OpuUriHaAbHI AOCAIAXKEHHS
Original Researches

TACTPOEHTEPOAOTIA
GASTROENTEROLOGY

g

EkcnepuMeHTaAbHI AocAiaXeHHs / Experimental Studies
P A A p

YK 616.37+546.17/672.7+616-008

SCHEVCHENKOB.F., BABIY AM.,

MAKARCHUK V.A., OSHMYANSKAN.YU., GALINSKY A.A..

:

o\
RUDENKO A.L

State Institution «Institute of Gastroenterology of National Academy of Medical Sciences of Ukraines»,

Dnipropetrovsk, Ukraine

MORPHOFUNCTIONAL CHANGES OF RAT PANCREAS
UNDER CONDITIONS OF NITRIC OXYDE EXCESS

Summary. The study was carried out on 40 male Wistar rats after daily intraperitoneal injection of donator of
nitric oxide { NO) molecules sodium nitroprusside in a dose of 1.5mg/kgin 1 day 1(n=6); 2days(n =6); 6 days
(n=6); 12days(n=6); 30 days (n = 6). It is established that an excessive NO intake leads to morphological
changes in the pancreas: vasodilation with stasis of blood cells after 1 and 2 days, focal necrosis, destruction of
acinar tissue, ductal dilatation with worsening outflow of pancreatic secretion after 6 days; fatty degeneration,
segmental apoptosis in 12 days; compensated microcirculatory changes in the body, the formation of fibrous
tissue in periductal and perivasal areas with penetration in the interlobular space in 30 days. In the blood serum
we detected impaired exocrine pancreatic function: increased activity of pancreatic enzymes — a-amylase and
trypsin up to 6 days, and in 30 days — they significantly reduced; increasing the levels of biochemical markers
of fibrosis ( protein-bound hydroxyproline and hexosamine); failure of endocrine function — increase of glucose
level, that is, changes typical for chronic experimental pancreatitis.
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Background

Nitric oxide (NO) is a fat-soluble gas, a high-reactive and
unstable compound, which is formed from L-arginine under
the action of NO-synthase. NO easily inpours cell mem-
branes, exists only for a few seconds and being subjected to
oxidation transforms to nitrites and nitrates [1]. NO acts in
all directions as a universal regulator of physiological func-
tions and transmission of nerve impulses, a potent peripheral
vasodilator and regulator of motor control and secretion. NO
is a potent mediator of inflammation release in response to
bacteria, viruses, proinflammatory cytokines [2].

Unlike classic primary messengers, which also regulates
smooth muscle function, NO could induce those process-
es without interaction with receptors and plasma mem-
brane by intracellular activation of cytosolic enzyme
soluble guanylate cyclase |3, 4].

Increased concentration of guanosine monophos-
phate activates GMP-dependent protein kinase and Ca2’
ATPase, which is involved in dephosphorylation of my-
osin. This leads to the removal of Ca2* from the muscle
cells and thus to vasodilation [ 5].

However, other physiological effects of NO, indepen-
dent of the guanylate cyclase activation, is known, in-

cluding posttranslational modification of proteins, lipids
and other biomolecules. Possible targets of NO is soluble
adenosine diphosphate (ADP)-ribosylating enzyme and
transcription factors — through those NO may directly
affect gene transcription and translation of the mRNA
[6].

Despite the fact that many authors describes the pro-
tective role of NO, it is also capable of inducing cell dam-
age. The effect of NO on cellular processes is highly rel-
evant and pending problem [7].

Sodium nitroprusside, which is well known as simple
NO-donor, can not be synthesized in cells and is an ex-
ogenous source of NO, which is traditionally used for ex-
perimental studies.

