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Abstract

The cholestatic liver disease ensues with a hepatic accumulation of cytotoxic molecules. Several
hydrophobic bile acids are known as cytotoxic agents accumulated in the liver during cholestasis. Cheno-
deoxycholic acid (CDCA) is a toxic hydrophobic bile acid. Oxidative stress and mitochondrial dysfunction
are well-known mechanisms of bile acid cytotoxicity. In the current study, CDCA effect on isolated liver
mitochondria was monitored by analyzing the changes in mitochondrial dehydrogenases activity, mito-
chondrial permeabilization, and mitochondrial membrane potential. On the other hand, taurine (1 mM) and
carnosine (1 mM) were added as potential protective agents against CDCA-induced mitochondrial dys-
function. Increasing the concentrations of CDCA (100 pM-1000 pM) impaired mitochondrial membrane
potential, decreased mitochondrial dehydrogenases activity, and enhanced mitochondrial permeabilization
and swelling. It was found that taurine and carnosine supplementation preserved mitochondrial function
in the presence of CDCA. The results mention that toxicologically relevant concentrations of CDCA im-
paired mitochondrial function. On the other hand, taurine and carnosine might be applicable as protective
agents against bile acids-induced mitochondrial impairment and toxicity.
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1. Introduction cytotoxicity (4, 6-13). Chenodeoxycholic acid

Bile acid synthesis is a vital function of
hepatocytes. On the other hand, any defect in the
bile acid transportation from hepatocytes to the
gastrointestinal (GI) tract could ensue with del-
eterious consequences (1-3). Most bile acids are
hydrophobic molecules with detergent properties
(4, 5). These chemicals are well-known biomem-
brane disruptors and protein degrading agents
(4, 5). Oxidative stress and its following events are
the proposed mechanisms involved in the bile acid
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(CDCA) (Figure 1) is a hydrophobic cytotoxic bile
acid, which accumulates in hepatocytes during
cholestasis.

At the cellular level, mitochondria are
critical targets for bile acid toxicity (6, 10, 12, 14-
19). It has been well-characterized that bile acids
deteriorate the mitochondrial function (6, 10, 12,
14-19). The collapse of mitochondrial membrane
potential, mitochondrial permeabilization and
swelling, impaired mitochondrial ATP biosynthe-
sis, and release of cell death mediators are attrib-
uted to bile acid cytotoxicity (6, 10, 12, 14-19).
These events could finally lead to the energy crisis,
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Figure 1. Chemical structure of chenodeoxycholic acid as a hydrophobic cytotoxic bile acid.

cell death, and organ injury.

Taurine is the most abundant free amino
acid in the body (20). Several biological roles have
been attributed to this amino acid (21, 22). The
protective properties of taurine have repeatedly
been mentioned in different experimental models
(23-32). Interestingly, taurine is a good modulator
of cellular mitochondrial function (32-35). It has
been found that this amino acid efficiently mitigat-
ed mitochondria-mediated cytotoxicity of xenobi-
otics (32, 36-39). In the current study, the potential
protective properties of taurine have been evalu-
ated in the isolated liver mitochondria exposed to
toxic CDCA concentrations.

Carnosine is an endogenous dipeptide
with a wide range of pharmacological properties
(40-46). It has been found that carnosine efficient-
ly interacts with reactive species (e.g., cytotoxic
aldehydes) and ameliorates oxidative stress in dif-
ferent experimental models (40-45, 47-50). On
the other hand, the positive effects of this peptide
on cellular mitochondria has been also mentioned
in the previous studies (41, 51-53). In the current
study, carnosine has been applied to preserve mi-
tochondrial function in the presence of CDCA.

2. Materials and methods
2.1. Chemicals

Carnosine and taurine were purchased from
Sigma (St. Louis, MO, USA).4,2 Hydroxyethyl,1-
piperazineethanesulfonic acid (HEPES), fatty acid
free bovine serum albumin (BSA; Fraction V),
3-(N-morpholino)propane sulfonic acid (MOPS),
dimethyl sulfoxide (DMSO), D-mannitol, thiobar-
bituric acid (TBA), ethylene glycol-bis (2-amino-
ethyl ether)-N,N,N',N'-tetraacetic acid (EGTA),
chenodeoxycholic acid (CDCA), trichloroacetic
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acid (TCA), 3-[4,5dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT), rhoda-
minel23, coomassie brilliant blue, hydroxymethyl
aminomethane hydrochloride (Tris-HCI), sodium
succinate, and ethylenediaminetetraacetic acid
(EDTA) were purchased from Merck (Darmstadt,
Germany). All salts for preparing buffer solu-
tions (analytical grade) were obtained from Merck
(Darmstadt, Germany).

