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Introduction 

Due to its dominant role in chemicals metabolism and the 

high blood volume received to, the liver is the most 

vulnerable organ to xenobiotics-induced injury.1 Hence, 

finding safe and effective hepatoprotective agents with 

therapeutic capability could have tremendous clinical 

value. In this regard, different chemicals are tested for 

their potential hepatoprotective properties.2,3 Among 

these, several amino acids revealed hepatoprotective 

properties in different experimental models.4-13  

Taurine is one of the most abundant non-protein amino 

acids in the human body.14 Many physiological properties 

are attributed to this amino acid.15 Cell volume regulation, 

membrane stabilization, mitochondrial protection, and 

antioxidant effect are essential roles of taurine in various 

biological systems.9,12,15-17 On the other hand, several 

pharmacological properties including anti-emetic, 

antiepileptic, gastroprotective, and anti-inflammatory 

effects are also attributed to taurine.11,18-21 Taurine also 

has several beneficial properties in the liver and 

hepatocytes.7,9,12,22-24 It has been reported that taurine 

administration could ameliorate xenobiotics-induced liver 

injury.5,6,8,10,25-29 Moreover, daily taurine intake in humans 

is high in some counties, and the risk assessment studies 

revealed that taurine is a safe amino acid without any 

undesirable effect even at very high doses.30,31 In the 

current study, the amino acid taurine has been used to 

preserve liver function in a normothermic recirculating 

isolated perfused liver model. 

Glycine is the simplest amino acid incorporated in the 

structure of body proteins. This amino acid is also 

included into the structure of the tripeptide glutathione 

(GSH). Previous investigations revealed several 

beneficial effects of glycine in liver and hepatocytes.4,32-

34 The protective properties of glycine in other disorders 

also have been documented.35-38 It has been shown that 
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this amino acid efficiently counteracted xenobiotics-

induced liver injury.39,40 Different concentrations of the 

amino acid glycine has been applied in the current study 

to protect liver in a long term perfusion model.  

Histidine is one of the most common natural amino acids 

with several biological functions. Histidine, in addition to 

a regular metabolic role as a protein-building block, is an 

efficient scavenger of toxic oxygen species.41 Direct 

interactions of the histidine imidazole ring with reactive 

oxygen species or interfering of this amino acid with the 

redox reactions, involving metal ions that produce the 

hydroxyl radical, are the postulated mechanisms by which 

histidine counteracts oxidative stress and its subsequent 

events.41 The protective properties of this amino acid have 

been documented in several investigations.42-45 In the 

carrageenan-induced inflammation model, histidine 

reduced paw edema as well as neutrophil infiltration in 

paw tissues.44 Histidine also attenuated the colon 

histopathological changes in a rat model of acetic acid-

induced colitis.46 Several studies have reported that 

histidine possessed marked antioxidant activities such as 

scavenging free radicals, binding divalent metal ions, and 

anti-glycating action.42,43 Histidine is also reported to 

protect the liver against xenobiotics.45 In the current 

study, different concentrations of histidine were applied 

to evaluate its potential hepatoprotective properties in an 

ex vivo model of rat liver perfusion. 

As mentioned, finding safe hepatoprotective agents 

against xenobiotics hepatotoxicity of preserving liver 

function outside the body has clinical value. Therefore, 

the current investigation was designed to evaluate the 

effects of different amino acids (alone and in 

combination) with a previously reported hepatoprotective 

profile on the liver function in an ex vivo model of long-

term organ perfusion. 

 

Materials and Methods 

Chemicals 

5,5´-dithionitrobenzoic acid (DTNB), Taurine (2-

aminoethane sulfonic acid), Glycine (Aminoethanoic 

acid), and Histidine (2-Amino-3-(1H-imidazole-4-yl) 

propanoic acid), were purchased from Sigma-Aldrich (St. 

Louis, USA). Thiobarbituric acid (TBA), Methanol, 

Trichloroacetic acid (TCA), n-Butanol, and 

hydroxymethyl aminomethane hydrochloride (Tris-HCl), 

were purchased from Merck (Dardamstd, Germany). All 

salts for preparing buffer solutions were of the highest 

grade commercially available and prepared from Merck 

(Dardamstd, Germany). Kits for liver perfusate 

biochemistry assessments were prepared from Pars 

Azmun® (Tehran, Iran). 

