
INTRODUCTION
Hydroxychloroquine, which is sold under the brand name 
Plaquenil, has been adopted as a preventive treatment 
for certain types of malaria,1 treatment of rheumatoid 
arthritis and lupus erythematosus, improved autoimmune 
conditions,2 rashes, recurrent basal cell carcinoma, skin tumor, 
antiphospholipid antibody syndrome, retinopathy disease, as 
described in 1959 as chloroquine for retinopathy.3

The positive effect of chloroquine and hydroxychloroquine 
on patients with rheumatic diseases was subsequently observed 
over time.4,5 HCQ and chloroquine QC, have been approved by 
the Food and Drug Administration (FDA) as a treatment for 
virus testing, with laboratory studies in cell cultures showing 
that HCQ (more effective than chloroquine against corona 
virus associated with acute respiratory syndrome Type 2.6 It 
has been used for coronavirus (COVID-19) as an experimental 
treatment.7 Many studies have shown that the drug has health 
effects on various organs and body organs, including the 
urinary system. 

The kidneys are considered organs of the output in the 
body that are rapidly affected by drugs, as some of them reduce 

kidney efficiency and weakening and over time the drugs may 
cause kidney failure, and the process of subtracting the drug 
through glomerular filtration and then absorbing it in the 
tubular part.8 The kidneys contribute to homeostasis the human 
body’s chemical composition, which is done through three 
complex processes: filtration, absorption and elimination.9 
Amino acids are molecules that combine to form proteins and 
form the basis for the construction of peptides and proteins. 
They are formed from the amino group NH2 with the carboxyl 
group COOH. There are 20 amino acids found in nature, all 
containing asymmetric carbon atoms except glycine, and 
amino acid is found in tissues in the form of letters D. Amino 
acid is produced by hydrolysis of proteins, some of which are 
found in the body’s tissues freely, the kidneys play a role in the 
synthesis and exchange of many amino acids between organs, 
where the kidney absorbs amino acid (Gln) and converts it into 
ammonia, while maintaining the balance of pH and nitrogen 
secretions.10

Amino acid is divided into two types: essential amino 
acids (EAA) and includes: isoleucine (Ile), leucine (Leu), lysine 
(Lys), methionine (Met), phenylalaine (Phe), threonine (Thr), 
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tryptophan (Try), valine (Val) and histidine (His) which the 
organism is obtained by food, and non-essential amino acids 
(NAA) includes: alanine (Ala), arginine (Arg), aspartate (Asp), 
cysteine (Cys), glutamine (Glu), glycine (Gly), proline (Pro), 
serine (Ser) and tyrosine (Tyr) which are synthesis by the 
organism through simple reaction pathways.

MATERIALS AND METHODS
Animal Breeding: This study was conducted on male adult 
and healthy white mouse, Mus musculus, all mice were 
approximately (2–3) months old, and weighed approximately 
(28.40–40.65 g), obtained from the Iraqi Center for Cancer 
Research and Medical Genetics, near Al-Yarmouk Hospital, 
mice have been taken care of for the length of the study in 
terms of hygiene, ventilation, lighting and temperature, and 
giving the feed for mice and water continuously.11

Treatment: Hydroxychloroquine was used in the current study 
and obtained from Bristol company.
Experimental Design: Twenty-one adult white mice were used 
and divided into three groups: group (A): the control group 
that administrated oral distilled water for 30 days. group (B): 
Treated group with the drug concentration 15 mg/kg/day for 30 
days, group (C): The treated group with the drug concentrated 
30 mg/kg/day for 30 days.
Analysis of Amino Acid: Amino acid was separated and 
diagnosed for the kidney in the white mouse depending 
on Standard samples, using a high-performance liquid 
chromatography device (HPLC), injecting the device with 
known concentrations (20 μL) per standard amino acid.
The method was conducted based on12 as follows:
•	 0.2 g was homogenized of mouse kidney tissue with 20 mL 

of deionized water, then add 1.50 g of sulfosaliyclic acid 
was using sulfosaliyclic acid hand homogenizer.

•	 Samples were discarded for an hour by centrifuge.
•	 HCL with a concentration of (0.1N) (pH 2.0) was added to 

the floating substance.
•	 Samples were discarded with centrifuges at a speed of 

3,000 rpm.
•	 Mix (10) microliters of the high solution with 10 mL of 

phenyl isothiocyanate PITC reagent, after a minute, add 
50 mL of sodium acetate (0.1) (pH 7.0).

