
INTRODUCTION
Free oxygen radicals that occur during ischemia result in
a conformational change of the N-terminus of albumin
leading to decreased binding of cobalt. This newly
formed albumin is called Ischemia-Modified Albumin
(IMA). It is well known that IMA rises within minutes of
the ischemic events and clinically useful in the early
phases of ischemia before necrosis occurs.1

Acute Pancreatitis (AP) is an inflammatory process
caused by the activation of digestive enzymes in the
pancreas that normally synthesized and found in
inactive forms. This activation causes self-digestion of
the pancreas.2 Recently, it was shown that excessive
production of free oxygen radicals and variations of
cytokines are effective in the pathogenesis of acute
pancreatitis.3 The most common used markers for
diagnosis in AP are serum amylase and lipase levels.
Phospholipase A2, trypsin, tripsinogen activation
peptide and elastase are also increase in pancreatitis
but not used widely in clinical conditions.4 Although IMA

was used as an ischemic marker primarily, previous
studies have shown that it can also be used as a marker
in oxidative stress conditions.5,6

This animal experiment was designed to determine the
plasma levels of IMA as an inflammatory marker in acute
pancreatitis.

METHODOLOGY
The study was done from May to September 2013 in
Çanakkale Onsekiz Mart University (ÇOMU)
Experimental Animal Center after animal care and all
procedures were approved by the Animal Care
Committee of ÇOMU. Sixteen Sprague-Dawley rats,
weighing 200 - 250 g were housed under standard
animal care conditions with free access to food and
water and kept under controlled environmental
conditions with a 12-hour light and dark cycle. The rats
were randomly divided into two groups (n=8), one rat
from case group, two rats from control group died and
were excluded from the study. Group 1 was the Sham
operation (Sham) group in whom only laparotomy was
made had six rats. Group 2 was the acute pancreatitis
group caused by pancreatic duct ligation and included
seven rats.

All surgical procedures were performed using 50 mg/kg
ketamine hydrochloride and 10 mg/kg xylazine, given
intramuscularly before the procedures. Only median
laparotomy was performed in group 1 whereas acute
pancreatitis was made by ligation of pancreatic duct in
group 2.7 After 48 hours, animals were sacrificed by
taking blood from the heart. Blood samples were
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separated immediately by centrifugation at 4000 rpm for
5 minutes and stored at -20°C for further analysis.

The albumin cobalt binding test was analyzed according
to the method defined by Bar-Or et al.8 In this method
200 µL serum was added to 50 µL of 0.1% (w/v) cobalt
chloridine water solution. It was mixed gently and waited
for 10 minutes for sufficient cobalt-albumin binding. Then
50 µL dithiothreitol (DTT) (1.5 mg/mL H2O) was added
as a colorizing agent. After waiting for two minutes 1.0
mL 0.9% NaCl was added to stop the cobalt binding
process of albumin. Afterwards, the absorbance was
measured in a spectrophotometer at 470 nm. A sample
without DTT was used as a blank. The results were
reported as absorbance units (ABSU). AST, ALT,
amylase, lipase and CRP levels were also studied by
standard biochemical methods.

Specimens from the pancreas were fixed in 10%
formalin, embedded in paraffin and stained with
hematoxylin-eosin. Pathological findings were assessed
by one of the author blinded to group allocations. Acute
pancreatitis was evaluated and documented in each
tissue sections. Edema, inflammation, vacuolization and
necrosis of pancreatic tissue were scored between 0
and 4 using a scale.9

Data were presented as mean and median (minimum-
maximum) values. Data were analyzed using SPSS
version 19.0 software (SPSS, Chicago, IL, USA.).
Differences between the groups were compared using
non-parametric Mann-Whitney U-test. Spearman
correlation coefficient was used to determine the
strength of the association between two continuous
variables. A p-value < 0.05 was considered statistically
significant.

