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Vascular changes in pancreas in diabetes caused by abnormal metabolits
of tryptophan aggravate developing of diabetes

Contrary to many models of experimental diabetes caused by chemicals, diabetes induced by endogeéne syn-
thesis of xanturenic acid (XA), a metabolit of abnormal Tryptophan metabolism, approached to human diabe-
tes. Meanwhile in these conditions of natural developing of diabetes not in result of artificial injection of
diabetogenic substances, are not investigated yet state of blood vessels and blood circulation asgimyexocrine
pancreas tissue as in pancreatic islets. Authors showed developing in experimental XA-diabetes of numerous
destructive changes of blood vessels of a pancreas, fibrinoid changes of parenchyma of pancreas tissue,
dystrophya and necrosis of exocrine and endocrine pancreas tissue; necrotic changes of endotheliumsof arter-
ies. In pancreatic islets: necrosis of endothelium and cells in pericapillar. Authors conclude that described
changes can result aggravation of developing of diabetes.
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The main cause for mortality of patients with type 2 diabetes'are cardiovascular complications [1, 2].
The leading role in development of these complications belongs to a hyperglycemia which is a cause of a
number of pathological processes such as endothelial dysfunction, oxydative stress, changes of rheological
properties of blood in macro- and microvessels [3]. It was reported that thickening of basal membranes is
developed in capillaries as result of fixation on the endothelium of vessels of amorphous material consisting
mainly of mucopolysaccharides [4]. It is known that'microcirculation in diabetes accompanied by aggrega-
tion of blood cells and damage an endothelium. Sclerosis, inflammation and destruction of vessels result de-
veloping of heavy blood circulation [5].

Research objective: to study state of histostructure of blood and of stroma of tissue of pancreas in ex-
perimental Xanthurenic acid induced experimental diabetes.

Materials and methods

Diabetes in animals caused. by containing of animals on diet by Y.Kotake [6] stimulated endogene syn-
thesis of 4,8-dihydroxyquinolin-2-carboxylic acid (Xanthurenic acid, XA) which possess diabetogenic prop-
erties due to direct selective destruction of B-cells as to binding and inactivation of insulin [6]. 72 white rats
Vistar 160-240 g. body wheight were used. Animals were distributed for 5 groups. Rats of Groups 1, 2 and 3
were contained 60, 90 and 120 days respectively on a diet stimulated endogene synthesis of XA. The diet
components included starch,/butter, sugar, casein, yeast and salt additives. Group 4 (diet+vit. B6), investiga-
tion of blood Glucose,concentration and of Xanturenyria excluding histological and histochemical analysis
of pancreas tissue: animals were treated within period of containing on diet by injections of water solution of
vit. B6 8,7'mg/kg per day. Group 5 (control 2) — intact animals. Blood Glucose control-weekly by Glucose
oxydase method! Concentration of Xanturenic acid in urine [7] was measured monthly and body weigh in the
beginning andsat the end of experience.

Histology. Samples of pancreas tissue fixed in Bouin liquid, carried out in alcohols 70°, 80°,90° and
100°, filled in paraffin. Leica 2125 rotation microtome used for preparing sections 4-5 mem. For survey mi-
croscopy of tissue of a pancreas staining technology was applied using hemalaoun of Mayer and eosin [8] as
hemathein of Mayer [9].

Histochemical methods: Method by Gomori, a differential staining of B-and a-cells by Aldehyde
fucshine and Helmi's mix [10, 11]. Deposited form of insulin [12] revealed as violet granules in cytoplasm of
B-cells. Kikui Y. and coll. method [13] using reagent Victoria 4R with floxyn, phosphorum-volfram acid and
the light green was used for differential staining of B- and a-cells. Immunohistochemical method [14] stain-
ing of insulin by kits from DAKO (Denmark) was used with photometrical measuring intensity of staining of
B-cells [15]. Parameter K was calculated as AB1/AB2. AB1 — light absorbtion of B-cells; AB2 — light
absorbtion of exocrine tissue.
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Results

Blood Glucose level. 60 days containing of rats on diet: increasing of blood Glucose level for 1,5-1,8
times in majority of number of animals excluding 6 rats have kept normal value. On average level of a
glycemia is 6,91 £+ 0,36 mmol/l (p < 0,05) in compared with initial 4,20 = 0,11 mmol/l (Fig. 1). On 90th day
containing on diet blood Glucose level is increased for 1,9 times comparatively with initial (p <0,001). In
some animals increasing for 2,5-3 times was observed. 4 rats have not changes of blood Glucose level. We
observed till 90" day decreasing of body weight of experimental animals on the average from
216,84 + 4,07 g to 183,20 £ 4,06 g (p <0,001).