Purpose: to determine the morphofunctional charac-
teristics of the rat pancreas under conditions of NO excess
caused by the administration of sodium nitroprusside as a
simple NO-donor.
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Figure 1 — Rat pancreas after 24 hours (A) and 48 hours (B). Dilation of blood vessels and ducts, congestion
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and stagnation of secretion. Mallory’s trich rome, <100

Material and Methods

The study was conducted in 40 male Wistar rats
weighted 180230 g. Nitric oxide (NO) was adminis-
trated in the form of sodium nitroprusside by Reachem
(Ukraine), at 1.5 mg/kg for 1 day (n = 06), 2 days
(n = 6), 6 days (n = 6), 12 days (n = 6), and 30 days
(n = 6). Rats were sacrificed by ketamine introduc-
tion in lethal dose of 200 mg/kg. The control group
(n = 10) was formed of intact rats and received 0.9%
NaClfor 1, 2, 6, 12 and 30 days.

The study was conducted following the standards of the
European Convention of Bioethics (1997), European Con-
vention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes, general ethi-
cal principles of animal experiments, approved in the law
of Ukraine (Ne 1759 — VI of 15.12.2009) «On protection of
animals from cruel treatment».

To carry out biochemical determinations and histo-
logic study, after excision, total pancreases were excised,
trimmed of fat and lymph nodes. Some small pancreatic
samples from each rat were immediately fixed in 10%

formalin, paraflin-embedded sections were cut at 3—5
microns and mounted on glass slides. Sections were de-
paraffinized and stained with hematoxylin-cosin or Mal-
lory’s trichrome.

Biochemical process of fibrosis was evaluated on the
content in the serum of free and protein-bonded hy-
droxyproline and hexosamines. NO production was de-
termined by the total content of nitrite/nitrate in serum
using Gris test. To estimate the exocrine function activ-
ity of pancreatic enzymes were measured in serum —
a-amylase using set of Filisit-diagnosis and trypsin — using
Erlanger test with modifications of Shaternikov.

State of the endocrine pancreatic function was evalu-
ated by determining the serum levels of glucose set by
«Phyllis-diagnosis» (glucose oxidase method).

Results and Discussion

In 1 and 2 days after the experiment was started, in 100 %
of rats dilation of blood vessels and ducts, congestion and
stagnation of secretion were observed (Fig. 1). Severity of
these symptoms ranged from mild to moderate,

Figure 2 — A) rat pancreas in 6 days after beginning of the experiment. Vasodilation and stasis of blood cells,
inflammatory infiltration. Mallory’s trichrome, x200; B) rat pancreas in 12 days after beginning of the experi-
ment. Severe dilatation of the vessels with stasis of blood cells, adipose degeneration, x400; C) rat pan-
creas in 30 days after beginning of the experiment. Bands of fibrous tissue around the main ducts. Mallory’s
trichrome, <100
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Figure 3 — Concentration of protein-bonded
hydroxyproline in the rat blood after administration
of sodium nitroprusside

In 6 days of sodium nitroprusside intraperitoneal in-
jections as NO-donor signs of acute pancreatitis were
shown, the structural basis of which was inflammation —
stromal infiltration by lymphocytes and leukocytes, dila-
tion of blood vessels and intralobular ducts, stasis of blood
cells. In 66.6 % of all cases big groups of hypersecretory
acinar cells were found in parenchyma, in 75.0 % of those
among aforementioned cells isolated small foci of necrosis
was found.

12 days later the phenomenon of vessels plethora
and stasis of blood cells became more pronounced. In
100 % of all cases stroma was diffusely infiltrated by in-
flammatory cells, excessive accumulation of secretion in
the acinar cells was noted with segmental apoptosis of
acinar tissue. Focal adipose degeneration was developed
in66.6 %.

Despite the pronounced inflammatory activ-
ity, which was observed after 12 days of the experi-
ment, in all animals, sacrificed after 30 days of sodium
nitroprusside daily administration, microcirculatory
changes were almost entirely offset. Vessel diameter did
not differ from the comparison group, infiltration was
scarce or not observed, At the same time, in 83,3 %
of all cases dilatation of the interlobular ducts and the
development of intralobular connective tissue were ob-
served, The tiny bands of fibrous tissue enveloped main

Figure 4 — Concentration of free hydroxyproline
in the rat blood after administration of sodium
nitroprusside

ducts, major blood vessels and penetrates into the inter-
lobular space (Fig. 2).

