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Abstract

Keywords

Here we examine the efficacy of pretreatment with glutathione (GSH) plus silymarin (SM) on
kidney and lung injury as a distant organ after hepatic ischemia reperfusion (IR). Rats were randomly
separated into five groups: Sham, IR, GSH-IR, SM-IR, and SM plus GSH-IR. The treatment groups
took 100 mg/kg of GSH, SM, or a combination of GSH plus SM 60 minutes prior to IR. The groups
excluding sham were exposed to 30 minutes of ischemia and 24 hours of reperfusion. The rats were
euthanized after 24 hours; blood, kidney, and lung specimens were gathered to perform analyses and
pathology studies. As a result, serum creatinine and blood urea nitrogen (BUN) were significantly el-
evated in the IR group compared to sham. GSH administration prior to hepatic IR statistically declined
IR-induced elevations of creatinine and BUN; likewise, creatinine and BUN were lower by an average
of 19.8% and 54% in the SM plus GSH-IR group compared to the IR group, respectively. GSH, SM,
and SM plus GSH pretreatments significantly reduced the kidney histopathological damage. Lung his-
topathologic damage scores on hepatic IR-induced lung injury were higher in the IR group than in the
sham group, but lung pathological damage scores in the SM plus GSH-IR group were statistically low
according to the IR group. Application of GSH plus SM before liver IR may be a potential therapy to
mitigate remote injury of the kidney and lung resulting from hepatic IR.
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Introduction

Hepatic IR injury is a serious complication in liver
surgical interventions such as liver transplantation, major
liver resections, and trauma. Hepatic IR cannot only result
in acute liver damage, but also constantly leads to other
organ injuries, including kidneys, lungs, myocardium,
pancreas, and intestine, etc. Additionally, acute hepatic
damage is induced by liver IR, which is known to result
in an inflammatory response, oxidative stress, and marked
endothelial cell apoptosis in the kidney, and activation of
renin-angiotensin-aldosterone that can lead to acute kidney
injury (AKI) [1, 2]. AKI or renal dysfunction after hepatic
surgery and transplantation is highly common in clinical
practice, as AKI is generally ascribed to renal ischemia due
to hemodynamic instability in the perioperative period. Re-
mote effects of liver IR are most frequently observed in the
lungs and may lead to the improvement of acute lung in-
jury (ALI) as well. Palladini et al. [3] and Colletti et al. [4]
have also reported that hepatic IR injury is concerned with
lung dysfunction in connection with neutrophil infiltration,
edema, intra-alveolar hemorrhage, and tissue matrix metal-
loproteinase activation. The pathophysiology of hepatic IR-
induced lung injury frequently resembles hepatopulmonary
syndrome, which is a common trouble that has happened in
patients subsequent to major liver surgery and transplanta-
tion associated with a systemic inflammatory response [5].
The occurrence of AKI and ALI after hepatic IR raises pa-
tient morbidity and mortality following the postoperative
period, even affecting the efficacy of surgical operations
and the long-term lifetime quality of patients [1-5]. In spite
of calling attention to this prevalent clinical condition, AKI
and ALI remain as diagnostic and therapeutic discomforts
after liver IR. Therefore, a new therapeutic strategy can de-
crease the severity or incidence of AKI and ALI as a result
of hepatic IR.

Silymarin, which possesses many therapeutic activities,
including antioxidant, anti-inflammatory, hepatoprotective,
immunomodulatory, antibacterial, antiviral, antithrombotic,
and vasodilatory properties, etc., is a complex mixture of
polyphenolic molecules [6, 7]. The reduced form of glutathi-
one is a thiol-containing tripeptide that works as a significant
endogenous antioxidant against oxidative stress status, and
its depletion in tissues immediately correlates to IR injury
[8]. However, the effects of GSH plus SM therapy on he-
patic IR-induced lung and kidney injury remain exactly un-
known. Thus, we conducted a study to examine the efficacy
of pretreatment with GSH plus SM on hepatic IR-induced
kidney and lung injury in rats and to inspect the underlying
mechanisms.

