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Background: This study aims to determine N-acetyl cysteine (NAC) and methylprednisolone effects on the
lung and pancreas in an experimental acute pancreatitis model.

Materials and Methods: A total of 64 male Wistar albino rats weighing 175-240 g were included in the study.
Four groups of an equal number of rats (n=16) were formed. For the control group, 80 mcg/kg saline was
injected into group 1. 80 mcg/kg cerulein was used to induce pancreatitis in groups 2, 3, and 4. Group 3
received NAC (1,000 mg/kg) and group 4 received methylprednisolone (5 mg/kg). Decapitation was applied
to half of the groups after 7 hours (short term) and the other half after 24 hours (long term). Blood amylase
and lipase values were examined. Edema in the pancreatic tissue was evaluated using the Schénberg scoring.
Lung tissue was evaluated using scoring ranging from O to 3.

Results: Pancreatitis was successfully induced in all subjects in groups 2, 3, and 4. Amylase and lipase values
of group 3 and group 4 were lower than group 2 in the short term (p <0.005). For short-term results, subjects
given methylprednisolone and NAC exhibited better histopathological status in both pancreas and lungs (p =
0.001; p = 0.019, respectively). Only the pancreatic Schonberg score was significantly lower in the
methylprednisolone treatment group (p = 0.0001).

Conclusions: Our study revealed that NAC and methylprednisolone have positive effects in the short term
both biochemically and histopathologically in the treatment of acute pancreatitis and related respiratory
complications.
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Amag: Bu galisma, deneysel akut pankreatitte N-asetil sisteinin (NAC) ve metilprednizolonun, akciger ve
pankreas tzerindeki etkilerini belirlemeyi amaglamaktadir.

Materyal ve Metod: Calismaya 175-240 gr agirliginda toplam 64 adet erkek Wistar albino sigan dahil edildi.
Esit sayida sigan (n = 16) olan dért grup olusturuldu. Kontrol grubu igin grup 1'e 80 mcg/kg salin enjekte edildi.
Grup 2,3 ve 4'te pankreatiti indiiklemek igin 80 mcg/kg serulein kullanildi. Grup 3'e NAC (1,000 mg/kg) ve
Grup 4'e metilprednizolon (5 mg/kg) verildi. Gruplarin yarisina 7 saat sonra (kisa dénem), diger yarisina 24
saat sonra (uzun donem) dekapitasyon uygulandi. Kan amilaz ve lipaz degerleri incelendi. Pankreas
dokusundaki 6dem, Schonberg skorlamasi kullanilarak degerlendirildi. Akciger dokusu, O ila 3 arasinda
degisen puanlama kullanilarak degerlendirildi.

Bulgular: Grup 2, 3 ve 4'te tim deneklerde pankreatit basariyla indiiklendi. Grup 3 ve grup 4'in amilaz ve
lipaz degerleri grup 2'ye gore kisa donemde daha dustikti (p <0,005). Kisa dénem sonuglar igin, metilpredni-
zolon ve NAC verilen denekler hem pankreasta hem de akcigerlerde daha iyi histopatolojik durum sergiledi
(sirasiyla p=0.001; p =0.019). Uzun donem sonuglar igin, metilprednizolon tedavi grupunda sadece pankreas
Schonberg skoru anlamli olarak daha dustikti (p = 0.0001).

Sonug: Calismamiz, akut pankreatit ve buna bagl solunumsal komplikasyonlarin tedavisinde NAC ve
metilprednizolon hem biyokimyasal hem de histopatolojik olarak kisa vadede olumlu etkileri oldugu ortaya
koymustur.

Anahtar kelimeler: Akut pankreatit, N-asetil sistein, Metilprednizolon
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Introduction

Acute pancreatitis is an acute inflammation that develops
with the leakage and activation of pancreatic enzymes into
the pancreatic parenchyma, resulting in gland auto-diges-
tion.

