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Caffeine Induces Changes in Hematological, Biochemical, and Cardiovascular Parameters in Quail
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Domestic chicken are used as an attractive animal model for 
studies of a variety of diseases such as ovary cancer, pulmonary 
hypertension and diabetes, and for nutritional studies as appropri-
ate omnivorous model [1]. More recently, quails attract attention 
as an alternative avian animal model because of the lower mainte-
nance cost associated with its small body size (80-300 g) and with 
the short generation interval among birds [2]. 

Both the public and the scientific community have expressed 
concern about the potential for caffeine to produce adverse effects 
on human health, although most data were solely based on obser-
vational studies [7]. It is judged that in the absence of more robust 
data associated with low levels of administered caffeine, an upper 
intake of 2.5 mg kg-1 BW day-1 is an amount on which to base risk 
assessments of caffeine consumption in children. Moreover, doses 
of 5 to 8 mg/kg in adults, caused mild anxiety, respiratory stimula-
tion, cardiovascular effects, excessive urinary output and increased 
gastric secretion [8].

Caffeine is one of the most widely consumed pharmacological substances in the world, found in food and drinks. The effects of 
caffeine on human health and cardiovascular disease have been the focus of much debate, and much research has been performed in 
various animal models, including some in chicken. Previously, we reported caffeine to cause blood biochemistry changes and heart 
failure in young chickens (Gallus gallus). Recently, quails are increasingly used as a more economical and convenient bird model. 
Here, a trial was conducted to assess the suitability of adult quail as an avian model for caffeine research. Fifty six, 20-week-old 
laying Japanese quails (Coturnix coturnix japonica) were randomly divided into two groups (28 birds each with 7 replicates): one 
with no added caffeine, and one which was placed on a 15 mg/kg body weight/day caffeine in drinking water. On d 21, 14 birds per 
group were sacrificed and analysed for physiological and hematological parameters. Results showed that body weight, liver, heart 
and spleen relative weight were not affected by caffeine (P > 0.05), whereas a significant right ventricular hypertrophy was found 
(P < 0.01). Plasma alanine aminotransferase and aspartate aminotransferase activity were highly decreased in caffeine group (P < 
0.001), pointing at a hepatoprotective effect. Hematocrit, plasma hemoglobin, total protein, albumin, globulin, glucose, triglyceride, 
cholesterol and low density lipoprotein (LDL) were significantly higher in caffeine group (P < 0.001). The hepatoprotective effect and 
the striking elevation of cholesterol and LDL by caffeine are consistent with those reported in humans, demonstrating the suitability 
of adult quail as an animal model for caffeine research. 

Caffeine (1,3,7-trimethylxanthine) is a natural purine alkaloid 
found in coffee beans, tea leaves, cocoa beans, cola nuts and other 
plants. It is probably the most frequently ingested pharmacologi-
cally active substance in worldwide [3,4]. It has been well docu-
mented that caffeine has effects on the central nervous system and 
on hormonal, metabolic, muscular, cardiovascular, pulmonary, and 
renal functions [5]. Caffeine is completely metabolized to 1-meth-
ylxanthine and 1-methyluric acid from the paraxanthine interme-

diate. The primary site of caffeine metabolism is the liver, where 
the cytochrome P450 isoform CYP1A2 accounts for almost 95% of 
the primary metabolism [6].

There have been no investigations of the effects of caffeine in 
avian, apart from our previous studies showing that 12.5-100 mg/
kg/BW dosage of caffeine can induce heart failure [9] and blood 
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A t-test using the general linear model procedure of SAS soft-
ware (SAS, 2004) was used to estimate significant differences (P < 
0.05). All data are presented as mean ± SE.

Sample collection

Statistical analysis

Hematological and biochemistry analysis

A portion of the blood sample was stored at 4°C pending he-
matocrit (HCT) and hemoglobin analysis, while the remainder was 
centrifuged and the plasma stored at -20°C for later analysis. He-
matocrit percentage was determined in whole blood samples by 
centrifugation of microhematocrit capillary tubes at 15,500 × g for 
5 min. Hemoglobin (Hb) concentration was determined according 
to the cyanmethemoglobin method using a commercial kit (Pars 
Azmun, Tehran, Iran) [10]. Plasma was prepared by centrifugation 
(1000 × g for 20 min) and stored at -20°C for analysis. Concen-
trations of total protein (TP), albumin (ALB), glucose, triglyceride 
(TG), cholesterol (CHL) and high density lipoprotein (HDL) were 
determined in plasma samples. Low density lipoprotein (LDL) was 
calculated by subtracting CHL from HDL. The analyses of the plas-
ma samples were performed by spectrophotometric methods us-
ing commercially available kits (Pars Azmun, Tehran, Iran). Plasma 
creatinin, alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), lactate dehydrogenase (LDH) and gammaglutamyl 

transferase (GGT) activities were measured using commercial di-
agnostic kits (Pars Azmoon, Tehran, Iran).