Materials and methods

The research procedure was approved by the animal ex-
periments local ethics committee at Ondokuz May1s Univer-
sity (ethics no: 3, 26 Oct 2016). Fifty Sprague-Dawley male
rats (300-350 g) were permitted to adapt to the local envi-
ronment for seven days before being used. All animals were
housed at 23+1 °C and 40-50% humidity under a 12-h light/
dark cycle with free access to food and water. The rats were
subjected to surgical processing after an overnight fast.

Study design

The rats were separated into 5 groups (10 for each group)
as follows: Sham, IR, GSH-IR, SM-IR, and SM plus GSH-IR.
Rats were anesthetized with an intraperitoneal application
of 80 mg/kg ketamin (Ketalar®, Phizer) and 3 mg/kg xyla-
zine (Rompun®, Bayer). Then, using aseptic techniques and
materials, a midline laparotomy was made under anesthesia
on rats. All anatomical structures in the portal triad (portal
vein, hepatic artery, and bile duct) to the median and left
liver lobes were exposed and subsequently blocked by using
a non-traumatic microvascular clamp in order to create he-
patic ischemia for 30 min. The clamp was carefully extracted
after 30 min, and the rat’s abdomen was directly closed with
a permanent 4-0 silk suture, followed by a 24-hour reperfu-
sion time. An equal volume of normal saline (NS) solution
containing 10% of DMSO was intraperitoneally applied to
replace the drug solution under anesthesia in the sham group,
and then rats were exposed to laparotomy as well as expo-
sure to the portal triad anatomical structures without hepatic
ischemia. Rats in the IR group were subjected to ischemia
and reperfusion as defined above. Reduced form of gluta-
thione (Sigma Co., GSH) and SM (Solgar Co., milk thistle
standardized capsule) were separately dissolved in physi-
ological saline and added with 10% DSMO. The SM-IR
group took SM (100 mg/kg bwt.,i.p.); the GSH-IR group got
GSH (100 mg/kg bwt., i.p.), and their mix (i.p.) was applied
for the SM plus GSH-IR group, 60 min before hepatic IR.
Note that the body temperature of the animals was kept close
to 37 °C with the backing of a heating lamp. Afterwards, an
injection of cefuroxime (an antibiotic, 20 mg/kg/day, i.m.)
after surgical procedures was applied to all animals. At the
end of a 24-hour period, the rats were anesthetized using
xylazine and ketamine. The abdomens of rats were reopened
for the collection of blood samples, kidney and lung speci-
mens. Thereafter, blood was taken from the heart with an
injector and collected in centrifuge tubes. The serum was
allotted using a centrifuge device at 2.500 g and stocked at
-80 °C for later analyses. Kidney and lung specimens were
washed with NS and then fixed in a neutral formaldehyde
solution.

4129



D. ALAKBARLI1 et al.

Biochemical assessments

Serum values of creatinine and blood urea nitro-
gen (BUN) were estimated by an automated chemical ana-
lyzer (Cobas 6000 C501). Serum hsCRP (high sensitivity
C-reactive protein) was measured by an automated analyz-
er (Beckman Coulter Immage 800). Measurements of serum
hsp 70 and pro-apoptotic protein caspase 3 were estimated
by using Elisa Kits for rats according to the instructions of
the manufacturer.