There have been sharp increases in acute pancreatitis inci-
dence over the last 30 years worldwide (1). Overall mortality
was reported approximately 5 percent, with mortality rates
in patients with interstitial, necrotizing pancreatitis, 3 per-
cent, and 17 percent, respectively (2). About one-third of pa-
tients with acute pancreatitis have pulmonary complications.
Complications of the pulmonary system have been attributed
to severe damage to the lung parenchyma caused by cyto-
kines secreted during pancreatic inflammation (3). These cy-
tokines increase the capillary permeability, leukocyte adher-
ence, and extravasation, leading to the aggravation of acute
pancreatitis and systemic complications. Reactive oxygen
radicals are also an important factor in the formation and
progression of acute pancreatitis and pulmonary complica-
tions (4). The antioxidant properties of N-acetyl cysteine and
the anti-inflammatory effects of glucocorticoids are thought
to be effective in treating acute pancreatitis (5,6). Cortico-
steroids, affect different cell types involved in inflammatory
processes, inhibit the proliferation and function of macro-
phages and fibroblasts. Similarly, it shows anti-inflammatory
activity by inhibiting both the production and release of cy-
tokines such as IL-1, IL-6, TNF (tumor necrosis factor) alpha
(7). They also affect the production of arachidonic acid me-
tabolites and suppress the proinflammatory response in en-
dothelial cells (8).

This study aimed to demonstrate the biochemical and histo-
pathological effects of N-acetyl cysteine and methylpredniso-
lone in experimental acute pancreatitis models.

Materials and Methods

A total of 64 male Wistar albino rats weighing between 175-
240 g were included in the study. Four groups with an equal
number of rats (n=16) were formed.

Group 1: For the control group, a total of 80 mcg/kg of saline
was injected subcutaneously into 16 rats six times at 1-hour
intervals.

Group 2: For the pancreatitis group, cerulein was injected
subcutaneously six times (total dose 80ug/kg) to 16 rats at 1-
hour intervals.

Group 3: Cerulein was injected subcutaneously six times (to-
tal dose 80 mcg/kg) to 16 rats at 1-hour intervals,and 1,000
mg/kg of N-acetylcysteine was injected intraperitoneally
every one hour.

Group 4: Cerulein was injected subcutaneously six times (to-
tal dose 80 mcg/kg) to 16 rats at 1-hour intervals,and 5 mil-
ligrams/kg of methylprednisolone was injected twice at 1-
hour intervals.

The groups were divided into two groups in equal numbers
(n=8). Decapitation was applied to the first groups 7 hours
after the first cerulein injection (short term).

Effect of N Acethylcystein and Methylprednisolone on Acute Pancratitis and Lung

In the other groups, decapitation wasperformed 24 hours af-
ter the first cerulein injection (long term).

Biochemical Evaluation: Approximately 4-5 cc of blood was
taken from the neck vessels after decapitation from each rat,
and the serum was separated by centrifugation at 3,500 Rpm
at +4°C for 10 minutes. 0.5 cc of serum was put into Eppen-
dorf tubes for amylase and lipase. Amylase and lipase levels
were measured with the Roche Preanalytil modular System
(DPP) device according to the International Federation of Cli-
nical Chemistry (IFCC). The amylase and lipase values at the
7th hour were considered short-term results, while the re-
sults at the 24th hour were deemed to be long-term effects.
Histopathological Evaluation: Following decapitation, rats'
pancreatic tissue and right lung lobe were removed for histo-
pathological evaluation. For pancreatitis, histopathological
findings of the groups were evaluated according to the
Schonberg score (9) in terms of fat necrosis, interstitial
edema, vocalization, and polymorphonuclear cell infiltration
(Table 1, Figure 1). Lung damage, as defined by Balkan et al.
(10) were evaluated considering hemorrhage in the lung tis-
sue, edema, peribronchitis, and inflammation (Table 2, Fi-
gure 2).

