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Abstract 
   Several studies deducted that inhalational anesthetics induce apoptosis in human cells. Insulin 

is believed to have an antiapoptotic action so it is widely used as cardioprotective agent against 

ischemic reperfusion injuries. This study compared the apoptotic effect of inhalational anesthet-

ics and figuring out the antiapoptotic effect of insulin against perioperative induced hepatocel-

lular apoptosis using immune histochemical study of liver biopsy.  

   Eighty (ASA I) patients scheduled for laparoscopic cholecystectomy were randomly allocated 

into 4 groups (20 patients each). Two groups were anesthetized using isoflurane and the other 

two were anesthetized using sevoflurane. The control groups (IC, SC) received normal saline 

and the insulin groups (II, SI) received glucose, insulin and potassium (GIK) infusion. Infusions 

were given 2 hours before induction of anesthesia. Liver biopsy was taken before the umbilical 

port closure. In liver biopsy Caspase 3, 7, 9 and Akt activity were evaluated. Liver function 

tests were estimated before infusion and one day after surgery. Serum K and blood glucose lev-

els were closely monitored all through the study. 

   The results showed that in the isoflurane groups, the percentage of caspase 3 and 7 positive 

cases decreased while Akt positive cases increased significantly in II compared to IC respec-

tively (p < 0.05). In the sevoflurane groups, the percentage of caspase 3 positive cases de-

creased significantly in SI compared to SC group (p < 0.05). 
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Introduction 
   Apoptosis is an ordered and orchestrated 

cellular death that occurs physiologically as 

part of organ maturation and homeostasis 

(Elmore, 2007), in addition it is induced in 

some pathological conditions i.e. exposure 

to drugs and pathogens (Nikitakis et al. 

2004). Cellular apoptosis is generally exe-

cuted through activation of a group of intra-

cellular enzymes called caspases (Olijnyk, 

2007). Caspases are activated either extrin-

sically by binding of ligands to specialized 

receptor on the cell membrane called death 

receptors (Li, 2008) or they were activated 

intrinsically by mitochondrial release of cy-

tochrome c (Dipak et al, 2012). 

Surgical trauma leads to a complex systemic 

response including sympathetic nervous sys-

tem activation, endocrine response, inflam-

matory and immunological disturbances. 

Surgical trauma includes direct tissue dam-

age and other factors including: exposure to 

anesthetics, blood loss and/or blood transfu-

sion, hypothermia, immobility, induced gen-

eral or local ischemia in some procedures 

and reperfusion injury. All these factors in-

duced the cellular apoptosis (Kosela et al, 

2016).  

   The commonly used inhalational anesthet-

ics; isoflurane and sevoflurane are believed 

to induce apoptosis in various types of tis-

sues and cells including liver cells, hippo-

campal slices, lymphocytes and developing 

neurons with different potencies (Loop and 

Dovi-Akue, 2005; Dong et al, 2009; Ying-

xian et al, 2017).  Many theories were pro-

posed for the mechanism by which they in-

duce apoptosis. The latest was either that 
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they increased intracellular calcium concen-

tration disrupting mitochondrial membrane 

(Zhang GH et al, 2008) or production of 

high levels of reactive oxygen species 

(ROS) during their oxidative metabolism in 

hepatocytes by the cytochrome P450 en-

zymes. Both scenarios lead to mitochondrial 

membrane rupture and release of cyto-

chrome c that initiates caspase activation, 

which executes apoptosis (Wang, 2014). 

   Insulin is widely used as an antiapoptotic 

agent in myocardial protective strategies by 

various GIK infusion regimens (Yosuke  et 

al, 2017). Insulin exerts its antiapoptotic ac-

tion through activation of serine threonine 

kinase (Akt) which is an enzyme nearly 

found in all human cells (Richard et al, 

2014). Akt then mediates binding of hexoki-

nase enzyme to the mitochondria (Chiara et 

al, 2008).
 
