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Background. Diabetes mellitus (DM) became a major problem of the healthcare in Ukraine. The rapid increase in the incidence was
noticed especially in recent decade. The treatment of diabetes and its complications become a difficult task. From this standpoint the
experimental modeling of diabetes is rather essential. Using the experimental models gives the possibility to assess the significance of
the activity of pharmacological substances or to find out new mechanism in the action of medicaments.

The aim of this review is to light up the most studied and common experimental models of diabetes mellitus type 2 (T2DM) in
small rodents and find out their drawbacks. It is known the background of T2DM is the violation of the insulin homeostasis such as
the resistance of peripheral tissues to insulin as well as the dysfunction of the pancreatic beta-cells, which both lead to appearance of
such phenomena as the glucosetoxicity and the lipotoxicity. In the end they both could result in life threatening vascular complications.
Considering the steady growth of T2DM patients, the development both of the drug and non-drug methods of its treatment with the
high therapeutically efficiency and the perfect safety profile becomes essential. The most important stage of the search of new ways
of influence on pathogenetic links of T2DM is the preclinical stage. From this standpoint the usage of experimental models of T2DM
has a huge importance. There are a lot of models of T2DM developed by different scientists. These models could be spontaneous or
be induced by different chemical diabetogenic substances, diet or surgical interventions or be a combination of methods listed above.

Conclusions. We should underline the adequate modeling of DM2T is the necessary basis for the pre-clinical study of drug-based and
not-drug methods of correction of the hyperglycemic states. Using different models makes it possible for infer the obtained experimental
results to the society, which suffers from DM2T.

CyuacHi MeTOIM MOIEJTIOBAHHS eKCIIEPUMEHTAIBHOT0 HYKPOBOIo AiadeTy 2 THILY
0. M. Konecnux, T. B. Isanenko, A. B. Abpamos, H. B. Ky3v0

LyxpoBuii niabet 3Ha4HO MOMMPUBCS B YKpaiHi, 0COOIHBO B OCTaHHE AecATHPiudA. CrocTepiracThCs MBUAKE 3pOCTAHHS 3aXBO-
proBaHoCTi. JIikyBaHHS I[yKpOBOTO Aia0eTy Ta HOro yCKJIaJHEHb € HaJBaXKKUM 3aBIAHHIM. Y 3B’S3Ky 3 [IUM BaXIMBE 3HAYCHHS Mae
MOJIEITIOBAHHS I[yKPOBOTO ia0eTy B €KCIIEpPUMEHTI, IIe Ja€ 3MOTY BIPOTiTHO BUSBILITH HAsBHICTH Ti€i 4n iHIIOI (apmakonorigHoi
AaKTHBHOCTI IpemapaTiB ad0 HOBUX JIeTallel y MeXaHi3Mi Jii JIIkapChKUX 3aC00iB.