Morphological signs of pancreatitis were accom-
panied by the changes in biochemical parameters that
characterizes metabolism of collagen. Processes of con-
nective tissue anabolism on 30™ day illustrated through
content of protein-bonded hydroxyproline in blood
which was increased by 1.4 times from (179.28 + 9.19)
umol/l (control group) to (243.81 + 15.35) pmol/l
(p < 0.01) and catabolism through content of free
hydroxyproline which was increased by 1.5 times
(to 16.37 + 1.39) umol/l (p < 0.01) and 1.8 times
(to 18.01 + 3.27) pumol/l (p < 0.05) at 12" and 30"
days, respectively. Compared to controls (9.96 + 0.71)
umol/l those values indicated increased collagen syn-
thesis and destruction (Fig. 3, 4). It ought to be noted
that concentration of the protein-bonded hydroxypro-
line in the rat blood in 30 days was significantly higher
than in one day (p < 0.01), 2 days (p < 0.05) and 6 days
(p < 0.05).

Increased concentration of hexosamine (HA) in the
blood indicates increased catabolism of carbohydrate-
protein components of connective tissue, as HA forms
part of the proteoglycans and its components — glyco-
proteins. Aside from that increasing of HA concentration
is a factor that suggest inflammation, while long-term
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Figure 5 — Concentration of hexosamine in the rat
blood after administration of sodium nitroprusside

Figure 6 — Concentration of nitrite/nitrate in the rat
blood after administration of sodium nitroprusside
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Figure 7 — u-amylase activity in rats after adminis-
tration of sodium nitroprusside

inflammation of the pancreatic tissue may cause its de-
struction. Leading role in the pancreatic tissue destruc-
tion play proteolytic enzymes of polymorphonuclear leu-
kocytes, which induce disintegration of macromolecular
complexes containing HA. Probably HA may instigate
processes of fibrosis and increasing of its concentration
is first indication of changes among other parameters
that characterize the functional state of the connective
tissue. In this specific experiment, the content of HA in
rat blood after 6 days of NG-nitro-L-arginine admin-
istration is increased by 1.4 times, to (6.05 + 0.06) g/1
(p < 0.001), after 12 days by 1.5 times, to (6.42 +
+0.17)g/1(p <0.001), and after 30 days — by 1.8 times, to
(7.73 £ 0.06) g/l (p < 0.001) compared with the control
group (4.27 + 0.18) g/l meM (Fig. 5). Concentration of
the inthe 30 days was significantly higher than in 1 day
(p <0.001), 2 days (p < 0.01), 6 days (p < 0.001) and 12
days (p < 0.001).

In 24 and 48 hours after the introduction of sodium ni-
troprusside significant decrease of nitrite/nitrate concen-
trations was observed in blood — by 2.9 times, to (11.34 +
+ 0.24) pmol/l (p < 0.001) and (11.21 + 2.36) pmol/l
(p < 0.01) in comparison with the control group (32.61 +
+ 4,55) umol/l, whereas at 6th day there was a significant
increase by 1.8 times, to (57.10 =+ 7.28) pmol/1 (p < 0.05).
Here on those concentrations decreases smoothly till the
30™ day by 3.7 times, to (8.75 + 3.16) umol/l (p < 0.05)
(Fig. 6). The nitrite/nitrate concentration in the rat blood
after 6 days of sodium nitroprusside administration was sig-
nificantly higher than after 12 days (p < 0.01) and 30 days
(p <0.001).

