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Abstract

Diabetes mellitus, metabolic syndrome, obesity, hypertension, coronary heart disease are topical medical
and social problems. Type 2 diabetes mellitus, especially complicated by diabetic angiopathy, is one of the
leading causes of cardiovascular events, the development of end-stage chronic kidney disease with the
need for hemodialysis, disability, and mortality. This review article summarizes information on the current
understanding of the pathogenesis of type 2 diabetes mellitus. It has been shown that the achievement of
stable compensation of carbohydrate metabolism without an increase in the frequency of hypoglycemic
episodes, along with control of blood pressure and lipid spectrum, is a necessary condition for preventing
the development and progression of type 2 diabetes mellitus. To date, it is known that the primary role in
this belongs to the correct choice of the optimal hypoglycemic drug that can long-term support compensa-
tion for type 2 diabetes mellitus and, if possible, favorably affect the main risk factors for damage to other
body systems. From this position, it seems promising to study the role and place in the pathogenesis of
type 2 diabetes mellitus of intestinal hormones - incretins, the main of which is glucagon-like peptide-1. In
recent years, it has become known that glucagon-like peptide-1 not only regulates insulin and glucagon
secretion in a glucose-dependent manner but is also directly able to stimulate natriuresis and the anti-
inflammatory potential of the kidneys. In addition, the enzyme dipeptidypeptidase type 4, which is involved
in the degradation of incretin glucagon-like peptide-1, metabolizes other hormone-like substances with
vasoactive, immunomodulatory, natriuretic, and antioxidant properties. All this creates pathophysiological
prerequisites for the search for potential protective properties in drugs that affect intestinal hormones.
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In the pathogenesis of type 2 diabetes in recent field. It has been proven that GIP have a pro-
years, more and more attention is paid to gastroin- nounced effect on eating behavior, digestion, carbo-
testinal peptides (GIP) - substances produced in the hydrate and lipid exchanges, and their concentra-
cells of the stomach and intestines and having a tions depend on food intake, the presence of type 2
pleiotropic effect due to their extensive receptor diabetes in a patient.
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The influence of GIP on the course of cardiovas-
cular diseases is also being actively studied since
the latter are the main cause of death among pa-
tients with type 2 diabetes.

Among all the GIP that play a role in the develop-
ment of type 2 diabetes, in recent years, ghrelin and
its partial antagonist obestatin, as well as incretins
are the most actively studied: the family of glucagon-
like peptides and glucose-dependent insulinotropic
polypeptide.

Research results M.Nakazato revealed that the
level of ghrelin in humans increases immediately
before a meal and quickly decreases after a meal.
Thus, ghrelin can be considered an indicator of short
-term energy balance and a signal to initiate a meal,
a kind of “hunger hormone” [13].

When conducting experimental studies, accom-
panied by various types of negative energy balance
(fasting, insulin-induced hypoglycemia, chronic lep-
tin, low protein content in the diet), the expression of
the ghrelin gene increases. On the contrary, when
eating, a decrease in the expression of ghrelin
mRNA is detected, which is most pronounced on a
diet high in fat. The concentration of ghrelin de-
creases with obesity and, on the contrary, increases
with cachexia [8.30]. It should be noted that in
obese patients, postprandial decrease in the level of
ghrelin is somewhat delayed in time, which may
contribute to the development of obesity.

Daily subcutaneous administration of ghrelin
leads to an increase in body weight, and there is a
significant increase in adipose tissue in the absence
of effects on muscle mass. It was also found that the
introduction of ghrelin not only stimulates the inges-
tion of food, but also increases its duration [25].

In the works of Treander-Carrillo et al. It was re-
vealed that prolonged administration of ghrelin di-
rectly into the ventricles of the brain leads to an in-
crease in the amount of food taken, a significant
increase in body weight due to adipose tissue. It
should be noted that this method of administration
was not accompanied by an increase in glycemia,
plasma insulin levels, glucocorticoids, leptin and free
fatty acids [29].

With the introduction of ghrelin into the ventricles
of the brain, insulin-dependent glucose uptake (an
effect unrelated to hyperphagia) increases. These
effects of ghrelin are dose-dependent and are likely
to be controlled by the sympathetic nervous system
[29].

