
Pharmaceutical Sciences, 2021, 27(1), 32-45
doi:10.34172/PS.2020.60
https://ps.tbzmed.ac.ir/

Research Article

Carnosine Mitigates Biomarkers of Oxidative Stress, Improves 
Mitochondrial Function, and Alleviates Histopathological Alterations in 
the Renal Tissue of Cholestatic Rats

*Corresponding Author: Reza Heidari, E-mail: rheidari@sums.ac.ir and Hossein Niknahad, E-mail: niknahadh@sums.ac.ir
©2021 The Author(s). This is an open access article and applies the Creative Commons Attribution  License (http://creativecommons.org/licenses/by-
nc/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, as long as the original authors and source are cited.

Omid Farshad1 , Mohammad Mehdi Ommati2, Jale Yüzügülen3, Akram Jamshidzadeh1,4, Khadijeh Mousavi4, Zahra 
Ahmadi3, Negar Azarpira5, Hasti Ghaffari6, Asma Najibi4, Marzieh Shafaghat4, Hossein Niknahad1,4*, Reza Heidari1*

1 Pharmaceutical Sciences Research Center, Shiraz University of Medical Sciences, Shiraz Iran.
2 College of Life Sciences, Shanxi Agricultural University, Taigu, Shanxi 030801, Peoples’ Republic of China.
3 Eastern Mediterranean University, Faculty of Pharmacy, Famagusta, North Cyprus, Turkey.
4Department of Pharmacology and Toxicology, School of Pharmacy, Shiraz University of Medical Sciences, Shiraz, Iran.
5 Transplant Research Center, Shiraz University of Medical Sciences, Shiraz, Iran.
6Department of Veterinary Sciences, Islamic Azad University, Urmia Branch, Urmia, Iran.

Abstract
Background: Cholestatic liver disease primarily affects hepatic tissue. Cholestasis could also 
influence the function of other organs rather than the liver. Cholestasis-induced kidney injury is 
a severe clinical complication known as “cholemic nephropathy” (CN). Bile duct ligation (BDL) 
is a trustworthy experimental model for inducing CN. Although the precise mechanism of renal 
injury in cholestasis is not fully recognized, several studies revealed the role of oxidative stress 
in CN. There is no promising pharmacological intervention against CN. Carnosine (CAR) is a 
peptide extensively investigated for its pharmacological effects. Radical scavenging and antiox-
idative stress are major features of CAR. The current study aimed to evaluate the role of CAR 
supplementation on the CN. 
Methods: CAR was administered (250 and 500 mg/kg, i.p) to BDL rats for 14 consecutive days. 
Urine and serum markers of renal injury, biomarkers of oxidative stress in the kidney tissue, and 
renal histopathological alterations were monitored. 
Results: Significant elevation in oxidative stress biomarkers, including ROS formation, lipid 
peroxidation, oxidized glutathione (GSSG) levels, and protein carbonylation were found in the 
kidney of BDL rats. Moreover, renal tissue antioxidant capacity and reduced glutathione (GSH) 
levels were significantly decreased in the organ of cholestatic animals. Renal histopathological 
changes, including tubular atrophy, interstitial inflammation, tissue fibrosis, and cast formation, 
were detected in the kidney of BDL rats. It was found that CAR administration significantly 
protected the kidney of cholestatic animals. 
Conclusion: The antioxidative properties of this peptide might play a fundamental role in its 
protective properties during cholestasis.
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Introduction
Cholestasis is a critical clinical situation that could lead 
to the stoppage of bile flow. Cholestasis could occur by 
various etiologies. Alcohol and drugs, infectious liver 
diseases, disturbances in the metabolism of fatty acids, 
cancer, and gall stones cloud lead to cholestasis.1-5 Hepatic 
tissue is the primary site affected by cholestasis. However, 
the accumulation of potentially cytotoxic molecules during 
cholestasis could affect the function of other organs. It 
has been well-known that cholestasis could significantly 
influence renal function.4,6,7 Cholestasis-induced renal 

injury is a severe clinical complication known as “cholemic 
nephropathy” (CN).6,8-12

Although the exact mechanism included in the pathogenesis 
of CN is not fully recognized, several studies declared the 
disturbances of redox balance in the kidney of cholestatic 
models.13-18 It has also been mentioned that oxidative stress 
is a systemic phenomenon that occurred in different tissues 
during cholestasis.19-21 Protein carbonylation, depletion of 
kidney antioxidant capacity, and lipid peroxidation have 
been documented in the kidney of cholestatic animals.13,14 
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Mitochondrial impairment is another complication that 
could play a role in the mechanism of CN-associated 
complications.22 It has been found that mitochondrial 
function and energy metabolism is impaired in CN.22 These 
events could lead to serum electrolytes imbalance because 
of cholestasis-associated renal injury.22-25 Based on these 
data, the administration of antioxidant and mitochondria 
protecting molecules could have potential therapeutic 
value against CN.
Carnosine (β-alanyl-histidine; CAR) is a dipeptide 
extensively investigated for its physiological and 
pharmacological possessions.26-28 A high level of CAR is 
present in tissues such as the brain and skeletal muscle.29,30 
Free radical scavenging activity is an essential feature 
of CAR.31-33 CAR has been widely investigated for its 
antioxidative properties against a variety of pathological 
conditions.26-28 CAR is also a well-known scavenger of lipid 
peroxidation end products and a carbonyl trap.21-23,26-28 
Therefore, CAR could significantly prevent the oxidation 
of cellular lipids and proteins.26-28,31-33 The antioxidant 
properties of CAR have been repeatedly mentioned in 
hepatic and renal tissue.34-38 On the other hand, there 
are several lines of evidence which indicate the positive 
effects of CAR on mitochondrial function. It has been 
found that CAR administration significantly enhanced 
ATP production and mitigated mitochondria-mediated 
cell death in different experimental models.39-45 All these 
properties make CAR as a potential candidate for the 
management of CN complications.
The current study aimed to assess the effects of CAR 
administration against cholestasis-induced renal injury. 
Rats underwent bile duct ligation (BDL) operation and 
supplemented with CAR (250 and 500 mg/kg, i.p, 14 
consecutive days). Markers of oxidative stress, various 
mitochondrial indices, as well as tissue histopathological 
alterations, were monitored.

Materials and Methods
Reagents
Sodium acetate, trichloroacetic acid (TCA), iodoacetic 
acid, dithiothreitol (DTT), acetonitrile HPLC grade, 
sucrose, 2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ), methanol 
HPLC grade, thiobarbituric acid, tetrabutylammonium 
hydroxide, meta-phosphoric acid, potassium hydrogen 
phosphate monobasic (KH2PO4), ethylenediamine tetra-
acetic acid (EDTA), and 2‑amino‑2-hydroxymethyl-
propane-1,3-diol-hydrochloride (Tris-HCl), were 
obtained from Merck (Darmstadt, Germany). Carnosine, 
dichlorodihydrofluorescein diacetate (DFC-DA), oxidized 
glutathione (GSSG), reduced glutathione (GSH) were 
purchased from Sigma-Aldrich (St. Louis, MO, USA). 
Biomarkers of organ injury in serum and urine of BDL animals 
were measured using Pars Azmoon® kits (Tehran, Iran).

Animals
Thirty-two male Sprague-Dawley (SD) rats (250-300 g 

weight) were purchased from Shiraz University of Medical 
Sciences, Shiraz, Iran. Animals were housed in a standard 
environmental (23±1ºC, 12L: 12D photoschedule, and 
40% relative humidity). Animals allowed free access to a 
rodents’ diet (RoyanFeed®, Isfahan, Iran) and tap water. 
All experiments were accomplished in conformity with 
the guidelines for care and use of experimental animals 
certified by Shiraz University of Medical Sciences ethics 
committee (#19360).

Animal model of cholestasis and experimental setup
Bile duct obstruction model was used as a reliable 
animal model of cholestasis. Briefly, animals were deeply 
anesthetized (a mixture of ketamine and xylazine; 90 mg/
kg and 8 mg/kg respectively, i.p), laparotomy was made, 
and the common bile duct was identified and ligated. The 
sham operation consisted of laparotomy and bile duct 
manipulation.46,47 Animals were equally allotted into four 
groups (n = 8 in each group; total 32 rats). Rats were treated 
as follows: 1) Sham-operated (Sham; Vehicle-treated); 
2) BDL; 3) BDL + Carnosine (250 mg/kg, i.p); 4) BDL + 
Carnosine (500 mg/kg, i.p). Animals received carnosine 
for 14 following days. Cholestasis-associated cholemic 
nephropathy was assessed 14 days after BDL operation.