RESULTS
One rat from case group, two rats from control group
died and excluded from the study. Biochemical results of
rats were summarized in Table I. The IMA level was
higher significantly in the AP group compared to control
group (p=0.004). Mean amylase, lipase and ALT values
were also significantly higher in the group 2 (p < 0.05,
Table I).

There was a strong positive correlation between IMA
levels and amylase levels in AP group (Spearman's
rho=+0.821, p=0.023).

In histopathological evaluation, normal pancreatic tissue
was present in group 1 tissue samples. There was
necrosis, severe neutrophilic infiltration and edema in
large acinar cells and peripancreatic fat tissue in group
2 tissue samples (Figure 1).

DISCUSSION
The present study demonstrated that serum IMA levels
were significantly higher in AP group compared to the

control group. And also there was strong positive
correlation between IMA and amylase levels.

The pathogenesis of AP is not clearly enlightened yet.
The most widely accepted hypothesis is self-digestion
theory that argues activation of inactive proenzymes
within the pancreas. These enzymes either directly harm
the gland or the inflammatory response to them can
cause systemic effects such as shock, respiratory
distress, renal failure, cardiac arrhythmias and death.
The first inflammatory events can cause acinar cell
apoptosis or free oxygen radical production that lead to
antioxidant loss and increase in acinar cell damage from
ischemia reperfusion. Free oxygen radicals can also be
directly toxic to acinar cells.3

The most common diagnostic criteria in AP are acute
abdominal pain with three-fold increase in amylase
levels.10 Urine amylase, serum lipase, serum elastase 1,
trypsin, phospholipase A2, CRP, IL-6, IL-8, procalcitonin,
ESR, AST and ALT levels can also rise in AP.

Amylase is still the most commonly used marker and
preserves its diagnostic value. It increases in 6-12th
hours and its half-life is 10 hours. Its sensitivity in the
diagnosis of AP is 67 - 100% and specificity is
85 - 98%.11,12 In non-complicated cases, elevation
continues for 3-5 days. In this study, amylase levels
were significantly higher in the AP group in the 48th
hour. IMA levels were also significantly higher and had
strong positive correlation with amylase levels.

The other common diagnostic marker, lipase, elevates in
4 - 8th hours, reach maximum at 24th hour and
decreases at 8 - 14th days.13 The sensitivity and the
specificity both are 82 - 100%.11,12 In a lot of study its
specificity in AP was found superior to amylase
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Table I: Biochemical analysis of rats in groups.

Variables Sham group (n=6) AP group (n=7) p*

Median (min-max) Median (min-max)

ALT (U/L) 143.37 (127.64-201.15) 1272.85 (280.43-1941.51) 0.003

AST (U/L) 291.25 (109.10-430.50) 272.70 (132.40-569.40) 0.886

Amylase (U/L) 1398.50 (1032.00-1682.00) 2069.00 (921.00-2218.00) 0.032

Lipase (U/L) 11.90 (9.90-17.80) 17.50 (13.20-27.00) 0.032

CRP (mg/dl) 15.05 (12.80-22.30) 15.06 (11.02-23.05) 0.943

IMA 781.50 (715.00-933.00) 991.00 (854.00-1297.00) 0.004

*Mann-Whitney U-test.

Figure 1: (A) Pathological slice of normal pancreatic tissue of Sham group.
(B) Pathological specimen from acute pancreatitis group. There is necrosis
and severe neutrophilic infiltration and edema in large acinar cells and
peripancreatic fat tissue.
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levels.14,15 In this study, lipase levels were significantly
higher in the AP group. In terms of IMA, there was no
significant correlation with the lipase.

CRP is a non-specific but useful test in the identification
of the severity AP. Zrnic et al.16 showed that there is a
correlation between CRP levels and the severity of the
disease and it could be useful in prediction of the
complications. Similarly, Schütte et al.17 showed that
CRP values together with ESR are predictive of the
disease severity in first 24-hour of the disease.
Generally, CRP levels reach the highest level at 48th
hour. Its half-life is 19-hour. Therefore, it was suggested
that the levels after 48th hour of symptoms are more
significant from earlier values.18 In this study, the 48th
hour CRP levels in both AP group and control group
increased but there was no statistical difference
between groups. It was predicted to be higher in AP
group but this situation was explained by excess
inflammation due to laparotomy in control group.

