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Abstract 

The present work investigated the effect of GABA on hematological, biochemical, antioxidant and immunological 

parameters in laying hens. Sixty Lohmann Brown laying hens (32 weeks old) were randomly allotted to 3 groups (each 

20) and given the medications daily for 4 weeks in drinking water. The groups were; control (without drug), GABA (40 

mg/kg b.wt) and GABA (80 mg/kg b.wt). Layers were estimated to complete blood picture, Hb, differential leucocytic 

count, antioxidant parameters, cholesterol, HDL, LDL, cortisol, haptoglobin, IGG, and epinephrine. There was a significant 

increase in RBCs, Hb, HDL, SOD, GSH, and IGG while a decrease in MDA, cholesterol, and LDL following GABA 

supplementation. In conclusion, GABA had a beneficial effect on blood picture, differential leucocytic count, antioxidant 

parameters, IGG, and haptoglobin.  

 

Keywords: Antioxidant; Blood picture; Chickens; GABA; Layers; Immunity 
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Introduction 

Gamma-aminobutyric acid (GABA) is a kind of 
inhibitory transmitter compound in vertebrates [1]. The 
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inhibitory effects of GABA in the endocrine system are 
consistent with its well-known suppressive actions as a 
neurotransmitter in the nervous system [2]. Recently, it 
has been suggested that GABA acts in increasing 
voluntary feed intake in mammals and avian [3,4] and 
regulation of endocrine secretion and alleviation of stress 
in humans [5]. GABA treatments had no significant effect 
on WBC, RBC, or lymphocytes [6]. An increase in plasma 
free fatty acid and triglycerides and decreased cholesterol 
and HDL provided evidence that GABA altered the 
carbohydrate and lipid metabolism in layers [7]. This 
might partly explain the improved feed efficiency in layers 
fed GABA. Heat-stress stimulated corticosterone and 
catecholamines release and start cell membranes lipid 
peroxidation, including membranes of T and B 
lymphocytes, leading to over-production of oxygen free 
radicals OH and O2 [8,9]. Furthermore, GABA has widely 
varying effects on animals and plays a great role in 
regulating appetite and improving nutrition utilization 
efficiency. Therefore, this study evaluated the effect of 
GABA supplementation on hematological, biochemical, 
antioxidant and immunological parameters in laying hens.  
 

Materials and Methods 

Experimental Birds and Design 

All birds- based procedures in this study were 
approved by the Animal Health Research Institute (Tanta 
lab.). In total, 60 Lohman brown commercial layers (32 to 
36 weeks of age), a photoperiod of 16 h light and 8 h 
dark/day. The diet used in the experiment was a corn-
soybean meal, as a basal diet and Feed and water were 
provided ad libitum. Birds were assigned randomly to 
three treatment groups as follows: (1) control (no GABA), 
(2) 40 mg GABA/kg b.wt and (3) 80 mg GABA/kg b.wt. 
The GABA was provided as an oral solution under the 
tradename of GABA-L®, which was provided by AMECO-
BIOS. (USA). Ethical Committee Faculty of Veterinary 
Medicine, Benha University, approved the study protocol 
(approval number; 20417). 
 

Blood Collection 

Two blood samples from the wing vein of 10 hens in 
each group were collected at the end of the experiment; 
1st one was taken on EDTA tubes for estimation of 
hematological parameters and the 2nd sample was taken 
on plain tube without anticoagulant for estimation of 
serum biochemical parameters.  
 

Determination of Hematological Parameters 

Total erythrocytic and the leukocytic count was 
determined by the method of Natt MP, et al. [10], 
Hemoglobin concentration was determined using 
Drabkin's solution according to the method of D Armour, 
et al. [11], Packed cell volume (PCV) [12]. Blood indices: 
MCV, MCH, and MCHC were determined according to Jain 
[13]. Determination of differential leucocytic count 
according to Schalm, et al. [14]. 
 

Serum Biochemical Parameters 

Total cholesterol and low-density lipoproteins (LDL-
cholesterol) were estimated [15,16], respectively. High-
density lipoproteins (HDL-cholesterol) were determined 
according to Lopes-Virella, et al. [17]. Serum triglycerides 
were determined according to Fossati & Prencipe [18]. 

 
Adrenaline (epinephrine) and noradrenaline 

(norepinephrine) were determined by ELISA. Cortisone 
was assayed according to the method described by Mason, 
et al. [19]. Haptoglobin was determined using kits based 
on sandwich enzyme-linked immunosorbent assay 
technology.  
 

Oxidant and Antioxidant Parameters 

These include serum Glutathione peroxidase (GSH; 
Paglia & Valentine [20] superoxide dismutase SOD; 
Marklund & Marklund [21], malondialdehyde MDA; 
Okhawa, et al. [22] and catalase CAT; Zamocky & Koller 
[23]). 
 

Statistical Analysis  

Data were subjected to One-way ANOVA using SPSS 
Statistics 22 statistical package (SPSS Inc., Chicago, IL, 
USA) and expressed as mean ± SE. Significant differences 
between groups were determined using Duncan's test at P 
≤ 0.05.  
 