2.2. Animals

Male BALB/c (20-25 g) were obtained
from Animal Breeding Center of Shiraz Univer-
sity of Medical Sciences, Shiraz Iran. Mice were
housed in cages with wood-chip bedding at a
temperature of 2341 °C and relative humidity of
~40%. Animals had free access to a standard ro-
dents chow diet (Behparvar®, Tehran, Iran) and tap
water. Mice were fasted 24 h before the mitochon-
dria isolation procedure. Animals were handled in
compliance with the guidelines of the laboratory
animals care and use approved by an institutional
ethics committee in Shiraz University of Medical
Sciences, Shiraz, Iran (15115/14883).

2.3. Liver tissue mitochondria isolation and ex-
perimental setup

Mice liver mitochondria were isolated
based on the differential centrifugation method
(54-56). Animals were anesthetized (Thiopental,
80 mg/kg, i.p) and the liver was excised, washed,
and minced with an ice-cooled saline solution
(Sodium chloride 0.9%) (54, 57, 58). Then, the
liver tissue was homogenized in a buffer contain-
ing 75 mM mannitol, 220 mM sucrose, 0.5 mM
EGTA, 2 mM HEPES, 0.1% essentially fatty acid-
free bovine serum albumin and pH=7.4 at a 10:1
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buffer to tissue (v:w) ratio (54). Afterwards, tis-
sue homogenate was centrifuged to remove intact
cells and nuclei (1000 g for 10 min at 4 °C). The
supernatant was further centrifuged at 10,000 g
(4 °C for 10 min) to precipitate the heavy mem-
brane fractions (mitochondria). This step was re-
peated three times using fresh buffer medium to
increase the mitochondrial yield. As mentioned,
all manipulations for mitochondrial isolation were
performed at 4 °C or on ice to preserve mitochon-
drial intactness (54).

In all experiments using taurine and car-
nosine as the protecting agents, isolated liver mito-
chondria were pre-incubated with these chemicals
15 min before CDCA exposure. The isolated liver
mitochondria were exposed to CDCA for 30 min,
then mitochondrial function was assessed. Taurine
and carnosine were dissolved in mitochondria me-
dium. CDCA was dissolved in DMSO. The maxi-
mum volume of DMSO added to the mitochondria
preparations was 5 pul/10 ml incubation media.

2.4. Mitochondrial dehydrogenases activity (MTT
assay)

The methyl tetrazolium (MTT) assay was
applied as a colorimetric method for determination
of mitochondrial dehydrogenases activity in the
isolated liver mitochondria (59-61). Briefly, mito-
chondrial suspension (1 mg protein/ml) in a buffer
containing 0.32 M sucrose, 1| mM EDTA, and 10
mM Tris-HCI, pH=7.4, was incubated with 40 ul
of MTT (0.4% w:v) at 37 °C (30 min, in the dark)
(56). Samples were centrifuged (10,000 g, 15 min)
and the product of the purple formazan crystals
was dissolved in DMSO (1 ml). Then, 100 pl of
the dissolved formazan was added to a 96 well
plate, and the optical density (OD) at A=570 nm
was assessed with an Epoch plate reader (BioTek®
Instruments, Highland Park, USA) (58, 62).

2.5. Mitochondrial depolarization

The mitochondrial ability to uptake the
cationic fluorescent dye, rhodamine 123, was used
as an index of mitochondrial depolarization (54,
63-67). For this purpose, the mitochondrial frac-
tions (0.5 mg protein/mL) were incubated with
rhodamine 123 (final concentration of 10 uM) in
a buffer containing 65 mM KCl, 125 mM sucrose,
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5 mM sodium succinate, 20 uM Ca2*, and 10 mM
HEPES, pH=7.2 (20 min, 37 °C) (61, 68). Samples
were centrifuged (10,000 g, 5 min, 4 °C) and the
fluorescence intensity of the supernatant was mon-
itored using a FLUOstar Omega® multifunctional
microplate reader (LABTECH, Germany) at the
excitation and emission wavelengths of A=485 nm
and A=525 nm, respectively (54).

2.6. Mitochondrial permeabilization and swelling
assay

Mitochondrial swelling was assessed by
the light scattering method as previously described
(54). Briefly, the isolated liver mitochondria prep-
arations (0.5 mg protein/mL) were suspended in
swelling buffer (125 mM sucrose, 65 mM KCl,
10 mM HEPES-KOH, 20 uM CaZ", pH=7.2). The
light absorbance at A=540 nm was monitored dur-
ing 30 min of incubation at a constant tempera-
ture of 30 °C (54). A decreased light absorbance is
consistent with an increase in mitochondrial
volume (54). Hence, as mitochondria are more
swelled, the differences between light absorbance
of two-time points are higher. The differences
between the absorbance of samples at two time
points (10 and 30 min) were assessed and report-
ed as maximal mitochondrial swelling amplitude
(AOD540 nm) (54).