After the first day of experiment slow increase
in the activity of a-amylase was noted, with maxi-
mum at 6™ day — progress by 2.6 times, from (96.02 +
+20.30) mg/s ¢+ 1 (control) to (209.41 + 38.50) mg/s * 1
(p < 0.05). However, after 30 days was observed the sig-
nificant reduction in the activity of this enzyme — by 1.5
times to (65.75 + 8.03) mg/s * | (p < 0.05) (Fig. 7). Sig-
nificant difference was observed in a-amylase activity at
6™ day and at 30™ day of sodium nitroprusside administra-
tion (p < 0.05).

Trypsin is the best marker for the detection of pancreas
pathology, as it is specific to this organ. Activity of this

Figure 8 — Trypsin activity in rats after administra-
tion of sodium nitroprusside

enzyme was varied similarly to a-amylase activity: increas-
ing after 6 days by 2.1 times from (4.19 + 0.92) umol/ml *
min (control group) to (8.65 + 1.64) pmol/ml « min
(p < 0.05) with a following decrease to the levels of the
control group at 30™ day of the experiment (Fig. 8). Tryp-
sin activity in the blood of the experimental animals after
30 days of sodium nitroprusside administration was sig-
nificantly lower than in group which receives it only 6 days
(p < 0.05).

The development of experimental pancreatitis under
conditions of NO excess caused by the administration
of sodium nitroprusside was accompanied by a gradual
violation of glucose metabolism. There was a signifi-
cant increase (by 1.4 times) of glucose concentration
in blood from (3.18 + 0.42) mmol/l (control group) to
(4.34 + 0.30) mmol/l (p < 0.05) and up to 1.7 times
(5.37 + 0.38) mmol/l (p < 0.01) in 12 and 30 days re-
spectively (Fig. 9).

Thus, the development of pancreatitis was accompa-
nied by the alteration of endocrine function (Fig. 9).

Hence, after 1 and 2 days of sodium nitroprusside ad-
ministration there was a significant increase of NO me-
tabolites in rat blood (p < 0.001), upward tendency in the
activity of pancreatic enzymes — a-amylase and trypsin.
Morphologically dilation of blood vessels and ducts were
observed, alongside with accumulation of secretion in the
pancreas,
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Figure 9 — Glucose concentration in rat blood after
administration of sodium nitroprusside
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After 6 days the maximum increase in serum en-
zyme activity a-amylase (p < 0.05) and trypsin
(p < 0.05), and of the NO metabolites concentration
(p < 0.05) was noted, in addition to gradual increase of
the HA concentration (p < 0.001). Morphological signs
of acute pancreatitis were shown, the structural basis of
which was inflammation — stromal infiltration by lym-
phocytes and leukocytes, dilation of blood vessels and
intralobular ducts, stasis of blood cells, presence of hy-
persecretory acinar cells and isolated small foci of ne-
crosis.

After 12 days there was a downward tendency in the
serum activity of a-amylase and trypsin and significant
reduction of the NO metabolites concentration com-
pared to day 6 (p < 0.01). There was the significant in-
crease of the protein-bonded hydroxyproline and free
hydroxyproline concentration (p < 0.01) along with
HA (p < 0.001). Morphological signs included stromal
infiltration and vasodilation. Some acinar cells was in
state of focal adipose degeneration or segmental apop-
tosis.

After30daysthe maximumlevelsofcollagensynthesis
was observed — highest concentration of protein-bond-
ed hydroxyproline in the serum (p < 0.01), in parallel
with catabolism highest concentration of free hy-
droxyproline (p < 0.05) and HA (p < 0.001). Against
this background functional failure of the pancreas was
developing, which made itself evident in the sharp de-
crease of the pancreatic enzymes activity namely
a-amylase (p < 0.05) and trypsin (p < 0.05). Reduced
concentration of NO metabolites (nitrite/nitrate) was
observed after 1 (p <0.001) and 2 (p < 0.001) days, with
gradual increase occurred afterwards — maximum con-
centration after 6 days (p < 0.05), followed by a gradual
decrease — minimum concentration after 30 days
(p < 0.001). Following morphological changes after 30
days of sodium nitroprusside administration were ob-
served: compensation of previously affected microcir-
culation (diameter of blood vessels did not differ from
the comparison group); mild dilatation of the inter-
lobular ducts and development of intralobular connec-
tive tissue. The tiny bands of fibrous tissue enveloped
main ducts, major blood vessels and penetrates into the
interlobular space zone, which is typical for chronic
pancreatitis.

