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ABSTRACT

Arginase, which is found in the endocrine pancreas, is an enzyme involved in regenerative processes and

insulin metabolism throughout the polyamine formation. a-Amylase levels have been associated to pancreatic

damage. This study was designed to measure the activity of arginase and a-amylase in the pancreas of type

2-diabetes and alcohol-induced acute pancreatitis. Arginase and a-amylase activities were measured in

pancreatic tissue from patients who died of type 2 diabetes mellitus or acute pancreatitis without pancreatic

diabetes. The results were compared to a control group. Our results show that there is a higher arginase activity

in the pancreas of diabetics and lower activity in tissues from patients with pancreatitis compared to controls

(P <0.05). a-Amylase activity was higher in the pancreases of type 2-diabetes patients than in the pancreases

of patients with acute pancreatitis. Elevated arginase activity observed in type 2-diabetes patients would be

related to an attempt in recovering the endocrine pancreatic function, rather than being the source of mediators

of damage. Because there is acinar damage in pancreatitis with a subsequent release a a-amylase, this enzyme

was higher in pancreatic tissue of diabetics than in pancreatic tissue of pancreatitis patients.
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Introduction

Arginase [E.C.3.5.3.1] is a key enzyme of the

urea cycle. It retains a constant production of urea,

a product of amino acid metabolism and ornithine,

which is a substrate for polyamine biosynthesis [1,

2]. Arginase has been found and studied in several

tissues [3, 4] but in the pancreas, it has been mainly

related to the endocrine region [5]. The importance

of polyamines in the physiology of islets [6-8] and in
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cell lines derived from pancreatic acini has also been

recognized [9-11]. The interest in arginase activity

recently increased in part because this enzyme uses

L-arginine, the same substrate that the enzymes nitric

oxide synthases use to synthesize nitric oxide. This

is a versatile molecule widely used in biochemical

and physiological processes [12]. Both polyamines

and nitric oxide play different and commonly

antagonistic roles in cell physiology throughout the

animal body [13, 14].

The pancreas contains arginase and produces

polyamines [15, 16]. In the endocrine portion of the

pancreas, polyamines are present in the secretor

granules of b-cells [6] and they seem to play

important roles in both insulin secretion [6, 17] and

b-cell regeneration [8, 18]. Tissue regeneration after

damage has been associated with an increase in

arginase activity in other organs [19-21].  In the

pancreatic ac ini , the  administration of a-

difluoromethylornithine, an irreversible inhibitor of

polyamine biosynthesis, blocks tissue regeneration

[22, 23] and can cause pancreatitis [24], while

appropriate polyamine synthesis is necessary for

growth factors to affect pancreatic acinar cells [25].

On the other hand, alcohol consumption leads to

liver cirrhosis in some individuals and to chronic

pancreatitis in others [26]. While liver cirrhosis and

pancreatitis can coexist in the same patient, this

increases morbidity and mortality associated with

alcohol [27, 28]. In some patients, excessive alcohol

consumption leads to acute pancreatitis without

cirrhosis. Besides peripheral resistance to insulin,

type 2-diabetes mellitus has finally been related to

altered b-function [29, 30], which progresses to the

point in which these specialized endocrine cells are

almost completely absent [31]. This makes the study

of pancreatic endocrine function paramount in type 2-

diabetes patients. The aim of this study was to

measure arginase and a-amylase activities in the

pancreases of patients who died either of type 2-

diabetes or alcohol-related acute pancreatitis, in order

to ascertain the behavior of these enzymes in both

kinds of patients. In both these groups of patients;

total protein, triglyceride, organic matter (dry weight)

and DNA were also measured.

Materials and Methods

2.1. Study design and tissue collection

Six samples of damaged pancreatic tissue from

each region (head, body and tail) were obtained at

autopsy from patients either of type 2-diabetes,

alcohol-related acute pancreatitis, or whose cause of

death did not involve any kind of pancreatic or liver

damage, which was the control group. Tissue samples

were kindly provided by the Department of

Pathological Anatomy of the Specialties Hospital of

the National Medical Center Century XXI in Mexico

City and were collected within 4 h of death. 