 

Isolated perfused rat liver preparation 

Male Sprague-Dawley rats (200-250 g) were purchased 

from the Center for Comparative and Experimental 

Medicine of Shiraz University of Medical Sciences and 

allowed free access to a standard chow diet (Behparvar®, 

Tehran, Iran) and tap water. The animals received human 

care and were handled according to the animal handling 

protocol approved by an ethics committee in Faculty of 

Pharmacy, Shiraz University of Medical Sciences, Shiraz, 

Iran (95-01-36-12164). Rats were anesthetized 

(Thiopental, 70 mg/kg, i.p.) and liver was cannulated via 

the portal vein and isolated.47-48 The liver was perfused 

with hemoglobin- and albumin-free Krebs-Henseleit 

buffer (KBH) (118 mmol/l NaC1, 6 mmol/l KCl, 1.1 

mmol/l MgSO4, 1.2 mmol/l KH2PO4, 25 mmol/l NaHCO3 

and 1.25 mmol/l CaCl2, pH=7.4, 37°C), continuously 

gassed with carbogen (95% O2, 5% CO2). The perfusate 

was pumped through the liver with a peristaltic pump 

(Heidolph, Germany) at a constant flow rate of 

3 mL/min/g liver weight, in a recirculating mode. The 

perfusate buffer volume was 200 mL in all 

experiments.24,49 

 

Study procedure 

Rat liver was perfused with simple KBH and amino acid 

containing KBH for 12 consecutive hours.  Hepatic injury 

was assessed at scheduled time intervals (every 3 hours). 

The experimental groups were A) Control (Only KBH 

buffer); B) KBH + Taurine 5 mM; C) KBH + Taurine 

10 mM; D) KBH + Taurine 20 mM; E) KBH + Glycine 5 

mM; F) KBH + Glycine 10 mM; G) KBH + Glycine 20 

mM; H) KBH + Histidine 5 mM; I) KBH + Histidine 10 

mM; J) KBH + Histidine 20 mM; K) KBH + Glycine 10 

mM+ Taurine 10 mM; L) KBH + Glycine 20 mM+ 

Taurine 20 mM. 

 

Perfusate biochemistry and liver histopathological 

evaluation 

A Mindray BS-200® autoanalyzer (Guangzhou, China) 

and standard enzymatic methods (Pars Azmun® kits, 

Tehran, Iran) were employed to assess the level of alanine 

aminotransferase (ALT), aspartate aminotransferase 

(AST), and lactate dehydrogenase (LDH) in liver 

perfusate.50 The perfusate potassium ion (K+) content was 

measured using a flame photometer (IL943  Flame 

Photometer, Sysmedlabs®).51  

Samples of liver were fixed in buffered formalin solution 

(0.4% sodium phosphate monobasic, NaH2PO4, 0.64% 

sodium phosphate dibasic, Na2HPO4, and 10% 

formaldehyde in double distilled water).52 Paraffin-

embedded sections of liver (5 µm) were prepared and 

stained with hematoxylin and eosin (H&E) before light 

microscope viewing.  

 

Liver glutathione content 

Hepatic glutathione content was assessed using the 

Ellman reagent (DTNB).53 Briefly, liver tissue samples 

(200 mg) were homogenized in 8 ml of ice-cooled EDTA 

solution (20 mM, 4ºC). Then, 5 mL of liver homogenate 

was mixed with 4 mL of distilled water and 1 mL of 

trichloroacetic acid (TCA; 50% w/v in distilled water, 

4ºC). The mixture was vortexed and centrifuged (10,000 

g, 15 minutes, 4ºC).49,54 Then, 2 mL of the supernatant 

was added to 4 mL of Tris-HCl buffer (40 mM, pH = 8.9) 

and 100 µl of freshly-prepared DTNB solution (10 mM in 

methanol).53,55 The absorbance of developed yellow color 
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was measured (λ = 412 nm using an EPOCH® plate reader 

(Highland park, USA).  

 

Lipid peroxidation  

The level of lipid peroxidation in the isolated perfused 

liver was assessed by thiobarbituric acid reactive 

substances (TBARS) test.56 The reaction mixture was 

consisted of 0.5 mL of liver homogenate (10%, w/v), 3 ml 

of meta-phosphoric acid 1% (w/v), and 1 mL of 1% (w/v) 

thiobarbituric acid (TBA).49,54,57 The mixture was 

vortexed and heated (100ºC, 45 min). Afterward, 4 mL of 

n-butanol was added and vigorously mixed. After 

centrifugation (10,000 g, 5 min), the absorbance of 

developed pink color in the n-butanol phase was read at λ 

= 532 nm using an EPOCH® plate reader (Highland park, 

USA).56 

 

Statistical analysis 

Data are shown as the Mean±SD. The one-way analysis 

of variance (ANOVA) with Tukey’s multiple comparison 

test as a post hoc was employed for data sets comparison. 