2.7. Statistical analysis

Data are given as the Mean+SD. Data
comparison was conducted by the one-way analy-
sis of variance (ANOVA) with Tukey’s multiple
comparison tests as the post hoc. Differences were
considered statistically significant when P<0.05.

3. Results

The effect of CDCA on mitochondrial de-
hydrogenases activity (MTT test) has been shown
in Figure 2. It was found that concentrations of
CDCA ranging from 100 uM-1000 uM caused a
significant decrease in mitochondrial dehydroge-
nases activity as compared with the control group
(Figure 2). On the other hand, pre-incubation of
liver mitochondria with taurine (1 mM) and/or
carnosine (I mM) prevented CDCA-induced de-
crease in mitochondrial dehydrogenases activity
(Figure 2).
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Figure 2. Mitochondrial dehydrogenases activity in the presence of the cytotoxic bile acid chenodeoxycho-

lic acid (CDCA), taurine (Tau), and carnosine (Carn).

Data are given as Mean+SD (n=8).

*Indicates significantly different as compared with control (0 uM CDCA) (P<0.001).
4Indicates significantly different as compared with CDCA-treated group (P<0.001).

Incubation of the isolated mice liver mitochondria
with different concentrations of CDCA increased
mitochondrial permeabilization and swelling
(Figure 3). It was found that taurine and carnosine
treatment ameliorated CDCA-induced mitochon-
drial permeabilization and swelling (Figure 3).
Concentrations of 100-1000 uM of CDCA
abolished mitochondrial capability of rhodamine
123 uptake as an index of mitochondrial mem-

0.47

Maximal mitochondrial swelling
amplitude (AOD540 nm)

brane potential (Figure 4). On the other hand, it
was found that taurine (1 mM) and carnosine (1
mM) supplementation prevented CDCA-induced
mitochondrial depolarization (Figure 4).

4. Discussion
Cholestasis is the stoppage of bile flow

from hepatocytes to the GI tract. Several patholog-
ical conditions, as well as a wide range of drugs

CDCA +Carn1mM

CDCA +Tau1mM

0.0 T T T
0 100 250 500

CDCA Concentration (uM)

1000

Figure 3. Mitochondrial permeabilization and swelling in the presence of chenodeoxycholic acid (CDCA),

taurine (Tau), and carnosine (Carn).
Data are given as Mean+SD (n=8).

***Indicates significantly different as compared with control (0 uM CDCA) (P<0.001).
4Indicates significantly different as compared with CDCA-treated group (P<0.01).
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Figure 4. Chenodeoxycholic acid (CDCA)-induced mitochondrial depolarization.
Data are given as Mean=SD (n = 8). Tau: Taurine; Carn: Carnosine.

*Indicates significantly different as compared with control (0 pM CDCA) (P<0.001).
4Indicates significantly different as compared with CDCA-treated group (P<0.001).

and xenobiotics, are capable of inducing cholesta-
sis (1-3, 69). Despite its etiology, accumulation of
highly toxic substances such as bile acids is the
common outcome of cholestasis. Chenodeoxycho-
lic acid (CDCA) is one of the cytotoxic hydropho-
bic bile acids accumulated in hepatocytes during
cholestasis (Figure 1).

The prominent role of mitochondria in
cellular energy metabolism, as well as its role in
cell death process and apoptosis, make it a critical
target for xenobiotics toxicity (70, 71). Several in-
vestigations suggest that cellular mitochondria are
the principal targets of bile acids-induced injury
(6,10, 12, 14-19). Although the exact mechanisms
of mitochondrial impairment induced by toxic bile
salts are unclear, the promotion of mitochondrial
permeabilization, release of cell death mediators,
dissipation of mitochondrial membrane potential,
and impairment of mitochondrial energy metabo-
lism are the well-characterized events associated
with cholestasis-induced liver injury (6, 10, 12,
14-19). In the current study, our data indicate that
mitochondrial impairment is involved in the mech-
anism of injury induced by CDCA as a toxic bile
acid. On the other hand, we found that administra-
tion of taurine and/or carnosine could be a protec-
tive strategy against CDCA-induced mitochondri-
al dysfunction.

