
INTRODUCTION
Zinc is a essential micronutrient found in almost all tissues 
of the body, less harmful than many other minerals, in the 
case of high doses of zinc poisoning, and this poisoning may 
mostly result from the accidental ingestion of zinc-containing 
household products or nutritional supplements.1 Zinc plays a 
key role in many biochemical and functional processes. It is 
an essential component of more than 300 different enzymes. 
Its catalytic effect is due to its direct participation in substrate 
conversion and stabilization of its structure, in addition to 
zinc’s extensive roles in immune response at multiple levels 
including gene expression as well as the differentiation 
and development of immune cells.2 Zinc’s human health 
implications are enormous, with nearly half of the world’s 
population believed to be at risk of zinc deficiency.3

The liver is the main organ responsible for zinc metabolism, 
and various liver diseases may be affected by zinc deficiency, 
where zinc deficiency can lead to a range of clinical 
manifestations such as poor appearance, loss of body hair, 

changing taste and smell, delayed wound healing, immune 
weakness, and reduced ability to get rid of medications 
common in patients with chronic liver disease, especially 
cirrhosis.4

Amino acids form the cornerstone of the construction of 
proteins and peptides and play a key role as a means of food 
construction,5 a group of organic compounds made up of the 
carboxyl group (COOH) with the amine group (NH2), and the 
amino acid contains asymmetric carbon atom (except glycine) 
where they are D or L, and in all tissues are found in D form. 
There are more than 20 amino acids in nature.6

Amino acids are divided into two types.7,8 Essential 
amino acids: the organism gets it through food and includes: 
tryptophan (Try), valine (Val), methionine (Met), leucine (Leu), 
threonine (Thr), isoleucine (Ile), histidine (His), arginine (Arg), 
phenylalanine (Phe) and lysine (Lys). Non-essential amino 
acids: made by living organisms through simple reaction 
pathways, derived either from pyruvate or oxaloacetate, 
glycerate 3-phosphate, ketoglutarate except tyrosine amino 
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acid (Try) derived from amino acid phenylalanine (Phe) 
includes: proline (Pro), glutamine (Gln), glycine (Gly), 
aspartate, alanine (Ala), serine (Ser), tyrosine (Tyr), cysteine 
(Cys), glutamic acid and aspartic acid. 

MATERIALS AND METHODS

Experimental Animals 
The current study was conducted on 30 white male mice Mus 
musculus obtained from the Center for Drug Control and 
Research in Baghdad, at the age of 8 weeks. 
Treatment
Zinc (Zn) was used in the current study and obtained from 
America Medic and Science (AMS).
Experimental Design 
This study was conducted on 30 white male mice where they 
were divided into three groups, the first group (control) 10 mice 
were treated with distilled water for 30 days. The second group 
(experimental group) 10 mice were treated with Zn 50 mg/kg/
day concentration for 30 days, group 3 (experimental group) 10 
mice treated with Zn concentration 100 mg/kg/day for 30 days.
Analysis of Amino acid 
The amino acid of the liver was separated and diagnosed in the 
white mouse based on its standard models, and using a high-
performance liquid chromatography (HPLC) device, injecting 
the device with known concentrations of amount 20 μL  
per standard amino acid.The methods used according to as 
follows9

•	 Jones (1) g of mouse liver tissue with 20 mL of deionized 
water, then added 1.50 g of sulfosalicylic acid using manual 
homogeneous.

•	 Samples were centrifuged by centrifuge for 1 hour.
•	 HCL (pH 2.0) was added to the floating material. 
•	 Samples were centrifuged by centrifuge at a speed of 

(3,000) cycles/minutes.
•	 Mix (10) microliters of the clear solution with 10 μL of the 

PITC Phenyl isothocyanate reagent, and after 1-minute 
added 50 μL of sodium acetate (0.1) (pH 7.0).