Conclusions

1. NO excess caused by the intraperitoneal adminis-
tration of sodium nitroprusside leads to following mor-
phological changes in the pancreas: vasoditation with
stasis of blood cells after 1 and 2 days; focal necrosis, de-
struction of acinar tissue, ductal dilatation and excessive
accumulation of secretion after 6 days; adipose degenera-
tion and segmental apoptosis after 12 days and morpho-
logically compensated microcirculatory changes which
accompanied the development of fibrous tissue around
main ducts, major blood vessels and in the interlobular
space after 30 days — changes typical for chronic pan-
creatitis.

2. Exocrine pancreatic function of rats responded to the
excess of NO in ways of increasing pancreatic enzymes lev-
els in blood serum — a-amylase and trypsin, which than
significantly decrease after 30 days of experiment. The
biochemical markers of fibrosis (free and protein-bonded
hydroxyproline, hexosamine) also showed increase levels,
accompanied with endocrine insufficiency. All this changes
is peculiar to development of chronic experimental pancre-
atitis.

Prospects for further research. The results indicate the
feasibility of continuing study for fibrous transformation
in the rat pancreas under conditions of NO excess and op-
portunities for adenocarcinoma developing on this back-
ground.

References

1. Cegepuna H.C. Oxcud azomy. Poav posuunnoi zyanizam-
uuKAaz 8 Mexawizmax loeo ¢hizionoeiunux eghexmis // Bonp.
med. ximii. — 2002. — Ne |. — C. 4-30.

2. Guanylylcyclases and signaling by cyclic GMP / Lukas K.A.,
Pitari G.M., Kazerounian S. [et al.] // Pharmacol. Rev. — 2000, —
Vol. 52. — P. 375-413.

3. Bryan N.S. Discovery of the nitric oxide signal-
ing pathway and targets for drug development / N.S. Bryan,
K. Bian, F. Murad // Fronfiers in Bioscience. — 2009, —
Vol. 14. — P. 1-18.

4. Maprkoe X.M. Poav okcuda azoma & namoeenese bonesneil
demckozo eospacma // Poc. secmn. nepunamon. u neduamp. —
2000.— T. 4. — C. 43-47.

5. Nitric oxide from enteric nerves acts by a differ-
ent mechanism from myogenic nitric oxide in canine lower
esophageal sphincter / Daniel E.E., Jury I., Salapatek A. M.
letal ] //J. Pharm. and Exp. Therap. — 2000. — Vol. 294. —
P. 270-279.

6. Koganes H.B. Mexanuzmut peeyasuiiu okcudom azoma snex-
MPUHECKOi 1 COKPAMUMEAvHON (YHKIUL eaadiux muiu: Asmo-
peh. duc... d-pa med. uayk: 03.00.13 — duzuonozus, 03.00.02 —
ouodhusuxa.— Tomex, 2007. — 32¢.

7. Chronic administration of a nifric oxide synthase inhibitor,
N omega-nitro-L-arginine, and drug-induced increase in cerebel-
lar cyclic GMP in vivo / M. Bansinath, B. Arbabha, H. Turndorf,
U.C. Garg // Neurochemical research. — 1993. — Vol. 18 (10). —
P. 1063-1066.

8. Ocaduyk M.A.  Beakogocessanmvili  OKCURPOAUH  RAA3-
Mol kpoeu npu ocmpom eupyciom ecenamume / M.A. Ocad-
uyk, B.M. Kanyemuw // JlaGopamoproe dero. — 1987, —
N 7. —C. 16-18.

