertheless, several 
NSAIDs increase the risk of cardiovascular events 
and induce gastrointestinal ulcers[27]. Other than 
aspirin, naproxen appears to be the most effective 
NSAID in reducing cardiovascular events[28,29].
Naproxen is utilized as a source of pain reliever for 
either head or muscle aches[30], teeth, joints, or as 
a result of menstruation[30]. It works by preventing 
our body from releasing certain natural chemicals 
that lead to inflammation. This medication is used 
to treat rheumatoid arthritis, tendonitis, kidney 
stones, migraines, osteoarthritis, gout, and menstrual 
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Twenty patients received naproxen, while twenty-
one received indomethacin injections. The course 
of treatment lasted for 1 mo. Both medications were 
successful in lessening shoulder pain, although 
movement was somewhat restricted because of 
muscular stiffness. Fourteen individuals from the 
naproxen group and sixteen unwell individuals 
from the indomethacin group reported headache and 
nausea as side effects[49].
The effectiveness of famotidine 20 mg, 40 mg, and 
zantac 150 mg was found in an experiment. This 
multimodal study included 224 patients diagnosed 
with duodenal ulcers by endoscopy from fifteen 
Italian organizations, and they were split into four 
treatment groups. For 8 w, the outcomes remained the 
same. However, famotidine treatment for patient’s 
pain later yielded a higher pain recovery rate than 
Zantac[50].

MATERIALS AND METHODS

Approximately fifty female common quail were 
procured from Pakistani Chowk, D. G. Khan, with 
weights ranging from 50 g to 70 g. Upon acquisition, 
they were transported to the animal housing 
facilities of the zoology laboratory. The birds were 
accommodated in designated cages within a well-
ventilated and hygienic room. A diet comprising 
millet and fresh water was provided twice daily, 
and meticulous cage maintenance, including daily 
sheet replacement, was upheld throughout the 
study period. The avian subjects were subjected to 
laboratory conditions for a duration of 21 d, with five 
experimental sets, each comprising ten birds. Among 
these sets, four were designated as experimental 
groups denoted as A, while one served as the 
control group designated as B. The administration 
of NSAIDs was tailored to the weight of the birds. 
Each experimental group was further subdivided into 
four subgroups based on the duration of treatment: 
Subgroups treated for 5 d; subgroups treated for 10 
d; subgroups treated for 15 d and subgroups treated 
for 20 d. The experiment was conducted twice, once 
during the summer (Trial A) and once during the 
winter (Trial B) seasons.
Dosage administration:

In this study, two NSAIDs were provided to birds based 
on their weight. 

Famotidine is given at a dose of 0.02 mg/g body weight 
and Naproxen is given at a dose of 0.55 mg/g of body 
weight. 

is to distinguish between male and female quills 
based on a variety of serum biochemistry markers. 
In order to verify biochemical parameters, 16 w old 
quails-125 mature males and 151 females-were kept 
under observation. A statistical analysis revealed a 
negative impact on both sexes’ livers. No significant 
changes were observed in the levels of creatinine or 
uric acid[42].
Experiments have shown that many medications 
have a negative impact on the heartbeat, which is 
followed by an irregular heart rate. These patients 
experience vertigo; in some cases, unconsciousness 
may even be deadly. A case study demonstrated that 
famotidine is an effective medication for managing 
this condition[43].
Mahdavi et al.[44] evaluated the effects of peptide 
consumption after consuming meals and liquids 
under more extreme circumstances. For a month, the 
chickens were split up into experimental groups. There 
were sixteen groups in all. Pepcid was injected into 
them in half a millilitre based on their body weight. 
Throughout the day, food and water were provided to 
the chicks every hour. These findings suggest that the 
histamine receptor H2 is ineffective when it comes to 
the feed and water that broiler chickens consume in 
the consumption of feed. However, famotidine had 
no discernible impact on feed consumption when in 
hunger mode.
Van Dingenen, et al.[45] considered the anti-
inflammatory advantages of Hydrogen Sulphide 
(H2S) injection to rats with synovitis, researchers 
examined the influence of the H2S-releasing 
naproxen derivative ATB-346 in this experimental 
framework, in addition to the gastrointestinal safety 
of H2S-releasing NSAIDs. When measured three and 
5 h after CGN (p<0.001), both naproxen and ATB-346 
decreased pain and edema scores. Severe stomach 
damage was only produced by Naproxen. When rats 
with CGN-induced synovitis are given the ATB-346 
structure, the H2S-releasing moiety does not diminish 
the anti-inflammatory properties of the parent 
drug[46]. The release of H2S was crucial in mitigating 
the adverse effects on the stomach, indicating that 
ATB-346 may be a viable therapeutic alternative to 
naproxen for the treatment of arthritis[47].
Downie and colleagues conducted studies on 41 
arthritis patients by administering indomethacin and 
naproxen[48]. Both medications were administered 
twice daily: Once in the morning (250 mg of 
naproxen) and once at night (50 mg of indomethacin). 