At 120th day of experience concentration of blood Glucose level was increased for 2,8-3 times on aver-
age, until 11,81 £0,56 mmol/l (p <0,001) comparatively with initial 4,11 = 0,19 mmol/l by 2;8-3 times;
p <0,001. The body weight was decreased for 23-25 %; (p < 0,001) comparatively with initial.
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Figure 1. Blood Glucose concentration in animals contained on diet
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Figure 2. Concentration of Xanturenic acid in the urine of rats contained on diet and diet+vit. B6

The analysis of level of xanturenuria of rats contained on a diet for 120 days showed reliable increase in
compared with control for 9-10 time (p <0,001) (Fig. 2). Thus, the maintenance of animals on diet accom-
panied by development of marked hyperglycemia reaching the maximum till 120 day.
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Morphological researches

30th days containing on diet result developing of: disturbances of blood circulation; fibrinoid changes
of intraglobular arteries of exocrine tissue; necrosis of veins, destroying of vessel’s wall, hemostasis, lysis
and infiltration of eritrocytes in tissue (Fig. 3.1); distribution of fibrinoid processes to parenchyma.

3.1 — Pancreas tissue. Stasis and hemoly-
sis in interglobular arteries (—). Destruc-
tion and necrosis of connecting tissue of
blood vessels (——). 30 days on diet.
Staining by Victoria 4R; x280;

3.2 — Pancreas tissue. Fibrinoid changes
- of arteries (—). Necrosi§ of veins (——)
and distrophya of ductus (———). 60 days
on diet. Staining by Hemalaoune and eo-
sin; x280;

i 3.3 — Pancreas tissue. Stasis and hemoly-
sis _in intérglobular “vein (—). Fibrinoid
chanhes, | destruction “of acinuses and
atrophya of exocrine parenchyma (——).
60 days on diet. Staining by Hemalaoune
and eosin; X280;

B 3.4 = Exocrine tissue of pancreas. Gwo-
ving of collagen fibers in globules (—).
Hypostasis in inter acinuses spaces and
collagen fibers around acinuses (——). 60
on diet. Staining by Victoria 4R; x900;

3.5 — Pancreatic islet. Marked hyperemia
| and lysis of eritrocytes in capillaries (—).
Degranulation and destruction of B-cells
. (——). 60 days on diet. Staining by
Aldenyde Fucshine and Helmi; x700;

. ' 3.6 — Pancreatic islet. Degranulation of
~ B-cells (—). Distrophya and necrosis of
4 B-cells (——). Thrombosis of veins
| (—>——). 100days on diet. Staining by
Aldenyde Fucshine and Helmi; x280;

3.7 — Pancreatic islet. Destruction of in-
ternal capsule (—) and hyalinosis on mid-
dle and external capsules of arteries
(——). 120 days on diet. Staining by Vic-
toria 4R; x280;

3.8 — Pancreas tissue. Dissociation of
acinuses (—). Destruction of islets, necro-
sis of B-cells (——). 120 days on diet.
" Staining by Hemalaoune and eosin; X280

3.7 - ‘ X

Figure 3. State of pancreas tissue and vascular changes in exocrine and endocrine tissues

60th days containing on diet accompanied by: developing of destructive changes in parenchyma
(Fig. 3.2); hyperemia and destruction of capillaries; growing of collagen fibers accompanied by necrosis of
adventicium of vessels; necrosis of veins with infiltration of eritrocytes in tissue; fibrinoid changes in paren-
chyma of tissue, fat infiltration and fat necrosis of the gland’s cells; intraglobular fibrillogenesis; infiltration
of parenchyma by collagen fibers (Fig. 3.4); hemostasis and lysis of eritrocytes in capillaries of islets
(Fig. 3.5). Arterioles: fibrinoid changes, thickening of walls. Venules: necrosis, destruction, infiltration of
eritrocytes in tissue. Fibrinoid changes of stroma of pancreas, growing of fat tissue in interseptal spaces;
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pressing of acinuces by fat tissue and forming of necrosis centers in gland’s tissue; developing of intraglobu-
lar fibrillogenesis that accompanied by thickening of intersticium of pancreas tissue. Infiltration of paren-
chyma by collagen fibers, dissociation of parenchyma for little gland segments consisting of a few acinuses
(Fig. 3.4).