Meta po6oTH — 3HalHOMCTBO, aHaJII3 1 OIIYK HEMOJIKIB Y OBOJNI BUBUCHHX 1 MOMYIIPHAX MOAEISIX IIYKPOBOTO fiabery 2 Tuimy,
KOTpI1 BIIPOBAKYIOTHCS Ha IPiOHUX IpU3yHax (MHIIAX i mypax). Bizomo, o B 0CHOBI yKPOBOTO 1iabeTy 2 TUITY JISKUTH TOPYLICHHS
IHCYJIIHOBOTO TOMEOCTa3y, 30KpeMa PE3UCTEHTHICTh 10 IHCYIiHY nepudepuuHrX TKaHUH i AUCHYHKIIS OeTa-KIITHH IiJIUTyHKOBOT
3aJI03H, 110 MPU3BOJMUTE HA/ANi 1O BUHUKHEHHS IIaTOJIOTIYHUX (PEHOMEHIB TIIIOKO30TOKCHYHOCTI, JIIMOTOKCUYHOCTI Ta, B KIHIIEBOMY
MiICYMKY JI0 PO3BUTKY HEOE3MEUHMX [UIS JKUTTA CYAMHHHX YCKJIaJHEHb. BpaxoByroun HEyXMIIbHE 3pOCTaHHS KIIBKOCTI XBOpHX
Ha IYKpOBHUil Aia0eT 2 Tumy, aKTyaJbHOIO MPOOIEMOI0 € PO3POOICHHS MEJUKaMEHTO3HUX Ta HEMEIMKAMEHTO3HUX METOJIB ioro
JIIKYBaHHS 3 BUCOKOIO T€PAlleBTUYHOIO aKTHBHICTIO Ta JOCKOHANINM IpodineM Oe3nekn. HaliBayKIMBIMINM €TanoM IOIIYKy HOBHX
METO/IB BIUTMBY Ha MMATOT€HETHYHI JAHKH IIYKPOBOTO IiabeTy 2 TUMY € IXHE NOKIIIHIYHE JOCITIKEHHS. Y 3B’ S3Ky 3 IIUM BEJIMKE 3HA-
YeHHs1 Ma€ BUKOPHCTAHHS €KCIIEPHMEHTAIbHUX MOJEINICH IyKPOBOTO AiabeTy 2 THILY, IO JalOTh MOXJIMBICTH BIpOTiTHO BUSBIATH
HASBHICTH Ti€1 YM IHIIOT TEPANIEBTHYHOI aKTHBHOCTI a00 HOBHUX JIeTajel y MEXaHi3Mi Ail JiKkapChKUX 3ac00iB. YUeHUMHU po3poOicHa
BEJIMKA KUTBKICTh MoJeNel IykpoBoro aiadery 2 tumy. Lli Mmozxeri MoxxyTh OyTH OTpHMaHi CIIOHTaHHO, 1HAYKOBaHI XiMIYHAMHU Jia-
OCTOreHHUMH PEYOBHHAMM, AIETHIYHUMH a00 XipypriYHUMH MaHIOyJIALisIMUA 200 MOETHAHHIM [UX CIIOCO0IB.

BucHoBkn. Ciij BiI3HAYUTH, 10 JCKBaTHE MOJICITIOBaHHS [1iabeTy 2 THITY € He0OXiJHOI OCHOBOO JIJISl TOKITIHIYHOTO BUBYCHHS
MEAMKAMEHTO3HUX Ta HEMEAMKAMEHTO3HUX METOJIB KOPEKIii TepriliKeMiYHUX CTaHIB, a BAKOPUCTAHHS Pi3HOMAaHITHUX MOJENeH
Jla€ MOXJIMBICTH Ul OOTPYHTOBAHOI €KCTPAIoysLii pe3ysbTariB, [0 OTPUMaHi B €KCIIEPUMEHTI, Ha JIIOJCH, sIKi CTpaKAaloTh Ha
niaber 2 Tuiy.

Knrwuosi cnosa: yyxposuii diabem 2 muny, excnepumeHmu Ha MeapuHax, iHCyiiHOpe3ucmeHmHicms.
ITamonozia. — 2016. — Nel (36). — C. 10-14

CoBpeMeHHBIC METOABI MOACIHPOBAHNS IKCIIEPHUMEHTAJIBHOIO CAXapHOro Aunadera 2 THIA
0. M. Konecnux, A. B. Abpamos, T. B. Hsanenxo, H. B. Ky3v0

CaxapHblif fuabeT NMeeT IMHIPOKOe PACIPOCTPAaHEHUE B YKparHe, 0COOSHHO B MOCIEIHEE ACCATHIICTHE: ONPEAENSETCS NCKITIOUUTENEHO
ObICTpOE MOBHIILICHHE 3a001eBaeMOCTH. JledeHne caxapHOro AnadbeTa u ero OCIOKHEHHH SBIISICTCS OUSHD THKENBIM 3aJaHueM. B 1ot
CBsI31 OOJIBIIOE 3HAYCHUE NMEET MOJETMPOBAHNE CAXapHOTO JUabeTa B SKCIIEPUMEHTE, YTO MO3BOJISIET I0CTOBEPHO ONPEEIATh HATMINE
TO MM MHOM (hapMaKoJIOrMIeCKOH aKTHBHOCTH IIPETIapaToB MIIH HOBBIX JIETANICH B MEXaHU3Me ACHCTBHS JIeKapCTBEHHBIX IIPENaparoB.