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences25 January-February 2025

Fig. 1: Morphological clinical signs, (a): Visible inflammation on bird foot that is not linked with bumble-foot disease; (b): Bird 
showing drowsiness and (c): Birds showing tumor on eyes

error of mean. The data were analysed using the 
statistical software package Statistical Package for the 
Social Sciences (SPSS) (version 23x86), and various 
parameters of blood and serum were compared between 
treated and untreated groups of birds using a two-sample 
t-test and one-way Analysis of Variance (ANOVA). The 
birds were maintained on trial for 5, 10, 15, and 20 d.

RESULTS AND DISCUSSION

Random medical issues were observed after using two 
anti-inflammatory medicines, famtotidine 20 mg and 
naproxen 550 mg. The birds treated with Famotidine 
demonstrated restlessness, significant swelling in their 
feet (fig. 1a), decreased food and water intake, and 
hypersomnia (fig. 1b). 

A bird developed an eye tumor (fig. 1c), whereas the 
untreated group did not exhibit any such symptoms. 
The birds treated with Naproxen exhibited tiredness, 
sadness, and fits at early doses. Birds also died at a rapid 
pace during the 5 d testing. On the 3rd d, two birds died, 
and on the fifth, another died. The death rate gradually 
decreased, and on the 18th d, two birds died.

Some common observations were found in Famotidine 
and Naproxen-treated birds, including an increase in 
temperature, weight loss, beak trimming (fig. 2a), and 
decreased food and water intake. Jaundice was evident 
due to liver enlargement and yellowish coloration (fig. 
2b). Swelling and colour change were also noted in one 
lobe of the stomach (fig. 2c).

Each bird was divided into subgroups, with one group 
given famotidine and the others naproxen. Both 
medicines were given orally twice daily. Every 5 d, one 
subgroup of each medicine was euthanised for analysis.

Collection of blood:

I took blood samples by killing birds and 
immediately collecting the blood in glass tubes 
using Ethylenediaminetetraacetic Acid (EDTA), an 
anticoagulant agent. Blood divided into two test tubes. 

For investigation of hematological variables, to research 
avian serology and calculation of Hematological 
variables.

In our investigation, hemolodical measures such as 
packed cell volume, leukocyte measurement, total 
leukocyte count, and corpuscular value were monitored 
to determine the effects of the NSAIDs utilized.

Identifying the serological characteristics:

Using sterile Eppendorf tubes, we centrifuged the 
mixture at 13 000 revolutions per minute for around 60 
s in order to separate the blood cells from the serum. 
To be processed further, the extracted serum was 
divided into tubes with labels. In serology, cholesterol, 
Aminotransferase (AST), Alanine Aminotransferase 
(ALT), total proteins, albumin, creatinine, creatinine 
kinase, urea, and uric acid levels are measured.

Statistical analysis:

All data is presented in the form of mean and standard 
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demonstrated a significant decrease in MCV (p=0.059), 
while ALAT exhibited a substantial increase (p=0.001). 
The 15 d study showed significant increases in WBC 
count (p=0.001) and total protein (p=0.000). In the 20 
d study, only WBC count exhibited a significant rise 
(p=0.002), whereas albumin (p=0.014) and ALAT 
(p=0.036) remained statistically elevated. Additionally, 
CKMB and ASAT levels were significantly higher than 
normal. Regarding hematological markers, WBC count 
remained elevated beyond the 20th d.

