
INTRODUCTION
In health the con sti tu tive calcium- dependent forms of

NO- synthases (NOS) – en do the lial (eNOS) and neu ronal
(nNOS), are be ing ex pressed in mu cous and mus cu lar lay -
ers of the di ges tive organs [6, 7]. Con sti tu tive forms of
NOS pro vide bio syn the sis of in suf fi cient amount of NO,
which regu lates the pro cesses of se cre tion, mo tor func -
tion, ab sorp tion, blood flow, par tici pates in main te nance
of the in teg rity and func tion of the mu cous bar rier, the
processes of in ter cellular in te gra tion, trans fer of in for ma -
tion in non- adrenergic and non- cholinergic neu rons [6,13].

nNOS was iden tified in 29% of mien teral neu rons.
Ninety per cent of neu rons (of 29%), in which NOS was
de tected, were the in hibi tory mo tor neu rons [8]. NO, syn -
the sised by nNOS, plays the role of neu ro trans mit ter and
par tici pates in the de vel op ment of en thero pathies, in clud -
ing Crohn’s dis ease, Hakas dis ease, co li tis ul cerosa,
dia be tes mel li tus [1]. 

The in duci ble NO- synthase (iNOS) is being ac ti vated
by dif fer ent fac tors, among which bac te rial lip po poly sa -
cha rides, mi to genic stim uli, pro in flam ma tory cy tokins. 
Ex pres sion of iNOS n leads to acute in crease (10 times

and more) of NO pro duc tion, from which ni tro oxyl (NO-)
and per oxyni trite (ÎNOO-) are be ing formed [3].

Un der co di tions of hy per gly cae mia the di ges tive
glands se cre tion, motor- evacuating func tion of the stom -
ach and large in tes tine de crease and lipoper oxi da tion
pro cesses in crease.

The aim of the study was to evalu ate the changes of
NOS ac tiv ity, nitrite- anion con tent and lipoper oxi da tion
pro cesses in mu cous and mus cu lar layer of the stom ach
and large in tes tine un der con di tions of streptozocin-
 induced hy per gly cae mia. 

MATERIAL AND METHODS
The Ethi cal Com mit tee of Lviv Na tional Medi cal Uni -

ver sity ap proved the struc ture of this study and ani mal
ex peri men tal pro ce dures. The ex peri ment was per formed
on 20 white male al bino rats weigh ing 200- 250g. They
were di vided into 2 groups: first – in tact ani mals were
used as con trols, sec ond – ani mals were pro vided with
intrape ri to neal in jec tion of strep to zo cin in dose of 60 mg
per kg of body weight. Af ter 14 days when the dia be tes
mel li tus was de vel oped (fast ing blood glu cose level rose
to 15-16 mmol/l) rats were sac ri ficed by de capi ta tion un -
der gen eral an es the sia. Meas ure ment was per formed in
ho mogen ates of mu co sal and mus cu lar mem branes of
stom ach and large in tes tine.
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The con tent of ni trite an ion in ho mogen ate was de ter -
mined as ni trites by the method of Green L., David A. [4].
The ab sor bance was read in a Stat fax at 550 nm. Ni trite
an ion con cen tra tion was ex pressed in μmol/g. NOS (to tal
NOS, iNOS, eNOS) ac tiv ity was meas ured by the method
de scribed in de tail [10]. NOS ac tiv ity was ex pressed in
nmol NADPH/min•g of pro tein. 

Lipid per oxi da tion level was ex pressed as ma lonic dy -
ade hyde (MDA) con cen tra tion in ho mogen ates. It was
meas ured ac cord ing to the pro ce dure of Ti mir bu la tow et
al. [11]. Cata lase ac tiv ity was de ter mined by meas ur ing of 
the de crease in hy dro gen per ox ide con cen tra tion at 410
nm by the Koro lyuk method [5]. Ac tiv ity of su per ox ide
dis mu tase (SOD) was de ter mined by the re ac tion of re -
duc tion of ni tro tetra zoli ume blue to ni tro for mazan [2].

Ex peri men tal re sults were ana lyzed by ANOVA and
t- tests for mul ti ple com pari sons be tween groups. P value
less than 0.05 was con sid ered sta tis ti cally sig nifi cant.

RESULTS AND DISCUSSION
In con trol ani mals both in mu cous layer of the stom ach

and large in tes tine,  cNOS ac tiv ity was domi nat ing and
ap proxi mately on the same level,   łNOS ac tiv ity was not
sig nifi cant (Ta ble 1). Ac tiv ity of ńNOS in mus cu lar layer
of the stom ach and large in tes tine was smaller than in mu -
cous lay ers. 

