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ABSTRACT

Introduction and Aims: Nowadays, blunt liver injury is increasingly preferred to be managed non-operatively. Therefore, wound heal
progressing agents are widely investigated. N-Acetylcystein (NAC), which has antioxidant effect, is an amino aside derivate and a glutathione
precursor as well. Aim of this study is to investigate the effect of NAC at liver injured bluntly.

Materials and Methods: A total of 6 groups to be sham, NAC intraperitoneally (IP), and NAC intramuscular (IM) administrated 6 rats in each
group. These groups were separated for day 3 (Sham-3, IM-3 and IP-3) and day 7 (Sham-7, IM-7 and IP-7) terminations. Blunt abdominal trauma
was applied to all groups. The dosage of NAC was 50mg/kg and 200mg/kg for intramuscular and intraperitoneal pathways respectively.
Histopathological assessment was done by scoring inflammation severity between 0-3, apoptosis index(Al) by the method of tunnel and Ki-67
proliferation index (PI).

Results: AST and ALT levels were less in the seventh day groups than that of the third day groups. This decrease was significant in Sham-7 and IM-
7 groups. Among the same day groups, AST, ALT and LDH levels were significantly low in IM and IP groups according to the Sham groups.
However, there was no evident difference between IM and IP groups. Inflammation severity did not differ between the day 3 and 7 groups. But, it
was significantly low in IM and IP groups compared to the Sham-3. Day 7 groups also showed difference. Ki-67 PI’s of the IM-3 and IP-3 groups
were prominently higher than that of the IM-7 and IP-7 groups. Al, the seventh day of the third day, groups, IM and IP groups did not differerences
significantly. Al groups' of the Sham-3, IM-3 groups were the differences between these groups were definite. Seventh-day Al groups, a significant
differences between the sham group was higher in IM.

Conclusion: When all our results are examined, NAC is effective in the healing and regeneration of liver tissue after blunt liver trauma. However,
further studies are required.
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INTRODUCTION Experimental Animals Research Laboratory approval number:

Abdominal trauma is third only to trauma of the head and chest (1).
Blunt abdominal traumas cause mostly common liver, spleen and
pancreatic injuries, respectively. Out of these 70 - 90% liver traumas
are simple and 10 to 30% comprise of complex liver injuries,
accompanied by fragmentation. The developed diagnostic methods of
today have helped with the non-operative, conservative treatment and
follow-up of liver simple injuries, decreasing liver-related mortality
rate to 10% (2). The idea of researching the substances that contribute
to helping this recovery time has attracted the attention of researchers
and many studies have been done on this subject (3).

NAC (N-acetylcysteine) is a mucolytic agent made up of a thiol
compound. Active metabolites comprise of cysteine, methionine,
disulphides and reduced glutathione. Since glutathione is precursor, it
has a protective effect on the cell against toxic effects by reducing H202
level (4—7). Since understanding the detoxifying of free radical effect of
NAC, it has been popularized in the use of cancer, heart disease, metal
toxicity and liver; as in the case acetaminophen toxicity (5). NAC
extends cell life by regulating the activities of apoptosis and various
proteins, reducing endothelial dysfunction, reducing the formation of
invasion, fibrosis, inflammation, promoting acetaminophen
detoxification and decreasing the need for transplantation (8).

The aim of our study is to investigate the effects of NAC on liver tissue
healing after blunt liver trauma as it is known to have antioxidant
properties and be pro-tissue regeneration.