NSAIDs such as Famotidine and Naproxen are 
administered to animals and birds to regulate body 
temperature, reduce inflammation, alleviate pain, 
and prevent blood clotting. Birds receiving weight-
dependent doses of NSAIDs displayed health issues 
such as hypersomnia, restlessness, and significant foot 
swelling. Symptoms progressed to fever, puffy eyes, 
and weight reduction, followed by watery eyes. The 
experiment was conducted in both summer and winter, 
revealing similar health concerns across seasons. 
However, the irritation and watery eyes were more 
pronounced in the summer-treated birds.

The findings from hematological and serological 
analyses highlight significant variations due to 
Famotidine treatment, indicating potential physiological 
impacts that warrant further investigation.

Table 3 explain the blood cell variables. The serological 
parameters are explained in Table 4.

The results of hematological analysis are presented in 
Table 1. Serological parameters are explained in Table 
2.

During the 5 d summer trial, hematological parameters 
did not show a significant increase in the Famotidine-
treated groups. However, among serological markers, 
cholesterol and ALAT levels exhibited notable increases 
(p=0.003 and p=0.008, respectively), which are smaller 
than the threshold of significance (p=0.05). In the 10 
d trial, the Famotidine-treated quails had significantly 
higher Mean Corpuscular Volume (MCV) and White 
Blood Cell (WBC) counts (p=0.001 and p=0.029, 
respectively). Among serological parameters, Creatine 
Kinase Myocardial Band (CKMB) showed a significant 
increase (p=0.014). During the 15 d trial, the MCV and 
WBC count remained elevated (p=0.006 and p=0.079, 
respectively). Serological markers CKMB and ASAT 
were significantly higher than normal, with a p-value 
below 0.05. By the 20th d, among hematological 
indicators, WBC count was significantly increased 
(p=0.000). In serological parameters, albumin and 
ALAT levels were statistically significant at p=0.011 
and p=0.022, respectively.

In the 5 d winter trial, the Famotidine-treated groups 
exhibited a significant increase in MCV and WBC 
count (p=0.059 and p=0.000, respectively). Among 
serological markers, cholesterol (p=0.011), albumin 
(p=0.007), and uric acid (p=0.03) were significantly 
higher. In the 10 d trial, quails treated with Famotidine 

Fig. 2: Symptoms and anatomical signs, (a): Bird showing watery eyes and beak trimming; (b): Bird liver showing darkening of 
colour and (c): Birds stomach showing swelling and change of colour
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Trial Parameters Untreated group 
(summer)

Famotidine 
(summer)

p Value 
(summer)

Untreated group 
(winter)

Famotidine 
(winter)

p value 
(winter)

5 d PCV % 37.1±3.05 43.9±7.0 0.51 38.80±1.35 43.85±5.48 0.41

5 d MCV (fb) 131.2±2.30 134.6±2.19 0.32 131.8±1.60 134.25±1.36 0.28

5 d TRBC count 2.78±0.000 2.68±0.21 0.73 2.94±0.08 3.47±0.38 0.30

5 d TWBC count 183000±2000 380983±110112 0.258 183000±1154 419000±91330 0.081

10 d PCV % 38.166±2.033 37.53±0.881 0.789 41.06±4.50 39.24±1.67 0.715

10 d MCV (fb) 130.96±1.348 145.20±0.585 0.001 133.32±1.54 147.74±6.35 0.059

10 d TRBC count 2.746±0.033 3.22±0.373 0.269 3.022±0.263 3.088±0.081 0.817

10 d TWBC count 175600±7489 447833±80947 0.029 254120±78889 474240±74035 0.076

15 d PCV % 38.80 ± 1.35 38.13±2.65 0.834 38.68±0.75 36.58±3.27 0.550

15 d MCV (fb) 131.93±1.97 148.73±2.49 0.006 130.30±1.47 151.90±6.73 0.014

15 d TRBC count 2.94±0.080 3.07±0.096 0.350 2.80±0.155 3.00±0.17 0.427

15 d TWBC count 268000±9539 770300±85692 0.079 294800±22341 453920±18482 0.001

20 d PCV % 48.30±12.56 33.43±3.67 0.320 46.07±9.15 42.05±0.705 0.677

20 d MCV (fb) 146.56±3.09 151.46±3.38 0.345 143.40±3.84 133.92±3.69 0.126

20 d TRBC count 3.09±0.761 2.77±0.39 0.728 3.05±0.53 3.317±0.004 0.647

20 d TWBC count 183000±1154 458166±7218 0.000 183000±1154 530633±25845 0.000

Note: Mean±Standard Deviation Error (SEM), with p values indicating statistical significance