Table 1. The scale used for histopathological evaluation of
pancreatic tissue (Schénbergscoring)

Score | Edema Vasculari- Inflamma- Necrosis
zation tion
No No No No

1 Diffuseenlarge- Periductal Periductal 1-4 Necro-
ment of interlo- | (<%5) ticcell
bularsepta

2 1 (+)Diffuseen- | Focal Intrapa- 5-10 Nec-
largement of in- | (%5-20) renchymal roticcell
terlobularsepta (<%50 inter-

lobular)

3 2 (+)Diffuseen- | Diffuse Intrapa- 11-16 Nec-
largement of in- | (%21-50) renchymal roticcell
terlobularsepta (%51-75In-

terlobular)

4 3 (+)Diffuseen- | High Intrapa- >16 Nec-
largement of in- | (>%50) renchymal roticcell
terlobularsepta (>%75 Inter-

lobular)

Table 2. The scale used for histopathological evaluation of

lung tissue
Score Edema Haemorr- Inflamma- Peribronchitis
hage tion
0 No No No No
1 Weak Weak Weak Weak
2 Middle Middle Middle Middle
3 High High High High
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Figure 1. Histopathological examination of the pancreas (Sta-
ining with Hematoxylin and Eosin)
a) Normal pancreatic tissue

b) Histopathological view of acute pancreatitis (Polymorphonuclear leu-
kocyte infiltration, edema, and necrose)
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Figure 2. Histopathological examination of the lung (Stalmng

with Hematoxylin and Eosin)

a) Normal lung tissue

b) Hemorrhage, edema, and peribronchial mononuclear cell infiltration in
the lung

Statistical Evaluation: The Shapiro-Wilk normality test was
used to verify data normality. Thedata's compliance to nor-
mal distribution was tested: t-test and one-way analysis of
variance were used in independent groups in the analysis of
continuous variables with normal distribution, whereas
Mann Whitney U or Kruskal Wallis tests were used in the
analysis of continuous variables that did not show normal
distribution. Data were expressed as mean + standard devia-
tion, median (min-max). The value of p<0.05 was considered
statistically significant. Bonferroni correction was made in
multiple comparisons, and p<0.017 was deemed significant
(p0.10/n; n= number of comparisons).

Results

In our study, pancreatitis was induced in all of 48 cases (Gro-
ups 2, 3, and 4) who received a subcutaneous injection of ce-
rulein (total 80 mcg/kg) (100% success).

Results of Amylase and Lipase Values

The mean amylase and lipase values are given in table 3. The
evaluation of the short-term results revealed that the amy-
lase and lipase values of the groups with pancreatitis (Group
2, 3, and 4) were statistically higher than the control group
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(Group 1, Table 3). In the long-term results, no statistically
significant difference was found between the groups
(p=0.061, p=0.361, respectively).

Table 3. Comparison of the results of amylase and lipase va-
lues of the groups

Groups Shortterm (Meanzsd) Longterm (Meanzsd)
(Iu/mL) (Iu/mL)
Amylase Lipase Amylase Lipase
Group 1 2817+595 237+137 2648+463 345+170
Group 2 4678219354 | 4163+1366 3442+890 518+192
Group 3 2579942278 | 256012282 420311641 428+152
Group 4 38531413277 | 318141578 32544669 4134327
p 0.0001 0.0001 0.061 0.361

Comparison of treatment groups in terms of amylase and
lipase

Long- and short-term serum amylase and lipase values of the
treatment groups (Groups 3 and 4) were compared with the
pancreatitis group's values (Group 2). Both Group 3 and 4
exhibited statistically significantly lower levels in the short
term compared to Group 2. Nonetheless, no statistically sig-
nificant difference was found in the long-term results (Table
4).