Results 

Blood Picture 

Significant increase in RBCs, WBCs, Hb, and PCV in 
laying hens in group 2 when compared to control. While 
in group 3 there were non-significant increases in RBCs 
and PC when compared to control (Table 1). 
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Experimental treatment 
Parameters Group1 (Control) Group 2 Group 3 
RBCs (×106) 1.58±0.10b 2.00±0.09a 1.88±0.07a 
WBCs (×103) 24.20±2.07a 28.10±4.11a 31.20±2.26a 
Hb (mg/dl) 8.35±0.56b 11.58±1.09a 10.37±0.86ab 

PCV (%) 25.90±0.50b 29.48±0.79a 28.90±0.67a 
Haptoglobin (mg/dl) 153±11.58a 151±9.27a 128±12.81a 

Table 1: Effect of GABA on some blood picture of laying hens (n=10). 
Values are means ± standard error. Means within the same row of different superscript letters are significantly different 
at (P ≤ 0.05). 
 

Differential Leukocytic Counts and IGG 

Table 2 showed the effect of GABA on differential 
leukocytic counts and serum IGG concentration of laying 
hens. It has been observed that there was a significant 

increase in lymphocyte % in laying hens in group 2 when 
compared to control. While there was a non-significant 
increase in heterophil, basophil, eosinophil and monocyte 
between treated groups and control.  

 

Experimental treatment 

Parameters Group1 (Control) Group 2 Group 3 
Heterophil (%) 52.52±3.06a 46.47±1.94a 45.64±1.51a 

Basophil (%) 3.06±0.47a 2.39±0.23a 2.40±0.29a 
Eosinophil (%) 3.75±0.71a 2.60±0.36a 2.59±0.19a 

Lymphocyte (%) 36.35±2.14b 44.64±2.07a 44.81±1.40a 
Monocyte (%) 4.32±0.85a 3.91±1.33a 4.56±0.80a 

Table 2: Effect of GABA on differential leukocytic counts and serum IGG concentration of laying hens (n=10). 
 

Blood Serum Lipids Profile 

Table 3 showed that the effect of GABA on serum 
lipids profile in laying hens. It was noted that in treated 
groups there was a substantial reduction in total 
cholesterol, LDL and a considerable rise in HDL when 

compared to control. Also, there was when compared to 
control. While there was a non-significant decrease in 
triglycerides, VLDL and CHO/HDL ratio between treated 
groups and control. 

 

Experimental treatment 

Parameters Group1 (Control) Group 2 Group 3 
Triglycerides (mg/dL) 202.14±2.77a 197.10±1.25a 187.44±8.05a 

Total cholesterol (mg/dl) 210.43±1.74a 200.43±0.89b 199.12±0.87b 
HDL (mg/dl) 52.58±0.92b 55.28±0.22a 55.18±0.17a 
LDL (mg/dl) 117.37±2.10a 105.73±0.92b 106.45±2.27b 

VLDL (mg/dl) 40.43±0.55a 30.42±0.25a 37.49±1.61a 
CHO/HDL (%) 4.01±0.10a 3.63±0.02a 3.61±0.01a 

Table 3: Effect of GABA on serum lipids profile of laying hens (n=10). 
Values are means ± standard error. Means within the same row of different superscript letters are significantly different 
at (P ≤ 0.05). 
 

Effect on Some Antioxidant Enzyme Activities 

Table 4 showed the effect of GABA on some serum 
antioxidant enzyme activities in laying hens. It has been 
observed that there was a non-significant increase in CAT, 

SOD, and GSH of laying hens in treated groups when 
compared to control and non-significant increase 
between treated groups. 
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Experimental treatment 
Parameters Group1 (Control) Group 2 Group 3 

MDA (μmol/l) 12.01±1.05a 11.83±0.88b 11.20±0.35b 
CAT (U/ml) 0.10±0.02a 0.18±0.03a 0.18±0.02a 

SOD (U/mgHb) 229.47±28.97a 253.72±36.68a 287.25±30.18a 
GSH (mg/dl) 47.95±0.31a 51.60±2.14a 49.93±0.70a 

Table 4: Effect of GABA on some serum antioxidant enzyme activities of laying hens (n=10). 
Values are means ± standard error. Means within the same row of different superscript letters are significantly different 
at (P ≤ 0.05). 
 

Effect on Some Hormones Concentrations 

(Table 5) showed that the effect of GABA on some 
serum hormones concentrations in laying hens. It has 
been observed that there was a significant decrease in 
cortisol and norepinephrine of laying hens in treated 

groups when compared to control. While there was a non-
significant decrease in epinephrine and haptoglobin 
between treated groups. But compared to control, there 
was a considerable elevation in IGG in treated groups. 

 
Experimental treatment 

Parameters Group1 (Control) Group 2 Group 3 
Cortisol (ng/ml) 3.66±0.09a 3.08±0.12b 3.14±0.16b 

Epinephrine (µg/liter) 89.20±8.92a 76.20±0.97a 78.40±1.69a 
Norepinephrine (µg/liter) 163.40±3.93a 147.80±3.48b 146.20±2.22b 

Haptoglobin (mg/dl) 153±11.58a 151±9.27a 128±12.81a 
IGG (mg/dl) 536±28.39b 670±39.62a 720±24.49a 

Table 5: Effect of GABA on some serum hormones concentrations of laying hens (n=10). 
Values are means ± standard error. Means within the same row of different superscript letters are significantly different 
at (P ≤ 0.05). 
 