•	 Amino acid was measured using a HPLC.
•	 Depending on the concentration of amino acids using the 

following equation:

RESULTS
The current result of amino acid studied in the liver of the 
white mouse showed the presence of 18 amino acids, which 
are: asparagine (Asn), serine (Ser), glutamine (Glu), glycine 
(Gly), threonin (Thr), histidine (His), citrulline (Cit), alanine 
(Ala), proline (Pro), taurine (Tau), arginine (Arg), tyrosine 
(Tyr), valine (Val), methionine (Met), isoleucine (Ile), leucine 
(Leu), phenylalanine (Phe) and lysine (Lys).

The results observed high significant differences at 
the probability level (p ≤ 0.001) between the two groups of 

experiments treated with Zn compared to the control group of 
all amino acid (Table 1 and Figure 1), the highest concentration 
of amino acid (Asn) was found to be in the control group it was 
(39.61 ± 3.80) and the lowest concentration found in the zinc 
treated group at a concentration of 100 mg/kg/day (28.28 ± 
6.71). The highest concentration rate of (Ser) was found in the 
control group at (53.56 ± 5.88) and the lowest concentration was 
found in the zinc treated group at a concentration of 100 mg/
kg/day at (36.72 ± 3.30), and in (Glu) the highest concentration 
in the zinc treated group appeared at 50 mg/kg/day at (100.06 ± 
12.51) and the lowest concentration appeared in the zinc treated 
group at 100 mg/kg/day was (63.31 ± 10.50). In (Gly), the 
highest concentration was found to have appeared in the control 
group at (89.87 ± 6.28) and the lowest concentration in the zinc-
treated group was 100 mg/kg/day at (59.81 ± 4.83). (Thr) had the 
highest concentration in the control group at (63.15 ± 2.54) and 
the lowest concentration in the zinc-treated group at 100 mg/kg/
day (33.45 ± 4.46). (His) had the highest concentration rate in 
the control group at (59.22 ± 3.48) and the lowest concentration 
in the zinc-treated group at 100 mg/kg/day was (30.94 ± 3.02). 
In (Cit) amino acid, it found its highest concentration in the 
control group at (48.65 ± 4.46) and the lowest concentration 
found in the group with a concentration of 100 mg/kg/day 
(31.42 ± 4.28), while (Ala) found its highest concentration in 
the control group at (67.89 ± 3.27) and the lowest concentration 
found in the group with a concentration of 100 mg/kg/day 
(45.23 ± 5.76). In (Pro) amino acid, the highest concentration 
in the zinc-treated group was 50 mg/kg/day (39.19 ± 10.12) 
and the lowest concentration in the zinc-treated group was 
100 mg/kg/day (30.46 ± 5.32). Tau amino acid had the highest 
concentration in the zinc-treated group at 100 mg/kg/day 
(1920.00 ± 250.18) and the lowest concentration in the control 
group at (928.48 ± 88.11). In Arg, the highest concentration 
in the zinc-treated group appeared at 100 mg/kg/day (246.04 
± 151.96) and the lowest concentration in the control group 
was 48.33 ± 4.94). In (Tyr) acid, the highest concentration 
in the zinc-treated group appeared at a concentration of 100 
mg/kg/day (98.01 ± 44.75) and the lowest concentration in the 
control group was (33.98 ± 3.25). In Val amino acid, the highest 
concentration in the zinc-treated group appeared at 100 mg/
kg/day (48.83 ± 15.88) and the lowest concentration appeared 
in the control group at 32.50 ± 4.95), In Met amino acid, the 
highest concentration in the zinc-treated group appeared at a 
concentration of 50 mg/kg/day (36.75 ± 7.70) and the lowest 
concentration in the control group was (28.59 ± 1.53). In Ile, 
the highest concentration in the zinc-treated group appeared at 
a concentration of 50 mg/kg/day (30.46 ± 1.63) and the lowest 
concentration in the control group was (26.96 ± 1.83). In Leu, 
the highest concentration in the zinc-treated group appeared at 
a concentration of 50 mg/kg/day (20.83 ± 0.78) and the lowest 
concentration in the control group was (19.14 ± 2.26), while in 
Phe amino acid the highest concentration in the zinc-treated 
group appeared at 50 mg/kg/day (20.40 ± 2.48) and the lowest 
concentration in the zinc treatment group was 100 mg/kg/day 
(15.89 ± 2.86). In Lys, the highest concentration was found in 
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the control group at (48.68 ± 2.87) and the lowest concentration 
found in the group was zinc treatment at a concentration of 
100 mg/kg/day (27.83 ± 3.88).