In AP, hyperglycemia and increased transaminases can
be detected. Transaminase increase along with amylase
or lipase can be more useful in diagnosis.4 Johnson
et al. found that if the ALT levels are more than 150 IU/L
it is compatible 95% with the biliary pancreatitis.19

Coskun et al. found that mortality rates are higher in the
cases with hyperglycemia and increased ALT.20 Serum
ALT levels of AP group were significantly higher in this
study and IMA levels has significant and strong positive
correlation with ALT.

In recent years, it has been suggested that free oxygen
radicals are important in the beginning and progression
of the AP.3,9 When the balance between production and
elimination of these free oxygen radicals is broken
oxidative stress arises. It is now known that oxidative
stress plays a primary role in the pathogenesis of
AP.9,21,22 According to the severity of the oxidative
stress the pathologic changes can include cellular
modulation, fibrosis, inflammation and irreversible
cellular injury.23 Recently, IMA is being considered as an
oxidative stress marker. It is shown that IMA levels
increased in diseases causing non-cardiac hypoxia and
oxidative stress such as chronic kidney disease,
hypercholesterolemia, systemic sclerosis and type 2
diabetes mellitus although the most common utilization
is in early myocardial injury.5,6,8,24,25 Therefore,
increased IMA levels in AP group in this study was
thought to be related with increased oxygen radicals
rather than organ specificity.

CONCLUSION
IMA could be used as a diagnostic marker in AP,
however, due to lack of tissue specificity it would be
more convenient to use as a marker in the progression
of diagnosed cases.

REFERENCES
1. Kanko M, Yavuz S, Duman C, Hosten T, Oner E, Berki T.

Ischemia-modified albumin use as a prognostic factor in
coronary bypass surgery. J Cardiothorac Surg 2012; 7:3.

2. Glazer G. Contentious issues in acute pancreatitis. In: Glazer
G, Ranson JH, editors. Acute pancreatitis: experimental and
clinical aspects of pathogenesis and management. London,
England: BailliereTindall; 1988.p.1-36.

3. Sanfley H, Bufldey GB, Gregory B, John L, Cameron JL. The
pathogenesis of acute pancreatitis.The source and role of
oxygen-derived free radicals in three different experimental
models. Ann Surg 1985; 201:633-9.

4. Lowe ME, Whitcomb DC. Acute and chronic pancreatitis. In:
Walker WA, Goulet O, Kleinman RE, Sherman PM, Shneider
BL, Sanderson IR, editors. Pediatric gastrointestinal disease.
4th ed. Vol 2. Ontario: BC Decker, 2004.p.1584-97.

5. Piwowar A, Knapik-Kordeckan M, Warwas M. Ischemia
modified albumin level in type 2 diabetes mellitus-preliminary
report. Dis Markers 2008; 24:311-7.

6. Duarte MM, Rocha JB, Moresco RN, Duarte T, Da Cruz IB,
Loro VL, et al. Association between ischemia-modified
albumin, lipids and inflammation biomarkers in patients with
hypercholesterolemia. Clin Biochem 2009; 42:666-71. 

7. Banerjee AK, Galloway SW, Kingsnorth AN. Experimental
models of acute pancreatitis. Br J Surg 1994; 81:1096-1103.

8. Bar-Or D, Lau E, Winkler JV. A novel assay for cobalt-albumin
binding and its potential as a marker for myocardial ischemia:
a preliminary report. J Emerg Med 2000; 19:311-5.

9. Schoenberg MH, Büchler M, Gaspar M, Stinner A. Oxygen free
radicals in acute pancreatitis of the rat. Gut 1990; 31:1138-43. 