Histopathological assessment of renal injury

The kidney tissues were fixed with 10% neutral form-
aldehyde, embedded in paraffin blocks, cut into 4-um por-
tions, and stained with hematoxylin and eosin (H&E).
The renal tissue edges were inspected with an Olympus
BX51 microscope (Olympus Optical Co., Japan) by a pa-
thologist unknown to the study. The kidney pathological le-
sions in the experimental groups were evaluated according
to the severity (score: 0-3) of proximal tubule simplification,
peritubular leukocyte infiltration, renal cortical vacuoliza-
tion, and proximal tubule hypereosinophilia as described by
Park et al. [2].
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Fig. 1. Effects of pretreatment with SM and GSH on serum
levels of BUN and creatinine after hepatic IR injury. GSH
administered at 100 mg/kg protects against acute renal
injury in GSH-IR group rats subjected to 30 minutes of liver
ischemia and 24 hours of reperfusion.
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Histopathological examinations of lung injuries

Pathological changes in the lung tissue were evaluated
morphologically. The lung tissues were fixed with 10%
neutral formaldehyde, embedded in paraffin blocks, cut
into 4-pum portions, and stained with hematoxylin and eo-
sin (H&E). An expert pathologist assessed and scored the
degree of lung injury. The degree of microscopic injuries
was graded on a scale of 0-3 (0, absent and appears normal-
ly; 1, mild; 2, moderate; 3, severely) for intra-alveolar hem-
orrhage, interstitial perivascular infiltration of neutrophils,
interstitial congestion, and edema. In addition, a total lung
damage score was assessed as the sum of four components.

Statistical analysis

IBM Statistics 22.0 software was used to analyze the
data. All data were initially evaluated for the normality as-
sumption and analyzed by one-way ANOVA followed by
Tukey’s multiple comparisons test. To estimate the severity
of the pathological lesions, the Kruskal-Wallis analysis of
variance was utilized to detect the statistical importance of
differences in the study groups. So, the Mann-Whitney U test
with Benforroni’s correction was applied for comparisons
between the groups. Data are presented as median (min-
max) for determined parameters. The statistical differences
were set at p<0.05.

Results

The beneficial effects of SM and GSH against renal
injury after liver IR

The hepatic IR group displayed renal dysfunction as com-
pared to the sham group, as reflected by a significant rise in
serum creatinine and BUN (p<0.05, Figure 1). Both BUN
and creatinine were significantly decreased in the rats pre-
treated with GSH (100 mg/kg i.p.) prior to surgery (p<0.001,
p=0.004). Moreover, serum levels of creatinine and BUN in
rats treated with a combination of SM plus GSH prior to he-
patic IR were lower by an average of 19.8% and 54%, respec-
tively. However, no statistical difference was obtained for se-
rum levels of hsCRP, hsp 70, and caspase-3 among the groups
in the present hepatic IR rat model (p>0.05, Table 1).

Renal histopathological changes attenuated by SM
and GSH pretreatment

The sham group showed normal renal glomerular and
tubular structures (Figure 2A). However, in the IR group,
histopathological changes in renal tissue sections were ob-
served, including marked peritubular leukocyte infiltration,
proximal tubule hypereosinophilia, and vacuolization in tu-
bular epithelium, but no necrosis in the kidneys at 24 h fol-
lowing liver IR (Figure 2B). On the other hand, the severity
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Table 1. Serum levels of hsCRP, hsp 70 and caspase 3 in the experimental groups.

B Parameters
Groups (n=10) hsCRP (mg/dl) Hsp 70 (ng/ml) Caspase 3 (ng/ml)
#Sham 0.142 (0.105-0.180) 111.75 (86.56-207.18) 0.95 (0.41-1.50)
#IR 0.160 (0.123-0.221) 139.36 (85.60-160.55) 1.32 (0.61-1.75)
#SM-IR 0.154 (0.113-0.201) 126.19 (67.14-140.74) 0.69 (0.29-1.67)
#GSH-IR 0.156 (0.131-0.194) 119.08 (95.94-169.56) 1.01 (0.81-1.22)

#SM plus GSH-IR

0.150 (0.106-0.210)

116.70 (84.81-165.96)

1.03 (0.59-1.42)

Data are expressed as median (min-max) for parameters.