TABLE 1: HEMATOLOGICAL PARAMETERS OF FAMOTIDINE-TREATED AND UNTREATED QUAILS 
OVER 5, 10, 15, AND 20 D IN SUMMER AND WINTER TRIALS

Trial Parameters Untreated 
group (summer)

Famotidine 
(summer)

p value 
(summer)

Untreated 
group (winter)

Famotidine 
(Winter)

p value 
(winter)

5 d Creatinine (mg/dl) 0.3±0.10 0.267±0.067 0.79 0.33±0.066 0.37±0.02 0.51

5 d Cholesterol (mg/dl) 195.00±2.30 194.33±22.83 0.98 191.66±4.05 197.50±17.30 0.78

5 d CKMB (U/L) 2670±140.0 2695.6±191.9 0.1 1441.5±832.2 409.1±204.5 0.22

5 d Total Protein (g/dl) 3.85±0.05 3.33±0.20 0.91 3.10±0.05 4.33±0.54 0.13

5 d Albumin (g/dl) 2.0±0.2 1.59±0.49 0.32 1.93±0.13 1.91±0.54 0.93

10 d Creatinine (mg/dl) 0.266±0.066 0.366±0.033 0.251 0.340±0.400 0.28±0.0374 0.305

10 d Cholesterol (mg/dl) 205.33±10.58 192.00±3.605 0.299 201.80±7.059 184.80±4.140 0.71

10 d CKMB (U/L) 2733.33±96.83 2625.33±329.94 0.786 2884.0±125.76 2274.00±313.86 0.109

15 d Creatinine (mg/dl) 0.33±0.033 0.366±0.033 0.347 0.320±0.037 0.400±0.000 0.065

15 d Cholesterol (mg/dl) 174.00±1.154 151.66±16.91 0.258 175.60±1.208 137.80±6.135 0.000

15 d CKMB (U/L) 3783.00±76.79 2601.33±44.66 0.000 3715±64.12 2631.60±502.53 0.065

20 d Creatinine (mg/dl) 0.366±0.066 0.333±0.033 0.678 0.375±0.047 0.300±0.040 0.278

20 d Cholesterol (mg/dl) 160.00±3.51 165.00±2.51 0.312 147.50±12.74 167.07±0.942 0.176

20 d CKMB (U/L) 2883.33±228.13 2598±49.81 0.289 3013.75±207.43 2637.75±19.81 0.121

Note: Mean±SEM, with p values indicating statistical significance

TABLE 2: SEROLOGICAL PARAMETERS OF FAMOTIDINE-TREATED AND UNTREATED QUAILS OVER 
5, 10, 15, AND 20 D IN SUMMER AND WINTER TRIALS
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Trial Parameters Untreated 
group (summer)

Naproxen 
(summer)

P-value 
(summer)

Untreated 
group (winter)

Naproxen 
(winter)

p value 
(winter)