9. lopsukoacorkuii O.M. Kiiniuna 6Gioximia: Hoeidkoeuii
nocionuk / O.M. lopsuxosecekuii. — 2-2e aud., eun. i don. —
Odeca: Acmponpunm, 1998, — 608 c.

10, Memenvckas B.A.  Ckpununz-memod onpedenenus
yposus Memabomimos okcuda azoma & cbléopomke Kposu [/
B.A. Memeavcras, H.I. I'ymanoea // Kiumnimeckas aab. ouae-
nocmuka, — 2005. — Ne 6. — C. 15-18.

11, Kamvnunuxoe B.C. Chpasounuk RO KAUHUKO-OUOXU-
Muveckoll aabopamoptoli duaenocmuxe: B 2 m. — 2-e wzd. —
Mu.: berapyce, 2002. — T 2. — 463 c.:ua. (75-77).

Hoayweno 03.09.13 i

N2 4 (50) « 2013

www.gastro.org.ua 87


http://www.gastro.org.ua

EKcnepuMmeHTAABHI AOCAiAXeHHS / Experimental Studies

ljesyerko 6.®., Babwi A.M., Makapuyyk B.A.,
OwmsiHekas H.IO., [anmHckuid A.A.. PyaeHKko AU
Y «liHcTATyT ractposHrepoaonmt HAMH YkpauHs,
r. AHenponeTposcK

MOPOODYHKLMOHAABHBIE UISMEHEHUA
MOAXEAYAO4YHOMW XEAE3bI KPbIC
B YCAOBUAX N3BLITKA OKCUAA A3OTA

Pesiome. HMcarenosanme nposeseno Ha 40 Kpricax-camMiax Jim-
Hun Wistar Tocie eXeHeBHOTO BHYTPHOPIONIMHHOTO BBeIeHHS
JOHATOpa TOTOBBIX MOJEKYNT okcia asora (NO) Harpust HUTpo-
mpyccHaa B gose 1,5 Mr/kr depes | cyrku (n = 6); 2 cytok (n = 6);
6 cyrok (n = 6); 12 cyrok (n = 6); 30 cyrok (n = 6). YeraHopiteHo,
yro u3bpiTouHoe nocryivienue NO npusoaur K Mopdoiornde-
CKHM M3MEHEHMAM B TOJDKEIYIOUHON XKejle3e: Ba3oIWIaTalliui co
cra3oM (hOPMEHHBIX FIEMEHTOB KPOBH uepes 1 M 2 CVIOK; ovyaro-
BOMY HEKpO3Y, JECTPYKIIMH ALMHAPHONH TKAHM, JMIATALMH IIPO-
TOKOB ¢ YXVIIIeHHeM OTTOKA TAaHKpeaTHYeCKOIO CeKpeTa uepes
6 CYIOK; XUpPOBOI THCTPOgGMH, CerMeHTAPHOMY ATIOINTO3Y 4epes
12 ¢YyTOK; KOMITEHCHPOBAHHBIM MMKPOIMPKYISTOPHBIM H3Me-
HeHUsIM B opraHe, (opMupoBaHmio (HOPO3HOH TKAHH B IepH-
JIVKTYIIPHOI M TIePHBA3AIBHOM 30HAX ¢ NMPOHUKHOBEHHEM B Me-
KIOJIBKOBOE Tpoctpatcrso depes 30 cyrok. B cniBoporke Kponu
OTMEYAIOCh HapyllleHHe 3K30KPHHHOM (DYHKIMM IOKEeIVIO-
HOI KeJIe3Bl: TOBBIIEHHE AKTHBHOCTH ITAHKPEATHUCCKMX 3H3H-
MOB — O-aMWIA3bl M TpUIICHHA /10 6 cyToK, a depes 30 cyrok
MX JIOCTOBePHOE CHIDKeHHe; VBeJIHYeHMe YPOBHS OHOXMMHYECKIX
Mapkepos (pHOpo3a (OKCHITPOIMHA OeJIKOBOCBA3aHHOTO H T'eKco3a-
MHHOB); HeOCTATOMHOCTH HHKPETOPHOH (DVHKIIHU — TIOBLIIIeHHe
VPOBHS TJIIOKO3EL, TO €CTh M3MeHeHMsI, XapaKTepHEIe JUIS XPOHHYe-
CKOTO KCIIEPHMEHTA/IBHOTO TTAHKPeaTHTA.