The binding of intracellular hexo-

kinase to mitochondrial membranes lead to a 

number of antiapoptotic events:
 
1- It sup-

pressed free radical generation and hence 

reduces oxidative damage to the cell (Da-

Silva et al, 2004). 2- It inhibited the release 

of cytochrome c from the mitochondria into 

the cytosol (Pastorino et al, 2002). 3- It 

might prevent the opening of mitochondrial 

permeability transition pores preventing mi-

tochondrial swelling and apoptosis (Chiara 

et al, 2008, Aikawa et al, 2000). 

Up to the knowledge of the authors, insu-

lin’s antiapoptotic action was only studied as 

a cardioprotective agent in acute coronary 

syndromes and in cardiac surgeries (Richard 

et al, 2014; Yosuke  et al, 2017).  These 

studies assessed apoptosis either using hu-

man serum markers or in vitro on animal 

cardio-myocytes decreasing their specificity 

and clinical relevance respectively (Osman 

et al, 2012).  

   In the current study, we investigated the 

apoptotic effect of the two commonly used 

inhalational anesthetics in the liver and we 

intended to explore a new clinical applica-

tion of the antiapoptotic protective effect of 

insulin on liver cells. To be specific we as-

sessed apoptosis by evaluating Akt, caspase 

3, 7 & 9 activities immune histochemically 

in liver biopsy taken at the end of laparo-

scopic cholecystectomy in non-diabetic pa-

tients.  

Materials and Methods: 
   This study was designed to be: single cen-

ter prospective randomized controlled single 

blinded clinical trial. The protocol was ap-

proved by the research ethics committee in 

Theodore Bilharz Research Institute (TBRI).  

  Sample size: The study was designed as a 

pilot study and enrolled 80 ASA I patients 

undergoing laparoscopic cholecystectomy. 

   Patients selection: Eight ASA I patients 

scheduled for laparoscopic cholecystectomy, 

aged between 25 to 55 years with body mass 

index (BMI) from 25-35 were enrolled in the 

study. All patients were randomly allocated 

into four groups (20 patients each). Two 

groups were anesthetized using isoflurane 

and were randomly allocated into control 

group IC (n=20) receiving normal saline in-

fusion and insulin group II (n=20) receiving 

GIK regimen. The other two groups were 

anesthetized using sevoflurane and were 

randomly allocated into control group SC 

(n=20) receiving normal saline infusion and 

insulin group SI (n=20) receiving GIK regi-

men.  

   Exclusion criteria: The exclusion criteria 

included (1) pre-diabetic patients hemoglo-

bin A1c > 6.5%; (2) acute cholecystitis (3) 

pregnancy and lactation; (4) fever (5) need 

for intraoperative blood transfusion; (6) in-

traoperative shifting to open cholecystecto-

my; (7) fatty liver; (8) and/or drug abusers. 

   Preoperative preparation: Two hours be-

fore surgery, intra-venous (IV) 20G cannula 

was inserted in each patient. Blood samples 

were withdrawn for estimation of laboratory 

investigations. Then, the fluid administration 

started by normal saline in GIC & GSC 

while GII & GSI received GIK infusion 

which was composed of 50 ml of 10% dex-

trose, 10 mEq of potassium, and 10 IU of 

regular insulin (Stefano Di Marco. et al 

2010). All fluids were infused over 60 

minutes to be finished 1 hr before starting 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakadate%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28376800
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakadate%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28376800
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the operation. All patients did not receive 

any premedication or sedation before induc-

tion of anesthesia. 

   Induction and maintenance of general an-

esthesia: Anesthesia was induced with 1.5 to 

2.0 mg/kg propofol (B/BRAUN, Egypt) and 

2µg/kg fentanyl (Sunny Pharmaceutical, 

Egypt). Neuromuscular blockade was achie-

ved by 0.5mg/kg atracurium (Sunny Phar-

maceutical, Egypt) followed by tracheal in-

tubation.  Standard anesthesia care was pro-

vided, including fluid management with 

ringer acetate and routine monitoring of 

electrocardiogram, non invasive arterial 

blood pressure, end tidal capnography, anes-

thesia gas analyzer, bispectral index (BIS) 

and oxygen saturation. Inhalational anesthet-

ic end tidal concentration was adjusted 

around 1 MAC to maintain BIS values 40 to 

60. Hemodynamic measurements (MAP, HR 

& SpO2) were recorded pre-induction, post 

induction, every 5 minutes till the end of 

surgery, after recovery and every 4 hours 

postoperatively for 24 hours.
 