90 days containing on diet result: hemorrhagic necrosis of exocrine tissue, sclerosis of wall of arteries;
growth of fibrous structures; sclerosis of capillaries. Hyperemia in veins and in capillaries; fibrinoid changes
of arterioles; thickening of basal membrane of endothelium; stagnant hyperemia in vessels of venous collec-
tor; alteration of arterial endothelium, destruction of endothelial layer in arteries and in interglobular, veins,
proliferation of facile muscle cells; destruction and distrophya of walls of vessels, infiltration in tissue of
components of blood; sclerosis and inflammation, concentration of leucocytes in the gleam of vessels and
infiltration of parenchyma of tis- sue; growing of fat tissue in islets with degranulation, distrophyaand ne-
crosis of B-cells, stasis and hemolysis in capillaries of islets (Fig. 3.6); infiltration of lymphetcytes and leuco-
cytes outside of vessels, homogenization of blood cells in vessels; thrombosis of veins and eapillaries; devel-
oping of hyalinosis in arteries (Fig. 3.7); destruct- tion, distrophya and incapsulation of acinuses; agglomera-
tion of fibroblasts, lymphocytes and collagen fibers nearest destroyed acinuses. Near yascular bunches, is-
lands and of acinuses; the wide cavities, filled by homogeneous consistence liquid near vascular bunches as
near island (Fig. 3.8).

100-120 days containing on diet. Inflammation of arteries and veins,/infiltration of leukocytes outside
of arteries and veins parenchyma; necrosis of parenchyma, growing' of fat| tissue accompanied by
intraglobular lipomathosis; islets: marked hyperemia, stasis in capillaries, degranulation and necrosis of
B-cells (Fig. 3.6); marked hyperemia in veins in combination with infiltration of lymphocytes into the wall
of vessels; gomogenisation of collagen fibers in adventicium of arteries, concentration of fibroblasts between
collagen fibers.

Thus, disturbances of metabolism in animals contained on diabetogenic diet result marked destructive
changes in arteries, veins and capillaries as in islets as in exoerine tissue of pancreas that accompanied by
destruction of walls of vessels and fibrinoid changes of Stroma. Noted above changes accompanied by dis-
turbances of circulation of blood in vessels and by hemostasis which is estimated as sign of acute pathologi-
cal process [3.3].

Stasis is a frequent effect in disturbances_of cardiovascular system and of blood circulation caused by
external causes [16]. J.Andersen and coll. [17] supposed that accumulation in their wall of fibronectin, of
type 4 collagen, hyaluronic acid and calcium result damage of blood vessels. Dysfunction an endotelium ac-
companied by angiospasm, thrombosisfand tendence for developing of atherosclerosis [18, 19]. Insulin re-
sistance is estimated as one of causefof desttuction of blood vessels [20]. On 30™ day containing on diet we
observed accumulation of fats in. wall“of interglobular arteries and developing of lipomathosis in globules.
Diabetes accompanied by marked forms of this processes as by fibrosis and lipomathosis of intraglobular
spaces [21].

Dysfuction of endothelium is/shown by angiospasm, tendencies for formation of thrombs and develop-
ing of atherosclerosis [19].

Thus, at first week of experience disorders of blood circulation and destructive changes of vessels were
developed and accompanied by fibrinoid changes, fibrosis and lipomathosis in intraglobular spaces. Stagna-
tion and long time prolonged hemostasis result destruction of vessel’s wall and exit of eritrocytes in exocrine
tissue. Formation of blood clots is a symptom of chronic process. Vascular changes, result developing of ne-
crosis. in acinuise$ and of atrophya of exocrine tissue of pancreatic islets. Proliferation of epithelial tissue and
periductal sclerosis of gland’s ductus as hemorrhagic sclerosis of exocrine tissue cells with sclerosis of capil-
lariesiwalls are estimated as structure symptoms diabetes mellitus [16, 21].

As it was observed in pancreas sections of rats contained on a diet from the 30th till 120th days, sclerot-
ic changes underwent some stages of development: from plasmatic infiltration and fibrinoid changes of a
wall of vessels to hyalinosis. Hyalinosis of small arteries and the capillaries, developing as result of plasmat-
ic infiltration is widespread at diabetes and most expressed in a brain, a kidney, in retina and islets.

Thus, analysis of results of research of series of experience showed accruing suppression of function of
the B-cells, accompanied by degenerative changes and decreasing of insulin content in cytoplasm of B-cells
for 76 % caused by XA.