Serum and urine biochemistry
Commercial kits (Pars Azmoon®, Tehran, Iran) and an 
auto-analyzer (Mindray BS-200®, Guangzhou, China) were 
used to assess serum and urine biomarkers of organ injury 
in cholestatic rats.48

Renal tissue histopathology and organ weight index
Samples of the renal tissue were fixed in buffered formalin 
solution (0.4% w: v of NaH2PO4, 0.64% w:v of Na2H2PO4, 
and 10% v:v of formaldehyde in deionized water). Tissue 
sections (5 µm) were stained with hematoxylin and eosin 
(H&E). Masson’s trichrome staining determined renal 
fibrotic changes in BDL rats.49,50 Bile cast formation in 
BDL animals was assessed by Periodic Acid-Schiff (PAS) 
staining.51 The organs (liver, spleen, and kidney) weight 
indices were measured as organ weight index = [Wet organ 
weight (g)/Body weight (g)] × 100. 

Lipid peroxidation
Renal tissue lipid peroxidation was assessed using the 
thiobarbituric acid reactive substances (TBARS) assay 
method.46,52 The reaction mixture was consisted of 
thiobarbituric acid (1 mL of 0.375%, w:v), and phosphoric 
acid (3 mL of 1% w: v, pH = 2). Samples of tissue 
homogenate (500 µL of 10% w:v in KCl, 1.15% w:v), were 
added to the reaction mixture and mixed. Tubes were 
heated in an oven (100 °C, 45 min). After the incubation 
period, the mixture was cooled, and n-butanol (2 mL) was 
added. Samples were mixed (30 sec) and centrifuged (700 
g, at λ = 532  nm (Ultrospec 2000® UV spectrophotometer, 
Pharmacia Biotech, Sweden).53,54
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Reactive oxygen species formation 
Reactive oxygen species (ROS) formation in the kidney 
tissue of cholestatic animals was measured using 
2′, 7′‑dichlorofluorescein diacetate (DCF-DA).55,56 Briefly, 
kidney tissue (200 mg) was homogenized in 5 mL of ice-
cooled Tris-HCl buffer (40  mM,  pH = 7.4). The resulted 
tissue homogenate (100 µL) was mixed with Tris-HCl 
buffer (1 mL) and 5 µL of DCF-DA (Final concentration of 
10 µM). The mixture was incubated at 37ºC (15 min, in the 
dark). Finally, the fluorescence intensity of the samples was 
assessed using a fluorimeter (FLUOstar Omega® microplate 
reader, λexcit. = 485 nm and λem. = 525 nm).55,57

Renal glutathione content
The kidney tissue reduced (GSH) and oxidized (GSSG) 
glutathione contents were assessed using an HPLC 
method. The HPLC system consisted of a 25 cm NH2 
column (Bischoff® chromatography, Leonberg, Germany) 
as the stationary phase.58 The mobile phases composed of 
buffer A (Acetate buffer: HPLC grade water; 1:4 v: v) and 
buffer B (HPLC grade water: Methanol 1:4 v: v). A gradient 
method was used with a steady increase of buffer B to 95% 
in 25 minutes with a flow rate of 1 mL/min.58 GSH and 
GSSG were used as standards. Tissue samples (200 mg) 
were homogenized in 250 mM Tris-HCl buffer (pH = 7.4; 
4ºC). Then 3 mL of the resultant homogenate was treated 
with TCA (500 µL of 50% w: v in distilled water). Samples 
were mixed well and centrifuged (15,000 g, 25 min, 4ºC). 
Then, 1 mL of the supernatant was collected in 5 mL 
tubes, and 200 µL of the NaOH: NaHCO3 (2 M: 2 M) was 
added. Afterward, 100 µL of iodoacetic acid (1.5% w: v in 
water) was added, and samples were incubated (one hour, 
4ºC, in the dark). After the incubation period, 500 µL of 
2, 4-dinitrofluorobenzene (DNFB; 1.5% w: v in absolute 
ethanol) was added and incubated in the dark (25ºC, 24 h). 
Finally, samples were centrifuged (15,000 g, 30 min) and 
25 µL of the supernatant was injected into the described 
HPLC system.58,59

Renal tissue total antioxidant capacity
Ferric reducing antioxidant power (FRAP)  assay measures 
the formation of a blue-colored ferrous-tripyridyltriazine 
compound from the colorless oxidized ferric (Fe3+) form 
by the action of tissue electron-donating antioxidant 
systems.46,60 In the current study, the FRAP reagent 
(freshly-prepared) was composed of ten volumes of 
acetate buffer (300 mmol/L, pH = 3.6), with one volume 
of TPTZ (10 mmol/L in 40 mmol/L HCl), and one volume 
of ferric chloride (FeCl3, 20 mmol/L). Tissue samples 
were homogenized in an ice-cooled 250 mM Tris-HCl 
containing 5 mM DTT, and 200 mM sucrose (pH = 7.4). 
Then, 100 µL of tissue homogenate was added to 900 µL 
of the FRAP reagent. The mixture was incubated at 37ºC 
(5 min, in the dark). Finally, the absorbance of developed 
color was measured at λ = 595 nm (EPOCH® microplate 
reader, BioTek® Instruments, USA).46,61

Protein carbonylation
The oxidative damage of proteins was assessed based 
on the reaction of dinitrophenylhydrazine (DNPH) 
carbonyl groups.62 Briefly, 200 mg of the kidney tissue was 
homogenized in 5 mL of the phosphate buffer solution 
(pH = 7.5) containing 0.1%. v:v of triton X-100. Tissue 
homogenate was centrifuged (700 g, 10 min, 4ºC), and 500 
µL of the supernatant was treated with 300 µL of 10 mM 
DNPH (dissolved in HCl). Samples were then incubated 
at room temperature for one hour (in the dark, vortexing 
every 10 min).62 Then, 100 µL trichloroacetic acid (20% w: v 
solution) was added, and samples were centrifuged (17,000 
g, 5 min). Afterward, the supernatant was discarded, and 
the pellet was washed three times, with 1 mL of ethanol: 
ethyl acetate (1:1 v: v), and the precipitate was re-dissolved 
(15 min, 37ºC) in 6 M guanidine chloride solution (pH = 
2.3). Finally, samples were centrifuged (12,000 g, 5 min), 
and the absorbance of the supernatant was measured at 
λ = 370 nm (EPOCH plate reader, BioTek® Instruments, 
USA).62

Kidney mitochondria isolation
Isolated mitochondria were prepared based on the 
differential centrifugation method.63 For this purpose, rats’ 
kidney was washed with normal saline (NaCl 0.9% w: v, 
4ºC), and minced in the ice-cold isolation buffer (70 mM 
mannitol, 2 mM HEPES, 220 mM sucrose, 0.5 mM EGTA 
and 0.1 % BSA; pH = 7.4). Then, fresh isolation buffer (5 
mL buffer: 1 g tissue) was added, and the minced tissue was 
homogenized. At the first run of centrifugation (1000 g for 
20 min at 4 ºC), unbroken cells and nuclei were pelleted. 
Then, the supernatant was centrifuged (10,000 g for 20 min 
at 4 ºC) to pellet the mitochondria fraction. The second 
step was repeated three times using the fresh isolation 
buffer medium. Finally, the mitochondrial pellets were 
resuspended in a buffer (≈5 mL buffer/g tissue) containing 
70 mM mannitol, 220 mM sucrose, and 2 mM HEPES 
(pH = 7.4). The mitochondria fractions used to assess 
mitochondrial swelling and mitochondrial depolarization 
were suspended in mitochondria swelling assay buffer 
(125 mM Sucrose, 10 mM HEPES, 65 mM KCl, pH = 
7.2), and depolarization assay buffer (220 mM Sucrose, 
5 mM KH2PO4, 2 mM MgCl2, 68 mM Mannitol, 10 mM 
KCl, 50 μM EGTA, and 10 mM HEPES, pH = 7.2).63 
Samples protein concentrations were determined using the 
Bradford method to standardize the obtained data.

Mitochondrial ATP levels
Mitochondrial ATP level was assessed by an HPLC 
method based on a previously reported protocol.64 Briefly, 
isolated mitochondria (1 mg protein/mL) were treated 
with 100 µL of ice-cooled meta-phosphoric acid (50 % 
w: v, 4 ºC), incubated on ice (10 min), and centrifuged 
(17,000 g, 30 min, 4 ºC). Then, the supernatant (100 µL) 
was treated with 15 µL of ice-cooled KOH solution (1 M). 
Samples were filtered and injected (25 µL) into an HPLC 
system composed of an LC-18 column (µ-Bondapak, 25 
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cm). The mobile phase was consisted of 100 mM KH2PO4 
(pH = 7 adjusted with KOH), 1 mM tetrabutylammonium 
hydroxide, and acetonitrile (2.5 % v: v). The flow rate was 
1 mL/min, and the UV detector was set at λ = 254 nm.64

Mitochondrial permeabilization and swelling 
Mitochondrial swelling was assessed by analyzing the 
changes in the absorbance of the samples at λ = 540 
nm.Briefly, isolated mitochondria (0.5 mg protein/ml) were 
suspended in swelling buffer (125 mM Sucrose, 10 mM 
HEPES, and 65 mM KCl; pH = 7.2), and the absorbance 
was monitored (25 °C, for 30 min), using an EPOCH® plate 
reader (Highland Park, USA). A decrease in absorbance is 
connected with an increase in mitochondrial swelling. The 
results are reported as maximal mitochondrial swelling 
amplitude (ΔOD  at λ = 540 nm).65