Fifty six, 20-week-old laying Japanese quails (Coturnix coturnix 
japonica) (mean body weight = 245 ± 5) were randomly divided 
into two groups (28 birds each with 7 replicates): a placebo (con-
trol), which remained on a normal diet (no added caffeine), and 
a caffeine group, which was placed on a 15 mg/kg body weight/
day caffeine-added into water (which approximately is equivalent 
to 10 cups of coffee per day for 70 kg person). All procedures were 
approved by the Tarbiat Modares University Animal Care and Use 
Committee. The quails were obtained from a closed stock colony 
maintained at poultry farm of Tarbiat Modares University. Birds 
were kept in cages (4 birds in each) under constant conditions of 
illumination (16hr light: 8hr darkness) and temperature (25 ± 2 
°C) and provided with food and water ad libitum for 3 weeks. Egg 
production was recorded weekly for each group.

Organ weight and blood parameters

Plasma Biochemistry and enzyme activity

Effect of caffeine on liver enzymes of AST, ALT, GGT, LDH and 
creatinine in quail plasma are shown in Table 3. Even though creati-
nine, LDH and GGT level was not affected by caffeine (P > 0.05) but 
AST and ALT were remarkably decreased by caffeine supplementa-
tion (P < 0.01). 

As shown in Table 4, the levels of quail plasma total protein, 
albumin, globulin, glucose, TG, cholesterol, HDL and LDL were re-
markably higher in caffeine group vs placebo (P < 0.001).

parameters changes in young chicks [10]. In this paper we tried 
to establish whether or not quail could be a substitute for chicken 
and mammals in the research on the nutritional effects of caffeine. 

Animals and housing
Materials and Methods

On d 21 of experiment whole blood sample samples were col-
lected by heart puncture from 2 birds per replicated cage (14 birds 
per group). Then, birds were killed and internal organs weighed. 
The hearts were weighed, and the atria, pericardium, major vessels 
and fat were trimmed off. The right ventricle (RV) and left ventricle 
(LV; including the ventricular septum) were separated, their indi-
vidual weights were measured on an analytical balance; total ven-
tricular (TV) weight measured and the RV/TV and RV/LV+ septum 
ratios were calculated as an index of RVH [11].

Results

No differences in egg production was observed between treat-
ments (data not shown). Body weight and organs relative weight 
are shown in Table 1. Body weight, liver, heart and spleen relative 
weight were not affected by caffeine (P > 0.05). The RV/TV and RV/
LV ratio was significantly increased in the caffeine group (P<0.01). 
Hematocrit and hemoglobin also significantly increased in the caf-
feine group (P < 0.01) (Table 2). 

Group Body 
weight (g) Liver (%) Spleen (%) Heart (%)

Placebo 
(n=14)

246.6 ± 8.2 3.11 ± 0.16 0.073 ± 0.005 0.65 ± 0.03

Caffeine 
(n=14)

245.7 ± 6.4 4.08 ± 0.48 0.087 ± 0.013 0.72 ± 0.02

P-value 0.92 0.07 0.36 0.09

Table 1: Body weight, relative weight of heart, liver and 
 spleen of quails at the end of the experiment (Mean ± SE).

Group HCT (%) Hb (g/dL) RV/TV RV/LV
Placebo 
(n=14)

25.48b ± 0.99 6.52b ± 0.15 0.192b ± 
0.004

0.23b ± 
0.006

Caffeine 
(n=14)

32.96a ± 1.06 7.55a ± 0.22 0.212a ± 
0.004

0.27a ± 
0.009

P-value 0.0001 0.0008 0.003 0.0059

Table 2. Hematocrit (HCT), hemoglobin (Hb), right ventricular  
to total ventricular ratio (RV/TV) and right ventricular to left  

ventricular + septum ratio (RV/LV) in quail (Mean + SE).

a,b Values within a row with different superscripts differ 
 significantly at P<0.05.
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Caffeine may cause hypoxia in birds by increasing basal meta-
bolic oxygen requirements [9], and the corresponding increases 
in hematocrit and cardiac output may result in increased pulmo-
nary arterial pressure and cause both a volume and a pressure 
overload on the right ventricle [11]. Alternatively, the increase in 
HCT and Hb may result from caffeine induced diuresis [7,13] and 
resulting hemoconcentration. If the latter was the case, one could 
expect similar increases in total protein, albumin and other blood 
chemistry parameters (Table 4), which was indeed found. With the 
other parameters, such as creatinine, and liver enzymes (Table 3), 
the situation is less clear. Reports in the literature differ about the 
value of the latter as indicators of hemoconcentration, but at least 
one study showed that AST levels indeed did not change upon he-
moconcentration [14].