2.2. Tissue Treatment

After trimming of connective tissue, pancreata

were rinsed in 0.9% saline (to remove blood), placed

in phosphate-buffered saline at pH 7.2 and frozen for

a maximum of one week at -19°C until analysis.

Pancreata were then placed on filter paper to remove

the excess water and their weights were recorded.

Tissue samples were homogenized (10% W/V) in a

Potter-Elvehjem homogenizer in 3.5 mL 0.9% saline

solution on ice. The homogenate was divided into

five fractions to carry out biochemical determinations.

2.3. Biochemical Determinations 

2.3.1. Arginase Activity

Arginase activity was determined by a

colorimetric reaction according to Kung et al. [32] 

which measures the content of urea produced.

Briefly, 0.2 mL of homogenized pancreatic tissue

was mixed with 0.5 mL of arginase buffer (0.02 M

2MnCl , 0.04 M Tris and 0.154 mM NaCl) and

incubated during 1 h at 55° C. Then, 0.1 mL of a

0.14 M L-arginine solution (Cat.1542, Merck,

Darmstadt Germany) was added and kept at 37° C

for 15 min. Samples were heated in boiling water for

7 min to stop the reaction. Afterwards, 0.1 mL

aliquots were taken to 1 mL with double-distilled

water, 1 mL monoxime-thiosemicarbazide and 2 mL

30.12 M FeCl  dissolved in a mixture of phosphoric

acid and 20% sulfuric acid were added. Finally,

samples were heated at 92° C for 25 min and

absorbance was measured at 530 nm. Arginase

activity is expressed as nmol urea/mg protein.min .-1

2.3.2. á-Amylase 

á-Amylase was measured according to the

method of Jung et al. [33]. This technique is based

on the hydrolysis of p-nitrophenylmaltoheptose to

produce glucose and p -nitrophenylate ,  the

concentration of the latter is measured at 405 nm.

The concentration of p-nitrophenylate is proportional

to the activity of the enzyme. One International Unit

(IU) was considered as the amount of enzyme that

hydrolyzes 1 mmol of substrate min . a-Amylase-1

activity is expressed as IU/mg protein.min .-1

2.3.3. Proteins 

Total protein content was determined in

homogenized pancreata according to Lowry et al.

[34] using a 2 mg mL  bovine albumin solution as-1

standard (Fraction V, Cat. A-4503, Sigma Chemical

Co.,  Saint  Louis  MO,  USA).  Absorbance  was
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measured at 540 nm in a DU-64 spectrophotometer
(Beckman Instruments, Inc., Brea CA) which was

used for all the determinations. Protein concentration
is expressed as mg protein/mg dry weight.

2.3.4. Dry Weight

In order to determine the content of total organic

matter, dry weight was measured as previously
described [35]. Briefly, 0.950 mL of distilled water

was added to 0.050 mL of homogenized pancreas
followed by the addition of 2 mL of fresh acid

solution of 2% potassium dichromate in concentrate
sulfuric acid.  Dissolution of potassium dichromate in

sulfuric acid was facilitated by warming the acid to
~60° C; care was taken not to exceed this

temperature because overheating facilitates the
precipitation of solution on cooling. Each tube was

carefully and vigorously shaken by 30 seconds in
vortex. The reaction occurred spontaneously, the

tubes were cooled and the absorbance was measured
after 10 min at 660 nm. A 2 mg mL  mannitol-1

solution (Cat. M-9467, Sigma) was used as standard.