The results also indicated highly significant difference at 
the probability level (p  ≤  0.001) between the treatment group 
at a concentration of 50 mg/kg/day and the treatment group at 
a concentration of 100 mg/kg/day (1920.00 ± 250.18), of (Tua) 
amino acid, while in the zinc treated group with a concentration 
of 50 mg/kg/day with a concentration (977.84 ± 68.35). The 
rest of the amino acidity had no high significant differences 
between the two groups of experiments. 

The results also showed that there were significant 
differences in the (p  ≤  0.05) probability level of Arg between 
the two Zn-treated groups compared to the control group. 

The highest concentration of Arg amino acid in the treatment 
group was found at 100 mg/kg/day (246.04 ± 151.96) and the 
lowest concentration in the control group at (48.33 ± 4.94), 
while the rest of the amino acid had no significant differences 
between the two treatment groups. The results also indicated 
no significant differences in the amino acid in the liver at 
the probability level (p > 0.05) between the two groups of 
Zn-treated compared to the control group.

DISCUSSION
Amino acids are the essential structural component of nucleic 
acids, enzymes, tissue proteins and other nitrogen components 
that synthesize the cell. The supply of energy to construct and 
maintain these large and vital molecules is the primary purpose 
of the oxidation of carbohydrates and fats.10

The liver in vertebrates represents a site that creates many 
proteins of amino acids that play an important and effective role 
in the body, building muscles and cells, building enzymes and 
hormones, interfering with tissue repair, and forming collagen 
fibers of connective tissue.11

The amino acid was analyzed in the results of the current 
study, 18 amino acids found in the liver of adult white mouse 
males, but not within their study on a multi-change analysis of 
amino acids in plasma and mouse liver. During the infection of 
the malarial parasite Plasmodium yoelii, where they indicated 
that their liver number is (20) amino acid.12 The same numbers 
were found in other vertebrates, for instance; in a study on 
the analysis of amino acids in the liver of a fetus and the adult 
chicken, where they found (18) amino acids.13 In another study 
on the analysis of amino acids in the brain of a fetus and an 
adult amniotic bird quail found 16 amino acids in the bird’s 
brain.14

Table 1: The concentration rate of amino acid in the adult white Mus 
musculus mouse liver of the control group and the two treatment groups 

treated with zinc Zn with a concentration (50 and 100) mg/kg/day

Concentration 
100 mg/kg/day

Concentration 
50 mg/kg/dayControl groupAmino acid

28.28 ± 6.7137.62 ± 1.2339.61 ± 3.80Asparagine
(Asn)

36.72 ± 3.3045.20 ± 2.8253.56 ± 5.88Serine
(Ser)

63.31 ± 10.50100.06 ± 12.5187.11 ± 7.47Glutamine
(Gln)

59.81 ± 4.8373.61 ± 6.1589.87 ± 6.28Glycine
(Gly)

33.45 ± 4.4653.89 ± 7.1163.15 ± 2.54Threonine
(Thr)

30.94 ± 3.0247.45 ± 5.6659.22 ± 3.48Histadine
(His)

31.42 ± 4.2842.08 ± 9.5048.65 ± 4.46Citrulline
(Cit)

45.23 ± 5.7654.80 ± 9.1667.89 ± 3.27Alanine
(Ala)