Differences were considered statistically significant when 

P < 0.05. 

 

Results 

The perfusate level of liver injury biomarkers in control 

group (only KBH buffer) gradually increased until the end 

of the experiment (Figure 1-3).  

 

 
Figure 1. Effect of taurine, glycine, and histidine supplementation 
on liver perfusate ALT level at different time points. KBH: Krebs-
Henseleit buffer.  
Data are given as Mean±SD (n = 5).  
*Indicates significantly different as compared with control (Only 
KBH buffer) (P < 0.05). 

 
Figure 2. Effect of amino acid-containing KBH perfusion to the 
liver on the perfusate LDH level. KBH: Krebs-Henseleit buffer. 
Data are given as Mean±SD (n = 5).  *Indicates significantly 
different as compared with control (Only KBH buffer) (P < 0.05). 

 

 
Figure 3. Liver perfusate AST level at different time points and 
the role of amino acid supplementation. KBH: Krebs-Henseleit 
buffer.  
Data are given as Mean±SD (n = 5).  
*Indicates significantly different as compared with control (Only 
KBH buffer) (P < 0.05). 
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It was found that the perfusate level of ALT, AST, and 

LDH were significantly higher in control group (Only 

KBH buffer) (Figures 1-3). On the other hand, the isolated 

liver was perfused with the KBH buffer containing taurine 

(5, 10, and/or 20 mM) and glycine (5, 10, and/or 20 mM). 

It was found that the biomarkers of liver injury were 

significantly lower in amino acid-treated groups (Figures 

1-3). Moreover, it was found that histidine administration 

(5, 10, and/or 20 mM) could not mitigate liver injury as 

judged by the perfusate level of ALT, LDH, and AST 

(Figure 1-3). 

The perfusate level of K+ was assessed as a parameter of 

hepatocytes intactness. It was found that the perfusate K+ 

level was significantly increased in the control group 

(Figure 4). Taurine (5, 10, and/or 20 mM) and glycine (10 

and/or 20mM) supplementation ameliorated K+ release, 

where histidine (5, 20, and/or 20 mM) administration did 

not significantly affect the perfusate K+ level in the 

current investigation (Figure 4). 

 
Figure 4. Liver perfusate potassium (K+) level.  
KBH: Krebs-Henseleit buffer.  
Data are given as Mean±SD (n = 5).  
*Indicates significantly different as compared with the control 
group (Only KBH buffer) (P < 0.05). 

 

It was found that liver glutathione content was depleted in 

control (Only KBH)-treated rats (Figure 5). Moreover, a 

significant amount of lipid peroxidation was detected in 

control group (Figure 6). On the other hand, the perfusion 

of taurine (10 and/or 20 mM) and glycine (10 and 20 

mM)-containing KBH significantly prevented the 

decrease in hepatic glutathione content over time (Figure 

5). Histidine (5, 10, and/or 20 mM) administration did not 

change hepatic glutathione reservoirs (Figure 5).  

 
Figure 5. Liver glutathione content. Data are presented as 
Mean±SD (n = 5).  
KBH: Krebs-Henseleit buffer; Tau: Taurine; Glyc: Glycine; Hist: 
Histidine.  
***Indicates significantly different as compared with the control 
group (Only KBH buffer) group (P < 0.01). 
ns: no significant difference as compared to control (only KBH 
buffer).  

 

 
Figure 6. Effect of amino acid supplementation on liver tissue lipid 
peroxidation in the ex vivo model of isolated perfused rat liver. 
KBH: Krebs-Henseleit Buffer. Tau: Taurine. Glyc: Glycine. Hist: 
Histidine. 
Data are presented as Mean±SD (n = 5).  
***Indicates significantly different as compared with control (Only 
KBH buffer) group (P < 0.01). 
ns: Indicates no significant difference as compared with control 
(Only KBH buffer). 
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Figure 7. Liver histopathological changes in control and taurine-treated groups. H&E photomicrographs of liver tissue perfused for 12 
consecutive hours with KBH buffer and amino acid-containing KBH buffer. A: Control (Only Krebs-Henseleit Buffer; KBH) group, showed 
intensive tissue necrosis, pyknosis, and sinusoidal dilation (Table 1). B: Rat liver was perfused with KBH buffer containing Taurine 5 mM for 
12 hours. Liver injury was mitigated as compared to A (Table 1). C: Rat liver was perfused with KBH buffer containing 10 mM of taurine. D: 
Isolated rat liver was perfused with Taurine 20 mM-containing KBH buffer for 12 hours. Taurine perfusion (5, 10, and 20 mM) effectively 
ameliorated liver injury (Table 1).  