MATERIALSAND METHODS
The study was held at Abant Izzet Baysal University following

2012/23 of the local Ethics board of Animal research at Abant Izzet
Baysal University. 36 Wistar Albino type rats with weights ranging
from 250 to 300g were kept in cages in groups of six. Standard pellet
feed and municipal drinking water were used. The rats were
maintained under constant temperature and humidity. Blunt abdominal
trauma was applied to all groups. The subjects were starved for six
hours before the trauma and before surgery.

e Group I (n=6) (Sham-3): Followed-up for three days post-trauma.
Laparotomy done and rat resutured.

e Group II (n=6) (NAC(IP)-3): Intraperitoneal application of
200mg/kg of NAC was administered for three days post-trauma.

e Group III (n=6) (NAC (IM)-3): Intramuscular application of
50mg/kg NAC given for three days post-trauma.

e Group IV (n=6) (Sham-7): Followed-up for seven days post-
trauma.

e Group V (n=6) (NAC (IP)-7): Intraperitoneal application of
200mg/kg of NAC was administered for seven days post-trauma.

e Group VI (n=6) (NAC (IM)-7): Intramuscular application of
50mg/kg NAC given for seven days post-trauma.

Anesthesia and Infliction of Trauma

General anesthesia was intramuscularly given in the form of ketamine
HCI (Ketalar 50mg/ml, 40 mg/kg dose Eczacibasi, Istanbul) and 5
mg/kg intramuscular doses of Xylazine (Rompun 20mg/ml, Bayer,
Istanbul). 0.784 joule of kinetic energy was applied with a fixed weight
of 200gr from a height of 40 cm which was administered on the
specially manufactured platform, being located to the right lateral
abdominal wall of the rats as identified on the table (Fig. 1) (9).
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FIGURE 1: Custom Made Platform

General anesthesia and approximation to the table position was done
following an abdominal shave and sterilization followed by
approximately 2.5cm medium line incision with laparotomy; three
days post-traumatically for Groups I, II, III, and seven days post-
traumatically for Groups IV, V, VI. 2 cc of intra-cardiac blood was
removed to check for AST, ALT, LDH. This was dispatched to the s
biochemistry lab. Then all the subjects were sacrificed, and hepatic
tissue was resected in total and delivered to the histology and
embryology laboratory in 10% formaldehyde.

Biochemical Evaluation

Serum samples were obtained by using the Olympus device in the
Biochemistry laboratory, and the levels of ALT, AST, LDH were
studied in all groups.

Histological Evaluation

5 micrometer thickness of paraffin blocks prepared sections based on
the method Wintzer et al. being evaluated to determine the Ki-67(10).
150 to 500 cells were counted on the slides corresponding to an area
magnified to 400. Apoptotic bodies were evaluated in light microscope
in sections stained by terminal Deoxy transferase-mediated DUTP-
biotin nick-end labeling (TUNEL) method. In sections of the area
where most of the staining was seen at x400 magnification
(OlymposCX41) 10 consecutive apoptotic cell areas were counted. Ki-
67, the number of cells showing apoptotic staining, was calculated as a
percentage of the total cell count. The inflammation of the specimens
was evaluated with H&E staining in 5 micrometer thickness sections
of'the tissues (Table 7).

TABLE 7: Classification Of Inflammation

Inflammation Extent
No inflammation 0
Minimal inflammation 1
Moderate inflammation 2
Severe inflammation 3

Statistical Evaluation

The data was calculated in the form of an average + standard deviation
(SD). Analysis of data was done using SPSS version 16.0 program for
Windows. Differences between AST, ALT, LDH, levels of each group
obtained by Mann-Whitney U test and the differences between the
levels of apoptosis and inflammation were evaluated by the Ki-67 test;
P<0.05 values were considered meaningful.

RESULTS

Group I was observed to have a Grade II injury in the liver of rats on
laparotomy to determine the severity of trauma (Fig. 2). Only one rat
was exitus in group V with all rats in other groups being viable.