Discussion  

Gamma-aminobutyric acid (GABA) is a kind of 
inhibitory transmitter compound in vertebrates [1] and is 
widely distributed throughout nature. Stress leads to a 
reduction of defense mechanisms, induced a state of 
immunosuppression in birds and inhibition of immune 
function in hens [24,25]. These effects caused suppression 
of circulating WBCs [26], rises in the 
heterophil/lymphocyte ratio [27]. Our results showed 
that there was a significant increase of RBCS, WBCS, 
lymphocytes, which means that increasing RBCs increases 
vitality and performance of laying hens. These results 
were inconsistent with the results recorded by Park & 
Kim [5] who found that GABA treatments had no 
significant effect on WBC, RBC, or lymphocytes. 

 
However, increased plasma free fatty acid (FFA) and 

triglycerides (TG) and decreased cholesterol and HDL 
provided evidence that GABA altered the carbohydrate 
and lipid metabolism in layers. This might partly explain 
the improved feed efficiency in layers fed GABA. The 
increased plasma FFA and TG revealed that GABA 

increased fat mobilization [7]. Corticosterone and 
catecholamines release and lipid peroxidation initiation in 
cell membranes, including T and B lymphocytes 
membranes, were stimulated by heat-stress, leading to 
over-production of oxygen free radicals OH and O2 [8,9]. 
The important aspects of radical scavenging system (GSH 
and SOD) are embedded in the process of anti-oxidation 
[28,29]. The rise in glutamate level (valuable for the 
synthesis of GSH) was a result of an increased GABA 
content increasing the activity of the anti-oxidation 
enzyme; this might explain the above results. In this study, 
it was observed that no significant increase in the level of 
GSH and SOD. The GSH and SOD activities in heat-stressed 
chickens have been improved by GABA [30]. GABA 
supplementation to pigeons could enhance GSH and SOD 
activities [31]. 

 
Cell membrane damage is caused by Malondialdehyde 

(MDA). In this research, reduced MDA with GABA 
supplementation was recorded, and reduced levels of 
MDA were always accompanied by elevated antioxidant 
enzyme activity [28,32]. Our findings were supported by 
Zhu, et al. [33] who reported an increase in activity of 
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antioxidant enzymes and decreased MDA level with 
increasing level of dietary GABA in Hy-Line Brown hens. 
Thus, the increase of nutrition utilization and antioxidant 
activities in response to GABA are likely the main cause of 
the improvements in laying performance and egg quality 
in layers. 

 
Epinephrine and norepinephrine are the main 

neurotransmitters of the sympathetic nervous system and 
cortisol secretion is partly controlled by GABA [34,35]. To 
evaluate the effect of GABA on the functional the ability of 
the sympathetic nervous system, epinephrine, norepi-
nephrine, and cortisol concentrations were evaluated in 
the serum of layers, our results showed that no significant 
decrease in epinephrine and norepinephrine. Thus, our 
results indicate that the GABA had no direct effect on the 
sympathetic nervous system in comparison with the 
controls. 

 
Haptoglobin is an acute-phase protein that is rapidly 

increased in the blood by disease-causing agents and 
many physiological changes and plays an important role 
in immunity. GABA has positive effects on cellular 
immune function [36]. The results of our study were 
similar to the previous report of Zhang, et al. [37], which 
documented an increase in immunity (serum IgG and IgA) 
between GABA treatments and control and decreased 
serum haptoglobin concentrations were reduced in 
GABA-supplemented birds, compared with the control, 
although the layers in this study were not subjected to 
stress. Additionally, in our study, an increase in serum IgG 
concentrations were observed with GABA 
supplementation, showing the opposite pattern to serum 
haptoglobin concentrations which agree with Park & Kim 
[5] and the probable reason is the inhibition of GABA on 
somatostatin and adrenal corticosteroid hormone 
secretion [38], which impairs immunoglobulin production. 
Thus, it might be expected that GABA may have 
modulatory effects on humoral immune responses by 
activating IgG and decreasing haptoglobin. 

High temperature can reduce the immune function 
and Ig concentration in laying hen; the reason was 
probably that high temperature can produce a sustained 
high level of corticosterone, which induces long lysis 
reaction in cells, resulting in reduced Ig synthesis [39]. 
Consistently, our findings showed considerable 
improvement in the plasma concentrations of IgG and IgM 
in layers supplemented with 40 mg/kg GABA. Improving 
in body’s immune function by GABA probably because of 
that as a neurotransmitter or local hormone, GABA can 
control the body’s endocrine activity, and alter the GABA 
concentration in the body, irrespective of where it is 

located, will influence the hormone secretion of the 
endocrine system [40]. In conclusion, GABA had a 
beneficial effect on blood picture, differential leucocytic 
count, antioxidant parameters, IGG, and haptoglobin. 
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