The cytoprotective properties of taurine
have been repeatedly mentioned in previous stud-
ies (23-32). Taurine has been proposed to poses
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its protective properties through different mecha-
nisms including regulation of oxidative stress,
prevention of biomembrane lipid peroxidation,
and modulation of mitochondrial function (21-32).
Some studies also mentioned that the antioxidant
properties of this amino acid might be directly as-
sociated with its effects on cellular mitochondria
(72-74). Interestingly, taurine plays a vital role
in the structure of mitochondrial tRNA (74, 75).
Hence, a proper level of this amino acid in mito-
chondria could help in regulating mitochondrial
protein synthesis machinery and efficient mito-
chondrial respiratory complexes function. On the
other hand, it has been found that taurine might
act as a regulator of mitochondrial matrix pH (34).
Mitochondrial matrix pH is a critical factor for
preservation of mitochondrial membrane potential
(AY). All these data mention a role for taurine in
the regulation of mitochondrial function.

In the current study, it was found that
taurine supplementation preserved mitochondrial
function upon interaction with the toxic bile acid
CDCA. Hence, administration of this amino acid
could serve as a protective strategy against bile
acids-induced mitochondrial impairment and or-
gan injury. Risk assessment studies revealed that
taurine is safe even at high doses (76, 77). There-
fore, this amino acid might be clinically applicable
against cholestasis-induced organ injury.

Carnosine is a dipeptide widely investi-
gated for its protective properties in different ex-
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perimental models (40-45, 47-50). Carnosine is a
well-known antioxidant and scavenger of different
reactive species (46, 78-80). Hence, this peptide
could efficiently protect biological targets against
xenobiotics toxicity. The positive effects of car-
nosine on cellular mitochondria have also been
mentioned in previous studies (51, 81). It has been
found that carnosine preserved mitochondrial
membrane potential, prevented mitochondrial per-
meabilization, and enhanced mitochondrial energy
metabolism and ATP production (51, 82). In line
with previous findings, the protective properties
of carnosine were evident against CDCA toxicity
in the current investigation. All these data might
mention the potential protective properties of car-
nosine against cholestasis-induced liver injury.
On the other hand, as carnosine is an endogenous
molecule, it might be readily applicable in clinical
situations.

Collectively, our data mention mitochon-
drial toxicity of the hydrophobic bile acid CDCA
and the potential protective properties of taurine
and carnosine supplementation. Indeed, more
studies in different experimental models or human
subjects of cholestasis could reveal the therapeutic
significance of these data.

Acknowledgements

This study was financially supported
by the Vice Chancellor of Research Affairs of
Shiraz University of Medical Sciences (Grant #
15115/14883). Authors thank Pharmaceutical Sci-
ences Research Center (PSRC) of Shiraz Univer-
sity of Medical Sciences for providing technical
facilities to carry out this investigation.

Conflict of Interest
None declared.

5. References

1. Whitington PF, Freese DK, Alonso EM,
Schwarzenberg SJ, Sharp HL. Clinical and bio-
chemical findings in progressive familial intra-
hepatic cholestasis. J Pediatr Gastroenterol Nutr.
1994;18;134-41.

2. Gossard AA, Talwalkar JA. Cholestatic
liver disease. Med Clin North Am. 2014;98;73-85.
3. Patil A, Mayo MJ. Complications of Cho-

lestasis. In: Md KDL, Md JAT, editors. Cholestatic
Liver Disease. New York; Humana Press; 2008. p.
155-169.

4. Perez MJ, Briz O. Bile-acid-induced cell
injury and protection. World J Gastroenterol.
2009;15;1677-89.

5. Martinez-Diez MC, Serrano MA, Monte
MJ, Marin JJG. Comparison of the effects of bile
acids on cell viability and DNA synthesis by rat
hepatocytes in primary culture. Biochim Biophys
Acta. 2000;1500;153-60.

6. Heidari R, Niknahad H, Sadeghi A, Mo-
hammadi H, Ghanbarinejad V, Ommati MM, et
al. Betaine treatment protects liver through regu-
lating mitochondrial function and counteract-
ing oxidative stress in acute and chronic animal
models of hepatic injury. Biomed Pharmacother.
2018;103:75-86.

7. Heidari R, Moezi L, Asadi B, Ommati
MM, Azarpira N. Hepatoprotective effect of bol-

104

dine in a bile duct ligated rat model of cholestasis/
cirrhosis. PharmaNutrition. 2017;5;109-17.

8. Heidari R, Ghanbarinejad V, Mohamma-
di H, Ahmadi A, Esfandiari A, Azarpira N, ef al.
Dithiothreitol supplementation mitigates hepatic
and renal injury in bile duct ligated mice: Poten-
tial application in the treatment of cholestasis-
associated complications. Biomed Pharmacother.
2018;99;1022-32.

9. Heidari R, Ghanbarinejad V, Moham-
madi H, Ahmadi A, Ommati MM, Abdoli N,
et al. Mitochondria protection as a mechanism
underlying the hepatoprotective effects of gly-
cine in cholestatic mice. Biomed Pharmacother.
2018;97;1086-95.