30.46 ± 5.3239.19 ± 10.1236.86 ± 5.44Proline
(Pro)

1920.00 ± 
250.18977.84 ± 68.35928.48 ± 

88.11
Taurine
(Tau)

246.04 ± 151.96105.98 ± 23.6048.33 ± 4.94Arginine
(Arg)

98.01 ± 44.7569.48 ± 25.9833.98 ± 3.25Tyrosine
(Tyr)

48.83 ± 15.8846.73 ± 16.9332.50 ± 4.95Valine
(Val)

35.51 ± 8.7136.75 ± 7.7028.59 ± 1.53Methionine
(Met)

28.21 ± 4.0130.46 ± 1.6326.96 ± 1.83Isoleucine
(Ile)

19.97 ± 3.4120.83 ± 0.7819.14 ± 2.26Leucine
(Leu)

15.89 ± 2.8620.40 ± 2.4818.92 ± 0.78Phenylalanine
(Phe)

27.83 ± 3.8832.76 ± 1.8648.68 ± 2.87Lysine
(Lys)

Figure 1: The relationship between the rate of amino acid 
concentrations in the adult white mouse Mus musculus liver of the 

control group and the two treatment groups treated with zinc Zn with a 
concentration (50 and 100) mg/kg/day.
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The current result of amino acid also showed a highly 
significant increase (p ≤ 0.001) between the two groups of 
experiments treated with zinc in concentration (50–100) mg/
kg/day compared to the control group, as well as a significant 
increase (p ≤ 0.05) between the two groups of the experiment 
treated with zinc in concentration (50–100) mg/kg. The 
current result found that the highest concentration of amino 
acid (Tau) in the zinc-treated group was 100 mg/kg/day at 
(1920.00 ± 250.18). Tau is found in all parts of the body, 
especially the heart, liver, retina, brain and platelets. It has a 
role in many functional and vital processes such as osmosis 
regulation, calcium stabilization, and the formation of gall 
bladder salt.15 The amino acid Tau is a component of plasma 
membrane cells, which regulates the transport of nutrients 
through the cell membrane, protects cells from toxins, acts 
as a neurotransmitter, promotes muscle contraction, activates 
the heart muscle, and lowers blood pressure. The process 
of building Tau amino acid from cystine amino acid (Cys) 
is mediated by the cysteine-sulfinate decarboxylase (CSD) 
enzyme.16 The increase in the current result may be related 
with the concentration of taurine acid when treated with zinc 
because of its role in protecting hepatic cells from the toxic 
effect of zinc. 

The Arg is one of the primary amino acids that the body 
cannot synthesize and which plays a vital role in immune 
regulation and gene expression, as well as in hormone 
regulation.17,18 Arginine acid is glycogenic because it can be 
converted into glucose.19 The highest concentration in the 
zinc-treated group was 100 mg/kg/day at (246.04 ± 151.96). 
The increase in its concentration may be the result of a high 
concentration of glycogen due to treatment with the drug.

The Tyr acid plays an important role in regulating 
energy metabolism and motor activity. It also has an anti-
inflammatory effect and reduces fatty degeneration in the 
liver when consumed.20 The current result showed its highest 
concentration in the zinc-treated group at 100 mg/kg/day (98.01 
± 44.75) and may be due to the increase in its concentration to 
protect the liver from zinc-induced inflammation.

The Ile, Leu and Val are branched-chain amino acid 
(BCAA) and have a role in liver health and safety from diseases 
such as hepatic encephalopathy syndrome, a neuropsychiatric 
syndrome caused by liver failure such as cirrhosis.21 The 
highest concentration of (Val) acid in the current result in the 
zinc-treated group was 100 mg/kg/day was (48.83 ± 15.88), 
while Ile and Leu showed their highest concentration. In the 
zinc treatment group at a concentration of 50 mg/kg/day, their 
concentration (30.46 ± 1.63, 20.83 ± 0.78), respectively, may 
be due to the increased concentration of these acids because 
of their importance in maintaining the integrity of liver tissue 
from the effects resulting of zinc toxicity.