10. Bradley EL 3rd. A clinically based classification system for
acute pancreatitis. Summary of the International Symposium
on Acute Pancreatitis, Atlanta, Ga, September 11 through 13,
1992. Arch Surg 1993; 128:586-90.

11. Koizumi M, Takada T, Kawarada Y, Hirata K, Mayumi T,
Yoshida M, et al. JPN Guidelines for the management of acute
pancreatitis: diagnostic criteria for acute pancreatitis.
J Hepatobiliary Pancreat Surg 2006; 13:25-32. 

12. Lankisch PG, Burchard-Reckert S, Lehnick D. Underestimation
of acute pancreatitis: patients with only a small increase in
amylase/lipase levels can also have or develop severe acute
pancreatitis. Gut 1999; 44:542-4. 

13. Tietz N, Shuey D. Lipase in serum - the elusive enzyme: an
overview. Clin Chem 1993; 39:746-56.

14. Lott JA, Patel ST, Sawhney AK, Kazmierczak SC, Love JE Jr.
Assays of serum lipase: analytical and clinical considerations.
Clin Chem 1986; 32:1290-302.

15. Steinberg WM, Goldstein SS, Davis ND, Shamma'a J,
Anderson K. Diagnostic assays in acute pancreatitis. A study of
sensitivity and specificity. Ann Intern Med 1985; 102:576-80.

16. Zrnic IK, Milic S, Fisic E, Radic M, Stimac D. C-reactive protein
and lactate dehydrogenase as single prognostic factors of
severity in acute pancreatitis. Lijec Vjesn 2007; 129:1-4. 

17. Schütte K, Malfertheiner P. Markers for predicting severity and
progression of acute pancreatitis. Best Pract Res Clin
Gastroenterol 2008; 22:75-90. 



18. Viedma JA, Perez-Mateo M, Dominguez JE, Carballo F. Role
of interleukin-6 in acute pancreatitis. Comparison with C-
reactive protein and phospholipase A. Gut 1992; 33:1264-7.

19. Johnson CD. ABC of the upper gastrointestinal tract. Upper
abdominal pain: Gallbladder. BMJ 2001; 323:1170-3.

20. Coskun BN, Tandogan G, Eroglu A, Karadayı D, Irak K, Cangür
S, et al. Akut pankreatit tanili hastalarin etiyolojik ve prognostik
faktörlerinin retrospektif incelenmesi. Uludag Üniversitesi Tip
Fakültesi Dergisi 2012; 38:67-73.

21. Andican G, Gelisgen R, Unal E, Tortum OB, Dervisoglu S,
Karahasanoglu T, et al. Oxidative stress and nitric oxide in rats
with alcohol-induced acute pancreatitis. World J Gastroenterol
2005; 11:2340-5. 

22. Tsai K, Wang SS, Chen TS, Kong CW, Chang FY, Lee SD,
et al. Oxidative stress: an important phenomenon with
pathogenetic significance in the progression of acute
pancreatitis. Gut 1998; 42:580-5.

23. Poli G, Parola M. Oxidative damage and fibrogenesis.
Free RadicBiol Med 1997; 22:287-305. 

24. Cichota LC, Moresco RN, Duarte MM, da Silva JE. Evaluation
of ischemia-modified albumin in anemia associated to chronic
kidney disease. J Clin Lab Anal 2008; 22:1-5.

25. Montagnana M, Lippi G, Volpe A, Salvagno GL, Biasi D,
Caramaschi P, et al. Evaluation of cardiac laboratory markers
in patients with systemic sclerosis. Clin Biochem 2006; 39:
913-7.

Naci Topaloglu, Adem Kucuk, Mustafa Tekin, Sule Yıldırım, Mesut Erbas, Hasan Ali Kiraz, Dilek Ulker Cakır and Havva Erdem

398 Journal of the College of Physicians and Surgeons Pakistan 2015, Vol. 25 (6): 395-398