Table 4. Comparison of biochemical parameters of thetreat-
ment groups with the pancreatitis group

Group 2 Group 3
(Meanzsd) (Meanzsd) p
(1lu/mL) (u/ml)
Short- Amylase 4678219354 25799+2278 0.0001
term Lipase 416311366 256042282 0.0001
Long- Amylase 34424890 42031641 0.574
term Lipase 5181192 428+152 0.130
Group 2 Group 4
(Meanzsd) (Meanzsd) P
(U/mL) (U/mL)
Short- Amylase 4678249354 38531413277 0.0001
term Lipase 4163+1366 318141578 0.0001
Long- Amylase 3442+890 32544669 0.505
term Lipase 5181192 413+327 0.721

Histopathologic Findings

Short-term scores of Group 1 in terms of both pancreatic and
lung damage were statistically significantly lower than the ot-
her groups (p=0.001; 0.019, respectively). Only the pancrea-
tic damage score was statistically significantly lower in the
long-term results than the other groups (p=0.001) (Table 5).

The treatment groups (Group 3 and 4) and the pancreatitis
group (Group 2) were compared in histopathological changes
in Table 6. The treatment groups' scores in terms of both lung
and pancreas were significantly lower than Group 2 in the
short term. In the long-term results, only the pancreas score
of group 4 was significantly lower than group 2, while the
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lung score was not statistically significant.

Table 5. Comparison of pancreas and lung scores according
to histopathological examination

Shortterm Longterm
Groups
Pancreas Lung Score Pancreas Lung
Score Score Score
Group 1 0.75+0.046 3.50+1.77 1.1250+0.64 4.25+1.48
Group 2 8.12+0.83 6.25%1.66 6.87+1.45 5.75+1.98
Group 3 5.25+1.58 4.87+1.35 5.37+2.72 6.12+1.45
Group 4 3.8740.99103 | 4.25+1.03 3.12+0.99 5.0+1.41
p 0.001 0.019 0.001 0.161

Table 6. Histopathological comparison of treatment groups
and pancreatitis group

Grup 2 Grup 3 p
(Meanzsd) (Meanzsd)
Short- Pancreas Score 8.12+0.83 5.25+1.58 0.002
term Lung Score 6.25+1.66 4.87+1.35 0.030
Longterm | Pancreas Score 6.87+1.45 5.37+2.72 0.279
Lung Score 5.75+1.98 6.12+1.45 0.721
Grup 2 Grup 4 p
(Meanzsd) (Meanzsd)
Short- Pancreas Score 8.12+0.83 3.8740.99103 | 0.0001
term Lung Score 6.25+1.66 4.25+1.03 0.015
Longterm | Pancreas Score 6.871£1.45 3.12+0.99 0.0001
Lung Score 5.75+£1.98 5.0+1.41 0.574
Discussion

Acute pancreatitis is an autodigestion that begins with the
transition of pancreatic enzymes to an active form in the
gland (11). Serum amylase and lipase have been used as mar-
kers for pancreatitis in many studies; however, amylase
alone bears weak significance (12). Serum lipase also increa-
ses in acute pancreatitis, perforated or penetrating peptic ul-
cer, or pancreatic duct obstruction, but may remain high for
14 days after it returns to normal, compared to serum amy-
lase (12). Although known that amylase and lipase are not bi-
ochemically specific for pancreatitis, we examined these va-
lues to support our study's histopathological results.

Free oxygen radicals and cytokines generated in acute panc-
reatitis can join the systemic circulation and cause damage to
many organs. One of the critical damages outside of the
pancreas occurs in the lung tissue. In an experimental acute
pancreatitis model, Guice et al. showed that edema forma-
tion and interalveolar bleeding developed due to endothelial
cell damage and increased microvascular permeability in the
lung tissue (13). The authors attributed this mechanism to
complement activation and complement adhesion caused by
superoxide dismutase and catalase enzymes. Neutrophils ac-
tivated by these complement activations secrete oxygen ra-
dicals and cause lung damage by damaging the endothelium
to which it adheres.