 

 
Figure 8. Effect of glycine administration on liver histopathological changes. H&E photomicrographs of liver tissue perfused for 12 hours with 
KBH buffer and amino acid-containing KBH buffer. A: Control (Only Krebs-Henseleit Buffer; KBH) group, showed massive tissue necrosis, 
pyknosis, and sinusoidal dilation (Table 1). B: Rat liver was perfused with KBH buffer containing glycine 5 mM for 12 hours. Liver injury was 
ameliorated as compared to A (Table 1). C: Isolated rat liver was perfused with Glycine 10 mM-containing KBH buffer for 12 hours. D: Isolated 
rat liver was perfused with Glycine 20 mM-containing KBH buffer for 12 hours. Glycine efficiently prevented liver injury (Table 1).  
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Figure 9. Effect of histidine administration on isolated-perfused rat liver. H&E photomicrographs of liver tissue perfused for 12 hours with 
KBH buffer and amino acid-containing KBH buffer. A: Control (Only Krebs-Henseleit Buffer; KBH) group, showed intensive sinusoidal dilation, 
tissue necrosis, and pyknosis (Table 1). B, C, and D: Rat liver were perfused with KBH buffer containing histidine 5 mM, 10 mM, and 20 mM 
respectively. Histidine administration did not change liver injury as compared to A (Table 1). 

 

 
Figure 10. Effect of the amino acid cocktail (glycine and taurine) on liver histopathology. H&E photomicrographs of liver tissue perfused for 
12 hours with KBH buffer and amino acid-containing KBH buffer. A: Control (Only Krebs-Henseleit Buffer; KBH) group, showed intensive 
sinusoidal dilation, tissue necrosis, and pyknosis (Table 1). B: Rat liver was perfused with KBH buffer containing Taurine 10 mM + Glycine 
10 mM for 12 hours. Liver injury was significantly mitigated as compared to A (Table 1). C: Isolated rat liver was perfused with Taurine 20 mM 
+ Glycine 20 mM KBH buffer for 12 hours. Taurine and glycine perfusion efficiently ameliorated liver injury in this group (Table 1). 
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Taurine (10 and/or 20 mM) and glycine (10 and 20 mM) 

also effectively alleviated lipid peroxidation when they 

were perfused to rat liver (Figure 6). Histidine (5, 10, 

and/or 20 mM) perfusion did not change liver lipid 

peroxidation in the current study (Figure 6). It was found 

that taurine and glycine combination therapy were also 

effective in preventing hepatic glutathione depletion and 

alleviating lipid peroxidation in isolated perfused rat liver 

(Figures 5 and 6). 

Liver histopathological changes in control (Only KBH 

group) revealed as intensive tissue necrosis, pyknosis, and 

sinusoidal dilation (Figure 7 and Table 1). On the other 

hand, it was found that liver tissue histopathological 

changes were mitigated in taurine (5, 10, and/or 20 mM) 

and glycine (5, 10, and/or 20 mM)-treated groups (Figure 

7 and 8 and Table 1). Evaluation of the histidine-treated 

isolated liver revealed that this amino acid did not change 

liver histopathology as compared with control group 

(Figure 9 and Table 1).

   
Table 1. Grades of liver histopathological changes in the presence of investigated amino acids. 

Treatment Pyknosis Necrosis Sinusoidal Dilation Total Grade 
Control(only KBH buffer) ++ +++ +++ 8 
+ Tau 5 mM ++ +++ ++ 7 
+ Tau 10 mM + ++ ++ 5 
+ Tau 20 mM + ++ ++ 5 
+ Glyc 5 mM ++ ++ +++ 7 
+ Glyc 10 mM + ++ ++ 5 
+ Glyc 20 mM + ++ ++ 5 
+ Hist 5 mM ++ +++ ++ 7 
+ Hist 10 mM ++ +++ ++ 7 
+ Hist 20 mM ++ +++ ++ 7 
+Tau 10 mM + Glyc 10 mM + + ++ 4 
+Tau 20 mM + Glyc 20 mM + + ++ 4 

+: Mild; ++: Moderate; and +++: Severe liver tissue histopathological alterations. KBH: Krebs-Henseleit buffer. Tau: Taurine. Glyc: Glycine. 
Hist: Histidine. 
 