10. Bomzon A, Holt S, Moore K. Bile acids,
oxidative stress, and renal function in biliary ob-
struction. Semin Nephrol. 1997;17;549-562.

11. Chen C-C, Ho C-Y, Chaung H-C, Tain
Y-L, Hsieh C-S, Kuo F-Y, et al. Fish omega-3 fatty
acids induce liver fibrosis in the treatment of bile
duct-ligated rats. Dig Dis Sci. 2013;58;440-7.

12. Copple BL, Jaeschke H, Klaassen CD.
Oxidative stress and the pathogenesis of cholesta-
sis. Semin Liver Dis. 2010;30;195-204.

13. Holt S, Marley R, Fernando B, Harry D,
Anand R, Goodier D, et al. Acute cholestasis-
induced renal failure: effects of antioxidants and
ligands for the thromboxane A2 receptor. Kidney

Trends in Pharmaceutical Sciences 2018: 4(2): 99-108.




Int. 1999;55;271-7.

14. Rolo AP, Oliveira PJ, Moreno AJM, Pal-
meira CM. Bile acids affect liver mitochondrial
bioenergetics: possible relevance for cholestasis
therapy. Toxicol Sci. 2000;57;177-85.

15. Spivey JR, Bronk SF, Gores GJ. Glyco-
chenodeoxycholate-induced lethal hepatocellu-
lar injury in rat hepatocytes. Role of ATP deple-
tion and cytosolic free calcium. J Clin Invest.
1993;92;17-24.

16. Schulz S, Schmitt S, Wimmer R, Aichler
M, Eisenhofer S, Lichtmannegger J, et al. Progres-
sive stages of mitochondrial destruction caused
by cell toxic bile salts. Biochim Biophys Acta.
2013;1828;2121-33.

17. Arduini A, Serviddio G, Tormos AM,
Monsalve M, Sastre J. Mitochondrial dysfunc-
tion in cholestatic liver diseases. Front Biosci.
2012;4;2233-52.

18. Rolo AP, Palmeira CM, Wallace KB.
Mitochondrially mediated synergistic cell kill-
ing by bile acids. Biochim Biophys Acta.
2003;1637;127-32.

19. Palmeira CM, Rolo AP. Mitochondri-
ally-mediated toxicity of bile acids. Toxicology.
2004;203;1-15.

20. Huxtable RJ. Physiological actions of tau-
rine. Physiol Rev. 1992;72;101-63.

21. Huxtable RJ, Michalk D. Taurine in Health
and Disease: In Huxtable RJ, Michalk D editors.
Advances in Experimental Medicine and Biology.
New York; Springer Science & Business Media;
2013.

22. Timbrell JA, Seabra V, Waterfield CJ. The
in vivo and in vitro protective properties of tau-
rine. General Pharmacol. 1995;26;453-62.

23. Heidari R, Jamshidzadeh A, Ghanbarine-
jad V, Ommati MM, Niknahad H. Taurine supple-
mentation abates cirrhosis-associated locomotor
dysfunction. Clin Exp Hepatol. 2018;4;72-82.

24. Niknahad H, Jamshidzadeh A, Heidari R,
Zarei M, Ommati MM. Ammonia-induced mito-
chondrial dysfunction and energy metabolism dis-
turbances in isolated brain and liver mitochondria,
and the effect of taurine administration: relevance
to hepatic encephalopathy treatment. Clin Exp
Hepatol. 2017;3;141-51.

25. Jamshidzadeh A, Abdoli N, Niknahad H,
Azarpira N, Mardani E, Mousavi S, ef al. Taurine
alleviates brain tissue markers of oxidative stress

Trends in Pharmaceutical Sciences 2018: 4(2): 99-108.

Bile acid mitotoxicity

in a rat model of hepatic encephalopathy. Trend
Pharm Sci. 2017;3;181-92.

26. Jamshidzadeh A, Heidari R, Abasvali M,
Zarei M, Ommati MM, Abdoli N, ef al. Taurine
treatment preserves brain and liver mitochondrial
function in a rat model of fulminant hepatic fail-
ure and hyperammonemia. Biomed Pharmacother.
2017;86;514-20.

27. Heidari R, Jamshidzadeh A, Niknahad H,
Safari F, Azizi H, Abdoli N, et al. The hepatopro-
tection provided by taurine and glycine against
antineoplastic drugs induced liver injury in an ex
vivo model of normothermic recirculating isolated
perfused rat liver. Trend Pharm Sci. 2016;2;59-76.
28. Heidari R, Jamshidzadeh A, Niknahad H,
Mardani E, Ommati MM, Azarpira N, et al. Effect
of taurine on chronic and acute liver injury: Fo-
cus on blood and brain ammonia. 7oxicol Report.
2016;3:;870-9.