The Gln amino acid has the highest concentration rate in the 
current result in the group treated with zinc at a concentration 
of 50 mg/kg/day was (100.06 ± 12.51), as it is considered an 
abundant amino acid in skeletal muscles, plasma and fetal 
fluids. It is the main pillar of immune system cells and helps 

multiply lymphocytes when responding to a stimulus through 
T-cells. It also prevents apoptosis and promotes cell growth and 
antibody production,22 for which high concentration may have 
appeared in the current result as a consequence of an immune 
reaction to the harmful effects of zinc.

The Pro acid is a non-essential amino acid that the body 
can synthesize and has a role in the process of healing naturally 
after injury. It is responsible for skin safety and is involved in 
the synthesis of bones, cartilage, collagen and ligaments.23 It 
has a role in regulating multiple biochemical processes in the 
cell,24 with the highest concentration in the current result in 
the zinc treatment group at a concentration of 50 mg/kg/day 
(39.19 ± 10.12). The increase in its concentration in this result 
may be due to its role in regulating vital processes as well as 
healing liver tissue damaged by zinc effect. 

The current result also indicated the highest concentration 
of (Phl) in the zinc-treated group at 50 mg/kg/day was (20.40 ± 
2.48). In comparison, Met acid found its highest concentration 
in the current zinc treatment group at 50 mg/kg/day was 
(36.75 ± 7.70), that methionine acid is a essential amino acid 
obtained by the body through food, playing a key role in the 
biosynthesis of proteins, participating in cellular oxidation 
function.25 Methionine-rich diets lead to homocysteine in the 
blood by increasing the level of circulation and causing vitamin 
deficiency B6 and B12 folic acid. It also stimulates hepatic 
cell injury by changing the metabolism of fat in the liver and 
stimulating oxidative stress.26 The increase in its concentration 
in this result may be due to its role in stimulating hepatic cell 
infection towards zinc toxicity.

The Asn acid is a non-essential amino acid, acting as a 
neurotransmitter in the tissues of the neuroendocrine, and is 
important in protein synthesis and regulates the absorption of 
certain amino acids such as serine, arginine and histamine.27 
Asparagine plays an important role in immunity as it prevents 
programmed death and increases the growth of lymphocytes22 
and its highest concentration in the current score in the control 
group at (39.61 ± 3.80) and may have been the reason for high 
concentration.

The Ser has the highest concentration in the control group 
at (53.56 ± 5.88). (Ser) acid plays a role in the formation of (Gly) 
amino acid, as they pointed out,28 and (Ser) have an important 
role in the development of hepatic diabetes.29 Perhaps, the 
reason for his increased focus.

The Gly contributes to the synthesis of many functionally 
important molecules such as purines, nucleotides and 
glutathione.30 It is also considered as an anti-inflammatory 
and immune-regulating substance that reduces inflammatory 
and pathogenic reactions in the body22 with the highest 
concentration in this result is the control group at (89.87 ± 
6.28). The high concentration of Glycine acid may have been 
found in the result because it is an antioxidant and protects the 
body from diseases.

The Thr amino acid is also one of the body’s essential 
amino acids obtained through food.31 It is an important acid 
in immune response for its active role in the central nervous 
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system, has a role in the production of collagen fiber and growth 
as well as in the muscles and heart with high concentrations, 
acts in the liver to reduce accumulated fat, and is included in the 
metabolism of the two amino acid Ser and Gly. Additionally, it 
enters in the structure of glycoproteins that are found in mucous 
substances in the digestive tract and therefore maintains 
intestinal health32,33 and had its highest concentration in the 
control group at (63.15 ± 2.54). This increase in concentration 
may be due to reduced fat accumulation in the liver. 