FIGURE 2: Grade II liver laceration (a) in trauma-induced rats (a),
healed liver in group V, who underwent post-trauma laparotomy on the
seventh day (b)
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Group I (sham3) and Group IV (sham7) which had undergone
laparotomy in days three and seven days post traumatically had the
highestaverage levels of AST, ALT and LDH. It was discovered thatin
Groups II (IP-3) and 11I(IM-3) AST, ALT, LDH levels were seen to be
statistically significantly lower compared in relationship to those in
Group I(Sham-3) (P=0.004, P=0.010, P=0.004, P=0.004, P=0.004,
P=0.004; respectively) (Table 8). Group V (IP-7) and Group VI (IM-7)
showed a statistically significantly lower level of AST, ALT, LDH
compared to Group IV (Sham-7) (P=0.006, P=0.006, P=0.006,
P=0.004, P=0.006, P=0.004; respectively) (Table 8). Intraperitoneal
and intramuscular groups given NAC showed statistical significance
for AST, ALT and LDH between Group III(IM-3) and Group VI(IM-
7), regarding levels of AST and ALT, but not for LDH (P=0.020,
P=0.16,P=0.78; respectively) (Table 8).

TABLE 8. Post-laparotomy levels mean levels and standard deviation
for AST,ALT,LDH in all groups.

AST(Mean |ALT(Mean [LDH(Mean

+SD) +SD) +SD)
GrupI(Sham-3) [878,6+495,8 [466,5+189,9 [3449+3534.,6
Grup I (iP-3)" 246,8+97,4 [123,1£32,7 [774,8+424,1
Grup [T (IM-3)"™  [275,5+131,8 |142,6+46,8 |588+234,5
Grup IV (Sham-7) [316,3£80,6 [153,6£30,0 [2159,6+294,1
Grup V (iP-7)° 145+33,5  [93,8+10,3  [691,8+286,5
Grup VI(IM-7)" [141£23,0  [85+10,1 855,5+273,3

abde

Comparing Group I with Groups II and III ; and Group IV for
AST,ALT, LDH levels were significant P<0.05

¢'Comparing Groups IT and Grup IIT; Groups V and VI did not reveal a
significant level difference in AST,ALT, LDH P>0.05

Histopathological Evaluation

When compared for extent of liver inflammation, rats sacrificed three
days post-trauma in Group I, when compared to Groups II and 111, and
when Group V was compared to Groups VI and VII was seen to be
significant (P=0.046, P=0.014, P=0.001, P=0.001; respectively).
There was no significance in the two therapeutic groups II and I1I and
V-VI when inter-compared (P=0.558, P=1.00; respectively) (Table 9,
Figure 3).

Figure 3. In the Trauma group II, many inflammatory cells in the liver
tissue are seen to be dispersed from the veins into the parechymal
tissue (a), and in group 111, the cellular area that lead to necrosis is seen
to be smaller than the control (b). In group V, like group III, there is an
increase in fibrotic tissue around the area of damage (c). In group VI,
the fibrotic tissue that restricts the necrotic area is evident (arrows), bile
duct proliferation (*) is observed (d). HE staining

TABLE 9: Evaluation of the degree of liver tissue inflammation in all
groups.

inflammation degree |0 1 2 3
Grup I (Sham-3) 0 0 0 6(%100)
Grup I (IP-3) 0 0 3 (%50) 3 (%50)
Grup I1I (IM- 3) 0 0 4(%66,6) |2(%33,3)
Grup IV (Sham- 7) 0 0 4(%66,6)  |2(%33,3)
Grup V (IP-7) 0 0 5(%100) 0

I International Journal of Scientific Research |—| 7 |



Volume-7 | Issue-10 | October-2018

PRINT ISSN No 2277 - 8179

Sacrificed rats following three days post-trauma showed no significant
differences in Groups II, III and I when Ki-67 immunostaining was
carried out in the liver tissue (P=0.105, P=0.017; respectively). There
was a significant difference in comparison between the Groups II and
III (P = 0.029). Sacrificed rats following seven days post-trauma
showed no significant differences in Groups VI, V and VI when Ki-67
immunostaining was carried out in the liver tissue (P=0.621, P=1,
P=0.621; respectively) (Table 10) (Figure 4, 5).