5 d PCV % 37.1±3.05 43.9 ± 7.0 0.24 38.80±1.35 35.16±0.54 0.06

5 d MCV (fl) 131.2±2.30 134.6±2.19 0.12 131.8±1.60 142.10±0.66 0.004

5 d TRBC count 2.78±0.000 2.68±0.21 0.337 2.94±0.08 2.81±0.081 0.34

5 d TWBC count 183000±2000 380983±110112 0.461 183000±1154 18966±1201 0.016

10 d PCV % 38.166±2.033 34.46±1.008 0.178 41.06±4.50 34.44±3.06 0.259

10 d MCV (fl) 130.96±1.348 142.13±1.066 0.003 133.32±1.54 146.92±2.62 0.002

10 d TRBC count 2.746±0.033 2.950±0.143 0.24 3.022±0.263 2.682±0.222 0.352

10 d TWBC count 175600±7489 414266±64688 0.021 254120±78889 452360±43649 0.059

15 d PCV % 38.80±1.35 32.30±5.21 0.328 38.68±0.75 38.24±4.11 0.919

15 d MCV (fl) 131.93±1.97 144.10±4.21 0.059 130.30±1.47 146.78±6.49 0.038

15 d TRBC count 2.94±0.080 2.740±0.115 0.229 2.80±0.155 3.02±0.23 0.463

15 d TWBC count 268000±9539 558933±256653 0.000 294800±22341 44080±19669 0.001

20 d PCV % 48.30±12.56 42.33±4.09 0.675 46.07±9.15 53.12±0.704 0.472

20 d MCV (fl) 146.56±3.09 152.50±11.81 0.653 143.40±3.84 152.6±1.139 0.061

20 d TRBC count 3.09±0.761 2.88±0.247 0.800 3.05±0.53 4.23±0.221 0.089

20 d TWBC count 183000±1154 51735±1350 0.000 530633±25845 478233±39359 0.002

Note: Mean±SEM, with p values indicating statistical significance

TABLE 3: HEMATOLOGICAL PARAMETERS OF NAPROXEN-TREATED AND UNTREATED QUAILS 
OVER 5, 10, 15, AND 20 D IN SUMMER AND WINTER TRIALS DATA

Trial Parameters Untreated 
group (summer)

Naproxen 
(summer)

p value 
(summer)

Untreated 
group (winter)

Naproxen 
(winter)

p value 
(winter)

5 d Creatinine (mg/dl) 0.3±0.10 0.367±0.33 0.495 0.33±0.066 0.33±0.33 1

5 d Cholesterol (mg/dl) 195.00±2.309 174.33±2.027 0.003 191.66±4.05 172.66±1.20 0.011

5 d CKMB (U/L) 2670±140.0 2579.0±35.6 0.412 1441.5±832.2 180.7±104.3 0.34

5 d Total Protein (g/dl) 3.85±0.05 3.50±0.26 0.21 3.10±0.05 3.10±0.05 1

10 d Creatinine (mg/dl) 0.266±0.066 0.333±0.0333 0.422 0.3400±0.400 0.3200±0.0374 0.724

10 d Cholesterol (mg/dl) 205.33±10.58 198.00±9.867 0.639 201.80±7.059 196.40±5.065 0.552

10 d CKMB (U/L) 2733.33±96.83 2210.32±75.09 0.014 2884.0±125.76 2455.40±197.46 0.105

15 d Creatinine (mg/dl) 0.33±0.033 0.300±0.057 0.374 0.320±0.037 0.320±0.0200 0.1

15 d Cholesterol (mg/dl) 174.00±1.154 183.33±19.22 0.653 175.60±1.208 173.8±13.05 0.89

15 d CKMB (U/L) 3783.00±76.79 2031.33±262.66 0.003 3715±64.12 2200.60±199.21 0.000

20 d Creatinine (mg/dl) 0.366±0.066 0.533±0.033 0.089 0.375±0.047 0.425±0.075 0.595

20 d Cholesterol (mg/dl) 160.00±3.51 160.66±3.43 0.899 147.50±12.74 156.50±1.190 0.508

20 d CKMB (U/L) 2883.33±228.13 2472.00±24.87 0.148 3013.75±207.43 2527.00±11.82 0.058

Note: Mean±SEM, with p values indicating statistical significance

TABLE 4: SEROLOGICAL PARAMETERS OF NAPROXEN-TREATED AND UNTREATED QUAILS OVER 5, 
10, 15, AND 20 D IN SUMMER AND WINTER TRIALS
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with albumin (p=0.014) and ALAT (p=0.036) levels 
also elevated. Additionally, CKMB and ASAT levels 
were significantly raised, indicating potential hepatic 
stress (fig. 4).

Overall, Naproxen administration resulted in 
hematological and biochemical alterations, with more 
pronounced effects on WBC proliferation and liver 
enzyme activity.