KimoueBble ciioBa: OKCMiL a430Ta, HUTPOIPYCCH HATPHS, Xpo-
HUYecKHit naukpearut, pubpos.
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M. AHINponeTposceK

MOP®O®YHKLIIOHAAbHI 3MiHU
MiALUAYHKOBOT 3AAO3M LLIYPIB
B YMOBAX HAAAULLKY OKCUAY A30TY

Pestome. Jlocniipkenns nposegeno  wa 40 urypax-cam-
ugx Jrinii Wistar micns  1jozeHHOTO  BHYTPIlIHBOOYEepeBHH-
HOTO BBelleHHS JIOHATOpa TOTOBHUX MOJIEKYJ OKCHIY a30Ty
(NO) wHarpilo wHirporpycumy B mosi 1,5 mr/kr uepes | moGy
(n = 6); 2 mobu (n = 6); 6 16 (n = 6); 12 76 (n = 6); 30 xi6
(n = 6). Yeranopieno, 1o HajaMmipHe Hajgxomkenus NO 1pu-
3BOJAUTE 0 MOPGhOJOINTYHHX 3MIH ¥V NINUIVHKOBIN 341031 Ba-
30UIaTalll 31 craszoM opMeHHX ejleMeHTIB Kposi yepes | ta 2
JIOOH; OCepeIKOBOIO HEKpO3y, JEeCTPYKUil allMHApHOT TKaHWHH,
JTUIATALN] TIPOTOKIB 3 TOTIpIIeHHAM BIITOKY IAHKpeaTHMHO-
To ceKpeTy 4epes 6 mib; Kuposoi mucTpodii, cerMeHTapHOMY
anonTosy 4vepes 12 mid; KOMIeHCOBAHHM MIiKpPOIMPKVISTOP-
HMM 3MiHaM B opraHi, ¢QopMmyBaHHI (idpo3HOI TKAHMHM B
NEPHIVKTVIAPHII Ta IepUBasajibHiil 30HAX 3 NPOHHMKHEHHAM
v MIKIOJBKOBHIT Tpoctip yepes 30 xi6. ¥V cuposarii Kposi Bij-
MiYajlocss TOPYHICHHST eK30KpuHHOL GyHKIG  NIIUIyHKOBOL
3AJI03M: ]liJ[BHII[C]Il[H AKTHBHOCT1 THAHKPeATHYHHX EH3IMMIB
g-aMitasu i TpuIcHHY Mo 6 gib, a vepes 30 mib — ix Biporinhe
SHICKeHHS, 30UIbIIEHHS piBHA OloXiMiYHMX MapKepis (ibposy
(OKCHMITPOTiHY OUIKOBO3B'M3aHOTO Ta TeKCO3aMiHiB), HemocTar-
HiCTh iHKpeTopHOI (DYHKINI — THIBHIIEHHS PiBHS IIOKO3H,
TOOTO 3MIHM, XapakTepHi U XPOHIMHOIO eKCIepUMEHTAIBHO-
IO IIAHKPeaTHTy.

Kmouosi cioBa: OKCWI a30Ty, HITPOIPYCH/I HATPIO, XpoHid-
HUit ankpeatut, pibpos.

88 [actpoeHTepoaoris, ISSN 2308-2097

N2 4 (860) « 2013