Ta ble 1. NOS ac tiv ity and ni trite an ion con tent in stom ach and
large in tes tine un der con di tions of streptozocin- induced
heper gly cae mia

Nitrite anion

(μmol/g)

NOS
(nmol/min·g  
of protein)

iNOS
(nmol/min·g  
of protein)

ńNOS
(nmol/min·g  
of protein)

Mucous layer of the stomach 
Control 16.1±1.6 0.647±0.13 0.180±0.06 0.460±0.03
Hyperglycaemia 20.9±1.8 0.472±0.05 0.337±0.09* 0.135±0.08
Muscular layer of the stomach 
Control 15.1±1.3 0.496±0.17 0.183±0.06 0.335±0.12
Hyperglycaemia 19.8±1.2 0.569±0.08 0.326±0.08* 0.248±0.1
Mucous layer of the large intestine
Control 17.4±2.1 0.699±0.15 0.236±0.08 0.498±0.13
Hyperglycaemia 20±1.5 0.445±0.07* 0.268±0.05 0.177±0.07*
Muscular layer of the large intestine 
Control 16.9±1.7 0.442±0.19 0.188±0.05 0.267±0.07
Hyperglycaemia 21±1.5 0.816±0.3* 0.466±0.2* 0.350±0.15

* sta tis ti cally sig nifi cant dif fer ences com pared to con trol; p.05

The course of lipoper oxi da tion pro cesses, SOD and ca -
tha lase ac tiv ity in con trol ani mals were higher in mu cous
lay ers of the stom ach and large in tes tine com pared to the
in di ces in mus cu lar layer (Ta ble 2).

Un der con di tions of hy per gly cae mia ńNOS ac tiv ity in
mu cous layer of the stom ach de creased by 70% (p<0.05),
in mu cous layer of the large in tes tine — by 68% (p<0.05), 
while ńNOS ac tiv ity in mus cu lar lay ers did not change
sig nifi cantly. In mu cous layer of the stom ach łNOS ac -
tivitó un der con di tions of hy per gly cae mia in creased by
87% (p<0.05), in mu cous layer of the large in tes tine – by

2.5 times (p<0.05). Ni trite an ion con tent did not change
sig nifi cantly.

Ta ble 2. Lipoper oxi da tion pro cesses, SOD and cata lase ac tiv ity
in stom ach and large in tes tine un der con di tions of streptozocin- 
induced hy per gly caemia

MDA
μmol/g

SOD
μmol/minmg 

of protein

Cathalase
μmol H202/minmg

Mucous layer of the stomach
Control 222.1±8.7     22.3±1.4 0.3±0.04
Hyperglycaemia 247±13.3 28.4±6.2 0.4±0.08
Muscular layer of the stomach 
Control 135±13.4 18.5±1.2 0.12±0.01
Hyperglycaemia 145±14.0 23.6±3.5 0.14±0.01
Mucous layer of the large intestine 
Control 247±10.2 17.2±1.2 0.33±0.04
Hyperglycaemia   312±10.0*   22.3±1.4* 0.29±0.01
Muscular layer of the large intestine 
Control 97.2±15.5 16.6±1.4 0.15±0.01
Hyperglycaemia  148±7.0*   24.0±1.6* 0.16±0.01

* statistically significant differences compared to control; p.05

Hy per gly cae mia in duced an in crease of lipoper oxi da -
tion pro cesses – the con tent of TBA prod ucts the most
sig nifi cantly in creased in mu cous layer (by 26%, p<0.05)
and mus cu lar layer of the large in tes tine (by 52%,p<0.05); 
si mul ta ne ously SOD ac tiv ity in creased – by 30% in mu -
cous layer and by 44% in mus cu lar layer of the large
in tes tine.

Un der con di tions of hy per gly cae mia in rats the rate and 
du ra tion of mus cu lar con trac tions of the stomach de -
creased as well as the speed of spread of the con trac tions
and the pres sure of gastro- esophageal sphinc ter, the time
of pas sage through the large in tes tine in creased, all of
which cause the sta sis of chy mus in the large in tes tine [9,
14, 15]. NOS/NO di rectly par tici pate in these pro cesses. It 
should also be men tioned that the acute re laxa tion of the
smooth mus cles of the stom ach and large in tes tine takes
place due to the in creas ing ac tiv ity of iNOS. At the same
time ni trite an ion con tent did not change sig nifi cantly,
what can be me di ated by its in ter ac tion with su per ox ide
radi cal and per oxyni trite pro duc tion.  

NO regu lates the func tional status of the smooth mus -
cles of the di ges tive sys tem by sev eral mecha nisms. On
the one hand NO, syn the sised in NO- ergic neu rons of the
mien teral plexus acts as in hibi tory me dia tor and on the
other hand it might ac ti vate the in stant gua ni lat ci clase, caus -
ing the pro duc tion of cGMF in smooth musles and their
re laxa tion. Ni tro gen ox ide also may cause the mus cu lar re -
laxa tion via hy per po lari sa tion and cGMF- independent way
[12].

It is as sumed that mo toric im pair ment un der con di tions 
of dia be tes mel li tus is as so ci ated with ni trit er gic neu ro pa -
thy due to the de crease of  nNOS ac tiv ity, which might be
as so ci ated with the de gen era tive changes in ni trit er gic
neu rons or with im pair ment of nNOS ex pres sion. On the
other hand, in crease of iNOS ac tiv ity signifi cantly de -
creases the mo tor proprties of the large in tes tine [8].
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CONCLUSION
Streptozocin- induced hy per gly cae mia causes the de -

crease of ńNOS ac tiv ity in mu cous lay ers of the stom ach
and large in tes tine and in crease of iNOS ac tiv ity, lipoper -
oxi da tion pro cesses and SOD ac tiv ity, all of which con-
trib ute to the im par ment of the motor- avacuating func tion
of the stom ach and large in tes tine.
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