Serological analysis (Table 4) indicated that Naproxen 
administration resulted in significant alterations in 
biochemical markers, particularly CKMB, ALAT, and 
albumin. CKMB levels were significantly higher on day 
10 (p=0.014) and d 15 (p=0.003) in the summer trial, 
whereas in the winter trial, CKMB remained elevated at 
d 15 (p=0.000). The increase in CKMB levels suggests 
possible myocardial stress or tissue damage. Similarly, 
ALAT levels showed a significant increase (p=0.000) 
in the summer trial, while albumin and ASAT levels 
were elevated beyond normal limits in the 20 d trials, 
indicating potential hepatic dysfunction (fig. 5 and fig. 
6).

Table 5 and Table 6 present the biochemical parameters 
of Naproxen and Famotidine-treated groups during 
summer and winter trials. Naproxen administration 
led to a significant decrease in cholesterol levels in 
both seasons (p=0.003 in summer, p=0.011 in winter), 
which may indicate altered lipid metabolism or liver 
function impairment. Additionally, uric acid levels 
exhibited a substantial reduction (p=0.03) in the 
summer trial, whereas in the winter trial, albumin levels 
were significantly lower (p=0.01), suggesting possible 
protein synthesis disturbances.

Over the 5 d period, no statistically significant changes 
were observed in hematological parameters following 
Naproxen administration. However, serological 
markers exhibited notable alterations, with cholesterol 
and ALAT levels significantly increasing (p=0.003 and 
p=0.008, respectively). By the 10th d, treated quails 
displayed a significant increase in MCV (p=0.003) and 
Total WBC (TWBC) count (p=0.021). Furthermore, 
creatine kinase MB (CKMB) levels showed a significant 
rise (p=0.014).

During the 15 d trial, both MCV (p=0.059) and TWBC 
count (p=0.000) were elevated, with serological markers 
CKMB and Aspartate Aminotransferase (ASAT) 
significantly increased. At the 20 d mark, TWBC count 
remained significantly higher than in the control group, 
while albumin and ALAT levels were also statistically 
elevated (p=0.011 and p=0.022, respectively). These 
findings suggest a progressive impact of Naproxen 
on hematological and serological parameters over 
prolonged exposure (fig. 3).

In the 5 d winter experiment, a significant increase 
was observed in MCV (p=0.004) and TWBC count 
(p=0.016). Cholesterol (p=0.011), albumin (p=0.007), 
and uric acid levels were significantly elevated among 
the serological markers. By the 10th d, MCV significantly 
decreased (p<0.05), while ALAT exhibited a marked 
increase (p=0.001).

During the 15 d period, the average number of Red Blood 
Cells (RBCs) was significantly affected (p=0.038), 
while TWBC count remained significantly higher 
(p=0.001). A highly significant rise in total protein 
(p=0.000) was also noted in serology. By the 20th d, 
TWBC count showed a continued increase (p=0.002), 

Fig. 3: Effect of famotidine on different hematological and serological parameters during summer experiment
Note: (  ): 5 trial; (  ): 10 d trial; (  ): 15 d trial and (  ): 20 d trial
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Fig. 4: Effect of famotidine on different hematological and serological parameters during winter experiments
Note: (  ): 5 trial; (  ): 10 d trial; (  ): 15 d trial and (  ): 20 d trial

Fig. 5: Effect of Naproxen on different hematological and serological parameters during summer experiment
Note: (  ): 5 trial; (  ): 10 d trial; (  ): 15 d trial and (  ): 20 d trial

Fig. 6: Effect of Naproxen on different hematological and serological parameters during winter experiment
Note: (  ): 5 trial; (  ): 10 d trial; (  ): 15 d trial and (  ): 20 d trial
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Parameters Untreated group Famotidine Naproxen p value Range

Creatinine (mg/dl) 0.3±0.10 0.267±0.067 0.367±0.33 0.53 (0.020-1.5706)

Cholesterol (mg/dl) 195.00±2.309 194.33±2.83 174.33±2.027 0.58 (96.08-292.5)

CKMB (U/L) 2670±140.0 2695.6±191.9 2579.0±35.6 0.82 (891.1-4448.8)