•	 Amino acid was measured using an HPLC.
•	 Depending on the concentration of amino acid use the 

following equation:
•	 Amino acid concentration= 

RESULTS
The results of amino acids studied in the kidneys of adult white 
mice Mus musculus showed the presence of 18 amino acid 
forms (1), (Table 1) which are: asparagine (Asn), alanine (Ala), 
arginine (Arg), arginine (Arg), citrulline (Cit), glutamine (Glu), 
glycine (Gly), histidine (His), isoleucine (Ile), leucine (Leu), 
lysine (Iys), methionine (Met), proline (Pro), phenylalanine 
(Phe), serine (Ser), threonine (Thr), taurine (Tau), tyrosine 
(Tyr) and valine (Val). The significant differences were high 
probability level (p ≤ 0.001) of (Tau) at concentration (15 mg/

kg/day) at (436.97 ± 18.97) compared to control group (508.02 
± 63.40), while the rest amino acids there were no significant 
differences at the probability level (p ˃ 0.05), and in the 
concentration of 30 mg/kg/day there was a high significant 
difference under the probability level (p ≤ 0.001) in (Ser) acid 
with an average (107.71 ± 20.36) compared with control group 
(20.88 ± 1.88), (Arg) found a high significant difference with an 
average of (246.04 ± 151.96) compared to the control group of 
(39.16 ± 9.9. 84), and the presence of significant differences at 
the probability level (p ≤ 0.05) of (Asn) acid averaged (60.83 ± 
20.90) compared to the control group (16.09 ± 2.72), the average 
amino acid (Gly) was (95.94 ± 19.10) compared to the group 
control (50.43 ± 6.15), (His) acid amino acid averaged (88.73 
± 11.79) compared to the group control (40.87 ± 5.31), (Cit) 
(94.28 ± 7.45) compared to the control group (39.86 ± 7.89) 
and (Val) acid (72.57 ± 8.66) compared to the control group 
of (25.00 ± 3.59), and the absence of significant differences 
at the probability level (p ˃ 0.05) between the concentration 
of 30 mg/kg/day compared to the control group and the 
whole amino acid. Concentrations (15 and 30 mg/kg/day) 
also observed non-significant differences for all amino acids, 
except (His) observed a significant difference at the probability 
level (p ≤ 0.05) in a concentration group 15 mg/kg/day (45.12 
± 6.97) compared to a concentration group of 30 mg/kg/day 
(88.73 ± 11.79), and (Cit) in a concentration group of 15 mg/
kg/day (53.21 ± 6.83) compared to a concentration group of 
30 mg/kg/day (94.28 ± 7.45), and (Val) found a significant 
difference in the concentration group of 15 mg/kg/day (32.00 
± 4.38) compared to a concentration group of 30 mg/kg/day 
if it reached (72.57 ± 8.66). A high significant difference was 
found under the probability level (p ≤ 0.001) between the 30 
concentrations, 15 mg/kg/day for each (Ser) amino acid in the 
concentration group of 15 mg/kg/day (38.98 ± 5.14) compared 
to the concentration of 30 mg/kg/day where it was (38.98 ± 
5.14) compared to the concentration of 30 mg/kg/day (107.71 ± 

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

the control group and the two esperimental groups treated with 
hydroxychloroquine HQC at a concentration of (15 and 30) mg/kg/day.
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20.36), (pro) amino acid in a concentration group of 15 mg/kg 
(26.31 ± 3.30) compared to a concentration group of 30 mg/kg/
day (43.54 ± 9.75) and (Tau) acid in the concentration group of 
15 mg/kg/day (436.97 ± 18.97) compared to a concentration 
group of 30 mg/kg/day (548.60 ± 34.84), and amino acid 
(Arg) in a concentration group of 15 mg/kg/day (59.99 ± 4.96) 
compared to a concentration group of 30 mg/kg/day (246.04 
± 151.96), and the result showed that the differences between 
the concentrations (30,15) mg/kg/day compared to a high 
significant control group under the probability level (p ≤ 0.001) 
among all amino acid.