 

 
  Blood sampling: Liver function tests in-

cluding serum alanin amino-transferase 

(ALT), aspartate amino-transferase (AST), 

albumin (Alb) and total bilirubin were esti-

mated; before starting fluid infusion and one 

day postoperatively. Serum K
+
 was checked; 

before starting fluid infusion and immediate-

ly post-operative. Blood glucose level was 

closely monitored using capillary measure-

ment before and after finishing GIK, directly 

after induction of anesthesia then every 30 

minutes till end of surgery. Postoperatively 

it was measured every 2 Hrs “in the first 6 

Hrs” then every 6 Hrs till the timing of the 

24 post-operative sample. 

   Liver biopsy collection and handling: For 

all patients liver biopsy was taken at the end 

of surgery before the umbilical port closure. 

Both duration of inhalational anesthetic ex-

posure and time from induction of anesthe-

sia to taking the biopsy were recorded. The 

pathologist was blinded to the group types.  

    Histopathology: 1- Liver biopsies were 

fixed immediately after removal in 10% for-

malin buffered with 0.1M phosphate buffer. 

2- The specimens were trimmed and pro-

cessed into paraffin wax according to stand-

ard histopathological laboratory methods. 3- 

Sections were prepared from the paraffin 

blocks, cut at 5μm in thickness. 4- All slides 

were treated with 3amino-propyl-triethoxy-

silane (3APTES/SIGMA-A-3648). These 

slides were used instead of the ordinary al-

bumenized slides to minimize staining arti-

facts and for better fixation of the sections 

on the slides. 

   Immune histochemical (IHC) technique: 

Expression of Akt, caspase 3, 7 and 9 pro-

teins were evaluated using a commercial Akt 

(A-11): sc-377457, caspase 3 (3CSP03): sc-

56046c, caspase 7 p20 (B-5): sc-28295 and 

caspase 9 (96.1.23): sc-56076, monoclonal 

antibodies purchased from Santa Cruz bio-

technology company, USA. Deparaffiniza-

tion, hydration of the slides, and blocking 

with pre-antibody solution (20 min) where 

performed in Dako PT Link (Code PT100/ 

PT101). Then, a protocol template was cre-

ated. Staining steps and incubation times 

were pre-programmed into Autostainer Link 

software (Dako Autostainer). These were 

diluting anti-kt1, anti-caspase 3, anti-caspase 

7 and anti-caspase 9  primary antibodies 

(1:150 each for 20min at room temp); apply-

ing Poly-HRP anti-rabbit IgG (20 min); ap-

plying DAB (20 min, Sigma Fast DAB tab-

lets, Sigma-Aldrich, St. Louis MO); counter 

staining with EnVision FLEX hematoxylin 

(5 min); and dehydration, clearing, mount-

ing, and covering. 

   Immune histochemical scoring of antibod-

ies: Expression of caspase 3, 7, 9 & Akt 

were scored by a semiquantitive technique, 

and all markers are cytoplasmic brown stain, 

sections were examined under Zeiss light 

microscopy at x40, in ten microscopic fields. 

The mean of the percentage of the positively 

stained cells was calculated from their mean 

values =>20% activity was considered reac-

tive (Shen et al, 2004). 

  Primary outcome: The evaluation of the 

apoptotic changes of isoflurane and sevoflu-
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rane by measuring the percentage of caspase 

3 positive cases. 

   Secondary outcomes: Evaluating insulin’s 

antiapoptotic effect against perioperative 

hepatocellular apoptosis and to determine if 

this effect was through Akt inhibitory path-

way or not. Also assessing the safety of GIK 

regimen in non diabetics and to figure out if 

the insulin has a clinical impact or not.    

   Statistical analysis: Data were analyzed by 

Chi square to compare between categorical. 

Due to normality test, comparison between 

variables in two groups was performed using 

either unpaired t test or Mann Whitney test 

whenever appropriated. In normal data, in-

tra-group comparison (within group compar-

ison) between mean values of variables 

measured at different times (pre-operative, 

intra-operative, recovery & post-operative) 

was performed using repeated measures  

ANOVA followed by Bonferroni test if sig 

nificant results were recorded, expressed as 

mean ± SD or number (%).  
 