Mitochondrial depolarization
Mitochondrial uptake of rhodamine 123 was used for the 
estimation of mitochondrial depolarization.66,67 Rhodamine 
123 accumulates in the mitochondrial matrix by facilitated 
diffusion. When the mitochondrion is depolarized, 
there is no facilitated diffusion. Therefore, the amount of 
rhodamine 123 in the supernatant will be increased. Briefly, 
the mitochondrial fractions (0.5 mg protein/mL) were 
incubated (10 min, 37ºC, in the dark) in the depolarization 
assay buffer containing rhodamine 123 (10 µM final 
concentration). Then, samples were centrifuged (17,000 g, 
2 min, 4ºC) to precipitate the mitochondria fraction, and 
then the supernatant fluorescence intensity was measured 
with a fluorometer (FLUOstar Omega®, Germany; λexcit.  = 
485 nm and λem.  = 525 nm).44,66 

Mitochondrial dehydrogenase activity
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide (MTT) was used for the measurement of 
mitochondrial dehydrogenase activity.45,68 For this 
purpose, mitochondria fractions (1 mg protein/mL) were 

incubated with 40 μL of MTT solution (5 mg/mL) and 
incubated at 37°C (30 min, in the dark).69 Then, samples 
were centrifuged (17,000 g, 10 min), and the pellet (purple 
formazan crystals) was dissolved in dimethyl sulfoxide 
(DMSO; 1 mL). Samples were centrifuged again (17,000 
g, 1 min), and the absorbance of the supernatant was 
determined (λ = 570 nm using an EPOCH® plate reader, 
USA).45,68 

Statistical methods
Data are represented as mean±SD. The comparison of data 
sets was performed by the one-way analysis of variance 
(ANOVA) with Tukey’s multiple comparisons as the post 
hoc test. Scores of histopathological changes are given as 
median and quartiles. The Kruskal–Wallis test followed by 
the Mann Whitney U test was used for the statistical analysis 
of kidney tissue histopathological scores. A P < 0.05 was 
considered a statistically significant difference between 
groups.

Results
Symptoms of splenomegaly and hepatomegaly were evident 
in the BDL group (Figure 1). On the other hand, the kidney 
weight index was not significantly changed 14 days after 
BDL surgery. It was found that CAR administration (250 
and 500 mg/kg) significantly decreased the liver and spleen 
weight indices in cholestatic animals.
Serum biomarkers of liver injury were significantly changed 
in cholestatic rats in comparison with the control animals 
(Figure 2). On the other hand, CAR administration (250 
and 500 mg/kg) significantly alleviated serum biomarkers 
of liver injury in BDL animals (Figure 2). Kidney injury 
biomarkers were also changed considerably in the urine 
and serum of cholestatic animals (Figure 3). It was found 
that CAR supplementation (250 and 500 mg/kg, i.p) 
significantly mitigated renal injury biomarkers in both 
serum and urine of cholestatic rats (Figure 3).
Biomarkers of oxidative stress were assessed in the 

Figure 1. Organ weight indices in bile duct ligated (BDL) rats. CAR: Carnosine. Data are given as mean±SD (n = 8).#Indicates significantly 
different as compared with the BDL group (P < 0.05).
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Figure 2. Serum biochemical measurements in cholestatic rats. BDL: Bile duct ligation; CAR: Carnosine.Data are given as mean ± SD  
(n = 8). #Indicates significantly different as compared with the BDL group (P < 0.05).

kidney of cholestatic animals (Figure 4). Significant lipid 
peroxidation, ROS formation, protein carbonylation, 
an elevated level of oxidized glutathione (GSSG) were 
detected in the kidney of BDL rats. Moreover, kidney GSH 
content was decreased, and renal antioxidant capacity was 
impaired in cholestatic rats. It was found that CAR (250 
and 500 mg/kg, i.p, for 14 consecutive days) significantly 
mitigated markers of oxidative stress in the kidney of 
cholestatic animals. The effect of CAR on oxidative 
stress biomarkers was not dose-dependent in the current 
investigation (Figure 4).
Renal mitochondrial indices were significantly 
deteriorated in cholestatic rats as compared with the 
control animals (Figure 5). Mitochondrial depolarization, 
decreased mitochondrial dehydrogenase activity, 
depleted mitochondrial ATP levels, and mitochondrial 
permeabilization were detected in the kidney of the BDL 
group. It was found that CAR administration (250 and 500 
mg/kg) significantly improved mitochondrial function in 
the cholestatic rats. The effects of CAR on mitochondrial 
indices were not dose-dependent in cholestatic animals 
(Figure 5).

Kidney histopathological alterations in cholestatic animals 
included tubular atrophy, interstitial inflammation, and 
hemorrhage. It was found that CAR treatment (250 
and 500 mg/kg) alleviated cholestasis-induced renal 
histopathological changes (Figure 6), which their scores of 
have been listed in Table 1. Trichrome stain of renal tissue 
revealed significant tissue fibrosis in cholestatic rats. On 
the other hand, CAR administration (250 and 500 mg/
kg) significantly decreased cholestasis-associated renal 
fibrosis (Figure 7). Significant renal cast development was 
also found in BDL rats. On the other hand, a significant 
decrease in renal cast formation was detected when BDL 
animals received CAR (250 and 500 mg/kg, i.p, for 14 
consecutive days) (Figure 8).

Discussion
Cholestasis is a complex clinical problem that affects 
not only the liver but also deteriorates kidney function.
Cholestasis-induced renal injury (Cholemic nephropathy; 
CN) is usually associated with poor prognosis and the 
need for organ transplantation in cholestatic/cirrhotic 
patients.8,70-73 Hence, identifying the mechanisms of 
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Figure 3. Urinalysis and serum biomarkers of renal injury in bile duct ligated (BDL) rats. CAR: Carnosine. Data are represented as mean 
± SD (n = 8). #Indicates significantly different as compared with the BDL group (P < 0.05).

Figure 4. Markers of oxidative stress in the kidney of bile duct ligated (BDL) rats. CAR: Carnosine; ROS: Reactive oxygen species;  
DCF: Dichlorodihydrofluorescein; GSH: reduced glutathione; GSSG: oxidized glutathione; TBARS: Thiobarbituric acid reactive substances. 
Data are reported as mean ± SD (n = 8). #Indicates significantly different as compared with the BDL group (P < 0.05).
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Figure 5. Effects of carnosine (CAR) administration on mitochondrial indices in the renal tissue of bile duct ligated (BDL) rats.
Data are reported as mean ± SD (n = 8).  # Indicates significantly different as compared with the BDL group (P < 0.05). ns: not significant.

Figure 6. Effect of carnosine (CAR) treatment on cholestasis-associated kidney histopathological alterations. BDL: Bile duct ligated. 
Kidney tissue histopathological changes in cholestatic animals were revealed as interstitial inflammation (green star), tubular atrophy and 
dilation (yellow star), and hemorrhage (black stars). Carnosine administration (250 and 500 mg/kg) significantly ameliorated cholestasis-
associated renal histopathological alterations (Table 1).
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Table 1. Renal tissue histopathological alterations in cholestatic rats.

Treatments Tubular Degeneration Interstitial Inflammation Hemorrhage
Sham 0 (0, 0)* 0 (0, 0)* 0 (0, 0)*
BDL 3 (2, 3) 2 (1, 2) 2 (1, 2)
BDL + CAR 250 mg/kg 1 (1, 1)* 1 (0, 1)* 1 (0, 1)*
BDL + CAR 500 mg/kg  1 (0, 1)* 0 (0, 0)* 1 (0, 1)*

0 = absent; 1 = mild; 2 = moderate; and 3 = severe histopathological changes BDL: Bile duct ligated; CAR: Carnosine.
Data are represented as median and quartiles for eight random pictures per group.
*Indicates significantly different as compared with the BDL group (P < 0.05).

Figure 7. Trichrome staining of kidney tissue revealed significant fibrosis (blue colored area) in bile duct ligated (BDL) rats. Kidney cast 
formation (Figure 8) was also evident in Trichrome stain (yellow arrow heads). CAR: Carnosine. Data for tissue kidney tissue fibrosis are 
shown as mean±SD (n = 8). #Indicates significantly different as compared with the BDL group (P < 0.001).