DISCUSSION
Amino acids are the main component of peptides and proteins 
in the body and play a key role in various body activities and 
functions,13 amino acids are functionally active substances 
and form naturally and work to repair tissues and cells, and 
the kidneys play a role in the synthesis and exchange of many 
amino acids among organs.14

The current result showed that the total number of amino 
acids in the kidneys of adult white mice, M. musculus treated 
with HQC concentration (15 mg/kg/day) and (30 mg/kg) for 
30 days, it was (18) amino acid, and there were 18 amino acids 
in the Gallus gallus domesticus chicken liver study,15 while 
the number in Iraqi frog brain tissue (17) amino acid,16 and in 
the study of embryogenesis and histogenesis of the brain and 
spinal cord of the Coturnix coturnix was (16) amino acid.17

Fisher RS18 stated that non-essential amino acids 
containing two groups of dicarboxylic amino acid such as 
(Gln) plays an active role in metabolic processes, as well 
as can be easily synthesis in all tissues of the body and 
converted into ammonia while maintaining pH balance in 
the kidney and nitrogen secretions. Zuhairi GGS16 pointed 
out when studying amino acid in the brain tissue and spinal 
cord of the Iraqi frog, the highest concentration of (Gln) in 
the mesencephalon was (134.612), and the lowest rate in the 
rhombencephalon brain was (37.565), and in the current result 
found a highly significant in amino acid (Gln) when treated 
with HQC concentration (30 mg/kg/day), with a concentration 
rate of (61.73 ± 11.24) compared to the control group with a 
concentration of (19.63 ± 1.75)19 noted that (Gly) plays a role 
in protecting tissues when oxygen or ischemia is lacking.16 
when studying amino acid in the brain tissue and spinal cord 
of the Iraqi frog, the highest concentration of (Gly) amino acid 
was in the rhombencephalon brain (51.526) and the lowest 
concentration in the mesencephalon was (24.854), and found a 
significant increase in (Gly) amino acid when treated with HQC 
concentration (30 mg/kg/day), with a concentration rate of 
(95.94 ± 19.10) compared to control group with a concentration 
of (50.43 ± 6.15).

(His) amino acid is essential and cannot be synthesized in 
food20 noted that (His) is essential for the release of proteins, 
also plays an important role in the active location of enzymes, 
and can act as a neurotransmitter17 when studying amino 
acidity in the brains of the embryos of the quail bird, the highest 
concentration of His was (0.098) for embryos aged 10 to 16, 
and in the current result found a significant increase of amino 
acid (His) when treated with (HQC) concentration (30 mg/kg/
day), with a concentration rate of (88.73 ± 11.79) compared to 
the control group with a concentration of (40.87 ± 5.31).

The Arg is essential and can be synthesized in sufficient 
quantities in the body to maintain growth and balance, which 
is an essential component of proteins.21 noted in their study 
on amino acid in chicken that (Arg), (Tyr) and (Phe) increased 
their concentration in the adult bird’s brain to 0.064, 0.103, 
0.123, respectively. 

Table 1: The rate of concentration of amino acids in white mouse M. 
musculus kidney of the control group and the two experimental groups 
treated with hydroxychloroquine HQC at a concentration of (15 and 30) 

mg/kg/day

30 concentration15 
concentrationControl groupAmino acid

60.83 ± 20.9039.61 ± 6.9616.09 ± 2.72Asparagine
(Asn)

107.71 ± 20.3638.98 ± 5.1420.88 ± 1.88Serine
(Ser)

61.73 ± 11.2436.05 ± 4.5919.63 ± 1.75Glutamine
(Gln)

95.94 ± 19.1061.70 ± 5.4650.43 ± 6.15Glycine
(Gly)

66.01 ± 11.6335.89 ± 5.7725.66 ± 3.09Threonine
(Thr)

88.73 ± 11.7945.12 ± 6.9740.87 ± 5.31Histadine
(His)

94.28 ± 7.4553.21 ± 6.8339.86 ± 7.89Citrulline
(Cit)

72.37 ± 12.6443.19 ± 6.2833.50 ± 4.01Alanine
(Ala)

43.54 ± 9.7526.31 ± 3.3026.94 ± 7.31Proline
(Pro)

548.60 ± 34.84436.97 ± 18.97508.02 ± 63.40Taurine
(Tau)

246.04 ± 151.9659.44 ± 4.9639.16 ± 9.84Arginine
(Arg)

137.88 ± 38.6138.43 ± 3.4529.90 ± 8.74Tyrosine
(Tyr)

72.57 ± 8.6632.00 ± 4.3825.00 ± 3.59Valine
(Val)