29. Heidari R, Rasti M, Shirazi Yeganeh B,
Niknahad H, Saeedi A, Najibi A. Sulfasalazine-
induced renal and hepatic injury in rats and the
protective role of taurine. Bioimpacts. 2016;6;3-8.
30. Heidari R, Sadeghi N, Azarpira N, Nikna-
had H. Sulfasalazine-induced hepatic injury in
an ex vivo model of isolated perfused rat liver
and the protective role of taurine. Pharm Sci.
2015;21;211-9.

31. Heidari R, Jamshidzadeh A, Keshavarz N,
Azarpira N. Mitigation of Methimazole-Induced
Hepatic Injury by Taurine in Mice. Sci Pharm.
2015;83;143-58.

32. Heidari R, Babaei H, Eghbal MA. Amodi-
aquine-induced toxicity in isolated rat hepatocytes
and the cytoprotective effects of taurine and/or N-
acetyl cysteine. Res Pharm Sci. 2014;9;97-105.
33. Heidari R, Babaei H, Eghbal MA. Cy-
toprotective Effects of Taurine Against Toxic-
ity Induced by Isoniazid and Hydrazine in Iso-
lated Rat Hepatocytes. Arch Industl Hyg Toxicol.
2013;64;201-10.

34, Hansen SH, Andersen ML, Cornett C,
Gradinaru R, Grunnet N. A role for taurine in mi-
tochondrial function. J Biomed Sci. 2010;17;1-8.
35. Hansen SH, Grunnet N. Taurine, Glutathi-
one and Bioenergetics. In Idrissi AE, L’ Amoreaux
WI, editors. Advances in Experimental Medicine
and Biology: New York; Springer. 2013. p. 3-12.
36. Ahmadian E, Babaei H, Mohajjel
Nayebi A, Eftekhari A, Eghbal MA. Venlafax-

105




Reza Heidari et al.

ine-induced cytotoxicity towards isolated rat
hepatocytes involves oxidative stress and mito-
chondrial/lysosomal dysfunction. Adv Pharm Bull.
2016;6;521-30.

37. Parvez S, Tabassum H, Banerjee BD,
Raisuddin S. Taurine Prevents Tamoxifen-Induced
Mitochondrial Oxidative Damage in Mice. Basic
Clin Pharmacol Toxicol. 2008;102;382-7.

38. Xu S, He M, Zhong M, Li L, Lu Y, Zhang
Y, et al. The neuroprotective effects of taurine
against nickel by reducing oxidative stress and
maintaining mitochondrial function in cortical
neurons. Neurosci Lett. 2015;590;52-7.

39. Zhang Z, Liu D, Yi B, Liao Z, Tang L, Yin
D, et al. Taurine supplementation reduces oxida-
tive stress and protects the liver in an iron-overload
murine model. Mol Med Report. 2014;10;2255-62.
40. Boldyrev AA, Aldini G, Derave W. Physi-
ology and Pathophysiology of Carnosine. Physio/
Rev. 2013;93;1803-45.

41. Cheng J, Wang F, Yu D-F, Wu P-F, Chen
J-G. The cytotoxic mechanism of malondialde-
hyde and protective effect of carnosine via protein
cross-linking/mitochondrial dysfunction/reactive
oxygen species/MAPK pathway in neurons. Eur J
Pharmacol. 2011;650;184-94.

42. Fouad AA, El-Rehany MA-A, Maghra-
by HK. The hepatoprotective effect of carnosine
against ischemia/reperfusion liver injury in rats.
FEur J Pharmacol. 2007;572;61-8.

43, Fouad AA, Morsy MA, Gomaa W. Protec-
tive effect of carnosine against cisplatin-induced
nephrotoxicity in mice. Environ Toxicol Pharma-
col. 2008;25;292-7.

44, Kurata H, Fujii T, Tsutsui H, Katayama
T, Ohkita M, Takaoka M, et al. Renoprotective
effects of l-carnosine on ischemia/reperfusion-in-
duced renal injury in rats. J Pharmacol Exp Ther.
2006;319;640-7.

45. Lee Y-t, Hsu C-c, Lin M-h, Liu K-s, Yin
M-c. Histidine and carnosine delay diabetic dete-
rioration in mice and protect human low density
lipoprotein against oxidation and glycation. Eur J
Pharmacol. 2005;513;145-50.

46. Guiotto A, Calderan A, Ruzza P, Borin G.
Carnosine and carnosine-related antioxidants: A
Review. Curr Med Chem. 2005;12;2293-315.