Results 
   The results were shown in tables (1, 2, 3 & 

4) and in figures (1, 2, 3, 4 & 5). 

  Eighty four eligible patients were randomly 

allocated into four groups; isoflurane control 

(GIC) n=21, isoflurane insulin GII) n=22 

sevoflurane control (GSC) n=21 & sevoflu-

rane insulin (GSI) n=20. Eighty patients 

completed the trial from February 2013 to 

March 2014. One patient was excluded from 

isoflurane control group due blood loss > 

500ml which required intraoperative blood 

transfusion. Two patients were excluded 

from isoflurane insulin group due to intra-

operative shifting to open cholecystectomy 

was technical surgical difficulties. One pa-

tient was excluded from sevoflurane control 

as the liver discovered to be fatty intraopera-

tive. 
 

 
Fig. 1: Trial flow diagram. 

  All patients were females without signifi-

cant difference as to age, BMI, duration of 

inhalational anesthetics exposure and time 

from induction of anesthesia till time of bi-

opsy taking. No significant difference was 

between insulin and control and all groups 

concerning hemodynamic variables, oxygen 

saturation, core temperature and end tidal 

capnography neither intraoperative nor post-

operatively. 
Table 1: Baseline characteristics of different studied groups. 

 IC (n= 20) II (n= 20) SC (n=20) SI (n=20) 

Age (years) 33.4 ± 6.1 36 ± 5.8 36.2 ± 8 37.5 ± 7.8 

Gender (female) 20 (100%) 20 (100%) 20(100%) 20(100%) 

BMI (Kg/m2) 28.7 ± 3.6 29.6 ± 3.5 28.9 ± 3.2 28.7 ± 3.4 

Duration of anesthesia (min) 69.5 ± 4.9 69.1 ± 5.3 69.2 ± 3.2 69.3 ±4.1 

Time to biopsy (min)    61.5 ± 5  60.6 ± 5.4 60.3 ± 5.1 60.2 ± 5 
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  Regarding liver biopsy; percentage of 

caspase 3 positive cases in GSC was lower 

than GIC. Also, percentage of caspase 3 & 7 

positive cases in GII was lower than GIC 

and percentage of Akt positive in GII was 

higher than GIC. In GSI, caspase 3 was the 

only marker that showed decrease in posi-

tive cases in GSI compared to GSC. 

   Percentage of positive caspase 3 cases in 

GII (30%) was significantly lower than in 

GIC (80%) p< 0.05. Percentage of positive 

caspase 7 cases in GII (10%) was signifi-

cantly lower than GIC (90%) p<0.05 (Fig. 

3). Percentage of positive caspase 9 cases in 

GII (15%) was lower than GIC (25%) but 

without significant difference. Percentage of 

positive Akt cases in GII (70%) was signifi-

cantly higher than GIC (35%) p˂0.05. 

   Percentage of positive caspase 3 cases in 

GSI (35%) was significantly lower than in 

GSC (75%) p< 0.05 (Fig.2). Also, the per-

centage of positive caspase 7 cases in GSI 

(10%) was lower than GSC (30%) but with-

out significant difference (Fig.3). However, 

caspase 7 showed the percentage of its posi-

tive cases in GSC (30%) was significantly 

lower than GIC (90%) p< 0.05.Caspase 9 

showed same percentage of positive cases in 

GSC & GSI (20%). Percentage of positive 

Akt cases in GSI (60%) was higher than 

GSC (40%) without significant difference 

between them. 
 

Table 2: Percentage of positive cases of caspase 3, 7, 9 and Akt activity in control and insulin groups 

 

 

 
 

 
 

 
*P< 0.05 relative to its control group, ˚P< 0.05 relative to isoflurane control group 

. 

Insulin did not show impact on biochemical markers, all values were within normal range. 
 

Table 3: Liver function tests in insulin and control groups measured preoperatively and 24 hours postoperative. 