Proved is the significant effect of ghrelin on car-
bohydrate metabolism, in particular the ability to in-
hibit insulin secretion. The introduction of ghrelin to
healthy volunteers leads to a decrease in insulin
concentration and the development of hyperglyce-
mia. Hyperglycemia may be associated with both
the stimulation of ghrelin glycogenolysis and the
suppression of the inhibitory effect of insulin on glu-
coneogenesis.

In addition to the above effects, ghrelin has the
ability to influence the digestive process, in particu-
lar, to suppress the endocrine function of the pan-
creas, induced by cholecystokinin [11]. Under the
action of ghrelin, the production of hydrochloric acid
is activated, the evacuation function of the stomach
increases, which may be due to the effect of ghrelin
on the autonomic nervous system, including the ac-

tivity of n.vagus.

In addition to direct effects on the gastrointestinal
tract and the centers of saturation in the hypothala-
mus, ghrelin regulates the intake and use of nutri-
ents indirectly through the effect on growth hormone
secretion. At least two mechanisms are involved in
this process:

1. Ghrelin stimulates the production of somatoli-
berin in the hypothalamus (somatoliberin-producing
neurons have GHSR on their surface).

2. Ghrelin directly affects the anterior pituitary,
stimulating the production of growth hormone (the
transmission of ghrelin signal in pituitary cells is real-
ized by increasing the concentration of calcium
ions).

In turn, growth hormone stimulates the synthesis
of insulin-like growth factor in the liver, which is the
most important mediator of regulation of the metabo-
lism of proteins, carbohydrates, and fats and, ac-
cordingly, the differentiation of muscle, bone, and
adipose tissues [23].

In recent years, the role of ghrelin in the regula-
tion of the cardiovascular system has been actively
studied. To date, its effect on the synthesis of ni-
trous oxide (NO) and blood pressure has been prov-
en. In patients with insulin resistance, in whom their
own circulating ghrelin level is reduced, the admin-
istration of a non-acylated form of ghrelin improves
endothelial function by increasing the bioavailability
of NO. At the same time, ghrelin has a vasodilating
effect regardless of the route of administration: both
after intravenous and after intraarterial administra-
tion, patients with type 2 diabetes showed a de-
crease in blood pressure [31]. They also report on
the possible cytoprotective effect of ghrelin: in an
experiment, it showed the ability to inhibit apoptosis
in endotheliocytes and cardiomyocytes [2].

Among all the families of incretins, glucagon-like
peptide-1 (GLP-1) and gastrointestinal peptide (GIP)
are the most studied. An important unifying feature
of their action is stimulation of glucose-dependent
insulin secretion by B-cells in response to carbohy-
drate intake and suppression of glucagon secretion.
When glucose levels are higher than basal GLP-1
and GIP, they normally increase insulin production
and inhibit glucagon production, and when glucose
levels fall below normal, stimulation of insulin secre-
tion stops, and glucagon secretion increases. Thus,
under the influence of GLP-1 and GIP, the ampli-
tude of fluctuations in the level of glycemia decreas-
es, thereby reducing the risk of hypoglycemia and
the risk of developing complications of type 2 diabe-
tes.

GLP-1 - incretin hormone, first isolated by G. Bell
in 1983. GLP-1 is secreted by ileal L-cells from
proglucagon molecule (which is converted to gluca-
gon in the a-cells of the pancreas because of post-
translational processing). GLP-1 consists of 30 ami-
no acid residues; in the blood, it is represented as
two biological active forms: GLP-1 - (7-37) and GLP-
1 - (7-36) NH2, which makes up 80% of the total
GLP-1 pool [3]. The stimulus for secretion of GLP-1
is food intake, carbohydrates have the maximum
stimulating effect. In addition to the composition of
food, the secretion of GLP-1 is influenced by the
rate of food intake in the intestine and its rate of ad-
sorption, as well as neurogenic and hormonal stimu-
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li. The secretion of incretins begins on average 10-
15 minutes after meals, reaches a maximum in 30-
45 minutes and returns to the basal level in 2-3
hours. The half-life of GLP-1 is less than 2 minutes.
Inactivation of GLP-1 occurs under the action of en-
dopeptidases, mainly dipeptidyl peptidase-4 (DPP-4)
[5]. GLP-1 receptors are ubiquitous: they are found
in the pancreas, gastrointestinal tract, liver, cardio-
vascular system, ventricles of the brain, and lungs.