Fig. 2. Effects of SM and GSH pretreatment on histopathologic renal alterations in rats exposed to 30-min of hepatic ischemia
and 24-h reperfusion. A. Normal renal glomerular and tubular structure in the sham-operated group, H&E X200. B. Marked
vacuolization in tubular epithelium (short arrow), hypereosinophilia (arrowhead), and peritubular leukocyte infiltration (long
arrow) in a renal tissue section of the IR group, H&E X200. C. Slight vacuolization in tubular epithelium (long arrow) and
lightly hypereosinophilia (short arrow) in the renal tissue section treated with GSH prior to hepatic IR, H&E X200.
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Fig. 3. The effects of SM and GSH on histopathologic renal
damage scores after 30-min hepatic ischemia and 24-h
reperfusion. Histopathologic renal damage scores of 2 (0-3)
in the SM-IR, 1 (0-2) in the GSH-IR, and 1 (0-2) in the SM
plus GSH-IR groups were statistically lower than in the IR
group [4 (2-8)] in relation to AKI.

Table 2. Histopathological damage scores in the lung
tissues of experimental groups.

Groups (n=10) Histopathological damage
score
#Sham 2.5 (0-4)
#IR 6.0 (4-9)a
#SM-IR 5.5 (4-8)
#GSH-IR 5.0 (3-8)
#SM plus GSH-IR 5.0 (3-8)b

Data are expressed as median (min-max) for damage score.
a-b indicates statistically significant groups.

of renal lesions or degenerative alterations, including total
pathological scores like vacuolization, peritubular leukocyte
infiltration, proximal tubule hypereosinophilia, and proxi-
mal tubule simplification, was statistically reduced in GSH,
SM, and SM plus GSH-treated groups when compared to the
IR group, as shown in Figure 3 (p=0.007, p=0.001, p<0.001,
respectively).

The histopathological changes of the lungs reduced
by SM plus GSH pretreatment

The findings of lung histopathological damage scores on
hepatic IR-induced lung injury were observed to be higher in
the IR, GSH-IR, SM-IR, and SM plus GSH-IR groups than
in the sham group (p<0.001), but the lung histopathological
damage score in the SM plus GSH-IR group pretreated with
a mixture of SM plus GSH was statistically low with respect
to the IR group at the end of 24-h, as shown in Figure 4 and
Table 2 (p<0.05).

Discussion

The results of the present study demonstrated that AKI
and ALI induced by hepatic IR were confirmed by the raised
serum levels of BUN and creatinine and the increased renal
and lung histopathological damage scores in the IR group
when compared to sham. In addition, GSH plus SM treat-
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Fig. 4. Lung histopathology after 30-min hepatic ischemia and 24-h reperfusi

sections stained with H&E. In the (A) sham group: Mild neutrophil infiltration, mild interstitial congestion, and edema on lung
section (HEX200); (B): Moderate-severe leukocyte infiltration (arrow), moderate alveolar interstitial congestion (arrowhead),
and edema on lung section (HEX400) in the IR group; (C): Mild-moderate leukocyte infiltration, mildly alveolar interstitial
congestion, and edema on lung section (HEX200) in the SM plus GSH-IR group.

ment before hepatic IR significantly declined levels of BUN
and creatinine and the lung and renal histopathologic dam-
age scores on hepatic injury caused by IR (Figures 1 and 3,
Table 2).