CN and investigating therapeutic strategies against this 
complication could have tremendous clinical value. In the 
current study, we found that CAR treatment (250 and 500 
mg/kg) could effectively mitigate renal injury in cholestatic 
animals. The nephroprotective effects of CAR could be 
mediated through the antioxidant and mitochondria 
protecting properties of this peptide.
CN is a severe complication developed in cholestatic 
patients. The prevalence of CN in cholestasis is around 
18%.74 It has been mentioned that the occurrence of CN 
in cholestatic patients is connected with poor prognosis 
and indicates the significance of organ transplantation in 
these patients.75,76 Based on this data, finding new and safe 
therapeutic options against CN could significantly blunt its 
progression and decrease the renal transplantation in these 
patients.
Previous investigations indicate that the development of 
oxidative stress plays a pivotal role in the pathogenesis 
of CN.77 Increased ROS levels and defected cellular 
antioxidant capacity have been reported in experimental 
models of CN.13,21,78,79 Interestingly, signs of oxidative stress 
have also detected in human cases of CN.19 Biomembrane 

lipids, and cellular proteins are major targets affected 
by ROS. In line with the previous finding, we found 
significant ROS formation, decreased antioxidant capacity, 
lipid peroxidation, and protein carbonylation in the kidney 
of BDL rats (Figure 4). It was found that CAR treatment 
significantly alleviated oxidative stress in the renal tissue 
(Figure 4). The influence of CAR on oxidative stress is a 
critical feature of this peptide which has been repeatedly 
mentioned in various experimental models.27,80-82 The 
physiological/pharmacological properties of CAR could 
be mediated through several pathways.76 First, CAR 
is a good carbonyl trap.27,80-82 Therefore, this peptide 
efficiently scavenges reactive aldehydes produced 
during lipid peroxidation.27,80-82 Moreover, the protective 
effects of CAR against protein carbonylation is a major 
feature of this peptide.83 Second, it has been repeatedly 
mentioned that CAR is an excellent strategy to boost the 
cellular antioxidant defense system.76 It has been found 
that CAR treatment increased activity enzymes such as 
GPx, CAT, and SOD.76 CAR also significantly decreased 
mitochondrial impairment and enhanced cellular energy 
metabolism.84,85 In the current study, we found that CAR 



Carnosine and Cholemic Nephropathy

  Pharmaceutical Sciences, 2021, 27(1), 32-45  | 40

Figure 8. Effect of carnosine (CAR) supplementation on cast formation (yellow and black stars) in the kidney of cholestatic animals. 
BDL: Bile duct ligated; HPF: High power field (×400 magnification). Data for bile cast number is given as mean±SD (n = 8). # Indicates 
significantly different as compared with the BDL group (P < 0.001).

treatment significantly diminished oxidative stress and 
cellular macromolecules injury in the kidney of cholestatic 
animals. The nuclear factor erythroid 2–related factor 2 
(Nrf2) is a fundamental signaling pathway for increasing 
the cellular antioxidant defense in oxidative stress.86 
Interestingly, it hs been repeatedly mentioned that CAR 
could significantly activate Nrf2 pathway and induce the 
expression of antioxidant enzymes.87,88 The effects of CAR 
on such basic mechanism could provide better insight for 
its mechanism(s) of action and its therapeutic value in 
other oxidative-stress associated diseases.  All these data 
mention the antioxidative properties of CAR as a pivotal 
mechanism involved in its renoprotective features in 
cholestatic animals.
It has also been found that kidney mitochondrial 
impairment could play a role in the pathogenesis of CN.14 
Mitochondria are the primary intracellular sources of 
ROS.89 Hence, mitochondria-facilitated ROS formation 
plays a significant role in cholestasis-induced oxidative 
stress in the kidney.14,89 Mitochondrial impairment in 
the kidney of cholestatic animals could lead to a lack of 
energy (ATP)-demand organ. The reabsorption of many 
chemicals (e.g., amino acids, vitamins, glucose, etc.) is 
tightly dependent on ATP availability. Compounds such 
as bilirubin and hydrophobic bile acids and defect in 
chemical reabsorption. This situation is named Fanconi 
syndrome (FS).90 FS is a prevalent complication in the 
cholestatic patients and animals.91-93 Based on these 
data protecting renal mitochondria decrease not only 
mitochondria-mediated ROS formation but also improves 

mitochondrial function and energy metabolism. Therefore 
administration of mitochondria protecting agents could 
significantly enhance ATP level and function in Fanconi 
syndrome during cholestasis.94-96 The positive effects of 
CAR on mitochondrial function have been repeatedly 
mentioned in previous investigations.39,41-45,97 Therefore, the 
effects of CAR on mitochondria-facilitated ROS formation, 
enhancing cellular ATP levels, cellular macromolecules 
injury, as well as prevention of mitochondria-mediated cell 
death, could play a significant role in the cytoprotective 
properties of this peptide in CN.
The antifibrotic properties of CAR have been mentioned 
in various experimental models.98-100 Different mechanisms 
could be involved in the renal fibrosis process. It is well 
known that oxidative stress and tissue fibrosis are two 
interconnected events.101 The role of oxidative stress has 
also been highlighted in the renal tissue  fibrosis process.13-18 
In the current investigation, we found that CAR possesses 
a significant role in decreasing renal fibrosis in CN rats. 
Based on these data, the antioxidative stress properties 
of CAR might play a significant role in renal fibrosis in 
cholestatic rats. The precise signaling pathways involved 
in the antifibrotic properties of CAR in the kidney of 
cholestatic animals need further studies to be revealed.
CAR is a safe agent that could be administered in high 
doses without significant adverse effects.102 Moreover, this 
peptide has been revealed as an excellent hepatoprotective 
as well as a renoprotective agent in different experimental 
models.103,104 Previously, we found that administration 
of high doses of CAR had no significant adverse effects 



Farshad et al.

41   | Pharmaceutical Sciences, 2021, 27(1), 32-45

in critically ill rats (Cirrhotic rats), but also protects the 
liver tissue.40,52,97,103 Hence, this peptide could be readily 
administered in human cases of CN.

Conclusion
Collectively, the data obtained from this study revealed 
significant protective properties of the peptide CAR 
against CN. The effects of CAR on oxidative stress 
markers, as well as the positive effects of this peptide on 
renal mitochondrial function, seem to play a significant 
role in its nephroprotective properties. Further studies are 
necessary to reveal the clinical implication of these data 
and the use of CAR as a therapeutic agent against CN.

Ethical Issues
All the experiments were performed in conformity with 
the guidelines for care and use of experimental animals 
(rats) that was approved by an ethics committee at Shiraz 
University of Medical Sciences, Shiraz, Iran (#19360).

Acknowledgments
This investigation was financially supported by the Vice-
Chancellor of Research Affairs of Shiraz University of 
Medical Sciences (Grant number: 97-01-36-19360) and 
Shanxi Agricultural University (Grant numbers: 2018YJ33 
and K271999031 for National Natural Science Foundation 
and Outstanding Doctors Volunteering to Work in Shanxi 
Province, respectively).

Conflict of Interest
The authors claim that there is no conflict of interest.

References
1.	 Rodríguez-Garay EA. Cholestasis: Human disease 

and experimental animal models. Ann Hepatol 
2003;2(4):150-8. doi:10.1016/S1665-2681(19)32126-X

2.	 Carey EJ, Lindor KD. Cholestatic liver disease. New 
York: Springer; p. 265. doi:10.1007/978-1-4939-1013-7

3.	 Levy C. Cholestatic liver diseases, an issue of clinics 
in liver disease. Amsterdam: Elsevier Health Sciences; 
p. 240 

4.	 Patil A, Mayo MJ. Complications of cholestasis. In: 
Md KDL, Md JAT, editors. Cholestatic liver disease: 
Humana Press; 2008. p. 155-69. doi:10.1007/978-1-
59745-118-5_9

5.	 Hirschfield GM, Heathcote EJ, Gershwin ME. 
Pathogenesis of cholestatic liver disease and therapeutic 
approaches. Gastroenterology. 2010;139(5):1481-96. 
doi:10.1053/j.gastro.2010.09.004

6.	 Uslu A, Cayci M, Nart A, Karaca C, Zalluhoglu N, 
Gürkan A, et al. Renal failure in obstructive jaundice. 
Hepatogastroenterology. 2005;52(61):52-4. 

7.	 Fogarty BJ, Parks RW, Rowlands BJ, Diamond T. 
Renal dysfunction in obstructive jaundice. Br J Surg. 
1995;82(7):877-84. doi:10.1002/bjs.1800820707

8.	 Krones E, Wagner M, Eller K, Rosenkranz AR, Trauner 
M, Fickert P. Bile acid-induced cholemic nephropathy. 

Dig Dis. 2015;33(3):367-75. doi:10.1159/000371689
9.	 Fickert P, Krones E, Pollheimer MJ, Thueringer 

A, Moustafa T, Silbert D, et al. Bile acids trigger 
cholemic nephropathy in common bile-duct-ligated 
mice. Hepatology. 2013;58(6):2056-69. doi:10.1002/
hep.26599

10.	 Sheen J-M, Huang L-T, Hsieh C-S, Chen C-C, 
Wang J-Y, Tain Y-L. Bile duct ligation in developing 
rats: Temporal progression of liver, kidney, and 
brain damage. J Pediatr Surg. 2010;45(8):1650-8. 
doi:10.1016/j.jpedsurg.2009.12.019

11.	 Green J, Better OS. Systemic hypotension and 
renal failure in obstructive jaundice-mechanistic 
and therapeutic aspects. J Am Soc Nephrol. 
1995;5(11):1853-71. 