Liver function test IC (n= 20) II (n= 20) SC (n=20) SI (n=20) 

ALT IU/L preoperative 22.3 ± 12.1 20 ± 8 19.3 ± 11.9 22.5 ± 6.6 

24hs postoperative 27.6 ± 9.9* 28.4 ± 13 * 24.5 ± 10.7* 22.9 ± 5.6 

AST IU/L preoperative 22.9 ± 6.7 21.7 ± 8.1 19.9 ± 5.5 23.6 ± 7.8 

24hs postoperative 26.7 ± 6.6 *   28.7 ± 10.6 * 23.1 ± 7.4* 22.9 ± 6.2 

Albumin mg/dl preoperative 4 ± 0.3 4.1 ± 0.2 4.1 ± 0.3 4.1 ± 0.3 

24hs postoperative 3.8 ± 0.2 * 3.8 ± 0.3 * 3.8 ± 0.3 * 3.9 ± 0.2* 

T. bilirubin mg/dl preoperative 0.6 ± 0.2 0.5 ± 0.2 0.6 ± 0.2 0.6 ± 0.2 

24hs postoperative 0.6 ± 0.2 0.5 ± 0.7 0.7 ± 0.2 0.5 ± 0.1* 
ALT: Alanin amino-transferase., * P< 0.05 relative to preoperative level. AST: Aspartate amino-transferase,  

Alb:  Albumin, T. bilirubin: Total bilirubin. 
   
  The GIK regimen was safe in non diabetic 

patients, all serum K were within normal 

range despite significant decrease in GII & 

GIC postoperatively (3.8±0.3;3.91±0.3) than 

preoperative value (4.00±0.3; 4.2±0.3) res-

pectively. As to sevoflurane showed signifi-

cant decrease in GSC postoperative value 

(3.9±0.3) compared to preoperative value 

(4.2± 0.4) (p<0.05). All the blood glucose 

measurements were within normal range. 

But,. in GII & GSI, intraoperative, recovery 

and postoperative mean values were signifi-

cantly higher than preoperative mean values 

(p<0.05), in GIC intraoperative, recovery 

and postoperative mean values were signifi-

cantly lower than preoperative mean values 

(p<0.05) and in GSC intraoperative, recov-

ery and postoperative mean values were sig-

nificantly higher than preoperative mean 

value (p< 0.05). 
 

Table 4:Mean random blood sugar (RBS) measurements in insulin and control groups. 

RBS (mg/dl) IC (n= 20) II (n= 20) SC (n=20) SI (n=20) 

Preoperative 83.4 ± 7.8 76  ± 6 74.3 ± 4 75.3 ± 5.2 

Intra-operative 79.5 ± 3.9  * 88.7 ± 3.3* 79.5 ± 2.3* 86.5 ± 5.1* 

Recovery 76.3 ± 4.7  * 82.6 ± 4.4  * 77.8 ± 4.7* 81.8 ± 6.6 * 

Post-operative 80.1 ± 3.3 * 79 ± 2.5  * 78 ± 1.9* 80.3 ± 4.7* 
*P< 0.05 relative to pre-operative time within same group. 

Marker IC (n= 20) II (n= 20) SC (n=20) SI(n=20) 

Caspase 3 80% 30%* 75% 35%* 

Caspase 7 90% 10%* 30% ˚ 10% 

Caspase 9 25% 15% 20% 20% 

Akt 35% 70%* 40% 60% 
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Discussion 
  The current study showed that, isoflurane 

induced more hepatocellular apoptosis than 

sevoflurane and that insulin had antiapoptot-

ic effect against perioperative hepatocellular 

apoptosis through activation of Akt inhibito-

ry pathway. Insulin’s antiapoptotic effect 

was more prominent with isoflurane than 

sevoflurane. Despite its antiapoptotic action, 

insulin did not show clinical protective im-

pact on postoperative liver biochemical 

markers. Moreover, our recommended GIK 

infusion regimen was well tolerated by non 

diabetic patients. 

   These findings were shown in the liver 

biopsy as caspase 3 activities was higher in 

isoflurane control group than sevoflurane 

control group. Also, caspase 3 & 7 activities 

were lower in insulin groups compared to 

control groups. Also, it was found that insu-

lin exerted its antiapoptotic action through 

Akt inhibitory pathway as it was higher in 

insulin groups compared to control groups.  