38.86 ± 7.3924.05 ± 2.0917.47 ± 4.97Methionine
(Met)

29.23 ± 7.5318.80 ± 2.3616.12 ± 2.12Isoleucine
(Ile)

23.59 ± 4.8017.32 ± 2.2314.89 ± 1.60Leucine
(Leu)

47.66 ± 5.3129.80 ± 2.9016.33 ± 3.75Phenylalanine
(Phe)

57.52 ± 7.0032.59 ± 5.3415.42 ± 4.21Lysine
(Lys)
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Zuhairi GGS16 pointed out, when studying amino acid 
in the brain tissue and spinal cord of the Iraqi frog, the 
highest concentration of amino acid (Arg) appeared in the 
mesencephalon at 115,423 and the lowest concentration in 
the rhombencephalon was 62, and Phe showed its highest 
concentration in the rhombencephalon at (27.145) with the 
lowest concentration in the mesencephalon (14.951) , and no 
(Tyr) acid was observed. As for the result of the current study, 
there was a significant increase in Arg, Tyr and Phe, when 
treated with (HQC) concentration (30 mg/kg/day), and their 
concentration rate (246.04 ± 151.96, 137.88 ± 38.61, 47.66 ± 
5.31), respectively, when compared to the control group of 
(246.04 ± 151.96, 137.88 ± 38.61, 47.66 ± 5.31) respectively.

Ganong WF9 noted that Tyr amino acid and Lys amino acid 
are essential amino acids that the body cannot synthesize and 
are obtained through food, 

Zuhairi GGS16 also noted when studying amino acid 
in the brain tissue and spinal cord in the Iraqi frog, the 
highest concentration of amino acid (Tyr) appeared in 
the rhombencephalon brain at (36.855), and the lowest 
concentration in the telencephalon was (25.504). As for the 
result of the current study, there was a high significance in 
(Tyr) amino acid when treated with HQC concentration (30 
mg/kg/day) was (137.88 ± 38.61) compared to a control group 
was (29.90 ± 8.74). Branched-chain amino acids BCAA include 
(Val), (Ile) and (Leu), found in muscle proteins and stimulate 
muscle growth. 

Kumar MA et al.22 pointed that plasma levels of branched-
chain amino acid (BCAA), especially (Val) and (Leu), are 
well associated with nutritional status for patients with 
chronic kidney disease. A significant decrease (p ˃ 0.05) was 
observed in levels of (Val) and (Leu) in plasma for patients 
with chronic renal insufficiency (CKD) compared to control. 
At the same time, the study result showed a significant increase 
in concentration (30 mg/kg/day) of Val, (Ile) and (Leu) at 72.5 
7 ± 8.66, 29.23 ± 7.53, 23.59 ± 4.80 respectively, compared 
to control group 25.00 ± 3.59, 16.12 ± 2.12, 14.89 ± 1.60 
respectively.

The amino acid (Ala), which is a non-essential amino acid, 
and the administration of mice with phenelzine (PLZ) leads 
to increased levels of the main inhibitory neurotransmitter in 
the central nervous system of the rat brain and increase only 
amino acid (Ala), and the reason for the increase in the (Ala) 
in the brain is due to the inhibitory effect that depends on the 
length of the dose time and dose concentration,23 the result of 
the current study found a significant increase in amino acid 
(Ala), when treated with HQC concentration (30 mg/kg/day), 
amounted to (72.37 ± 12.64) compared to the control group 
of (33.50 ± 4.01). 

The Tau amino acid is a semi-essential amino acid, and 
the highest concentration of Tau in the current study was in a 
concentration group (30 mg/kg/day) at (548.60 ± 34.84)) and 
lower concentration in a group of concentration (15 mg/kg/
day) was (436.97 ± 18.97) compared to the control group was 
(508.02 ± 63.40). 

The Pro amino acid is a non-essential amino acid that the body 
can synthesis, and is found in collagen that makes up skin 
tissues, fiber, ligaments and bones, it maintains skin moisture, 
and is important in healing after injury, in addition to its role 
in cell differentiation and organ formation.24

Al-Hamawandy DH15 pointed out in their study of G. 
gallus domesticus chicken liver, the lowest concentration of 
(Pro) amino acid (Pro) was (99.80 ± 7.54) at the age of 19 days 
of incubation, while the result of the current study showed a 
significant increase in amino acid (Pro) when treated with HQC 
at concentration of 30 mg/kg/day was (43.54 ± 9.75) compared 
to the control group (26.94 ± 7.31).