12.	 Lino M, Binaut R, Noël L-H, Patey N, Rustin P, Daniel 
L, et al. Tubulointerstitial nephritis and fanconi 
syndrome in primary biliary cirrhosis. Am J Kidney 
Dis. 2005;46(3):e41-e6. doi:10.1053/j.ajkd.2005.05.021

13.	 Heidari R, Ghanbarinejad V, Mohammadi H, Ahmadi 
A, Esfandiari A, Azarpira N, et al. Dithiothreitol 
supplementation mitigates hepatic and renal injury 
in bile duct ligated mice: Potential application in the 
treatment of cholestasis-associated complications. 
Biomed Pharmacother. 2018. doi:10.1016/j.
biopha.2018.01.018

14.	 Khodaei F, Rashedinia M, Heidari R, Rezaei M, 
Khoshnoud MJ. Ellagic acid improves muscle 
dysfunction in cuprizone-induced demyelinated 
mice via mitochondrial sirt3 regulation. Life Sci. 
2019;237:116954. doi:10.1016/j.lfs.2019.116954

15.	 Martínez-Cecilia D, Reyes-Díaz M, Ruiz-Rabelo 
J, Gomez-Alvarez M, Villanueva CM, Álamo J, et 
al. Oxidative stress influence on renal dysfunction 
in patients with obstructive jaundice: A case and 
control prospective study. Redox Biol. 2016;8:160-4. 
doi:10.1016/j.redox.2015.12.009

16.	 Orellana M, Rodrigo R, Thielemann L, Guajardo V. 
Bile duct ligation and oxidative stress in the rat: Effects 
in liver and kidney. Comp Biochem Physiol C Toxicol 
Pharmacol. 2000;126(2):105-11. doi:10.1016/S0742-
8413(00)00102-X

17.	 Cruz A, Padillo FJ, Túnez I, Muñoz C, Granados J, 
Pera-Madrazo C, et al. Melatonin protects against 
renal oxidative stress after obstructive jaundice in 
rats. Eur J Pharmacol. 2001;425(2):135-9. doi:10.1016/
S0014-2999(01)01173-6

18.	 Panozzo MP, Basso D, Balint L, Zaninotto M, 
Bonvicini P, Plebani M. Renal functional alterations 
in extrahepatic cholestasis: Can oxidative stress 
be involved? Eur Surg Res. 1995;27(5):332-9. 
doi:10.1159/000129417

19.	 Martínez-Cecilia D, Reyes-Díaz M, Ruiz-Rabelo 
J, Gomez-Alvarez M, Villanueva CM, Álamo J, et 
al. Oxidative stress influence on renal dysfunction 
in patients with obstructive jaundice: A case and 
control prospective study. J Redox Biol. 2016;8:160-4. 

http://pajooheshyar.sums.ac.ir/user/view_tarh_form.phtml?seed=YAJpAiJTJBat9e0rGCXUqODhJcUlKqOkNxhD3oVRZBXTDvRVUS&cod_tarh=97-01-36-19360
https://doi.org/10.1016/S1665-2681(19)32126-X
https://doi.org/10.1007/978-1-4939-1013-7
https://doi.org/10.1007/978-1-59745-118-5_9
https://doi.org/10.1007/978-1-59745-118-5_9
https://doi.org/10.1053/j.gastro.2010.09.004
https://doi.org/10.1002/bjs.1800820707
https://doi.org/10.1159/000371689
https://doi.org/10.1002/hep.26599
https://doi.org/10.1002/hep.26599
https://doi.org/10.1016/j.jpedsurg.2009.12.019
https://doi.org/10.1053/j.ajkd.2005.05.021
https://doi.org/10.1016/j.biopha.2018.01.018
https://doi.org/10.1016/j.biopha.2018.01.018
https://doi.org/10.1016/j.lfs.2019.116954
https://doi.org/10.1016/j.redox.2015.12.009
https://doi.org/10.1016/S0742-8413(00)00102-X
https://doi.org/10.1016/S0742-8413(00)00102-X
https://doi.org/10.1016/S0014-2999(01)01173-6
https://doi.org/10.1016/S0014-2999(01)01173-6
https://doi.org/10.1159/000129417


Carnosine and Cholemic Nephropathy

  Pharmaceutical Sciences, 2021, 27(1), 32-45  | 42

doi:10.1016/j.redox.2015.12.009
20.	 Ljubuncic P, Tanne Z, Bomzon A. Evidence of 

a systemic phenomenon for oxidative stress in 
cholestatic liver disease. Gut. 2000;47(5):710-6. 
doi:10.1136/gut.47.5.710

21.	 Heidari R, Moezi L, Asadi B, Ommati MM, Azarpira N. 
Hepatoprotective effect of boldine in a bile duct ligated 
rat model of cholestasis/cirrhosis. PharmaNutrition. 
2017;5(3):109-17. doi:10.1016/j.phanu.2017.07.001

22.	 Heidari R, Mandegani L, Ghanbarinejad V, 
Siavashpour A, Ommati MM, Azarpira N, et al. 
Mitochondrial dysfunction as a mechanism involved 
in the pathogenesis of cirrhosis-associated cholemic 
nephropathy. Biomed Pharmacother. 2019;109:271-
80. doi:10.1016/j.biopha.2018.10.104

23.	 Rosales A, Mhibik M, Gissen P, Segarra O, Redecillas 
S, Ariceta G. Severe renal fanconi and management 
strategies in arthrogryposis-renal dysfunction-
cholestasis syndrome: A case report. BMC Nephrol. 
2018;19(1):144. doi:10.1186/s12882-018-0926-1

24.	 Heidari R. The footprints of mitochondrial 
impairment and cellular energy crisis in the 
pathogenesis of xenobiotics-induced nephrotoxicity, 
serum electrolytes imbalance, and fanconi’s syndrome: 
A comprehensive review. Toxicology. 2019;423:1-31. 
doi:10.1016/j.tox.2019.05.002

25.	 Mikati MA, Barakat AY, Sulh HB, Der Kaloustian VM. 
Renal tubular insufficiency, cholestatic jaundice, and 
multiple congenital anomalies—a new multisystem 
syndrome. Helv Paediatr Acta. 1984;39(5-6):463-71. 

26.	 Boldyrev A, Gallant S, Sukhich G. Carnosine, the 
protective, anti-aging peptide. Biosci Rep. 1999;19:581-
7. doi:10.1023/a:1020271013277

27.	 Hipkiss AR. Carnosine and its possible roles in 
nutrition and health. Adv Food Nutr Res. 2009;57:87-
154. doi:10.1016/S1043-4526(09)57003-9

28.	 Boldyrev AA. Carnosine: New concept for the 
function of an old molecule. Biochemistry (Mosc). 
2012;77(4):313-26. doi:10.1134/S0006297912040013

29.	 Bellia F, Vecchio G, Cuzzocrea S, Calabrese V, Rizzarelli 
E. Neuroprotective features of carnosine in oxidative 
driven diseases. Mol Aspects Med. 2011;32(4–6):258-
66. doi: 10.1016/j.mam.2011.10.009

30.	 Boldyrev AA, Aldini G, Derave W. Physiology 
and pathophysiology of carnosine. Physiol Rev. 
2013;93(4):1803-45. doi:10.1152/physrev.00039.2012

31.	 Salim-Hanna M, Lissi E, Videla LA. Free radical 
scavenging activity of carnosine. Free Radical Res. 
1991;14(4):263-70. doi:10.3109/10715769109088955

32.	 Babizhayev MA, Seguin MC, Gueyne J, Evstigneeva RP, 
Ageyeva EA, Zheltukhina GA. L-carnosine (β-alanyl-
l-histidine) and carcinine (β-alanylhistamine) act 
as natural antioxidants with hydroxyl-radical-
scavenging and lipid-peroxidase activities. Biochem J. 
1994;304(2):509-16. doi:10.1042/bj3040509

33.	 Guiotto A, Calderan A, Ruzza P, Borin G. 
Carnosine and carnosine-related antioxidants: A 

review. Curr Med Chem. 2005;12(20):2293-315. 
doi:10.2174/0929867054864796

34.	 Soliman KM, Abdul-Hamid M, Othman AI. Effect 
of carnosine on gentamicin-induced nephrotoxicity. 
Med Sci Tech. 2007;13(3):BR73-83. 

