
INTRODUCTION
Obesity is a problem of the most developed countries.

Acute pancreatitis is an initially localized inflammation of 
the pancreatic gland that frequently leads to local and sys-
temic complications. The incidence of acute pancreatitis
in the European Union and USA varies from 5 to 30 cases/ 
100 000/year [3]. The overall mortality in patients with
acute pancreatitis is around 5%, but this percentage in cre-
ases up to 17–20% in patients with necrotic pancreatitis
due to multiple organ failure despite the therapeutic
efforts to establish it so far [11]. Today in Ukraine 40–50%
of adults and 10–15% of the child population have
problems with the digestive tract and overweight. Obesity
and accompanying metabolic disorders are one of the
etiologic factors of pancreatic diseases [12]. The last 30
years have been marked by more than two-fold increase in 
the frequency of pancreatitis, which is certainly due to the
low level of physical activity, growth in high-calorie
foods diet and uncontrolled use of food additives, espe-
cially monosodium glutamate (MSG).

A food additive MSG is used as a flavoring agent to
enhance taste. Although the evaluations conducted by the
U.S. Food and Drug Administration and some other
organizations confirmed that MSG was a safe food in gre-
dient for the general population, none of them answered
the question if consumption of MSG is healthy [5].
Understanding the influence of MSG on the pancreas may 
lead to a new understanding of the pathophysiology of
diseases such as diabetes, pancreatitis. Therefore, the aim
of this work was to study the morphological changes in
the pancreatic tissue and exocrine pancreatic function of
rats under experimental obesity caused by MSG.

MATERIAL AND METHODS 
The study was carried out on 60 white rats maintained

in accordance with guidelines of Animal Ethical Research 
Committee of Taras Shevchenko National University of
Kyiv. The animals were deprived of food for 24 hr period
to the experiments with an easy approach to water. The
rats were divided into 3 groups. Rats of group I were intact
control (4-month-old rats). Newborn rats of groups II and
III were administered subcutaneously in volume 8 µl/g
a pla cebo (saline) or MSG (4 mg/g) on 2nd, 4th, 6th, 8th, 10th

day of life. After 4 months we performed histological and
morphometric study of pancreatic tissue of all rats. We
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used lethal dose of urethane (3 g/kg, intraperitoneally) for
rats sacrifice. Pancreas’ tissue sections waere fixed in 10%
formalin, embedded in paraffin, stained with hematoxylin 
and eosin. On micrographs obtained with increasing x
150–900 we delineated the cross section of nuclei of
endocrine and exocrine pancreatic cells, cross section of
exocrine pancreatic cells and distance between lobules of
the pancreas. Then we calculated their area using the open 
source software UTHSCSA ImageTool that was deve-
loped in Texas state university, San Antonio, Texas in
1995–2002 years and accessible on the Internet at
ftp://maxrad6.uthscsa.edu. 

In ad di tion, changes in body and vis ceral fat weight
were ana lyzed. Se rum amy lase and li pase level was de ter -
mined by bio chemi cal analy sis. The con cen tra tion of
adi po nectin and tri glyc erides in blood se rum of all groups
was per formed by ELISA analy sis (As say Pro, USA). 

According to Shapiro-Wilks’ W test our data were
normally distributed. All results are expressed as the
M±m of n values. Statistical comparisons between groups
were conducted using the Student’s t-test for unpaired
data. Statistical significance was set at p0.05.

RESULTS 
It has been shown that pancreatic tissue in rats of

groups I and II have normal structure. Significant changes 
in body weight and visceral fat were not observed in these
groups. In control and placebo groups, the triglyceride
levels (TG) were in normal range. In male rats, there were
more pronounced changes – body weight and visceral fat
exceeded benchmarks in 3-fold (p0.001) and 5-fold
(p0.001) respectively. Body weight and visceral fat of
female rats in group III was higher by 125% (p0.001)
and 338% (p0.001), respectively. The adiponectin levels 
in serum decreased in male rats by 59% (p0.05) and in
female rats by 23% (p0.05) compared with intact rats. In
our study, we have diagnosed moderate hyper trigly-
ceridemia (HTG) (TG – 2.3–11.2 mmol/L) in all rats with
MSG-induced obesity. 