Table 2. Effect of taurine and glycine combination therapy on liver injury biomarkers in isolated perfused rat liver. 

                                                                                                   Perfusate LDH (U/l) 

Time (hour): 3 6 9 12 

Control (Only KBH buffer) 87±32 544±102 1752±237 1632±220 
+Tau 10 mM 63±18 142±19* 116±29* 118±30* 
+Tau 20 mM 36±11 63±15* 166±50* 275±65* 
+Glyc 10 mM 74±20 212±26* 567±56* 757±64* 
+Glyc 20 mM 69±17 231±47* 426±58* 883±81* 
+Tau 10 mM + Glyc 10 mM 14±9*, a 83±23*, a 109±28*, a 134±21*, a 
+Tau 20 mM + Glyc 20 mM 17±4*, b 58±12*, b 114±31*, b 144±26*, b 

 Perfusate ALT (U/l) 

Time (hour): 3 6 9 12 

Control (Only KBH buffer) 61±8 325±44 1130±197 1319±168 
+Tau 10 mM 35±6* 398±71 550±114* 749±100* 
+Tau 20 mM 22±6* 112±4* 561±145* 849±123* 
+Glyc 10 mM 15±1* 74±5* 333±86* 680±143* 
+Glyc 20 mM 20±1* 99±35* 358±46* 741±155* 
+Tau 10 mM + Glyc 10 mM 27±4* 125±18*, a 280±39*, a 452±58*, a 
+Tau 20 mM + Glyc 20 mM 28±6* 73±14*, b 121±22*, b 208±79*, b 

 Perfusate AST (U/l) 

Time (hour): 3 6 9 12 

Control (Only KBH buffer) 217±15 687±157 3023±418 2810±425 
+Tau 10 mM 114±7* 851±71 926±276* 1497±357* 
+Tau 20 mM 38±9* 184±26* 384±13* 1152±247* 
+Glyc 10 mM 33±7* 60±9* 229±45* 837±119* 
+Glyc 20 mM 22±6* 154±29* 580±80* 1420±164* 
+Tau 10 mM + Glyc 10 mM 31±9* 77±23*, a 117±21*, a 207±34*, a 

+Tau 20 mM + Glyc 20 mM 17±7* 65±12*, b 98±31*, b 177±45*, b 

 Perfusate  K+ (mg/dl) 

Time (hour): 3 6 9 12 

Control (Only KBH buffer) 8±0.36 9±0.72 11±0.35 11±0.34 
+Tau 10 mM 7±0.37 7±0.52* 8±0.05* 8±0.11* 
+Tau 20 mM 6±0.11* 7±0.11* 7±0.64* 9±0.21* 
+Glyc 10 mM 6±0.31* 7±0.27* 7±0.12* 9±0.10* 
+Glyc 20 mM 7±0.30 7±0.17* 8±0.42* 8±0.37* 
+Tau 10 mM + Glyc 10 mM 6±0.18*, a 7±0.35*, a 8±0.27*, a 8±0.41*, a 

+Tau 20 mM + Glyc 20 mM 7±0.53 7±0.44*, b 8±0.35*, b 8±0.60*, b 

Data are given as Mean±SD (n = 5). KBH: Krebs-Henseleit buffer; Tau: Taurine; Glyc: Glycine. *Indicates significantly different as compared 
with control (Only KBH buffer) (P<0.001). a Indicates significantly different as compared with glycine (10 mM) and/or taurine (10 mM). b 
Indicates significantly different as compared with glycine (20 mM) and/or taurine (20 mM).
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It was found that taurine and glycine combination therapy 

also significantly mitigated liver histopathological 

changes (Figure 10 and Table 2). 

As mentioned, isolated rat liver was also perfused with a 

combination of taurine (10 and/or 20 mM) and glycine (10 

and/or 20 mM) (Table 2). It is noteworthy to mention that 

glycine and taurine combination therapy was significantly 

more effective with amino acid monotherapy in 

preserving liver function (P < 0.05 in all assessed 

parameters, except for liver glutathione content and lipid 

peroxidation) (Table 2 and Figures 5 and 6). 