30-min hepatic ischemia followed by 24-h reperfusion
resulted in a significant elevation of serum creatinine and
BUN levels, according to our results, representing that re-
nal function was impaired. The findings of the current study
agree with the previous findings of Gonul et al. [9] and Lee
et al. [10] who reported induction of renal and hepatic dam-
age by liver IR injury. A number of scientific reports have
indicated that acute liver damage caused by hepatic IR is
known to evoke a systemic inflammatory response, hu-
moral mediators (cytokines, chemokines, prostaglandins,
and stress hormones), glutathione depletion, and oxidative
stress that result in damage and impaired function of dis-
tant organ systems [1, 11-13]. For instance, hepatic IR in-
jury has been shown to be associated with a significant rise
in the expression of proinflammatory mediators and oxida-
tive stress markers in the kidney, causing a decline in en-
dogenous antioxidants such as GSH in plasma, hepatic, and
renal tissues [4, 14-17]. In the present study, serum levels of
creatinine and BUN were significantly elevated after liver
IR, and the GSH treatment decreased this increase. Also, re-
nal histopathological damage scores were lower in relation
to GSH supplementation (Figures 1 and 3), suggesting that
GSH might contribute to the reduction in the degree of AKI
after liver IR. Restoration of the GSG/GSSH ratio through
GSH therapy prior to surgery suppresses an oxidative stress
condition, apoptosis, and the inflammatory process (TNF-a-
mediated) augmented by hepatic IR injury [16]. Moreover,
silymarin treatment (10 mg/100g bwt.) resulted in signifi-
cant hepato-renal protection during CCL -induced oxidative

stress by restoring liver and kidney function tests [18]. The
latest research reports have shown that silymarin treatment
can reduce serum levels of BUN and creatinine involved in
necrosis of renal tubular cells and tubular damage and then
improve kidney function [19, 21]. In our study, serum BUN
values and kidney histopathologic damage findings were
statistically decreased in rats pretreated with solely SM or
SM plus GSH prior to liver IR. As a result of these findings,
administration of GSH plus SM prior to liver surgery may
prevent kidney injury induced by hepatic IR.

Hepatic IR injury and hemodynamic perturbations, ini-
tially located in the liver but targeting subsidiary lungs,
could be involved in several pathologies or postoperative
pulmonary complications that might frequently form pul-
monary edema, pleural effusion, acute respiratory distress
syndrome (ARDS), atelectasis, and pneumonia in patients
after hepatectomy [22-24]. In our study, as presented in
Table 2 and Figure 4, pathological changes (intra-alveolar
hemorrhage, leukocyte infiltration, interstitial congestion,
and pulmonary edema) in lung parenchyma were observed
in greater quantity in the IR group than in the group that re-
ceived SM plus GSH prior to liver IR, considering that pre-
treatment with SM plus GSH may protect against lung in-
jury after hepatic IR damage. Intravenous infusion of GSH
has been shown to effectively attenuate vascular oxidative
stress after IR [25]. A previous study reported that pretreat-
ment with SM (at a dose of 100 or 200 mg/kg, i.p.) reduced
the high histopathological changes of the lungs in an LPS-
induced ARDS rat model, improving pulmonary function
and lung tissue damage [26]. Based on the above findings,
application of GSH plus SM prior to liver IR seems to have
decreased the lung parenchymal lesions in hepatic IR-in-
duced ALI
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Caspase-3, which is considered to be a specific indica-
tor of apoptosis, hsCRP, which is a biomarker of inflam-
mation, and hsp70, which is usually elevated in subjects
with inflammation, appear to be higher in the IR group as
compared to the sham group, but no significant differences
were obtained for serum levels of these analyses between
the IR group and pretreatment groups (Table 1). It is lim-
ited due to using only one dose of these agents, and fur-
ther investigation of alternative doses is needed to confirm
the current results in relation to the estimation of oxidative
stress markers, inflammatory mediators, and apoptosis-re-
lated indicators in the kidney and lung tissues for hepatic
IR-induced AKI and ALI.

In conclusion, pretreatment with GSH plus SM exhibits
the therapeutic effects on AKI and ALI induced by hepatic
IR. Administration of GSH plus SM before liver IR can ef-
fectively protect the liver [27], but SM used in combination
with GSH could also restore impaired kidney function and
alleviate the renal and Iung histopathological lesions caused
by hepatic IR injury. However, further studies may be re-
quired to ratify these results.
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