2.3.5. Triglycerides

Triglycerides were measured using the method of
Wahlefeld [36]. This method is based on triglyceride

hydrolysis by lipase and glycerol formed is utilized
by glycerol kinase, phosphoglycerol oxidase, and

peroxidase to form hydrogen peroxide, which reacts
with 4-aminophenazone and 4-chlorophenol to

produce a complex that is measured at 620 nm.
Triglyceride concentration is expressed as mg

triglycerides/mg dry weight

2.3.6. Deoxyribonucleic Acid 

Deoxyribonucleic acid was determined by
diphenylamine reaction according to the method of

Giles and Myers [37]. A solution of 100 mg 

deoxyribonucleic acid (Cat. D-1501, Sigma) per ml

1 M perchloric acid was hydrolyzed at 70° C for 15
min and used as standard. Absorbance was measured

at 600  nm. Deoxyribonucleic acid (DNA)
concentration is expressed as mg DNA/ mg dry

weight.

2.4. Statistical Analysis

An ANOVA was carried out to examine
differences among groups and Tukey´s test was used

to analyze mean comparisons. The significance level
was set at p <0.05. All the procedures were

performed using GraphPad Prism 4 (GraphPad
Software, Inc., La Jolla, CA, USA). 

3. Results 

Table 1 shows arginase and a-amylase activities,

total protein, triglyceride and deoxyribonucleic acid
concentrations in normal pancreas and the two groups

of affected pancreas. 

(i) Arginase

The arginase activity showed significant
difference among the three regions of the pancreatic

tissue of controls and diabetics (P<0.05). It was
higher in all regions of the pancreas of diabetic

patients when compared to regions of pancreatic
tissue obtained from patients who died of pancreatitis

and from the control group (P<0.05). The lowest
activities were observed in the head and tail regions

of pancreatic tissue obtained from individuals who
died of pancreatitis (P <0.05). 

(ii) a-Amylase

It was evident that a-amylase activity was higher

in all affected pancreatic regions, showing the highest
activity in type 2-diabetes patients (P <0.05). Lower

activity was observed in tail of the pancreata of
pancreatitis patients.

(iii)  Total Protein

Protein concentration was not different among
the three regions of the pancreas of normal subjects.

Statistically significant lower concentrations (P<0.05)
were found in the pancreatic head and body of type

2-diabetes patients and patients who died of
pancreatitis compared to the control group. In the tail

region of the pancreas, only patients who died of
pancreatitis showed a marked lower concentration

when compared to the control and pancreatitis group
(P<0.05).

(iv) Triglycerides

Triglyceride concentration was higher (P<0.05)

in all regions of the pancreas of diabetic patients and
in the pancreatic head and body of patients who died

of alcohol-related acute pancreatitis. 

 (v) Deoxyribonucleic acid

Deoxyribonucleic acid concentration was not
different between pancreatic head and body regions,

but less concentration was observed in the tail of the
control group. Any difference was not observed in

the tree regions of the of diabetic patients, however,
significantly lower concentration was found in the

head region of the pancreas of diabetic patients
compared to the control group. On the other hand,

deoxyribonucleic acid concentration was markedly
lower in all pancreatic regions in patients who died

of acute pancreatitis (P <0.05), when compared to the
control and type 2-diabetes patients groups.
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Table 1: M ean ± S.D. ( n = 6 determinations) of arginase and a-amylase activities, total protein, triglycerides and DNA concentrations

in different regions of human pancreas under normal and pathophysiological conditions.

Region & Condition Arginase á  -Amylase Total proteins Triglycerides DNA

Head Control 31.26 ± 4.16  0.25± 0.03 0.66 ± 0.05 0.045 ± 0.005 0.064 ± 0.007

Type 2 diabetes 42.13 ± 6.84* 0.62 ± 0.08* 0.41 ± 0.04* 0.062 ± 0.008* 0.047 ± 0.006*

Pancreatitis 13.71 ± 3.69* 0.39 ± 0.05* 0.35 ± 0.04* 0.059± 0.007* 0.028± 0.004*

Body Control 27.45 ± 3.73 0.27 ± 0.03 0.54 ± 0.06 0.033 ± 0.004 0.062 ± 0.007

Type 2 diabetes 39.85 ± 7.17* 1.12 ± 0.19* 0.39 ± 0.05* 0.060 ± 0.007* 0.058 ± 0.007