35.	 Kurata H, Fujii T, Tsutsui H, Katayama T, Ohkita M, 
Takaoka M, et al. Renoprotective effects of l-carnosine 
on ischemia/reperfusion-induced renal injury in rats. J 
Pharmacol Exp Ther. 2006;319(2):640-7. doi:10.1124/
jpet.106.110122

36.	 Fouad AA, Morsy MA, Gomaa W. Protective effect of 
carnosine against cisplatin-induced nephrotoxicity in 
mice. Environ Toxicol Pharmacol. 2008;25(3):292-7. 
doi:10.1016/j.etap.2007.10.026

37.	 Noori S, Mahboob T. Antioxidant effect of carnosine 
pretreatment on cisplatin-induced renal oxidative 
stress in rats. Indian J Clin Biochem. 2010;25(1):86-
91. doi:10.1007/s12291-010-0018-x

38.	 Hasanein P, Felegari Z. Chelating effects of carnosine 
in ameliorating nickel-induced nephrotoxicity in rats. 
Can J Physiol Pharmacol. 2017. doi:10.1139/cjpp-
2016-0647

39.	 Heidari R, Ghanbarinejad V, Mohammadi H, Ahmadi 
A, Ommati MM, Abdoli N, et al. Mitochondria 
protection as a mechanism underlying the 
hepatoprotective effects of glycine in cholestatic 
mice. Biomed Pharmacother. 2018;97:1086-95. 
doi:10.1016/j.biopha.2017.10.166

40.	 Ghanbarinejad V, Ahmadi A, Niknahad H, Ommati 
MM, Heidari R. Carnosine mitigates manganese 
mitotoxicity in an in vitro model of isolated brain 
mitochondria. Adv Pharm Bull. 2019;9(2):294-301. 
doi:10.15171/apb.2019.034

41.	 Jamshidzadeh A, Niknahad H, Heidari R, Zarei M, 
Ommati MM, Khodaei F. Carnosine protects brain 
mitochondria under hyperammonemic conditions: 
Relevance to hepatic encephalopathy treatment. 
PharmaNutrition. 2017;5(2):58-63. doi:10.1016/j.
phanu.2017.02.004

42.	 Heidari R, Abdoli N, Ommati MM, Jamshidzadeh A, 
Niknahad H. Mitochondrial impairment induced by 
chenodeoxycholic acid: The protective effect of taurine 
and carnosine supplementation. Trends Pharmacol 
Sci. 2018;4(2). doi:10.1111/tips.v4i2.182

43.	 Ommati MM, Farshad O, Ghanbarinejad V, 
Mohammadi HR, Khadijeh M, Negar A, et al. The 
nephroprotective role of carnosine against ifosfamide-
induced renal injury and electrolytes imbalance is 
mediated via the regulation of mitochondrial function 
and alleviation of oxidative stress. Drug Res. 2019. 
doi:10.1055/a-1017-5085

44.	 Heidari R, Behnamrad S, Khodami Z, Ommati MM, 
Azarpira N, Vazin A. The nephroprotective properties 
of taurine in colistin-treated mice is mediated 
through the regulation of mitochondrial function and 
mitigation of oxidative stress. Biomed Pharmacother. 
2019;109:103-11. doi:10.1016/j.biopha.2018.10.093

https://doi.org/10.1016/j.redox.2015.12.009
https://doi.org/10.1136/gut.47.5.710
https://doi.org/10.1016/j.phanu.2017.07.001
https://doi.org/10.1016/j.biopha.2018.10.104
https://doi.org/10.1186/s12882-018-0926-1
https://doi.org/10.1016/j.tox.2019.05.002
https://doi.org/10.1023/A:1020271013277
https://doi.org/10.1016/S1043-4526(09)57003-9
https://doi.org/10.1134/S0006297912040013
https://doi.org/10.1016/j.mam.2011.10.009
https://doi.org/10.1152/physrev.00039.2012
https://doi.org/10.3109/10715769109088955
https://doi.org/10.1042/bj3040509
https://doi.org/10.2174/0929867054864796
https://doi.org/10.1124/jpet.106.110122
https://doi.org/10.1124/jpet.106.110122
https://doi.org/10.1016/j.etap.2007.10.026
https://doi.org/10.1007/s12291-010-0018-x
https://doi.org/10.1139/cjpp-2016-0647
https://doi.org/10.1139/cjpp-2016-0647
https://doi.org/10.1016/j.biopha.2017.10.166
https://doi.org/10.15171/apb.2019.034
https://doi.org/10.1016/j.phanu.2017.02.004
https://doi.org/10.1016/j.phanu.2017.02.004
https://doi.org/10.5114/ceh.2018.75956
https://doi.org/10.1055/a-1017-5085
https://doi.org/10.1016/j.biopha.2018.10.093


Farshad et al.

43   | Pharmaceutical Sciences, 2021, 27(1), 32-45

45.	 Heidari R, Ghanbarinejad V, Ommati MM, 
Jamshidzadeh A, Niknahad H. Regulation of 
mitochondrial function and energy metabolism: 
A primary mechanism of cytoprotection provided 
by carnosine. Trends Pharmacol Sci. 2018;4(1). 
doi:10.1111/tips.v4i1.173

46.	 Heidari R, Niknahad H. The role and study of 
mitochondrial impairment and oxidative stress 
in cholestasis. In: Vinken M, editor. Experimental 
cholestasis research. New York, NY: Springer; 2019. p. 
117-32. doi:10.1007/978-1-4939-9420-5_8

47.	 Moezi L, Heidari R, Amirghofran Z, Nekooeian 
AA, Monabati A, Dehpour AR. Enhanced anti-ulcer 
effect of pioglitazone on gastric ulcers in cirrhotic 
rats: The role of nitric oxide and il-1b. Pharmacol 
Rep. 2013;65(134):134-43. doi:10.1016/s1734-1140 
(13)70971-x

48.	 Mandegary A, Saeedi A, Eftekhari A, Montazeri V, Sharif 
E. Hepatoprotective effect of silyamarin in individuals 
chronically exposed to hydrogen sulfide; modulating 
influence of tnf-α cytokine genetic polymorphism. 
Daru. 2013;21(1):28. doi:10.1186/2008-2231-21-28

49.	 Goodman ZD. Grading and staging systems for 
inflammation and fibrosis in chronic liver diseases. 
J Hepatol. 2007;47(4):598-607. doi:10.1016/j.
jhep.2007.07.006

50.	 Brunt EM. Grading and staging the histopathological 
lesions of chronic hepatitis: The knodell histology 
activity index and beyond. Hepatology. 2000;31(1):241-
6. doi:10.1002/hep.510310136

51.	 Foshat M, Ruff HM, Fischer WG, Beach RE, Fowler 
MR, Ju H, et al. Bile cast nephropathy in cirrhotic 
patients: Effects of chronic hyperbilirubinemia. Am 
J Clin Pathol. 2017;147(5):525-35. doi:10.1093/ajcp/
aqx030

52.	 Jamshidzadeh A, Heidari R, Latifpour Z, Ommati 
MM, Abdoli N, Mousavi S, et al. Carnosine ameliorates 
liver fibrosis and hyperammonemia in cirrhotic rats. 
Clin Res Hepatol Gastroenterol. 2017;41(4):424-34. 
doi:10.1016/j.clinre.2016.12.010

53.	 Siavashpour A, Khalvati B, Azarpira N, Mohammadi 
H, Niknahad H, Heidari R. Poly (ADP-ribose) 
polymerase-1 (PARP-1) overactivity plays a pathogenic 
role in bile acids-induced nephrotoxicity in cholestatic 
rats. Toxicol Lett. 2020;330:144-58. doi:10.1016/j.
toxlet.2020.05.012

54.	 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(1):3-8. doi:10.15171/bi.2016.01

55.	 Gupta R, Dubey DK, Kannan GM, Flora SJS. 
Concomitant administration of moringa oleifera 
seed powder in the remediation of arsenic-induced 
oxidative stress in mouse. Cell Biol Int. 2007;31(1):44-
56. doi:10.1016/j.cellbi.2006.09.007

56.	 Heidari R, Jamshidzadeh A, Niknahad H, Safari 
F, Azizi H, Abdoli N, et al. The hepatoprotection 

provided by taurine and glycine against antineoplastic 
drugs induced liver injury in an ex vivo model of 
normothermic recirculating isolated perfused rat liver. 
Trends Pharmacol Sci. 2016;2(1):59-76. 

57.	 Socci DJ, Bjugstad KB, Jones HC, Pattisapu JV, 
Arendash GW. Evidence that oxidative stress is 
associated with the pathophysiology of inherited 
hydrocephalus in the h-tx rat model. Exp Neurol. 
1999;155(1):109-17. doi:10.1006/exnr.1998.6969.

58.	 Meeks RG, Harrison S. Hepatotoxicology. New York: 
CRC Press; 1991 1991/07/24/. 716 p.

59.	 Truong DH, Eghbal MA, Hindmarsh W, Roth SH, 
O’Brien PJ. Molecular mechanisms of hydrogen 
sulfide toxicity. Drug Metab Rev. 2006;38(4):733-44. 
doi:10.1080/03602530600959607

60.	 Katalinic V, Modun D, Music I, Boban M. Gender 
differences in antioxidant capacity of rat tissues 
determined by 2,2’-azinobis (3-ethylbenzothiazoline 
6-sulfonate; ABTS) and ferric reducing antioxidant 
power (FRAP) assays. Comp Biochem Physiol C 
Toxicol Pharmacol. 2005;140(1):47-52. doi:10.1016/j.
cca.2005.01.005

61.	 Ommati MM, Farshad O, Niknahad H, Mousavi K, 
Moein M, Azarpira N, et al. Oral administration of 
thiol-reducing agents mitigates gut barrier disintegrity 
and bacterial lipopolysaccharide translocation 
in a rat model of biliary obstruction. Curr Res 
Pharmacol Drug Discov. 2020;1:10-18. doi:10.1016/j.
crphar.2020.06.001

62.	 Zhang Y-T, Zheng Q-S, Pan J, Zheng R-L. Oxidative 
damage of biomolecules in mouse liver induced by 
morphine and protected by antioxidants. Basic Clin 
Pharmacol Toxicol. 2004;95(2):53-8. doi:10.1111/
j.1742-7843.2004.950202.x.