47. Heidari R, Niknahad H, Jamshidzadeh A,
Azarpira N, Bazyari M, Najibi A. Carbonyl traps
as potential protective agents against methima-

106

zole-induced liver injury. J Biochem Mol Toxicol.
2015;29;173-81.

48. Jamshidzadeh A, Heidari R, Latifpour Z,
Ommati MM, Abdoli N, Mousavi S, et al. Carno-
sine ameliorates liver fibrosis and hyperammone-
mia in cirrhotic rats. Clin Res Hepatol Gastroen-
terol. 2017;41;424-34.

49, Jamshidzadeh A, Abdoli N, Niknahad H,
Azarpira N, Mousavi S, Mardani E, et al. Carno-
sine supplementation mitigates brain tissue mark-
ers of oxidative stress in a rat model of fulminant
hepatic failure. Trend Pharm Sci. 2017;3;149-60.
50. Jamshidzadeh A, Abazari F, Ramezani M,
Khodaei F, Ommati MM, ef al. Antimalarial drugs-
induced hepatic injury in rats and the protective
role of carnosine. Pharm Sci. 2016;22;170-80.

51. Jamshidzadeh A, Niknahad H, Heidari R,
Zarei M, Ommati MM, Khodaei F. Carnosine pro-
tects brain mitochondria under hyperammonemic
conditions: Relevance to hepatic encephalopathy
treatment. PharmaNutrition. 2017;5;58-63.

52. Corona C, Frazzini V, Silvestri E, Lat-
tanzio R, La Sorda R, Piantelli M, et al. Effects
of dietary supplementation of carnosine on mi-
tochondrial dysfunction, amyloid pathology, and
cognitive deficits in 3xTg-AD mice. PLoS One.
2011;6;e17971.

53. Hipkiss AR. Aging, proteotoxicity, mito-
chondria, glycation, NAD+ and carnosine: pos-
sible inter-relationships and resolution of the oxy-
gen paradox. Front Aging Neurosci. 2010;2:10.
54. Caro AA, Adlong LW, Crocker SJ, Gard-
ner MW, Luikart EF, Gron LU. Effect of garlic-
derived organosulfur compounds on mitochon-
drial function and integrity in isolated mouse liver
mitochondria. Toxicol Lett. 2012;214;166-74.

55. Niknahad H, Heidari R, Mohammadzadeh
R, Ommati MM, Khodaei F, Azarpira N, et al. Sul-
fasalazine induces mitochondrial dysfunction and
renal injury. Ren Fail. 2017;39;745-753.

56. Jamshidzadeh A, Heidari R, Ayarzadeh
M, Khodaei F, Arabnezhad MR, et al. Propylthio-
uracil-induced mitochondrial dysfunction in liver
and its relevance to drug-induced hepatotoxicity.
Pharm Sci. 2017;23;95-102.

57. Zhao P, Kalhorn TF, Slattery JT. Selective
mitochondrial glutathione depletion by ethanol en-
hances acetaminophen toxicity in rat liver. Hepa-
tology. 2002;36;326-35.

58. Niknahad H, Jamshidzadeh A, Heidari R,

Trends in Pharmaceutical Sciences 2018: 4(2): 99-108.




Hosseini Z, Mobini K, Khodaei F, ef al. Paradoxi-
cal effect of methimazole on liver mitochondria: In
vitro and in vivo. Toxicol Lett. 2016;259;108-15.
59. Mosmann T. Rapid colorimetric assay for
cellular growth and survival: application to prolif-
eration and cytotoxicity assays. J Immunol Meth-
ods. 1983;65;55-63.

60. Niknahad H, Heidari R, Alzuhairi AM,
Najibi A. Mitochondrial dysfunction as a mecha-
nism for pioglitazone-induced injury toward
HepG2 cell line. Pharm Sci. 2015;20;169-74.

61. Ommati MM, Tanideh N, Rezakhaniha
B, Wang J, Sabouri S, Vahedi M, et al. Is immu-
nosuppression, induced by neonatal thymectomy,
compatible with poor reproductive performance in
adult male rats? Andrology. 2018;6;199-213.

62. Heidari R, Jafari F, Khodaei F, Shirazi
Yeganeh B, Niknahad H. Mechanism of valproic
acid-induced Fanconi syndrome involves mito-
chondrial dysfunction and oxidative stress in rat
kidney. Nephrology. 2018;23;351-61.