Stimulation of GLP-1 receptors in the pyloric
sphincter leads to a slowdown in the evacuation of
food from the stomach, prolongation of stretching of
the stomach with food and accelerating the onset of
saturation. In addition, GLP-1 contributes to the so-
called “intestinal brake”, which is characterized by
slowing the movement of nutrients through the intes-
tines. GLP-1 induced effects (slowing gastric empty-
ing, reducing contractile activity, and slowing intesti-
nal motility, suppressing glucose absorption) ulti-
mately lead to a decrease in postprandial glycemia.

The most significant metabolic effect of GLP-1 is
its pronounced insulinotropic effect: GLP-1 potenti-
ates insulin biosynthesis, stimulating the transcrip-
tion of its gene. It should be noted that the effect of
GLP-1 is antihyperglycemic, not hypoglycemic: GLP
-1-induced insulin secretion occurs only at high gly-
cemia. GLP-1 does not affect insulin secretion at
normal or low blood glucose levels, that is, it does
not cause hypoglycemia [3].

Thus, the main effect of GLP-1 is the stimulation
of glucose-dependent insulin secretion, the so-
called “incretin effect”, which provides greater (by 25
-50%) stimulation of insulin secretion in response to
oral glucose compared with its intravenous admin-
istration [12]. Up to 70% of postprandial insulin se-
cretion in healthy people, as studies have shown, is
due precisely to the effect of incretins, contributing
to a decrease in patients with type 2 diabetes.

It has been proven that GLP-1 has a cytoprotec-
tive effect, including against 3-cells of the pancreas:
the introduction of GLP-1 in the experiment prevent-
ed their apoptosis. GLP-1 stimulates hypertrophy
and proliferation of B-cells, accelerates their differ-
entiation and neogenesis from epithelial progenitor
cells, which is accompanied by an increase in the
mass of B-cells [6]. In addition to affecting (-cells,
GLP-1 can directly affect a-cells of the pancreas,
reducing the secretion of glucagon. The level of glu-
cagon under the influence of GLP-1 is also reduced
due to an increase in the synthesis of insulin and
somatostatin [5].

Currently, GLP-1 in the liver decreases glucone-
ogenesis and glycogenolysis, in muscle tissue it in-
creases glucose uptake and increases glycogen
synthesis, thereby reducing insulin resistance and
increasing sensitivity to endogenous insulin [5].

Data on the role of GLP-1 in lipogenesis today
are contradictory: some authors indicate that it has a
stimulating effect on lipogenesis, while in other stud-
ies no similar effect was found. In studies Goralska
J. et al. It was found that pharmacological agonists
of GLP-1 can enhance the processes of mitochon-
drial oxidation in adipocytes, which may contribute
to the reduction of body weight [7].

Currently, the relationship of visceral obesity with
the development of type 2 diabetes mellitus has
been proven. There are several types of adipose

tissue: white, brown and beige. It is well known that
the main functional purpose of white adipose tissue
is the accumulation of energy in the form of fat
(triglycerides). As energy demands increase, triglyc-
erides are oxidized to free fatty acids. Free fatty ac-
ids go to the synthesis of glucose, as the main ener-
gy substrate, or very low-density lipoproteins are
synthesized in the liver. In patients with trunk obesity
in adipocytes of visceral adipose tissue, lipolysis is
enhanced, the splitting of triglycerides is accompa-
nied by the influx of large amounts of free fatty acids
into the portal bloodstream and into the liver. In such
patients, in most cases, fatty hepatosis develops
and an examination reveals an enlarged liver over-
loaded with fats.

Brown adipose tissue is formed during ontogene-
sis between the 14th and 24th weeks of gestation, is
located paravertebral and suprascapular regions
and is more pronounced in newborns and young
children. The main purpose of this tissue is the im-
plementation of thermogenesis and the protection of
the body from hypothermia. It was well shown in the
experiments that activation of brown adipose tissue,
as well as improvement of carbohydrate metabolism
(decrease in peripheral insulin resistance, improve-
ment in peripheral glucose utilization). A large num-
ber of experimental works suggests that regular
physical activity contributes to the transition of white
adipose tissue into a transitional form — beige and
brown — accompanied by clear improvements in
metabolic parameters. Therefore, regular aerobic
exercise and phased weight loss play a key role in
the treatment of obesity and type 2 diabetes mellitus
[14-19].