In pancreas of rats of both sexes there was massive
edema and inflammation which are characteristic of acute

pancreatitis. Marked intralobular and perivascular li poma-
tosis was found. There was also marked leukocyte
infiltration in the pancreatitis groups. The level of blood
amylase, lipase and pancreatic amylase was increased by
92% (p<0.001), 312% (p<0.001) and 162% (p<0.001)
(Fig. 1). Morphometric analysis confirmed pathological
changes in pancreatic tissue. The cross-sectional area of
nuclei of endocrine cells was increased in males by 16%
(p<0.001) and in females by 17% (p<0.001). The
cross-sectional area of nuclei of exocrine pancreatic cells
was increased in males by 15% (p<0.001) and in females
12% (p<0.001). Cross-sectional area of Langerhans islet
was increased in males by 50% (p<0.05) and in females
by 48% (p<0.05). The distance between lobules of the
pancreas was increased in males by 63% (p<0.001) and in
females by 56% (p<0.001) but the cross-sectional area of
the exocrine pancreatic cells was decreased in males by
16% (p<0.001) and in females by 17% (p<0.001) (Table 1).

DISCUSSION
Our study dem on strates that neo na tal treat ment with

MSG leads to the de vel op ment of vis ceral obe sity in adult
rats. Fur ther more, the pres ent data con firm pre vi ous re -
sults show ing that neo na tal treat ment with MSG may
in duce obe sity [10]. Neo na tal MSG treat ment is a model
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Fig. 1. The serum blood concentration of amylase (A), pancreatic
amylase (B) and lipase (C) in rats with monosodium glutamate-
induced obesity: 1 – control; 2 – monosodium glutamate-induced
obesity

Ta ble 1. Mor phomet ric char ac ter is tic of rats’ pan creas

Indicators
Male Female

Control
n=10

Glutamate
n=10

Control
n=10

Glutamate
n=10

Cross-sectional area of nuclei of endocrine cells
(µm2)

20.6+0.3
(N=100)

23.9+0.6***
(N=100)

20.5+0.3
(N=100)

23.4+0.5***
(N=100)

Cross-sectional area of nuclei of exocrine pancreatic
cells (µm2)

19.8+0.3
(N=100)

22.8+0.4***
(N=100)

19.8+0.3
(N=100)

22.2+0.4***
(N=100)

Cross-sectional area of the exocrine pancreatic cells
(µm2)

1273.0+62.7
(N=100)

1069.5+45.0***
(N=100)

1296.0+50.0
(N=100)

1076.0+37.0***
(N=100)

The distance between lobules of the pancreas
(µm)

2.7+0.1
(N=100)

4.4+0.2***
(N=100)

2.56+0.1
(N=100)

4.0+0.2***
(N=100)

Cross-sectional area of Langerhans islet
11790.0+2236.5

(N=100)
17633.0+2442*

(N=100)
11690.0+2043.0

(N=100)
17360.0+1815.0*

(N=100)

M+m, * p<0.05, *** p<0.001 com pared with con trol, n – number of ani mals, N - number of meas ure ments.



of obe sity in ro dents, which causes al tera tions in hy po tha -
lamic ar cu ate nu cleus (ARC) and im pairs leptin and
in su lin sig nal ing in this re gion re sult ing in hy per lepti ne -
mia and hyper in su line mia. When the hy po tha lamic
ven trome dial nu cleus and ar cu ate nu cleus are de stroyed
in rats by treat ment with MSG in the neo na tal stage, obe -
sity oc curs as the rats grow [9].