63. Niknahad H, Jamshidzadeh A, Heidari
R, Abdoli N, Ommati MM, et al. The postulated
hepatotoxic metabolite of methimazole causes mi-
tochondrial dysfunction and energy metabolism
disturbances in liver. Pharm Sci. 2016;22;217-26.
64. Heidari R, Babaei H, Eghbal M. Mecha-
nisms of methimazole cytotoxicity in isolated rat
hepatocytes. Drug Chem Toxicol. 2013;36;403-11.
65. Ahmadian E, Eftekhari A, Fard JK, Ba-
baei H, Nayebi AM, Mohammadnejad D, ef al. In
vitro and in vivo evaluation of the mechanisms of
citalopram-induced hepatotoxicity. Arch Pharma-
cal Res. 2017;40;1296-313.

66. Eftekhari A, Ahmadian E, Panahi-Azar V,
Hosseini H, Tabibiazar M, Dizaj SM. Hepatopro-
tective and free radical scavenging actions of quer-
cetin nanoparticles on aflatoxin B1l-induced liver
damage: in vitro/in vivo studies. Artificial Cell
Nanomed Biotechnol. 2018;46;411-20.

67. Heidari R, Babaei H, Eghbal MA. Cy-
toprotective effects of organosulfur compounds
against methimazole-induced toxicity in isolated
rat hepatocytes. Adv Pharm Bull. 2013;3;135-142.
68. Ommati MM, Heidari R, Jamshidzadeh A,
Zamiri MJ, Sun Z, Sabouri S, et al. Dual effects
of sulfasalazine on rat sperm characteristics, sper-
matogenesis, and steroidogenesis in two experi-
mental models. Toxicol Lett. 2018;284;46-55.

69. Rodriguez-Garay EA. Cholestasis: hu-

Trends in Pharmaceutical Sciences 2018: 4(2): 99-108.

Bile acid mitotoxicity

man disease and experimental animal models. Ann
Hepatol. 2003;2;150-8.

70. Pessayre D, Fromenty B, Berson A, Robin
M-A, Lettéron P, Moreau R, et al. Central role of
mitochondria in drug-induced liver injury. Drug
Metab Rev. 2012;44;34-87.

71. Pessayre D, Mansouri A, Haouzi D, Fro-
menty B. Hepatotoxicity due to mitochondrial
dysfunction. Cell Biol Toxicol. 1999;15;367-73.
72. Hansen SH, Andersen ML, Birkedal H,
Cornett C, Wibrand F. The important role of tau-
rine in oxidative metabolism. Adv Exp Med Biol.
2006;583;129-135.

73. Jong CJ, Azuma J, Schaffer S. Mechanism
underlying the antioxidant activity of taurine: pre-
vention of mitochondrial oxidant production. Ami-
no Acids. 2012;42;2223-32.

74. Schaffer SW, Azuma J, Mozaffari M. Role
of antioxidant activity of taurine in diabetes. Can J
Physiol Pharmacol. 2009;87;91-9.

75. Suzuki T, Suzuki T, Wada T, Saigo K,
Watanabe K. Taurine as a constituent of mitochon-
drial tRNAs: new insights into the functions of
taurine and human mitochondrial diseases. EMBO
J.2002;21;6581-9.

76. Shao A, Hathcock JN. Risk assessment
for the amino acids taurine, l-glutamine and l-argi-
nine. Regul Toxicol Pharmacol. 2008;50;376-99.
77. Yamori Y, Taguchi T, Hamada A, Kuni-
masa K, Mori H, Mori M. Taurine in health and
diseases: consistent evidence from experimen-
tal and epidemiological studies. J Biomed Sci.
2010;17;S6.

78. Aldini G, Facino RM, Beretta G, Carini
M. Carnosine and related dipeptides as quench-
ers of reactive carbonyl species: from structural
studies to therapeutic perspectives. BioFactors.
2005;24;77-87.

79. Zhang Z-y, Sun B-l, Yang M-f, Li D-w,
Fang J, Zhang S. Carnosine attenuates early
brain injury through its antioxidative and anti-
apoptotic effects in a rat experimental subarach-
noid hemorrhage model. Cell Mol Neurobiol.
2015;35;147-57.

80. Hipkiss AR. Carnosine and its possible
roles in nutrition and health. 4dv Food Nutr Res.
2009;57;87-154.

81. Ommati MM, Jamshidzadeh A, Heidari
R, Sun Z, Zamiri MJ, Khodaei F, et al. Carnosine
and histidine supplementation blunt lead-induced

107




Reza Heidari et al.

reproductive toxicity through antioxidative and MM, Jamshidzadeh A, Niknahad H. Regulation of
mitochondria-dependent mechanisms. Biol Trace mitochondrial function and energy metabolism: A
Elem Res. 2018;In Press;1-12. primary mechanism of cytoprotection provided by
82. Heidari R, Ghanbarinejad V, Ommati carnosine. Trend Pharm Sci. 2018;4;41-50.

108 Trends in Pharmaceutical Sciences 2018: 4(2): 99-108.