Histamine acid showed the highest concentration in the 
control group (59.22 ± 3.48), as it works in the process of 
regulating gene expression and bioactivity of proteins, regulates 
the function and structure of hemoglobin, also reduces high 
blood sugar, oxidation, inflammation and hyperlipidemia of 
blood for diabetes, and regulates the metabolism of glucose in 
the liver,34 probably due to his high concentration because of 
its role in keeping the body from inflammation and oxidation.

The Cit is a non-essential amino acid as the liver and 
intestinal mucosa create it, and its concentration decreases in 
the case of acute inflammation, where it participates in energy 
regulation and metabolism, reduces fat deposition, is considered 
antioxidant,35 and has found its highest concentration in the 
current result in the control group at (48.65 ± 4.46), and may be 
for its role as an antioxidant as well as reduces fat deposition. 

The liver develops hepatic gluconeogenesis by forming 
glucose from the amino acid (Ala), so this acid is an important 
acid in the liver and also used (Ala) by exogenous hepatic cells 
such as immunocytes, which inhibit hepatic autophagy.22,36 
Ala also has an important role in protecting the liver from 
chronic diseases such as acute liver failure and in protecting 
hepatic cells from necrosis.37 In the current study, the highest 
concentration of Ala in the control group was (67.89 ± 3.27) 
The increase in its concentration may be due to its important 
role in protecting hepatocytes and liver from diseases.

The Lys acid is an essential amino acid that the body gets 
through food. It has an immune efficacy against antniviral 
viruses and the treatment of herpes simplex virus infection, 
which supports fetal formation and healthy growth, and 
introduces the synthesis of collagen fiber and the synthesis 
of connective tissue of bones and protein,36,38 and found its 
highest concentration in this result was in the control group 
at (48.68 ± 2.87) Perhaps he found a high concentration of it 
for its importance mentioned above.

In the current result, an increase in the concentration of 
a number of amino acids treated with zinc at a concentration 
of 100 mg/kg/day has been observed (Tau, Arg, Tyr and Val), 
and a concentration of 50mg/k G/day (Glu, Pro, Met, Ile, Leu, 
Phe), there are acids that have the highest concentration in the 
control group (Asn, Ser, Gly, Thr, His, Cit, Ala and Lys).

The increased concentration of amino acids in the treated 
groups of the drug and concentrations (50–100) mg/kg/day 
may have been due to its active role in regulating functional, 
vital and chemical processes, protecting liver cells from the 
toxic effect of the drug and maintaining the normal balance 
of cells, while amino acids that have seen an increase in their 

concentration in the control group may be due to metabolic 
and other functional aspects of mice.

REFERENCES
1.	 Hassan I J, Sahi IS. Histopathological Changes in the Liver and 

Kidney of Albino Mice on Exposure to Zinc Toxicity. 2019. 
2.	 Rink L, Haase H. Zinc homeostasis and immunity. Trends 

Immunol. 2007; 28(1): pp1-4.
3.	 Brown KH, Wuehler SE. Zinc and Human Health: The Re- sults 

of Recent Trials and Implications for Program Inter- ventions 
and Research, Ottawa: Micronutrient Initiative. 2000; pp 1-69. 

4.	 Grüngreiff K, Reinhold D. Zinc and Liver. In: Rink L (ed.) Zinc 
in Human Health. 1st ed. Amsterdam: IOS Press. 2011; pp 473-92.

5.	 Shaheen N, Islan S, Mohiduzzaman M, Longvah T. Amino 
acid profiles and digestible indispensable amino acid scores 
of proteins from the prioritized key food in Bangladesh. Food 
Chem. 2016; 213:83-89.

6.	 Fernstrom JD. Dietary amino and brain function. J. Amer. Diet. 
Assic. 1994; 94(1): pp 71-77. 

7.	 Van Gelder N. Development of the amino acid pools in chick 
embryo brain, heart and eye: taurine, valine, glutamine and 
phosphoethanolamine. J. Neur. Sci. 1988; 7: 305-309.