Figure 4. Group I, II, III immunization of Ki-67 in experimental
groups. Hepatocyte (Arrow) (a), Group III Ki-67 (+) stained
Hepatocites (arrows) (b), which are in the group Ki-67 (+), in group 111,
in the portal area, the bile duct Ki-67 (+) stained epithelial cells (c), Ki-
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Figure 5. Group 11, V the immunostaining with Ki-67 in intraperitoneal
NAC groups. In group II, in hepatocytes around the portal area, Ki-67
(+) staining (arrows) (a), group II hepatocytes Kil-67 (+) staining
(arrows) (b), in Group V, the Ki-67 (+) painted hepatocytes (arrows)
(c), in Group V, in the bile duct epithelial cells in the portal area-67 (+)
Staining (arrow) (d) is observed
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TABLE 10 : Ki-67 Value In All Groups.
Ki-67 1 2 3 4 5
Grup I 3 (%50) |3 (%50) |0 0 0
(Sham-3)
Grup II (IP- 3) |0 5 (%83,4)|1 (%16,6)|0 0
Grup I 0 0 3 (%50) |1 (%16,6)[2(%33,3)
(IM- 3)
Grup IV 3 (%50) |3 (%50) |0 0 0
(Sham- 7)
Grup V (IP- 7) |4 (%80) |1 (%20) [0 0 0
Grup VI 4 (%66,6)|2 (%33,3)|0 0 0
(IM-7)
TABLE 11 : Apoptosis Index(ai) In All Groups.
Apoptosis index 1 2 3
Grup I (Sham-3) 6(%100) |0 0
Grup II (iP- 3)" 0 2(%33.,3) |4(%66,6)
Grup 11T (IM- 3)* 0 0 6(%100)

Grup IV (Sham- 7) 5(%83,4) |1 (%16,6)
Grup V (IP- 7)° 0 3(%60) |2 (%40)
Grup VI (M- 7)* 0 1(%16,6) |5(%83,4)
‘P >0,05 when group I and II compared; bP <0,05 when group I ve III
compared
‘P>0,05 when group II and Il compared; dP >0,05 when group 1 vell
compared

‘P <0,05 when group I and III compared; {P>0,05 when group II and
TIT compared

DISCUSSION

The tissue healing and regeneration ability of the liver has been the
curious subject of research for many years. The feasibility of finding a
compound to contribute to the recovery time of the liver has attracted
the attention of researchers and a lot of work has been done on this
subject (3, 11, 12).

Blunt Abdominal Trauma Model (BATM) on experimental animals is
important in the investigation of substances to be used to treat blunt
abdominal traumas. All conditions kept constant, BATM may differ
even when the same energy is held constant, due to each animal's
unique properties, such as body tissue quantities and integrity. To off-
set this short-coming of the BATM, the experiment can be created by
grouping the subjects according to the severity of abdominal trauma
(13). Karamercan et al. found that 1.0J and above in the BATM created
a major injury while application of 0.6j to 0, §j, to the solid organ
caused minor injury (2). In our study, that Grade I injury was seen on
laparotomy which was performed three days after trauma in the group I
which was applied 0.8 of impact energy in BATM. This was found to
be consistent with the work of Kamercan et al.

The difference between the Ki-67 and any other method is that it
corresponds to all the growth phases of the cycle, rather than just the S-
phase. This classification a good indication of the cellular proliferation
activity (14,15). Uzun et al. concluded that the treatment of NAC
increased liver regeneration following partial hepatectomy in non-
alcoholic fatty liver (16). Silva et al. showed that ischemia reperfusion
after hepatectomy improved liver regeneration when treated with
NAC (17).