Total Protein (g/dl) 3.85±0.05 3.33±0.20 3.50±0.26 0.29 (2.46-4.48)

Albumin (g/dl) 2.0±0.2 1.59±0.49 1.59±0.04 0.05 (0.54-4.54)

ASAT (U/L) 13.5±1.50 9.3±1.45 11.6±1.86 0.32 (3.08-32.5)

ALAT (U/L) 11.0±1.00 8.00±0.57 1.52±0.88 0.000 (1.70-23.7)

Urea (mg/dl) 55.5±0.50 59.3±3.38 59.66±4.05 0.72 (42.2-77.1)

Uric Acid (mg/dl) 19.8±0.70 13.8±0.95 15.1±1.17 0.03 (9.7-28.6)

Note: Data are presented as Mean±SEM, with p values indicating the statistical significance of the comparisons

TABLE 5: BLOOD BIOCHEMICAL VARIABLES OF FAMOTIDINE AND NAPROXEN-TREATED AND 
UNTREATED GROUPS IN SUMMER TRIALS

Parameters Untreated group Famotidine Naproxen p value Range

Creatinine (mg/dl) 0.33±0.066 0.37±0.02 0.33±0.33 0.712 (0.045-0.62)

Cholesterol (mg/dl) 191.66±4.05 197.50±17.30 172.66±1.20 0.395 (142.6-252.8)

CKMB (U/L) 1441.5±832.2 409.1±204.5 180.7±104.3 0.323 (1739.2-500.2)

Total Protein (g/dl) 3.10±0.05 4.33±0.54 3.10±0.05 0.081 (2.59-6.07)

Albumin (g/dl) 1.93±0.13 1.91±0.54 1.23±0.03 0.01 (1.03-2.50)

ASAT (U/L) 13.3±0.88 12.25±1.54 3.51±2.02 0.513 (1.94-19.39)

ALAT (U/L) 11.3±0.66 13.2±2.65 10.6±0.66 0.624 (4.79-21.7)

Urea (mg/dl) 56.33±0.88 57.25±3.17 56.66±1.45 0.913 (47.15-67.34)

Uric Acid (mg/dl) 17.90±1.94 20.22±2.25 8.70±0.32 0.712 (7.31-27.41)

Note: Data are presented as Mean±SEM, with p values indicating the statistical significance of the comparisons

TABLE 6: BLOOD BIOCHEMICAL VARIABLES OF FAMOTIDINE AND NAPROXEN-TREATED AND 
UNTREATED GROUPS IN WINTER TRIALS

inflammatory processes induced by Naproxen. The 
significant rise in ALAT and CKMB levels indicates 
potential hepatic and myocardial stress, raising concerns 
about long-term administration of Naproxen in quails. 
Seasonal variations also played a role, as winter-treated 
birds exhibited greater disturbances in albumin and 
uric acid levels, while summer-treated birds showed 
more pronounced fluctuations in cholesterol and liver 
enzymes.

The study provides evidence that Naproxen and 
Famotidine administration influence key hematological 
and biochemical markers in quails. Naproxen treatment 
notably affected WBC count, MCV, CKMB, and 
ALAT levels, indicating inflammatory and hepatic 
stress. Famotidine showed moderate effects, primarily 

Famotidine-treated birds displayed a notable decline 
in albumin levels (p=0.05) in the summer trial and a 
significant decrease in uric acid levels (p=0.03), which 
may be indicative of renal stress. Additionally, CKMB 
levels showed a downward trend, though statistical 
significance was not reached (p=0.323), suggesting 
a lesser impact on cardiac biomarkers compared 
to Naproxen. A noteworthy observation was the 
significant increase in total protein levels in the winter 
trial (p=0.081), which may reflect alterations in protein 
metabolism or immune response.

The variations in hematological and serological 
parameters highlight the physiological impact of 
NSAID administration. The elevated WBC count 
suggests an immune response, potentially due to 
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influencing albumin and uric acid levels. These findings 
suggest that prolonged NSAID usage may pose health 
risks, particularly with seasonal variations affecting 
physiological responses. Future research should focus 
on optimizing NSAID dosage and evaluating long-term 
consequences in Avian species.
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