Discussion
Group ALT 

(IU/L)
AST 

(IU/L)
GGT 

(IU/L)
LDH 

(U/L)
Creatinine 

(IU/L)
Placebo 
(n=14)

14.85a 
± 1.2

5.25a ± 
1.1

13.6 
±2.7

249 ± 
33

0.41 ± 0.08

Caffeine 
(n=14)

1.73b ± 
0.2

2.45b ± 
1.1

12.4 ± 
1.3

188 ± 
43

0.40 ± 0.10

P-value 0.0001 0.028 0.69 0.28 0.91

Table 3: Plasma liver enzymes of alanine-amino transferase 
(ALT), aspartate-amino transferase (AST), gammaglutamyl trans-

ferase (GGT), lactate dehydrogenase (LDH) and creatinine 
 in quail (Mean + SE).

a,b Values within a row with different superscripts differ  
significantly at P<0.05.

Group TP ALB GLB TG TC HDL LDL Glucose UA
Placebo (n=14) 4.40b ± 0.08 2.49b ± 0.03 1.90b ± 0.07 440b ± 10 179b ± 5 98b ± 1.0 80b ± 5 211b ± 8 4.5b ± 0.04
Caffeine (n=14) 5.58a ± 0.12 2.86a ± 0.04 2.72a ± 0.14 512a ± 7 255a ± 6 107a ± 0.9 147a ± 6 249a ± 4 5.3a ± 0.1
P-value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0002 0.0001 0.0006 0.002

The present study was performed to establish the suitability of 
quails as a more convenient avian substitute for chicken as a mod-
el for caffeine research. To our knowledge, this is the first report 
of the effects of caffeine on adult quails. Our previous studies in 
chicken showed that using doses above 10 mg/kg BW caffeine has 
significant effects on performance and physiological parameters 
[9,10], and in the current study 15 mg/kg BW was tested. The ef-
fects observed on blood parameters in quail were different from 
those in broilers. The reason maybe that broilers are juveniles high-
ly selected for high growth rates and therefore not representative 
for normal adults [10]. However, the results obtained here in adult 
quails were similar concerning the right ventricular hypertrophy 

Table 4: Blood biochemistry parameters at day 21 of the experiment (TP= Total protein (g/dL), ALB= Albumin (mg/dL),  
GLB= Globulin (mg/dL), TG= Triglyceride (mg/dL), TC= total cholesterol (mg/dL), HDL= High density lipoprotein (mg/dL),  

LDL= Low density lipoprotein (mg/dL), UA=Uric acid (mg/dL)) (Mean + SE). ±

[9]. Young broiler chicken in the growing period are highly prone to 
develop right ventricular hypertrophy [9], here we show that adult 
quail are susceptible too, albeit to a lesser extent. The mechanism 
behind the hypertrophy is not clear. A clue maybe taken from the 
increase in HCT and Hb, which can indicate hypoxia resulting in 
compensatory erythropoiesis [12].

We conclude that based on the most reliable indicators of he-
moconcentration HCT, Hb, TP and ALB, hemoconcentration is 
the most likely cause and consistent with the diuretic effects of 
caffeine. The fact that the liver enzymes AST and ALT were even 

significantly lower as opposed to total protein, albumin and other 
blood chemistry parameters points clearly at a different mecha-
nism, and could be interpreted as a positive effect of caffeine on 
liver function. This is consistent with the hepatoprotective effect of 
caffeine described in rats [15]. Also, caffeine comsumption is asso-
ciated with lower prevalence of chronic liver disease and decreased 
plasma ALT, and AST levels human [16-18]. 

So except for the liver enzymes most of the values increased in 
the caffeine group were consistent with hemoconcentration, with 
an approximate increase ranging from 110-130%. Notable excep-
tions are GLB (143%), cholesterol (142%), and most strikingly LDL 
with 183%. We do not have an explanation for the increase in GLB, 
however, the elevated total cholesterol and LDL levels are consis-
tent with the negative effects on cardiovascular health associated 
with high coffee consumption in humans [19]. 
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As far as the authors know, this is the first report of the use of 
a caffeine on adult birds. As opposed to results obtained in young 
broilers, the present results show that adult birds exhibit more 
features associated with human use of caffeine. Caffeine in adult 
quail appeared to have a hepatoprotective effect, and caused dys-
lipidemia characterized by increased total cholesterol and LDL. 
This indicates that the adult Japanese quail is a suitable and cheap 
model for caffeine research.