Obe sity is a prog nos tic fac tor for se ver ity in the evo lu -
tion of acute pan crea ti tis since lo cal and sys temic
com pli ca tions are more fre quent in obese pa tients than in
non- obese ones. Hy per tri glyc eride mia (HTG), de pend ing
on its se ver ity, can lead to de vel op ment of acute or
chronic pan crea ti tis, pan cre atic in suf fi ciency, pan cre atic
ne cro sis, pan cre atic ab scess or pan cre atic pseu do cyst [2].
Pa tients with the his tory of chy lo mi crone mia in fam ily
have in creased life long risk of re cur rent pan crea ti tis. This
risk in creases with ob served se vere HTG (TG 11.2 mmol/L)
and is great est due to very se vere HTG (TG22.4 mmol/L)
[13]. Pan crea ti tis due to HTG can be se ri ous and some -
times fa tal. HTG- induced pan crea ti tis is re lated to
in creased ac tiv ity of exo crine pan cre atic li pase, which ec -
topi cally me di ates hy droly sis of cir cu lat ing TG. The
par tially hy dro lyzed fatty ac ids are thought to be in ju ri ous 
to aci nar cells, lead ing to ac ti va tion of tryp sino gen and lo -
cal auto di ges tion of pan cre atic tis sue. In creased chylo-
mi crons might fur ther worsen the pro cess by caus ing capil-
lary plug ging and lo cal ische mia [8]. 

In our study, we di ag nosed mod er ate HTG (TG –
2.3–11.2 mmol/L) in all rats with MSG- induced obe sity.
In con trol and pla cebo groups, the lev els of TG were in
nor mal range. Also only in rats with obe sity we found in -
tra lobu lar and peri vas cu lar li po ma to sis of pan creas with
hy pera my lasemia. Frul loni et al. (2006) in hu man stud ies
found that HTG can lead to pan cre atic stea to sis di ag nosed 
by Mag netic Reso nance Imag ing (MRI) with se rum pan -
cre atic hy per en zymemia, which is higher than in nor mal
con trols. But un like our study, the author found intra-
 acinar ac cu mu la tion of lip ids (simi larly to he patic stea to -
sis) which may al ter in tra cel lu lar exo cy to sis [6]. An other
study pos tu lated that hy per enzynemia is not spe cific to
pan cre atic stea to sis [7]. The use of MRI in pa tients with
dyslipi de mia, does not show any signs of it. Fur ther more,
pa tients with se vere acute pan crea ti tis ex hibit higher per -
cent age of fat than those with mild acute pan crea ti tis [15].
In ad di tion, obese Zucker rats ex hib ited TNF-á ex pres sion 
and higher mor tal ity rate than con trols in the ex peri men tal 
model of acute pan crea ti tis in duced by tauro cho late [14].

It has been es tab lished that the se rum adi po nectin level
dec reases in rats with MSG- induced obe sity. A de crease
in adiponectin level is a fea ture of obese ani mals and it
might con trib ute to the se ver ity of pan crea ti tis since adi -
po nectin ex hib its anti- inflammatory prop er ties and
a de fi ciency in adi po nectin causes se vere pan crea ti tis in
mice with a high- fat diet, whereas its over- expression pro -

tects against tis sue dam age [1]. Adi pose tis sue and parti-
cu larly the ar eas of fat ne cro sis are im por tant sources of
in flam ma tory me dia tors that may con trib ute to the sys -
temic in flam ma tory re sponse in acute pan crea ti tis [4].
Nev er the less, the mecha nisms re spon si ble for the in -
creased se ver ity of acute pan crea ti tis in obese sub jects are
still un der in ves ti ga tion.

This study proved that in rats’ pan creas mas sive edema
and in flam ma tion de vel oped, which are char ac ter is tic for
acute pan crea ti tis. We also re ported that plasma amy lase,
li pase and pan cre atic amy lase in creased lev els are much
higher in obese rats than in con trol rats. We ar rived at the
con clusion that the de vel op ment of pan crea ti tis in rats
with MSG- induced obe sity is the re sult of in crease of syn -
thetic and se cre tory pro cesses in pan cre atic cells. Thus,
we can in clude glu ta mate to the group of sub stances
stimu lat ing pan cre atic se cre tion. 

CONCLUSIONS
1) Neo na tal treat ment with MSG leads to mas sive edema,

in flam ma tion, in tra lobu lar and peri vas cu lar li po ma to -
sis of pan creas in adult rats, with the de vel opment of
exo crine pan cre atic se cre tion.

2) Vis ceral obe sity, mod er ate hy per tri glyc eride mia and
low se rum adiponectin may be causes of patho logi cal
changes in pan creas.
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