Developed multiple wascular changes in blood vessels as in pancreatic islets as in exocrine tissue result
developing of fibrinoid changes, of sclerosis of stroma including hyalinosis of arteries and sclerosis of capil-
laries and veins. These changes aggravate developed diabetes in spite of the fact that are not its direct cause.
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A.A.KuxpimbaeBa, A.M.Tynuesa, A.A.XKy3xacaposa, A.E.Mopar,
P.C.Mawmitxan, I'.J[.lingabexoBa

TpunrodanubiH (uadeTOreH1i MeTadOJINTTEPIHIH ar3ara dcepiHeH
KaH allHAJIBIMBIHBIH 0Y3bLIYbI KOHE OHBIH TIKIipUOeaiK
KAHT AUA0eTiHIH 6TyiH KUBIHIATYbI

ABTOpJIap 3KCICPUMEHTAIbl KCAHTYPEHIIK uabeT Ke3iHae YHKbIOe3 KaHTaMbIPJIApbIHBIH ASCTPYKLHUSICH,
OHBIH IapeHXUMATO3/IbIK TiHiHIH (uOpuHOUATI e3repicrepine ceben OGosraHblH OaiikaraH. byn esrepicrep-
MEH 9K30- JKOHE SHIOKPUHIIK OesiMaepaiH IMcTpO(HACH MEH HEKPO3bl epe *KYpreH. ¥HKpIOe3 apalllibIK-
TapblH/a KalWusipiap SHIOTENHHIHIH IECTPYKIMACH JKOHE KallWJULIpiiap MaHBIHIAFbl B-kacynranappiH
HEKpO3/bIK e3repicTepi aiKbIHAanFaH. ABTOpiap YHKBIOE3AiH HHCYISPIBI amllapaThIHBIH KETiCIeYIIUIir,
JIabeTOTeHIIK eMIOM ocepiHeH KeMipcylap MeH MaiiIap/IbpIH alIMacybIHbIH Oy3bUIBICTapbIHA, COHMAM-aK KaH
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aifHaNIBIMHBIH OY3bUIBICTapblHA TOyelai ekeHiH Oosmkaiapl. CoHOali-ak 3aT ajaMacy MpoLecTepAiH Oy3buTy
HOTI)KECIHIE Makaa OoJiFaH KaHTaMBIPJIApAbIH e3repicrepi B-kacymianmapiplH JKaHalaH ASCTPYKTHUBTIK
e3repicrepine ceben 60bIn AnabeT OapbICHIH KYIICHTE TYCIIEK.

A.A KukumbaeBa, A.M.Tynuea, A.A.XKy3xacaposa, A.E.Mopar,
P.C.Mamurtxan, I'.J]./lunnabexosa

Hapyumienusi kpoBooOpauieHusi Npu BO3/1eliCTBUU HA OPraHU3M
AUA0eTOreHHbIX MeTA00JIMTOB TPUNITO(PaHA, yCYTyOasIlONIHe TedHeHue
IKCIEPUMEHTAJIbHOI0 CAXapHOro Auadera

IIpun sxcepuMeHTaIFHOM KCAaHTYPEHOBOM JHadeTe, KOTOPHII 10 XapaKTepy Pa3BUTUS U TEUEHHs IIPHOIIIKa-
eTcsl K 1uabeTy y 4elnoBeKa, aBTOPHI UCCIICIOBAIN Pa3BUBAIONINECS NECTPYKTHBHBIC N3MEHEHUSI KPOBEHOC-
HBIX COCY/IOB HOKEITyJOYHOH skerne3bl. OHU CONMpOBOXKAAIOTCS (GUOPHHOMIHEIME N3MEHEHUSIMH NTapeHXAMa-
TO3HOW TKaHH, T€, B CBOIO O4epelb, AUCTpOodHeil U HEKPO30M IK30- M IHIOKPUHHOW TKaHH. BMaHKpeaTh-
YECKUX OCTPOBKAX BBISBICHBI AECTPYKIIMS SHAOTENHS KaNWUIIPOB U HEKPOTUUECKUE U3MEHEHUS EpHKAIIHII-
JSIPHBIX B-KJ1€TOK. ABTOpBI IOJAraroT, YTO COCYAUCTHIE U3MEHEHUS, HE ABIISSCH MPSIMON IpHUYNHOM 1rabeTa,
MOTYT 3HAYUTENbHO YTSXKENIATh €r0 TeUCHHE.
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