(Asn) is an important regulator of amino acid balance in 
cancer cells, metabolism and reproduction25.

Al-Hamawandy DH15 noted in their study of G. gallus 
domesticus chicken liver, the highest concentration of 
asparagus amino acid (Asn) was (175.94 ± 24.089) in a young 
chicken aged 14 days after hatching and its lowest concentration 
was (24.19 ± 1.30) in a fetus aged 14 days of incubation. The 
result of the current study showed a significant increase of 
(Asn) when treated with HQC at a concentration of 30 mg/kg/
day of (60.83 ± 20.90) compared to the lowest concentration 
in the control group (16.09 ± 2.72).

(Ser) also has an important role in the metabolic processes 
of amino acid and has a stimulant and stimulant role, repairing 
damaged tissues while maintaining pH balance in the body.26,27

Al-Hamawandy DH15 noted in their study of G. gallus 
domesticus chicken liver that the highest concentration of 
(Ser) amino acid was (2.14 ± 160.88) in adults. The result of 
the current study showed a significant increase in (Asn) when 
treated with HQC in concentration of 30 mg/kg/day, at (107.71 
± 20.36) compared to the lowest concentration in the control 
group (20.88 ± 1.88).

Heys28 noted that (Cit) is a non-essential amino acid, 
synthesized in the gut and produces nitrogen in the metabolism 
of glutamine in the small intestine, not absorbed by the liver, 
any (Cit) synthesized by the intestines up to the systemic 
circulation and then absorb the kidneys most of the (Cit) made 
by the gut, the result of the current study showed a significant 
increase in amino acid (Cit) when treated with a drug (HQC) 
in concentration (30 mg/kg/day) was 94.28 ± 7.45 compared 
to its lowest concentration in the control group (39.86 ± 7.89).

An increase in all amino acids of mice treated with HQC 
concentration (30 mg/kg/day) was observed, with the lowest 
concentration of acid in the control group except Tau, the 
lowest concentration in the concentration group (15 mg/kg/day) 
compared to the concentration (30 mg/kg/day). The diversity 
of amino acid concentrations in the HQC and concentrations 
(1.530 mg/kg/day) may have occurred because of its effective 
importance in biological organizing and functional events in 
kidney cells and protecting them from the harmful effect of 
the drug. It is important to note that we didn’t find a previous 
study dealing with the amino acids in mice kidney to compare 
the results with ours.



Effect of Hydroxychloroquine (HQC) Drugs on Amino Acids in the Kidneys of White Mice (Mus musculas)

IJDDT, Volume 12 Issue 4, October - December 2022 Page 1594

REFERENCES
1.	 Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M, 

Doudier B, Courjon J, Giordanengo V, Vieira VE, Tissot Dupont 
H, Honoré S, Colson P, Chabrière E, La Scola B, Rolain JM, 
Brouqui P, Raoult D. Hydroxychloroquine and azithromycin as a 
treatment of COVID-19: results of an open-label non-randomized 
clinical trial. Int. J. Antimicrob. Agents. 2020;56(1):105949.

2.	 Ben-ZviI, Kivity S, Langevitz P. Hydroxychloroquine: from 
malaria to autoimmunity. Clin. Rev Allergy Immunol. 2012; 
42:145–53.

3.	 Hobbs HE, Sorsby A, Freedman A. Retinopathy following 
chloroquine therapy. Lancet. 1959;2: 478–80.

4.	 Goldman L, Preston RH . Reactions to chloroquine observed 
during the treatment of various dermato- logic disorders. Am J 
Trop Med Hyg. 1957; 6: 654–7.

5.	 Rand JH, Quinn AS, Chen PP, Hathcock JJ, Taatjes DJ. 
Hydroxychloroquine di rectly reduces the binding of 
antiphospholipid antibody-beta2- glycoprotein I complexes to 
phospholipid bilayers Blood. 2008; 112: 87–95.

6.	 Sahraei Z, Shabani M, Shokouhi S, Saffaei A. Aminoquinolines 
against coronavirus disease 2019 (COVID-19) chloroquine or 
hydroxychloroquine. Int. J. Antimicrob Agents. 2020; 55.4.

7.	 Cortegiani A, Ingoglia G, Ippolito M, Giarratano A, Einav S. 
A systematic review on the efficacy and safety of chloroquine 
for the treatment of COVID-19. Journal of critical care. 2020; 
57: 279-283.