Adipose tissue is an important endocrine organic
secreting several signaling molecules, such as re-
sisting, leptin, adiponectin [21]. Leptin is a peptide
consisting of 167 amino acid residues. It was
opened in 1994 [21]. Leptin is synthesized by white
adipose tissue, its receptors are found in the nuclei
of the hypothalamus, pancreas, liver, T-
lymphocytes. Activation of these receptors regulates
the eating behavior and body mass.

It is known that GLP-1 is involved in the regula-
tion of the cardiovascular system. Both native GLP-1
and its pharmacological analogs affect endothelium-
dependent vasodilation both in the experiment and
in clinical studies [26]. The antiatherogenic effect of
GLP-1 has been proven in several animal studies,
and in patients with type 2 diabetes, the administra-
tion of GLP-1 agonists and analogues reduced the
thickness of the intima-media complex [24]. Howev-
er, similar results were not obtained from all re-
searchers [20]. The anti-apoptotic effect has been
proven for both native GLP-1 and its derivatives.
GLP-1 analogs and agonists also showed the ability
to increase resistance to oxidative stress reducing
the concentration of tumor necrosis factor-a (TNF-a)
and the level of apoptosis caused by it, as well as
hyperglycemia-induced fibrinolysis inhibitors, vascu-
lar adhesion molecules VCAM-1 and ICAM- eleven
[1].

Some bariatric surgeries used to treat type 2 dia-
betes led to an increase in GLP-1 concentration.
However, the number of long-term studies today is
small due to the relatively recent introduction in
practice of these methods of treatment of type 2 dia-
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betes. Experimental data also indicate improved
hemodynamic parameters and the development of
cardioprotective effects after performing various bar-
iatric operations on experimental animals suffering
from type 2 diabetes [4, 10, 27]. Thus, in studies by
Zhang X. et al. [4] rats (Wistar drain) with strepto-
zotocin-induced type 2 diabetes because of a high-
fat diet were performed duodenal-junctional bypass
surgery (n = 7) and longitudinal gastrectomy (n = 7).
Laparotomy was performed in the control group (n =
7). 8 weeks after bariatric operations, echocardio-
graphic parameters were studied (end diastolic di-
ameter of the left ventricle, thickness of the posterior
wall of the left ventricle, left ventricular ejection frac-
tion). In the histological preparations of the left ven-
tricular myocardium, the degree of fibrosis, the con-
tent of triglycerides in cardiomyocytes, the number
of cells subjected to apoptosis were evaluated. Ac-
cording to the study, the left ventricular ejection frac-
tion in the duodenojejunal bypass and longitudinal
resection groups was significantly higher than in the
control group (p<0.001), while the final diastolic di-
ameter of the left ventricle and thickness of the pos-
terior wall of the left ventricle were significantly less
than in the control group (p<0.05). The number of
cells undergoing apoptosis was significantly lower in
the duodenojejunal bypass and longitudinal resec-
tion of the stomach than in the control group
(p<0.001), with no significant differences between
the duodenojejunal bypass and longitudinal resec-
tion of the stomach. Also, there were no significant
differences between the three groups in the content
of triglycerides in cardiomyocytes.

GIP helps to stimulate the synthesis of fatty acids
from glucose, and enhances the formation of adi-
pose tissue. GIP is significantly more involved in
lipid metabolism than GLP-1: it stimulates their dep-
osition in adipose, muscle and liver tissues, which
contributes to the development of obesity. The intro-
duction of GIP receptor antagonists in the experi-
ment reduced the deposition of lipids in the liver and
muscles. In clinical studies, the introduction of GIP
led to increased blood flow to the subcutaneous adi-
pose tissue.

It is also known that GIP can stimulate insulin
secretion in response to glucose consumption. It is
believed that the interaction between GIP and GLP-
1 causes up to 50% of all postprandial insulin secre-
tion [3]. It is assumed that GIP has a double effect
on carbohydrate metabolism, having both insulino-
tropic and glucagonotropic effects, while in patients
with type 2 diabetes, the insulinotropic effect of GIP
is less pronounced than glucagonotropic. In diabe-
tes mellitus type 2, it has been proven that GIP stim-
ulates the synthesis of glucagon in a-cells of the
pancreas, and slightly enhances the growth of (-
cells. Probably, the disturbed ratio of these effects
leads to a predominantly glucagonotropic effect of
GIP in type 2 diabetes mellitus [22].