63.	 Fernández-Vizarra E, Ferrín G, Pérez-Martos A, 
Fernández-Silva P, Zeviani M, Enríquez JA. Isolation 
of mitochondria for biogenetical studies: An update. 
Mitochondrion. 2010;10(3):253-62. doi:10.1016/j.
mito.2009.12.148

64.	 Chen Y, Xing D, Wang W, Ding Y, Du L. Development 
of an ion‐pair hplc method for investigation of energy 
charge changes in cerebral ischemia of mice and 
hypoxia of neuro‐2a cell line. Biomed Chromatogr. 
2007;21(6):628-34. doi:10.1002/bmc.798

65.	 Caro AA, Adlong LW, Crocker SJ, Gardner MW, Luikart 
EF, Gron LU. Effect of garlic-derived organosulfur 
compounds on mitochondrial function and integrity 
in isolated mouse liver mitochondria. Toxicol Lett. 
2012;214(2):166-74. doi:10.1016/j.toxlet.2012.08.017

66.	 Ahmadian E, Babaei H, Mohajjel Nayebi A, Eftekhari 
A, Eghbal MA. Mechanistic approach for toxic effects 
of bupropion in primary rat hepatocytes. Drug Res. 
2017;67(4):217-22. doi:10.1055/s-0042-123034

67.	 Ahmadi N, Ghanbarinejad V, Ommati MM, 
Jamshidzadeh A, Heidari R. Taurine prevents 
mitochondrial membrane permeabilization 
and swelling upon interaction with manganese: 

https://doi.org/10.5114/ceh.2018.75956
https://doi.org/10.1007/978-1-4939-9420-5_8
https://doi.org/10.1016/S1734-1140(13)70971-X
https://doi.org/10.1016/S1734-1140(13)70971-X
https://doi.org/10.1186/2008-2231-21-28
https://doi.org/10.1016/j.jhep.2007.07.006
https://doi.org/10.1016/j.jhep.2007.07.006
https://doi.org/10.1002/hep.510310136
https://doi.org/10.1093/ajcp/aqx030
https://doi.org/10.1093/ajcp/aqx030
https://doi.org/10.1016/j.clinre.2016.12.010
https://doi.org/10.1016/j.toxlet.2020.05.012
https://doi.org/10.1016/j.toxlet.2020.05.012
https://doi.org/10.15171/bi.2016.01
https://doi.org/10.1016/j.cellbi.2006.09.007
https://doi.org/10.1006/exnr.1998.6969
https://doi.org/10.1080/03602530600959607
https://doi.org/10.1016/j.cca.2005.01.005
https://doi.org/10.1016/j.cca.2005.01.005
https://doi.org/10.1016/j.crphar.2020.06.001
https://doi.org/10.1016/j.crphar.2020.06.001
https://doi.org/10.1111/j.1742-7843.2004.950202.x
https://doi.org/10.1111/j.1742-7843.2004.950202.x
https://doi.org/10.1016/j.mito.2009.12.148
https://doi.org/10.1016/j.mito.2009.12.148
https://doi.org/10.1002/bmc.798
https://doi.org/10.1016/j.toxlet.2012.08.017
https://doi.org/10.1055/s-0042-123034


Carnosine and Cholemic Nephropathy

  Pharmaceutical Sciences, 2021, 27(1), 32-45  | 44

Implication in the treatment of cirrhosis-associated 
central nervous system complications. J Biochem Mol 
Toxicol. 2018;32(11):e22216. doi:10.1002/jbt.22216

68.	 Niknahad H, Heidari R, Mohammadzadeh R, Ommati 
MM, Khodaei F, Azarpira N, et al. Sulfasalazine 
induces mitochondrial dysfunction and renal injury. 
Ren Fail. 2017;39(1):745-53. doi:10.1080/088602
2X.2017.1399908

69.	 Ahmadian E, Eftekhari A, Babaei H, Nayebi AM, 
Eghbal MA. Anti-cancer effects of citalopram on 
hepatocellular carcinoma cells occur via cytochrome c 
release and the activation of nf-kb. Anticancer Agents 
Med Chem. 2017;17(11):1570-7. doi:10.2174/1871520
617666170327155930

70.	 Betjes MGH, Bajema I. The pathology of jaundice-
related renal insufficiency: Cholemic nephrosis 
revisited J Nephrol. 2006;19(2):229-33. 

71.	 Sood V, Lal BB, Lata S, Rastogi A, Alam S. Cholemic or 
bile cast nephropathy in a child with liver failure. J Clin 
Exp Hepatol. 2017. doi:10.1016/j.jceh.2017.05.006

72.	 Krones E, Pollheimer MJ, Rosenkranz AR, Fickert 
P. Cholemic nephropathy – historical notes and 
novel perspectives. Biochim Biophys Acta Mol 
Basis Dis. 2018;1864(4 Pt B):1356-66. doi:10.1016/j.
bbadis.2017.08.028

73.	 Mandorfer M, Hecking M. The renaissance of 
cholemic nephropathy: A likely underestimated cause 
of renal dysfunction in liver disease. Hepatology. 
2019;69(5):1858-60. doi:10.1002/hep.30558

74.	 Brasen JH, Mederacke YS, Schmitz J, Diahovets K, 
Khalifa A, Hartleben B, et al. Cholemic nephropathy 
causes acute kidney injury and is accompanied by 
loss of aquaporin 2 in collecting ducts. Hepatology. 
2019;69(5):2107-19. doi:10.1002/hep.30499

75.	 Slambrouck CMv, Salem F, Meehan SM, Chang A. Bile 
cast nephropathy is a common pathologic finding for 
kidney injury associated with severe liver dysfunction. 
Kidney Int. 2013;84(1):192-7. doi:10.1038/ki.2013.78

76.	 Fede G, D’Amico G, Arvaniti V, Tsochatzis E, Germani 
G, Georgiadis D, et al. Renal failure and cirrhosis: A 
systematic review of mortality and prognosis. J Hepatol. 
2012;56(4):810-8. doi:10.1016/j.jhep.2011.10.016

77.	 Martínez-Cecilia D, Reyes-Díaz M, Ruiz-Rabelo J, 
Gomez-Alvarez M, Villanueva Carmen  M, Álamo J, 
et al. Oxidative stress influence on renal dysfunction 
in patients with obstructive jaundice: A case and 
control prospective study. Redox Biology. 2016;8:160-
4. doi:10.1016/j.redox.2015.12.009

78.	 Heidari R, Niknahad H, Sadeghi A, Mohammadi 
H, Ghanbarinejad V, Ommati MM, et al. Betaine 
treatment protects liver through regulating 
mitochondrial function and counteracting oxidative 
stress in acute and chronic animal models of hepatic 
injury. Biomed Pharmacother. 2018;103:75-86. 
doi:10.1016/j.biopha.2018.04.010

79.	 Ommati MM, Jamshidzadeh A, Heidari R, Sun Z, 
Zamiri MJ, Khodaei F, et al. Carnosine and histidine 

supplementation blunt lead-induced reproductive 
toxicity through antioxidative and mitochondria-
dependent mechanisms. Biol Trace Elem Res. 
2019;187(1):151-62. doi:10.1007/s12011-018-1358-2

80.	 Aldini G, Facino RM, Beretta G, Carini M. 
Carnosine and related dipeptides as quenchers of 
reactive carbonyl species: From structural studies to 
therapeutic perspectives. BioFactors. 2005;24(1):77-
87. doi:10.1002/biof.5520240109

81.	 Heidari R, Niknahad H, Jamshidzadeh A, Azarpira 
N, Bazyari M, Najibi A. Carbonyl traps as potential 
protective agents against methimazole-induced liver 
injury. J Biochem Mol Toxicol. 2015;29(4):173-81. 
doi:10.1002/jbt.21682

82.	 Davies SS, Zhang LS. Reactive carbonyl species 
scavengers-novel therapeutic approaches for chronic 
diseases. Curr Pharmacol Report. 2017;3(2):51-67. 
doi:10.1007/s40495-017-0081-6

83.	 Ghodsi R, Kheirouri S. Carnosine and advanced 
glycation end products: A systematic review. Amino 
Acids. 2018;50(9):1177-86. doi:10.1007/s00726-018-
2592-9