In the study of O'Donovan et al., they detected endothelial
cell damage and edema formation in both pancreatic and
lung tissue in the acute pancreatitis model induced with ce-
rulein, and both events were thought to be related to neut-
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rophils (14).Also, they found that the lung damage that oc-
curred was due to pulmonary edema, microvascular protein
leakage, and neutrophil infiltration (14).

In a study by Choi et al., the effect of antioxidants was inves-
tigated in an experimental acute pancreatitis model induced
by intravenous cerulein infusion in rats. The authors argued
that N-Acetyl Cysteine (NAC), which they used to eliminate
this effect, effectively correcting hyperamylasemia and tissue
damage in acute pancreatitis (15). N-acetyl cysteine is tho-
ught to exert this anti-oxidant effect by reducing the forma-
tion of free oxygen radicals and increasing glutathione synt-
hetase activity (5). In an experimental study in which Demols
et al. examined the effects of N-acetyl-cysteine on acute
pancreatitis, they administered 1,000 mg/kg of NAC intrape-
ritoneally one hour before (prophylactic group) and one hour
after (therapeutic group) cerulein was administered intrape-
ritoneally. In conclusion, the severity of acute pancreatitis
decreased statistically in the prophylactic group compared to
other groups (14).

Our study found that NAC significantly reduced the subjects'
biochemical parameters, decapitated at the 7th hour. Ne-
vertheless, this decrease was not statistically significant in
subjects who were decapitated after 24 hours. We think that
this is the spontaneous decrease in amylase and lipase levels
in the long term, rather than the therapeutic effect of NAC.
In our study, we used the Schénberg index to examine NAC's
effect on the pancreatic tissue. The results of the subjects
who underwent decapitation at the 7th hour revealed that
NAC significantly reduced the Schénberg score in pancreati-
tis. On the other hand, we found that NAC reduced the
Schonberg score in subjects who underwent decapitation at
the 24th hour, but it was not statistically significant. We think
that this is due to the short duration of the pharmacological
action of NAC.

Balkan et al. examined the effect of NAC on the lung in rats
with experimental pancreatitis. They found that pulmonary
edema, hemorrhage, and neutrophil infiltration were statis-
tically less common in the NAC group (10).Our study found
that NAC exerted positive histopathological effects on the
lung score in the short term.

Various mediators have been implicated in the pathogenesis
of acute pancreatitis. Some of these mediators are proinflam-
matory cytokines such as TNF@, IL-1b, IL-6, IL-8, and the rate-
limiting enzyme of arachidonic acid metabolism, phospholi-
pase A2. Corticosteroids exhibit anti-inflammatory effects by
blocking arachidonic acid formation in membrane phospholi-
pids by inhibiting the phospholipase enzyme and prostaglan-
din synthesis (17). However, the application of glucocortico-
ids in the treatment of acute pancreatitis is still controversial
(6). While some authors mentioned its positive effects on sur-
vival, some authors stated that it was associated with increa-
sed mortality, especially with high doses (18-20).
Nevertheless, recent publications have highlighted the posi-
tive effects of low-dose steroids on survival, especially in au-
toimmune pancreatitis (21-22). Takaoka et al. examined the
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effect of high-dose methylprednisolone following pancreati-
tis in rats. They found a decrease in the pancreas' dry weight,
a reduction in IL-1R and IL-6 levels, and a significant histolo-
gical reduction in edema and necrosis in rats receiving
methylprednisolone (23). Osman et al. found a statistically
significant decrease in amylase, TNFa, and IL-8 levels in sub-
jects receiving steroids (19).Our study found that the Schon-
berg scores of the subjects receiving methyl-prednisolone
were lower both in the short and long term. Our result
showed that methylprednisolone mightpositively affect inf-
lammation, edema, necrosis, and vacuolization of pancreati-
tis.

Conclusion

The use of NAC and methylprednisolone in the treatment of
acute pancreatitis has positive histochemical or biochemical
effects on the pancreas and lungs in the short term.
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