8.	 Belitz HD, Grosch W, Schieberle P. Food chemistry. Springer- 
Verlag Berlin Heidelberg. New York. 2008; 1070.

9.	 Fierabracci V, Masiello P, Novelli M, Bergamini E. Application of 
amino acid analysis by high-performance liquid chromatography 
with phenyl isof hiocyanate derivatization to the rapid 
determination of free amino acid in biological samples. J. 
Chromatogr. 1991; 575: pp 285-291.

10.	 Hickman JR, Roberts CP. Biology of animal. 6thed. Wm.c.Browon 
Publishers: 1994; pp ix-764.

11.	 Scanes CG. Sturkie’s Avian physiology, 6th ed. Elsevier/Acadenic 
Press, Milwaukee, USA: 2015; pp 1056.

12.	 Saiki E, Nagao K, Aonuma H, Fukumoto Sh, Xuan X, Bannai M, 
Kanuka H. Multivariable analysis of host amino acids in plasma 
and liver during infection of malaria parasite Plasmodium yoelii. 
Malaria Journal, 2013; 12(1): 1-8.

13.	 Al-Hamawandy DH, Al-Bakri N. Analysis of the amino acids 
in the liver of the embryo and the adult of domesticated chicken 
Gallus gallus domesticus (Linnaeus, 1758). Biochem. Cell. Arch.. 
2019; 19(2): 4385-4392.

14.	 Abed AB, Al-Bakri N, Selman MO. Analysis of Amino Acid of 
the Brain in Embryo and Adult of Quail. Iraqi Journal of Embryo 
and Infertility Researches. 2018; 8 (1).

15.	 Lambert IH, Kristensen DM, Holm JB, Mortensen OH. 
Physiological role of taurine – from organism to organelle. Acta 
Physiol (Oxf), 2015; 213:191–212.

16.	 Kim HW, Yoon SH, Park T, Kim BK, Park KK, Lee DH. Gene 
expressions of taurine transporter and taurine biosynthetic 
enzyme during mouse and chicken embryonic development. 
Adv. Exp. Med. Biol. 2006; 583: 69-77.

17.	 Tayade C, Jaiswal TN, Mishra SC. Koti M. L-arginine stimulates 
immune response in chickens immunized with intermediate 
plus strain of infectious bursal disease virus. Vaccine. 2006; 
24(5): 552-560.

18.	 Gad MZ. Anti-aging effects of L-arginine. J. Adv. Res. 2010; 
1: 169-177.

19.	 Tan J, Lu S, Guo Y. Dietary L-arginine supplemention attenuates 
lipopolysaccharide-induced inflammatory response in broiler 
chickens. Brit. J. Nutr. 2014; 11(8): 1394-1404.



Effect of Zinc Drug on Amino Acid Concentration in Liver of White Mice, Mus musculus

IJDDT, Volume 12 Issue 4, October - December 2022 Page 1843

20.	 Shipelin VA, Trusov NV, Apryatin SA, Shumakova AA, Balakina 
AS, Riger NA, Gmoshinski IV, Nikityuk DB. Effects of Tyrosine 
and Tryptophan in Rats with Diet-Induced Obesity. Int. J. Mol. 
Sci. 2021; 22, 2429.

21.	 Soomro A, Devrajani BR, Ghori RA, Lohana H, Qureshi GA. 
Role of branched chain amino acids in the management of hepatic 
encephalopathy. World. J. Med. Sci. 2008; 3(2), 60-64.

22.	 Li P, Yin YL, Li D, Kim SW, Wu G. Amino acids and immune 
function. Br. J. Nutr. 2007; 98(2): 237-252.

23.	 Wu G, Bazer FW, Burghardt R C, Johnson GA, Kim SW, Knabe 
DA, Li P, Li X, McKnight JR, Satterfield MC, Spencer TE. 
Hydroxyproline metabolism: implications for animal and human 
nutrition. Amino Acids. 2011; 40(4), 1053-1063.