Yang et al. in their hepatotoxication model in rats with acetaminophen,
determined that after long-term NAC, liver regeneration regressed
(18). In our study, in comparison with Group II and III, the Ki-67
regeneration rates (RR) are statistically meaningful (p = 0.017, p =
0.029; respectively). Uzun et al., accordance with the work done by
Silva et al., showed were in accordance with the findings of Yang et al.
The absence of RR difference in comparison with control groups of TP
groups supports the operation of Yang et al. However, it is our
conclusion that the findings of Yang et al. are not compatible with the
application model of NAC (18). Comparing Group V and VI there is
not a statistical difference between RR compared to the Group IV.
Therefore, this is incompatible with the operation of Yang et al. and is
not compatible with the work of the Uzun et al. (18). The difference is
that the long-term use of NAC, as reported by Yang et al., the formation
of delayed liver regeneration.

Yang et al., however, after long-term NAC treatment in hepatotoxic
mice performed with acetaminophen, showed a significant decline in
ALT and AST following therapy, higher ratio of ALT/AST was
recorded at the end of NAC treatment. In our study, the ALT/AST ratio
of Group Il and Group III was on average 0.5, while Group V and group
VI had decreased lower levels values compared to group I and Group
111, later this ALT/AST ratio of Group V and Group VIincreased to 0.6.
Compared to this rate group I and group IV the ALT/AST ratio was
observed to decline from 0.5 to 0.4. These results are consistent with
the work of Yang et al. and we postulate that NAC has a long-term
effect of increasing ALT/AST ratio.

Furuta et al. in a study examining liver regeneration by performing
70% hepatectomy together with 50% pancreatectomy. On day 0, the
AST and ALT levels were higher per day but reported to have
decreased to 50% on the third day and normalized by the seventh day
(19). Leed Ejs et al. performed 30% hepatectomy and used NAC in
hepatic ischemia-reperfusion model in mice, although there was no
statistically significant difference in the AST levels in the NAC group,
there was significantly lower ALT levels (P < 0.05) (20). Fukuzawa et
al. reported that NAC had the potential to decrease hepatic ischemia-
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reperfusion injury. They infused one group with NAC prior and one after
the ischemia-reperfusion injury. It was shown that both NAC groups had
lesser ischemia-reperfusion injury compared to the control group which
did not receive any NAC. They reported their findings by showing a
significant difference in rates of AST and LDH levels (21). The results of
our research are compared with the literature; the measured levels of AST
and ALT are not supported by Furuta et al., while Fukuzawa et al.
showing a decrease in hepatic ischemia-reperfusion injury with NAC is
consistent with biochemical values in our study.

We deduce that this difference results from 70% is by hepatectomy
extrahepatic and chemical agents, further accelerating regeneration
and healing. The study of hepatic ischemia reperfusion with 30%
hepatectomy of Leed Ejs et al. and treated with NAC supports our
work.

Our experimental study of isolated liver injuries of blunt abdominal
trauma is the first study of'its type when we examined the literature, as
there is difficulty in modelling an isolated liver injury; the absence of
any other work on experimentally isolated liver injury is the major
limitation of our study.

Toydemir et al. investigated the antiapoptotic and proliferative effects of
the anti-toxin, turmeric (Curcuma longa) on hepatectomized rats. In the
study, the percentage of apoptosis in the hepatectomy group was found to
be higher than the hepatectomy group treated with turmeric, and the
groups reported a statistically significant difference when compared with
the least apoptosis ratio in the sham (noNAC) group (22).

In a study where Zhou et al. studied the protective effects of NAC on
gastric mucosal ischemia reperfusion, they found that gastric mucosal
cell apoptosis decreased according to the control group of the group
treated with NAC (23). While our study does not support the work of
Zhouetal., itis similar to the work of Toydemir etal.

CONCLUSION

When all our results are examined, NAC is effective in the healing and
regeneration of liver tissue after blunt liver trauma, as well as short-term
treatment it is a high performance long-term treatment. There was no
significant difference in terms of intramuscular and intraperitoneal
administration of the treatment. We hope that the effects of NAC will
have a positive effect on humans as well. After blunt liver trauma, short-
term treatment in nonoperative patients is an option which can be
beneficial in terms of early discharge and treatment costs. However,
extensive clinical and experimental studies are still needed.
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