84.	 Heidari R, Ghanbarinejad V, Ommati MM, 
Jamshidzadeh A, Niknahad H. Mitochondria 
protecting amino acids: Application against a 
wide range of mitochondria-linked complications. 
PharmaNutrition. 2018;6(4):180-90. doi:10.1016/j.
phanu.2018.09.001

85.	 Eftekhari A, Heidari R, Ahmadian E, Eghbal MA. 
Cytoprotective properties of carnosine against 
isoniazid-induced toxicity in primary cultured 
rat hepatocytes. Pharm Sci. 2018;24(4):257-63. 
doi:10.15171/PS.2018.38

86.	 Suzuki T, Yamamoto M. Molecular basis of the keap1–
nrf2 system. Free Radical Biol Med. 2015;88:93-100. 
doi:10.1016/j.freeradbiomed.2015.06.006

87.	 Fresta CG, Fidilio A, Lazzarino G, Musso N, Grasso 
M, Merlo S, et al. Modulation of pro-oxidant and pro-
inflammatory activities of m1 macrophages by the 
natural dipeptide carnosine. Int J Mol Sci. 2020;21(3). 
doi:10.3390/ijms21030776

88.	 Ahshin-Majd S, Zamani S, Kiamari T, Kiasalari 
Z, Baluchnejadmojarad T, Roghani M. Carnosine 
ameliorates cognitive deficits in streptozotocin-induced 
diabetic rats: Possible involved mechanisms. Peptides. 
2016;86:102-11. doi:10.1016/j.peptides.2016.10.008

89.	 Brookes PS, Yoon Y, Robotham JL, Anders MW, Sheu 
S-S. Calcium, ATP, and ROS: A mitochondrial love-
hate triangle. Am J Physiol. 2004;287(4):C817-33. 
doi:10.1152/ajpcell.00139.2004

90.	 Heidari R. The footprints of mitochondrial 
impairment and cellular energy crisis in the 
pathogenesis of xenobiotics-induced nephrotoxicity, 
serum electrolytes imbalance, and fanconi’s syndrome: 
A comprehensive review. Toxicology. 2019;423:1-31. 
doi:10.1016/j.tox.2019.05.002

91.	 Mikati MA, Barakat AY, Sulh HB, Der Kaloustian VM. 

https://doi.org/10.1002/jbt.22216
https://doi.org/10.1080/0886022X.2017.1399908
https://doi.org/10.1080/0886022X.2017.1399908
https://doi.org/10.2174/1871520617666170327155930
https://doi.org/10.2174/1871520617666170327155930
https://doi.org/10.1016/j.jceh.2017.05.006
https://doi.org/10.1016/j.bbadis.2017.08.028
https://doi.org/10.1016/j.bbadis.2017.08.028
https://doi.org/10.1002/hep.30558
https://doi.org/10.1002/hep.30499
https://doi.org/10.1038/ki.2013.78
https://doi.org/10.1016/j.jhep.2011.10.016
https://doi.org/10.1016/j.redox.2015.12.009
https://doi.org/10.1016/j.biopha.2018.04.010
https://doi.org/10.1007/s12011-018-1358-2
https://doi.org/10.1002/biof.5520240109
https://doi.org/10.1002/jbt.21682
https://doi.org/10.1007/s40495-017-0081-6
https://doi.org/10.1007/s00726-018-2592-9
https://doi.org/10.1007/s00726-018-2592-9
https://doi.org/10.1016/j.phanu.2018.09.001
https://doi.org/10.1016/j.phanu.2018.09.001
https://doi.org/10.15171/PS.2018.38
https://doi.org/10.1016/j.freeradbiomed.2015.06.006
https://doi.org/10.3390/ijms21030776
https://doi.org/10.1016/j.peptides.2016.10.008
https://doi.org/10.1152/ajpcell.00139.2004
https://doi.org/10.1016/j.tox.2019.05.002


Farshad et al.

45   | Pharmaceutical Sciences, 2021, 27(1), 32-45

Renal tubular insufficiency, cholestatic jaundice, and 
multiple congenital anomalies--a new multisystem 
syndrome. Helv Paediatr Acta. 1984;39(5-6):463-71. 

92.	 Yamaguchi S, Maruyama T, Wakino S, Tokuyama 
H, Hashiguchi A, Tada S, et al. A case of severe 
osteomalacia caused by tubulointerstitial nephritis 
with fanconi syndrome in asymptomotic primary 
biliary cirrhosis. BMC Nephrol. 2015;16:187. 
doi:10.1186/s12882-015-0184-4

93.	 Appleman EH, Cianciolo R, Mosenco AS, Bounds ME, 
Al‐Ghazlat S. Transient acquired fanconi syndrome 
associated with copper storage hepatopathy in 3 dogs. 
J Vet Intern Med. 2008;22(4):1038-42. doi:10.1111/
j.1939-1676.2008.0140.x

94.	 Niknahad AM, Ommati MM, Farshad O, Moezi L, 
Heidari R. Manganese-induced nephrotoxicity is 
mediated through oxidative stress and mitochondrial 
impairment. J Ren Hepat Disord. 2020;4(2):1-10. 
doi:10.15586/jrenhep.2020.66

95.	 Heidari R, Jafari F, Khodaei F, Shirazi Yeganeh B, 
Niknahad H. Mechanism of valproic acid‐induced 
fanconi syndrome involves mitochondrial dysfunction 
and oxidative stress in rat kidney. Nephrology. 
2018;23(4):351-61. doi:10.1111/nep.13012

96.	 Shafiekhani M, Ommati MM, Azarpira N, Heidari 
R, Salarian AA. Glycine supplementation mitigates 
lead-induced renal injury in mice. J Exp Pharmacol. 
2019;11:15-22. doi:10.2147/JEP.S190846

97.	 Shen Y, He P, Fan Y-y, Zhang J-x, Yan H-j, Hu W-w, 
et al. Carnosine protects against permanent cerebral 
ischemia in histidine decarboxylase knockout 
mice by reducing glutamate excitotoxicity. Free 
Radical Biol Med. 2010;48(5):727-35. doi:10.1016/j.

freeradbiomed.2009.12.021
98.	 Alsheblak MM, Elsherbiny NM, El-Karef A, El-

Shishtawy MM. Protective effects of l-carnosine on 
CCl4 -induced hepatic injury in rats. Eur Cytokine 
Netw. 2016;27(1):6-15. doi:10.1684/ecn.2016.0372

99.	 Jamshidzadeh A, Niknahad H, Heidari R, Azadbakht 
M, Khodaei F, Arabnezhad MR, et al. Propylthiouracil-
induced mitochondrial dysfunction in liver and its 
relevance to drug-induced hepatotoxicity. Pharm Sci. 
2017;23(2):95-102. doi:10.15171/PS.2017.15

100.	Cuzzocrea S, Genovese T, Failla M, Vecchio G, 
Fruciano M, Mazzon E, et al. Protective effect 
of orally administered carnosine on bleomycin-
induced lung injury. Am J Physiol Lung Cell Mol 
Physiol. 2007;292(5):L1095-104. doi:10.1152/
ajplung.00283.2006

101.	Poli G. Pathogenesis of liver fibrosis: Role of 
oxidative stress. Mol Aspects Med. 2000;21(3):49-98. 
doi:10.1016/S0098-2997(00)00004-2

102.	Bae O-N, Serfozo K, Baek S-H, Lee KY, Dorrance 
A, Rumbeiha W, et al. Safety and efficacy evaluation 
of carnosine, an endogenous neuroprotective agent 
for ischemic brain injury. Stroke. 2013;44(1):205-12. 
doi:10.1161/STROKEAHA.112.673954

103.	Artioli GG, Sale C, Jones RL. Carnosine in health and 
disease. Eur J Sport Sci. 2019;19(1):30-9. doi:10.1080/1
7461391.2018.1444096

104.	Prokopieva VD, Yarygina EG, Bokhan NA, Ivanova 
SA. Use of carnosine for oxidative stress reduction 
in different pathologies. Oxid Med Cell Longev. 
2016;2016:2939087. doi:10.1155/2016/2939087

https://doi.org/10.1186/s12882-015-0184-4
https://doi.org/10.1111/j.1939-1676.2008.0140.x
https://doi.org/10.1111/j.1939-1676.2008.0140.x
https://doi.org/10.15586/jrenhep.2020.66
https://doi.org/10.1111/nep.13012
https://doi.org/10.2147/JEP.S190846
https://doi.org/10.1016/j.freeradbiomed.2009.12.021
https://doi.org/10.1016/j.freeradbiomed.2009.12.021
https://doi.org/10.1684/ecn.2016.0372
https://doi.org/10.15171/PS.2017.15
https://doi.org/10.1152/ajplung.00283.2006
https://doi.org/10.1152/ajplung.00283.2006
https://doi.org/10.1016/S0098-2997(00)00004-2
https://doi.org/10.1161/STROKEAHA.112.673954
https://doi.org/10.1080/17461391.2018.1444096
https://doi.org/10.1080/17461391.2018.1444096
https://doi.org/10.1155/2016/2939087