8.	 Radtke RA. Pharmacokinetics of levetiracetam. Epilepsia. 2001; 
42: 24-27.

9.	 Ganong WF. Review of Medical physiology. 22 ed. Lang medical 
book McGraw-Hill .New York. 2005; 709.

10.	 Fernstrom JD. Dietary amino acids and brain function. J. 
American Diet. Assoc. 1994; 94 (1): 71-77.

11.	 Chelab KG, Majeed S KH. Methotrexate-induce histological 
changes in the kidneys of mice. Iraqi Journal of Veterinary 
Science. 2009;23(2): 219-222.

12.	 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: 285-291.

13.	 Parpura V, Verkhratsky A. Astroglial amino acid-based 
transmitter receptors. Amino acids. 2013; 44(4): 1151-1158.

14.	 Miyoshi Y, Koga R, Oyama T, Han H, Ueno K, Masuyama K, 
Hamase K. HPLC analysis of naturally occurring free d-amino 
acids in mammals. Journal of pharmaceutical and biomedical 

analysis. 2012; 69: 42-49.
15.	 Al-Hamawandy DH, Al-Bakri NA. Analysis Of The Amino Acids 

In The Liver Of The Embryo And The Adult Of Domesticated 
Chicken Gallus gallus domesticus (Linnaeus, 1758). Biochemical 
and Cellular Archives. 2019; 19(2): 4385-4392.

16.	 Zuhairi GGS. Histological and morphological study of the brain 
and spinal cord in Iraqi frog Rana ridibunda ridibunda.M.Sc. 
thesis. Collage of Ibn Al-Haitham. University of Baghdad. 
2020:267.

17.	 Abid AB. Embryonic Development and Histogenesis of Brain 
and spinal cord in Quail coturinx coturinx. Ph.D. thesis. Ibn-AL-
Haitham. University of Baghdad. 2016; 15:260-281

18.	 Fisher RS . Role of excitatory amino acid neurotoxicity in 
epilepsy. Epil. Res. 1991;10(1):3-8.

19.	 Hall JC. Glycine. Journal of Parenteral and Enteral Nutrition. 
1998;22(6): 393-398. ‏

20.	 Brosnan ME, Brosnan JT. Histidine metabolism and function. 
The Journal of Nutrition. 2020 ;150: 2570-2575.

21.	 Abid AB, Al-Bakri NA, Abid WB, Selman MO. Histological 
structure of spinal cord in Quail Coturnix coturnix (Linnaeus, 
1758). Pak. J. Biotechnol. 2018;15(12):251-254.

22.	 Kumar MA, Bitla ARR, Raju KVN, Manohar SM, Kumar VS, 
Narasimha SRPVL. Branched chain amino acid profile in early 
chronic kidney disease. Saudi Journal of Kidney Diseases and 
Transplantation. 2012; 23(6): 1202.

23.	 Véronique AMT, Parent MB, Wong JT, Paslawski T, Martin IL, 
Baker GB. Effects of the antidepressant antipanic drug phenelzine 
on alanine and alanine transaminase in rat brain. Cellular and 
molecular neurobiology, 2001;21(4): 325-339.

24.	 Wu G, Bazer FW, Burghardt RC, Johnson GA, Kim SW, Knabe 
DA, Li P, Li X, Mcknight JR, Satterfield MC, Spencer TE. 
Hydroxyproline metabolism implication for animal and human 
nutrition. Amino Acids. 2011;40(40):1053-1063.

25.	 Panosyan EH, Wang Y, Xia P, Lee WNP, Pak Y, Laks DR, Lasky 
JL. Asparagine depletion potentiates the cytotoxic effect of 
chemotherapy against brain tumors. Molecular Cancer Research. 
2014;12(5):694-702.

26.	 Fuchs SA, Berger R, Klomp LW, deKoning TJ. D-Amino acids 
in the central nervous system in health and disease Molec. Gent. 
Metabol. 2005; 85: 168-180.

27.	 Patzold R, Schieber A, Bruckner H. Gas chromatographic 
quantification of free D-amino acids in higher vertebrates. 
Biomed. Chromatogr. 2005;19: 466-473.

28.	 Heys SD, Ashkanani F. Glutamine. Journal of British Surgery. 
1999; 86(3): 289-290.