In the current study, laparoscopic cholecys-

tectomy surgery was chose due to the feasi-

bility of obtaining liver biopsy during the 

procedure. The resultant hepatic apoptosis 

might have occurred due to either surgical 

stress response or due to inhalational anes-

thetic exposure and since there is no specific 

way to identify the actual cause of apoptosis, 

we hypothesized that the use of two different 

inhalational anesthetics and comparing the 

resultant apoptotic changes while all the pa-

tients are subjected to almost similar dura-

tions of anesthetic exposure and to the same 

surgical stress response would enable us to 

differentiate the cause of apoptosis. So, it 

could be assumed that the apoptotic changes 

in the liver were due to anesthetic exposure 

and not due to surgery as there was variation 

in the apoptotic changes between both GIC 

and GSC. 

   There were numerous studies investigated 

the apoptotic effect of the inhalational anes-

thetics, most of these studies were either in 

vitro (Osman et al, 2012) or on animals 

(Ruxanda et al, 2016). So the present study, 

might be the first to evaluate the hepatocel-

lular apoptotic effect of inhalational anes-

thetics in vivo and aiming to reach a conclu-

sion about which one is safer. It was shown 

in our results that isoflurane induced more 

apoptotic changes than sevoflurane. This 

agreed with Ruxanda et al. (2016) who con-

cluded that: isoflurane triggered apoptosis in 

a relatively small number of hepatocytes, 

whereas sevoflurane did not. Also, Yang, et 

al, (2008) suggested that Isoflurane has 

greater potency than sevoflurane and desflu-

rane to cause calcium release from the endo-

plasmic reticulum and inducing apoptosis 

through elevated levels of caspase 3 and an-

nexin v. On the other hand, George et al. 

(2011) suggested that in neonatal mice, 

equipotent doses of the three commonly 

used inhaled anesthetics “isoflurane, sevo-

flurane and desflurane” demonstrated simi-

lar neuro apoptotic profiles. Also, Osman et 

al. (2012) suggested that Isoflurane ap-

peared to have less apoptotic effect than 

sevoflurane  

   Up to the knowledge of the authors, the 

current study is the first to investigate the 

use of insulin as hepatoprotective drug be-

side its established use as cardioprotective 

agent in ischemic heart disease (Sack and 

Yellon, 2003; Mellbin and Rydén, 2012; 

Sato et al, 2014), ischemic pre-conditioning 

(Di Marco et al, 2010), in cardiac surgeries 

(Jovic et al, 2009) and in septic shock (Won-

Young et al, 2016). Moreover, nearly all 

studies which investigated apoptosis were 

done either on animal models (Raphael et al, 

2006, George et al, 2011) or in cell culture 

lines (Yongxing et al, 2014; Kuriakose et al, 

2014; Weber et al, 2015).  

   Apoptosis (and not necrosis) is the main 

mechanism of liver injury, especially drug 

related or after viral injuries. Hepatic cells 

contained the highest concentration of cyto-

chrome P450 (CYP) which metabolized hal-

ogenated anesthetics beside many drugs 

(Wang, 2014). This explains the hepato-

cytes’ susceptibility to damage and apopto-

sis upon exposure to inhalational anesthetics 
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which was shown in several studies
 
(Cohen 

Jessica et al, 2010; Ruxanda et al, 2016, 

Yingxian et al, 2017).This may explain the 

mild elevation of liver enzymes noticed 

postoperatively in study groups. 

   There were many methods of insulin ad-

ministration, on reviewing the literature but 

the GIK regimen used by Di Marco et al. 

(2009) which showed cardioprotective effect 

with the highest safety profile was selected. 

This was revealed in our study as we found 

no deviations in serum K
+
 and blood glucose 

levels outside the normal clinical ranges af-

ter its administration. Though it caused mild 

elevations in blood glucose levels intra and 

postoperatively we can still suggest that it is 

safe to be used in non-diabetics patients. 

There were other studied GIK regimens with 

less patient tolerance for example as Jovic et 

al. (2009).
 