Pancreatitis 22.37 ± 4.02 0.97 ± 0.13* 0.32 ± 0.04* 0.052 ± 0.007* 0.026 ± 0.004*

Tail Control 28.14 ± 3.97 0.29 ± 0.03 0.55 ± 0.06 0.044 ± 0.005 0.049 ± 0.005

Type 2 diabetes 40.38 ± 7.69* 0.78 ± 0.10* 0.54 ± 0.07 0.078 ± 0.010* 0.044 ± 0.006

Pancreatitis 10.46 ± 3.81* 0.21 ± 0.03* 0.10 ± 0.02* 0.041 ± 0.006 0.013 ± 0.002*

Arginase activity is expressed as nmol urea/mg protein.m in -1

á-amylase activity is expressed as IU/mg protein.m in -1

Protein concentration is expressed as mg protein/mg dry weight

Triglyceride concentration is expressed as mg triglycerides/mg dry weight

Deoxyribonucleic acid (DNA) concentration is expressed as mg DNA/ mg dry weight

* Statistically different compared to the control group (P <0.05)

4. Discussion

Diabetes mellitus can be a complication of acute

and chronic pancreatitis, though why this happens

has yet to await explanation, and not too many

studies exist to show new insights. A possible

explanation could be that pancreatitis can lead to

diabetes mellitus by slowing the turnover of

endocrine islet cells [38]. Pancreatic acinar tissue can

also be damaged as a result of diabetes [39, 40]. In

this study, the effect of diabetes mellitus and alcohol

consumption on arginase and a -amylase activities

was ascertained in pancreatic tissue from patients

who died of diabetes or of alcohol-related acute

pancreatitis without liver cirrhosis. It was our interest

to study differences between the activities of arginase

and á-amylase between type 2 diabetes mellitus and

acute pancreatitis without diabetes, because the

answer to why some pancreatitis patients do not

develop pancreatic diabetes must lye at the molecular

level. The reason for measuring arginase activity was

because this enzyme has been found in many tissues

outside the liver and especially by its localization in

the pancreatic endocrine region, where the molecules

it gives rise to may in turn be involved in multiple

physiological processes, from cell growth to tissue

repair and healing. 

Our results show a higher arginase activity in

pancreatic tissue of type 2-diabetes patients and no

change or even a lower activity in patients who died

of alcohol-related acute pancreatitis. The enzyme á-

amylase, whose increase in serum has commonly

been associated with pancreatic damage, was higher

in the tissue of both kinds of patients, but a higher

level, as expected, was found in the pancreas of

patients with type 2 diabetes mellitus because in

these patients, the enzyme has not been released into

the blood.  This is in bold contrast to

deoxyribonucleic acid and protein concentrations,

which show that when zymogens have damaged the

acinar tissue, the protein synthesis has greatly

decreased. 

It is important to mention that because the

Lowry method to determine the protein concentration

does not measure fibrous proteins like collagen and

elastin, proteins synthesized during the tissue healing

process, and it is known that diabetes causes damage

to the microvasculature [41, 42] and that ornithine, a

product derived from arginine hydrolysis, can be

used to synthetize proline, an amino acid  needed for

collagen synthesis, we decided to express the

concentration of biomolecules related to dry weight.

We have previously shown the reliability of

expressing the content of biomolecules to dry weight

[35].Our results show the total protein concentration

measured with the Folin-Ciocalteau reagent. The

colorimetric quantitation  of protein by this method

depends on the tyrosine and tryptophan contents of

the protein. For this reason, in this study only, the

noncollagenous protein fraction was considered. This

information maybe useful when the specific activity

of enzymes in pancreatic tissue and other

biochemical parameters are measured, because of the

rate of total carbohydrates/milligram of dry weight

shows less variability. Besides, dry weight

determination using dichromate solution shows less

dispersion than when the data on carbohydrates and

proteins are expressed as wet weight.