Conclusion 



167

No conflict of interest was reported by the authors.
Disclosure Statement

1.	 Wideman RF and Hamal KR. “Idiopathic pulmonary arterial 
hypertension: an avian model for plexogenic arteriopathy and 
serotonergic vasoconstriction”. Journal of Pharmacological 
and Toxicological Methods 63.3 (2011): 283-295.

2.	 El-Tarabany MS., et al. “Genetic polymorphism of prolactin, 
bone morphogenetic protein receptor 1b and insulin- like 
growth factor 1 genes in two selected lines of Japanese quail”. 
Life Science Journal 11.6 (2014): 408-416.

3.	 Benowitz NL. “Clinical pharmacology of caffeine”. Annual Re-
view of Medicine 41 (1990): 277-288.

4.	 Nawrot P., et al. “Effects of caffeine on human health”. Food 
Additives and Contaminants 20.1 (2003): 1-30.

5.	 Yang A., et al. “Genetics of caffeine consumption and respons-
es to caffeine”. Psychopharmacology 211.3 (2010): 245-257.

6.	 Cano-Marquina A., et al. “The impact of coffee on health”. Ma-
turitas 75.1 (2013): 7-21.

7.	 Higdon JV and Frei B. “Coffee and health: a review of recent 
human research”. Critical Reviews in Food Science and Nutri-
tion 46.2 (2006): 101-123.

8.	 Carrillo JA and Benitez J. “Clinically significant pharmacoki-
netic interactions between dietary caffeine and medications”. 
Clinical Pharmacokinetics 39.2 (2000): 127-153.

9.	 Kamely M., et al. “Caffeine causes pulmonary hypertension 
syndrome (ascites) in broilers”. Journal of Animal Science 94.4 
(2016b): 1493-1500.

10.	 Kamely M., et al. “Blood biochemistry, thyroid hormones and 
performance in broilers with ascites caused by caffeine”. Poul-
try Science 95.11 (2016a): 2673-2678.

11.	 Julian RJ. “Ascites in poultry, Review article”. Avian Pathology 
22.3 (1993): 419-454.

12.	 Luger D., et al. “Erythropoiesis regulation during the devel-
opment of ascites syndrome in broiler chickens: A possible 
role of corticosterone”. Journal of Animal Science 81.3 (2003): 
784-790.

13.	 Neuhäuser-Berthold M., et al. “Coffee consumption and total 
body water homeostasis as measured by fluid balance and 
bioelectrical impedance analysis”. Annals of Nutrition and Me-
tabolism 41.1 (1997): 29-36.

14.	 Priest JB., et al. “Exercise-induced changes in common labora-
tory tests”. American Journal of Clinical Pathology 77.3 (1982): 
285-289.

15.	 Cachón AU., et al. “Hepatoprotective effect of low doses of caf-
feine on ccl4-induced liver damage in rats”. Journal of Dietary 
Supplements 14.2 (2017): 158-172.

16.	 Fredholm BB. Handbook of Experimental Pharmacology Meth-
ylxanthines. Springer, Heidelberg Dordrecht London, New 
York, USA. 200 (2011).

17.	 Modi AA., et al. “Increased caffeine consumption is associated 
with reduced hepatic fibrosis”. Hepatology 51.1 (2010): 201-
209.

18.	 Ruhl CE and Everhart JE. “Coffee and caffeine consumption 
reduce the risk of elevated serum alanine aminotransferase 
activity in the United States”. Gastroenterology 128.1 (2005): 
24-32.

19.	 Cai L., et al. “The effect of coffee consumption on serum lip-
ids: a meta-analysis of randomized controlled trials”. European 
Journal of Clinical Nutrition 66.8 (2012): 872-877.

Volume 3 Issue 6 June 2019
© All rights are reserved by Mohammad Kamely., et al.

Caffeine Induces Changes in Hematological, Biochemical, and Cardiovascular Parameters in Quail

Citation: Mohammad Kamely., et al. “Caffeine Induces Changes in Hematological, Biochemical, and Cardiovascular Parameters in Quail". Acta Scientific 
Nutritional Health 3.6 (2019): 164-167.