They used GIK regimen 30% 

glucose, insulin 2IU/kg, K
+
 80 mmol/l at 1 

ml/kg/h & GIK regimen 10% glucose, insu-

lin 32 IU, K
+
 80 mmol/l at 1ml/kg/h. They 

found that it caused variable rates of both 

hypoglycemia and hyperglycemia outside 

normal ranges though being both cardiopro-

tective.  

Conclusion and Limitations 
   Isoflurane induced more apoptotic changes 

than sevoflurane and insulin has a protective 

effect against perioperative induced hepato-

cellular apoptosis.This offers new field for 

further researches evaluating the use of insu-

lin in other conditions where apoptosis plays 

important role in its pathogenesis i.e. viral 

hepatitis, liver cell failure and reperfusion 

injury in liver transplantation.  

  Some limitations in the present study bear 

discussion. First, although insulin proved to 

have protective effect on the liver yet its ef-

fect didn’t show clinical impact as liver en-

zymes was elevated in studied groups. This 

might be attributed to relative short duration 

of anesthetic exposure or the relatively low 

dose of insulin so we can recommend study-

ing the insulin’s protective effect in more 

prolonged surgical procedures. Second pa-

tients were all females. This was not intend-

ed but the eligible patients meeting the crite-

ria of this study were only females due to 

relative rarity of male patients scheduled for 

laparoscopic cholecystectomy in the present 

institute at that time. So, gender discrepancy 

might have affected the results. 
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Explanation of figures 
 

Fig. 2: Caspase 3 expression in liver sections: A: liver section from GIC showing positive expression of caspase 3 as cytoplasmic± membra-

nous brown color in hepatocytes, in sinusoidal lining cells (IHC, DAB, caspase3, x400). B: liver section from GII showing negative expres-

sion of caspase 3 in hepatocytes (IHC, DAB, caspase3, x400). C: liver section from GSC showing positive expression of caspase 3 as cyto-
plasmic±membranous color in sinusoidal lining cells (yellow arrow)(IHC, DAB, caspase3,x400). D: liver section from GSI showing negative 

expression of caspase 3 in hepatocytes (IHC, DAB, caspase3, x400). 

Fig. 3: Caspase 7 expression in liver sections: A: liver section from GIC showing positive expression of caspase 7 as cytoplasmic brown 
color in hepatocytes (IHC, DAB, caspase7, x400). B: liver section from GII showed negative expression of caspase 7 hepatocytes (IHC, 

DAB, caspase7, x400). C: liver section from GSC showed positive expression of caspase 7 as cytoplasmic color in hepatocytes (red arrow) 

(IHC, DAB, caspase7, x400). D: liver section from GSI showing negative expression of caspase 7 (IHC, DAB, caspase7, x400). 
Fig. 4: Caspase 9 expression in liver sections: A: liver section from GIC showed mild positive expression of caspase 9 as cytoplasmic color in 

hepatocytes (yellow arrow) (IHC, DAB, caspase9, x400). B: liver section from GII showed negative expression of caspase 9 in hepatocytes 

(IHC, DAB, caspase9, x400). C: liver section from GSC showed mild positive expression of caspase 9 as cytoplasmic color in hepatocytes 
(IHC, DAB, caspase9, x400). D: liver section from GSI showed negative expression of caspase 9 in hepatocytes (IHC, DAB, caspase9, 

x400). 

Fig. 5: Akt expression in liver sections: A: liver section from GIC showed negative expression of Akt (IHC, DAB, Akt, x400). B: liver sec-
tion from GII showing positive expression of Akt as cytoplasmic color in hepatocytes (red arrow) (IHC, DAB, Akt, x400). 

C: liver section from GSC showed negative expression of Akt (IHC, DAB, Akt, x400). D: liver section from GSI showed positive expression 

of Akt as cytoplasmic color in hepatocytes (red arrow) (IHC, DAB, Akt, x400). 
In GII & GIC ALT&AST significantly higher and albumin significantly lower 24hours postoperatively than preoperative levels (p< 0.05). 

Regarding sevoflurane; ALT & AST in GSC showed significant increase in 24hours postoperative values than preoperative levels (p<0.05). 

24hours postoperative albumin levels in GSC & GSI significantly lower than preoperative values (p<0.05). Total bilirubin postoperative 
value significantly lower in GSI compared to preoperative level (p < 0.05).   
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