Despite the decrease in insulinotropic effect, the
postprandial level of GIP in patients with type 2 dia-
betes does not differ from the norm (unlike GLP-1,
the postprandial concentration of which is signifi-
cantly reduced in type 2 diabetes) [9]. The influence
of GIP on the activity of the cardiovascular system
continues to be studied. The experiment proved its
ability to somewhat enhance hypertrophy and myo-

cardial fibrosis in the experiment. It is also likely that
the GIP has some anti-inflammatory effects [28].
However, these studies require more thorough ana-
lysed.
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ICHAK PEPTIDLARI VA ULARNING 2 TURDAGI
QANDLI DIABET PATOGENEZIDA URNI

P.X. Azizova, Sh.R. Razzoqov, A.O. Oxunov, |.A.
Ma’rupov, F.M. Abdurahmonov, D.N.Qorixonov,
1.Yu. Yoqubov, A.Sh. Yarqulov, Sh.A. Hamdamov

Toshkent Tibbiyot Akademiyasi

ABSTRAKT

Qandli diabet 2 turi, metabolik sindrom, semizlik,
gipertoniya, yurak ishemik kasalliklari dolzarb tibbiy
va ijtimoiy muammolardir. Qandli diabet, aynigsa
diabetik angiopatiya bilan asoratlangan, yurak-qon
tomir kasalliklarining asosiy sabablaridan biri, gemo-
dializga muhtoj bo'lgan surunkali buyrak kasallig-
ining so'nggi bosgichi, nogironlik va o'lim bilan ya-
kunlanadi. Ushbu sharh maqolasida gandli diabet-
ning patogenezini joriy tushunish hagidagi ma'lu-
motlar jamlangan. Gipoglikemik epizodlar chasto-
tasini oshirmasdan, uglevod almashinuvining bar-
garor kompensatsiyasiga erishish, qon bosimi va
lipid spektrini nazorat qilish gandli diabetning
rivojlanishi va uni oldini olishning zaruriy sharti ekan-
ligi ko'rsatiigan. Bugungi kunga qgadar ma'lumki,
bunda asosiy rol gandli diabet uchun uzoq muddatli
kompensatsiyani qo'llab-quvvatlaydigan va iloji
bo'lsa, boshga tanaga zarar etkazishning asosiy
xavf omillariga ijobiy ta'sir ko'rsatadigan optimal gi-
poglikemik preparatni to'g'ri tanlashgadir. Ushbu
pozitsiyadan kelib chiggan holda, gandli diabetning
patogenezida ichak gormonlari - inkretinlarning roli
va o'rnini o'rganish istigbolli ko'rinadi, ularning aso-
siysi glyukagonga o'xshash peptid-1. So'nggi yillarda
ma'lum bo'ldiki, glyukagonga o'xshash peptid-1
nafaqat insulin va glyukagon sekretsiyasini glyu-
kozaga bog'liq holda tartibga soladi, balki bevosita
natriurezni va buyraklarning yallig'lanishga qarshi
salohiyatini  rag'batlantirishga  qodir.  Bundan
tashqari, inkretin glyukagonga o'xshash peptid-1ning
parchalanishida ishtirok etadigan 4-turdagi dipeptidil
peptidaza fermenti vazoaktiv, immunomodulyator,
natriuretik va antioksidant xususiyatlarga ega bo'l-
gan boshga gormonga o'xshash moddalarni
metabollashtiradi. Bularning barchasi ichak gormon-
lariga ta'sir qiluvchi dorilarda potentsial himoya
xususiyatlarini izlash uchun patofizyologik shartlarni
yaratadi.