 

Discussion 

The liver is the target organ for many toxicants. The 

anatomical, biochemical, and physiological features of 

the liver makes it particularly sensitive to many foreign 

compounds. Hence, finding safe hepatoprotective agents 

has a significant clinical value. On the other hand, 

preserving the liver functionality at a normal level has a 

great clinical value in situations such as liver 

transplantation. The current investigation was designed to 

evaluate the role of amino acids with a previously 

reported hepatoprotective profile in an ex vivo model of 

prolong perfusion of the rat liver (12 hours). It was found 

that taurine (10 and/or 20 mM) and glycine (10 and/or 20 

mM), alone or in combination, effectively preserved liver 

function when they were added to the KBH buffer as the 

liver perfusate. 

Taurine is a very safe amino acid,58 which its 

hepatoprotective properties have been proved in several 

experimental models.9,24,59 Taurine concentrations reach 

at milimolar (1-20 mM) level in some tissues such as 

brain and skeletal muscles as well as plasma samples.60 

This amino acid might reach up to the concentration of 50 

mM in leukocytes.61 The mechanisms of hepatoprotection 

provided by taurine might be greatly mediated by its 

effect on oxidative stress parameters.9,24,59,62 The 

antioxidant capacity of taurine is also believed to be 

mediated through its effect on cell mitochondria.12,63 In 

addition, taurine efficiently mitigates biological 

membranes disruption and lipid peroxidation.64,65 In the 

current study we found that taurine supplementation 

mitigated markers of oxidative stress which were evident 

by higher hepatic glutathione reservoirs and significantly 

lower amount of tissue lipid peroxidation. Therefore, the 

antioxidative stress properties of taurine might play a 

fundamental role in its mechanism of hepatoprotection in 

the current experimental model. On the other hand, risk 

assessment studies revealed that taurine is a safe 

compound in humans even at very high doses.58 Hence, 

taurine could be a safe and effective hepatoprotective 

agent with the potential clinical application. 

Glycine (10 and/or 20 mM) significantly prevented liver 

injury in our prolonged organ perfusion model. It has been 

found that this simple amino acid has excellent protective 

properties in several experimental models.24,66-70 Some 

investigations mentioned that the protective properties of 

glycine might be mediated through its anti-inflammatory 

effects.71,72 The antioxidant properties of glycine also 

have been reported in previous investigations.24,33,69,73-75 It 

has been found that glycine is capable of preventing 

xenobiotics-induced liver injury.24,33,69,73,75 Glycine is also 

an essential component of the glutathione molecule. 

Glutathione is needed for cell defense mechanisms 

against oxidative stress. Moreover, it has been found that 

glycine efficiently protected organs against hypoxic 

injury.39,70,76 The effect of glycine on non-parenchymal 

liver cells might also be involved in its hepatoprotective 

properties.72 Collectively, all these studies mention the 

hepatoprotective potential of glycine. In the current study, 

we found that glycine supplementation significantly 

preserved liver function and counteracted oxidative stress 

and its consequences. On the other hand, as glycine is an 

endogenous compound, high doses of this amino acid 

could be administered in humans.32,77 High plasma level 

of this amino acid is found in human subjects.78 Hence, 

this amino acid might be applicable in humans to protect 

the liver against a variety of xenobiotics or preserving 

liver function outside the body (e.g., for liver 

transplantation).  

Although some investigations mentioned the 

hepatoprotective role of histidine in animal models of 

liver injury,45 we found that this amino acid did not 

change the liver injury biomarkers in the ex vivo model of 

isolated perfused rat liver. Histidine is reported to be a 

radical scavenger,79 but its effect on liver lipid 

peroxidation and glutathione content was not significant 

in the current investigation. The insignificant effect of 

histidine in the current ex vivo model might be associated 

with different factors such as the concentrations of 

histidine applied in this study. 

 

Conclusion 

Preserving organ function in the ex vivo conditions is a 

critical challenge for organ transplantation. In this regard, 

several protective strategies in addition of different 

protective agents have been applied.80 It has been shown 

that supplementation of the liver with several protecting 

agents including different antioxidants preserved liver 

function in ex vivo conditions.80 Based on the data 

presented in the current study, we might be able to 

propose that taurine and glycine could be ideal protective 

agents with therapeutic capability not only against 

xenobiotics-induced liver injury but also as a tool in organ 

transplantation and protecting other isolated organs (e.g., 

heart, kidney). 

Collectively, the current investigation revealed significant 

hepatoprotective effects of taurine and glycine (alone or 

in combination). Hence, these amino acids are potential 

candidates of safe and effective hepatoprotective agents 

to preserve the liver function out of the body (e.g., for 

organ transplantation) or protecting this organ against a 

wide range of xenobiotics-induced hepatotoxicity. 
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