Bibliography

https://www.ncbi.nlm.nih.gov/pubmed/21277983
https://www.ncbi.nlm.nih.gov/pubmed/21277983
https://www.ncbi.nlm.nih.gov/pubmed/21277983
https://www.ncbi.nlm.nih.gov/pubmed/21277983
https://www.researchgate.net/publication/268871033_Genetic_Polymorphism_of_Prolactin_Bone_Morphogenetic_Protein_Receptor_1B_and_Insulin-like_Growth_Factor_1_Genes_in_Two_Selected_Lines_of_Japanese_Quail
https://www.researchgate.net/publication/268871033_Genetic_Polymorphism_of_Prolactin_Bone_Morphogenetic_Protein_Receptor_1B_and_Insulin-like_Growth_Factor_1_Genes_in_Two_Selected_Lines_of_Japanese_Quail
https://www.researchgate.net/publication/268871033_Genetic_Polymorphism_of_Prolactin_Bone_Morphogenetic_Protein_Receptor_1B_and_Insulin-like_Growth_Factor_1_Genes_in_Two_Selected_Lines_of_Japanese_Quail
https://www.researchgate.net/publication/268871033_Genetic_Polymorphism_of_Prolactin_Bone_Morphogenetic_Protein_Receptor_1B_and_Insulin-like_Growth_Factor_1_Genes_in_Two_Selected_Lines_of_Japanese_Quail
https://www.ncbi.nlm.nih.gov/pubmed/2184730
https://www.ncbi.nlm.nih.gov/pubmed/2184730
https://www.ncbi.nlm.nih.gov/pubmed/12519715
https://www.ncbi.nlm.nih.gov/pubmed/12519715
https://www.ncbi.nlm.nih.gov/pubmed/20532872
https://www.ncbi.nlm.nih.gov/pubmed/20532872
https://www.ncbi.nlm.nih.gov/pubmed/23465359
https://www.ncbi.nlm.nih.gov/pubmed/23465359
https://www.ncbi.nlm.nih.gov/pubmed/16507475
https://www.ncbi.nlm.nih.gov/pubmed/16507475
https://www.ncbi.nlm.nih.gov/pubmed/16507475
https://www.ncbi.nlm.nih.gov/pubmed/10976659
https://www.ncbi.nlm.nih.gov/pubmed/10976659
https://www.ncbi.nlm.nih.gov/pubmed/10976659
https://www.ncbi.nlm.nih.gov/pubmed/27136008
https://www.ncbi.nlm.nih.gov/pubmed/27136008
https://www.ncbi.nlm.nih.gov/pubmed/27136008
https://www.ncbi.nlm.nih.gov/pubmed/27433016
https://www.ncbi.nlm.nih.gov/pubmed/27433016
https://www.ncbi.nlm.nih.gov/pubmed/27433016
https://www.ncbi.nlm.nih.gov/pubmed/18671031
https://www.ncbi.nlm.nih.gov/pubmed/18671031
https://www.ncbi.nlm.nih.gov/pubmed/12661659
https://www.ncbi.nlm.nih.gov/pubmed/12661659
https://www.ncbi.nlm.nih.gov/pubmed/12661659
https://www.ncbi.nlm.nih.gov/pubmed/12661659
https://www.ncbi.nlm.nih.gov/pubmed/9194998
https://www.ncbi.nlm.nih.gov/pubmed/9194998
https://www.ncbi.nlm.nih.gov/pubmed/9194998
https://www.ncbi.nlm.nih.gov/pubmed/9194998
https://www.ncbi.nlm.nih.gov/pubmed/7072633
https://www.ncbi.nlm.nih.gov/pubmed/7072633
https://www.ncbi.nlm.nih.gov/pubmed/7072633
https://www.ncbi.nlm.nih.gov/pubmed/27485995
https://www.ncbi.nlm.nih.gov/pubmed/27485995
https://www.ncbi.nlm.nih.gov/pubmed/27485995
https://www.ncbi.nlm.nih.gov/pubmed/20034049
https://www.ncbi.nlm.nih.gov/pubmed/20034049
https://www.ncbi.nlm.nih.gov/pubmed/20034049
https://www.ncbi.nlm.nih.gov/pubmed/15633120
https://www.ncbi.nlm.nih.gov/pubmed/15633120
https://www.ncbi.nlm.nih.gov/pubmed/15633120
https://www.ncbi.nlm.nih.gov/pubmed/15633120
https://www.ncbi.nlm.nih.gov/pubmed/22713771
https://www.ncbi.nlm.nih.gov/pubmed/22713771
https://www.ncbi.nlm.nih.gov/pubmed/22713771

	_GoBack
	_GoBack
	_GoBack
	_GoBack