Kalit so'zlar: gandli diabet, ichak peptidlari, pato-
genez, glyukagonga o'xshash peptid-1, metabolizm

KUWEYHbIE MNENTUAObI MU UX OCHOBHAA
POJIb B NMATONEHE3E CAXAPHOIO ANABETA
2 TUNA.
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TalwkKeHTCKas MeAMLMHCKaA akagemMus

ABCTPAKT

CaxapHbii gmnabetr 2 Tuna, meTabonunyeckumn
CUHAOPOM, OXMpeHWe, apTepuarnbHas rmnepTeH3us,
nwemnyeckass 6onesHb cepaua sSBNATCA akTyarb-
HbIMM MeAnKo-couunanbHbiMM npobnemamn. Caxap-
HbIi gmMabeT 2 TMna, 0COOEHHO OCMOXHEHHbI Aua-
OeTnyeckoln aHrmonaTtuen, sBNSieTCsl OJHON M3 Be-
OYLWNX NPUYUH CEPAEYHO-COCYANCTBIX OCIOXHEHWN,
pasBUTUS TEPMUHANBHON CTaguMM XPOHU4Yeckon 6o-
ne3Hu NoYek ¢ HeobX0AMMOCTbIO MPOBEAEHNS FEMO-
ananusa, nHBanugusauum u cmeptHoctu. B gaHHom
00630pHON cTaTbe 0606LLeHa nHOpMaLMs O coBpe-
MEHHbIX NpeaCcTaBfeHUsAX O naTtoreHe3e caxapHoro
anabeta 2 tuna. MNokasaHo, YTO OOCTUXKEHUEe CTon-
KOV KOMMNeHcauuun yrrneBogHoro oomeHa 6e3 yeenu-
YeHWs1 YacTOTbl TMNOTNIMKEMUYECKUX ANM30L40B Hapsi-
Oy C KOHTPOMEeM apTepuanbHOro AaBrieHus un nu-
NMOHOrO crnekTpa sIBNAeTca HeoOXoaUMbIM YCIOBU-
eM npefynpexaeHns pasBuTua M nNporpeccupoBa-
HUs caxapHoro guabeta 2 Tuna. Ha cerogHswHui
AEeHb N3BECTHO, YTO MEepBOCTEMNEHHAs PoOfib B 3TOM
NpUHAANEXNT NpaBuUibHOMY BbIOOPY ONTUMAIbHOro
caxapoCHWXatoLLlero npenapara, crnocobHoro anu-
TenbHO nNoaAepXuBaTb KOMMEHCAUMIO CaxapHOoro
anabeTta 2 Tmna u, No0 BO3MOXHOCTW, BnaronpusaTHO
BO3[ENCTBOBATb Ha OCHOBHble (hakTopbl pucka Mno-
paxeHnsa apyrux opraHos b cuctem. C ston nosu-
UMM npenctaBnseTcsa MNepcrnekTMBHbIM - U3ydYeHune
ponu 1 mMecTa B natoreHese caxapHoro anabeta 2
TMNa KULIEYHBIX TOPMOHOB - MHKPETUHOB, OCHOBHbIM
13 KOTOPbIX SABMSETCS rMoKaroHonogobHbIM nentug-
1. B nocnegHue roabl cTano M3BECTHO, YTO FMNioKaro-
HonodobHbIN nentTua-1 He TOMbKO perynupyeT cek-
PEeuunio MHCYNWHA W TMoKaroHa rmKo303aBUCUMbIM
06pa3oM, HO 1 cnocobeH HENOCPEACTBEHHO CTUMY-
nupoBaTtb HaTpuiypes M NPOTUBOBOCMANUTENbHBIN
noteHuman nodyek. Kpome TOro, pepMeHT annenTu-
avnnentugasa 4 Tuna, y4acTBYHOLWMIA B Aerpagaumm
WMHKPETMHa rnioKaroHonogobHoro nentuga-1, meta-
6onusnpyeT Apyrme ropmMoHOMNogoGHbIe BeLLecTBa,
obrnapatoLme Ba3oakTUBHbIMWU, UMMYHOMOZAYNNPYHO-
LWMMW, HATPUARYPETUYECKMMU U aHTMOKCUOAHTHBIMU
ceonictBamn. Bce aTo cosgaet natodmsmnonornde-
CKkMe npeanocbinkv Ans Moucka noTeHUuMarnbHbIX
NMPOTEKTUBHBLIX CBOWCTB y MpenapartoB, BIUSIHOLLUX
Ha rOPMOHbI KULLEYHMKA.

KnioueBble cnoBa: caxapHblii anabeTt, KuweyHble
nenTuabl, NaToreHes, rroKaroHonoAooHbI nenTua-
1, meTabonus
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