Alcohol consumption affects the liver and

pancreas, causing liver cirrhosis and acute or chronic

pancreatitis [26]. Liver damage occurs when alcohol

excess leads to an increased concentration of reduced

nicotinamide adenine dinucleotide and acetaldehyde,

which are produced by the enzyme alcohol

dehydrogenase [43, 44].  Like the liver, the pancreas

has the enzymes involved in the metabolism of

alcohol and alcohol-related metabolites can lead to

pancreatitis [45, 46].  Alcohol-exposed acinar

pancreatic cells experience several metabolic

disorders as a poor calcium regulation and earlier

zymogen activation [47, 48].  The latter may be

caused by rendering the acinar cells more sensitive

to the action of cholecystokinin, a physiological

stimulus to zymogen secretion that in higher

concentrations causes pancreatitis, making the acinar

cells secrete their zymogens to the basolateral side 
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[49, 50], rather than to the apical side, where they

are normally secreted. Acinar cells also lose their

capacity to replicate as an effect of alcohol exposure

[51].  This decrease in acinar replication could very

well be associated to the decrease in arginase activity

that we found, because it has previously been proven

that pancreatic acinar cells require polyamines for

proper growth [22, 23, 25].

While the main function of liver arginase is to

produce urea, the activity of this enzyme in

extrahepatic tissues seems to be directly related to

polyamine biosynthesis, which is needed for cell

regeneration in normal and damaged tissues [19-21]

and for the regulation of nitric oxide synthase, by

competing for their common substrate, L-arginine

[52, 53].  In the pancreas, this enzyme is needed for

polyamine and nitric oxide synthesis [5] and alloxan-

induced diabetes decreases pancreatic arginase

activity [15] but its activity may be increased in

plasma of type 2 diabetes patients with impaired

nitric oxide synthase activity [54].

In this report, polyamine concentration and nitric

oxide synthase activity were not measured, but we

can hypothesize that the increase in arginase activity

observed in the pancreas of type 2 diabetes patients

could mean that the arginase gene is expressed in an

attempt to produce the polyamines or the nitric oxide

that b-cells need in order to regenerate and/or to

secrete insulin.  Both processes have been shown to

depend on these molecules [6, 15-18].

The ornithine synthesized by arginase could also

act through other pathways in the pancreatic islets, 

besides the production of polyamines, as it has been

proven in isolated islets that ornithine has a positive

e ffec t  o n  in su lin  sec re tion  and  tha t a -

difluoromethylornithine, a specific inhibitor of

ornithine decarboxylase, the enzyme that turns

ornithine into putrescine, does not block its insulin

secretagogue action [55].

In conclusion, these results show that both

arginase and a-amylase activities were higher in the

pancreas of individuals with type 2 diabetes mellitus

than in patients with acute pancreatitis. We consider

quite probably that the increase in arginase activity

observed by Rothe et al. [56] at the beginning of

insulitis in non-obese diabetic mice could mean more

an attempt of the pancreas to preserve its endocrine

function than to being related to the cause of tissue

damage, as the authors concluded.  If this is so, it

would mean that in diabetic patients, damage results

once the products or arginase, the polyamines, cannot

carry out their appropriate physiological role related

to the synthesis and secretion of insulin.  In patients

with alcohol-related acute pancreatitis, our results

seem to indicate that pancreatic damage occurs once

arginase decreases, curtailing the action of

polyamines or other substances derived from arginase

activity and related to tissue repair and function. 

On the other hand, lower activity of a-amylase

was observed in the tail of the pancreata of

pancreatitis patients. The varying levels of this

enzyme in different regions of the pancreas may be

related to mechanisms of the enzyme regulation, but

these aspects remain to be studied.
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