24.	 Phang JM, Liu W, Zabirnyk O. Proline metabolism and 
microenvironmental stress. Annu. Rev. Nutr. 2010; 30, 441-463.

25.	 Mato JM, Martínez-Chantar ML, Lu SC. Methionine metabolism 
and liver disease. Annu Rev Nutr. 2008; 28:273–93.

26.	 Kumar A, Pathak R, Palfrey HA, Stone KP, Gettys ThW, Murthy 
SN. High levels of dietary methionine improves sitagliptin-
induced hepatotoxicity by attenuating oxidative stress in 
hypercholesterolemic rats. Nutrition & Metabolism. 2020; 17:2.

27.	 Fung MKL, Chan GChi-f. Drug-induced amino acid deprivation 
as strategy for cancer therapy. Journal of Hematology & 
Oncology. 2017; 10:144.

28.	 Stekol JA, Weiss S, Weiss KW. Vitamin B12 and folic acid in 
the synthesis of choline in the rat. Arch. Biochem. Biophys. 
1952; 36, 5-10.

29.	 Ishikawa E, Alkawa T, Matsutaka H. The role of alanine and 
serine in hepatic gluconeogenesis. J. Biochem. 1972; 71(6), 
1093- 1095.

30.	 Kim SW, Mateo RD, Yin YL, Wu G. Functional amino acids and 
fatty acids for enhancing production performance of sows and 

piglets. Asian-Aust J Anim Sci. 2007; 20, 295 – 306.
31.	 Gong LM, Lai CH, Qiao SY, Defa LI, Ma YX, Liu YL. Growth 

performance, carcass characteristics, nutrient digestibility and 
serum biochemical parameters of broilers fed low-protein diets 
supplemented with various ratios of threonine to lysine. Asian-
Aus. J. Anim. Sci. 2005; 18(8): 1164-1170.

32.	 Mazraeh AA, Shahryar HA, Nabar RSD, Gorbani A. The effect 
of different levels of L-threonine on growth performance and 
carcass traits of broiler chickens during phase growth. Bull. Env. 
Pharmacol. Life. Sci. 2013; 2(11), 122-124.

33.	 Manegar AG. Effect of dietary supplementation of L-Threonine 
and L-Tryptophan by reducing levels of crude protein on growth 
performance and carcass characteristics of commercial Broilers. 
Thesis Karntaka veterinary, animal and fisheries science 
University. Nandinagar, Bidar. 2015; 308 pp.

34.	 Lee DY, Kim EH. Therapeutic Effects of Amino Acids in Liver 
Diseases: Current Studies and Future Perspectives. Journal of 
Cancer Prevention. 2019; 24(2).

35.	 Oketch-Rabah HA, Roe AL, Gurley B J, Griffiths JC, Giancaspro 
GI. The Importance of Quality Specifications in Safety 
Assessments of Amino Acids: The Cases of L-Tryptophan and 
L-Citrulline1–3. The Journal of Nutrition. 2021.

36.	 Wu G. Amino acids: metabolism, functions and nutrition. Amino 
Acids. 2009; 37(1), 1-17.

37.	 Maezono K, Kajiwara K, Mawarati K, Shinkai A, Torri K, Maki 
T. Alanine protects liver from Injury caused by D- Galactosamine 
and CC14. Hepatology. 1996; 24(1), 185-191.

38.	 Zhai W, Peebles ED, Wang X, Gerard PD, Olanrewaju HA, 
Mercier Y. Effect of lysine and methionine supplementation 
on Ross 708 male broiler from 21 to 42 d of age (III): serum 
metabolites, hormones, and their relationship with growth 
performance. J. Appl. Poult. Res. 2016; 25, 223-231.