Lens padoThl — 3HAKOMCTBO, aHATH3 U MOMCK HEJOCTATKOB B XOPOIIO M3yYEHHBIX M MOMYISPHBIX MOJEISIX CaxapHoro auadera 2
THIA, KOTOPBIE BHEAPSIOTCS HAa MEIIKMX IPHI3yHAX (MBIMIAX M KpbIcax). VI3BeCTHO, 9TO B OCHOBE caxapHOro auabera 2 THIIA JIEXKUT Ha-
pYLICHHE HHCYIMHOBOTO TOMEOCTa3a, B TOM YUCIIe PE3UCTEHTHOCTh K MHCYIIMHY IeprU(epuIecKux TKaHeH 1 TUCyHKIHS OeTa-KIeToK
TIOJKETYOYHON HKeJe3bl, YTO TMPHUBOJMT B JAJIbHEHIIEM K BOSHUKHOBEHHUIO NMATOJIOTHYECKHX (PEHOMEHOB IITIOKO30TOKCHYHOCTH U
JIUTIOTOKCUYHOCTH U, B KOHEUHOM HTOTE, K Pa3BUTHIO YTPOXKAIOIINX COCYAUCTHIX OCIOXKHEHUH. YUNThIBas HEYKIOHHBIH POCT umcia
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OOJIBHBIX CaXxapHbIM TMa0ETOM 2 THUIIA, aKTyaJILHOM SIBJIETCs MpobiieMa pa3paboTKH MEANKAMEHTO3HBIX M HEMETMKaMEHTO3HBIX METO/IOB
€T0 JICYEHHS C BEICOKOH TepaneBTHIECKOi 3 (PEKTHBHOCTHIO M COBEPIICHHBIM NpoguieM 0e30nacHOCTH. BaxkHeHIIIIM 3TaroM mowuc-
Ka HOBBIX CIIOCOOOB BO3JEHCTBUS HA MAaTOreHETHYECKUE 3BEHbs CaXapHOro auadera 2 THMa SBIAETCS UX AOKIMHUYECKOEe M3y4eHHE.
B cBs31 ¢ 3TUM OrpOMHOE 3HAYEHHE NMEET HCIIOJIb30BaHHE IKCIIEPUMEHTAIBHBIX MOJIeNiel caxapHoro auabera 2 THIa, KOTOPbIE MO-
3BOJISIIOT JJOCTOBEPHO ONPEIENATh HaJIMIKe TOH WIIM HHOH TepalleBTHIeCKOW aKTHBHOCTH MJIM HOBBIX JIeTalel B MeXaHU3Me JIeUCTBUS
MEIMKaMEHTOB. YUYEHBIMU pa3paboTaHo OOJIbIIOE KOJMYECTBO MOJIENEH caxapHoro nuabera 2 Tuma. TH MOJETH MOTYT OBITH IOJTY-
YeHBI CHIOHTAHHO MJIM OBITH MHIYyIMPOBAHHBIMUA XUMHYECKUMH TNa0ETOreHHBIMH BEIIECTBAMH, IUETHUECKUMH HIIH XHPYPIUYECKIMHU
MAaHUITYJSIHSIME WIH KOMOHHAUeH STHX CII0CO00B.

BoiBoabl. CTOUT NOTUEPKHYTh, YTO aJeKBaTHOE MOJCIMPOBaHHE qruadeTa 2 THIA SIBISIETCS HEOOXOAMMOM OCHOBOM ISl TOKJIMHHYe-
CKOTI'0 U3yUYECHHsI MEMKAMEHTO3HBIX U HEMEIUKAMEHTO3HBIX METO/I0B KOPPEKLUHU T'HIEPIIIMKEMUYECKUX COCTOSIHUMN, a UCIIOJIb30BaHUE
Ppa3HooOpa3HBIX Moenel JaéT BO3ZMOKHOCTH JUIE 000CHOBaHHOM SKCTPAITOJISIIUY ITOYYSHHBIX B 9KCIIEPUMEHTE PE3YJIBTAaTOB Ha JIIONICH,

CTpaJaloliX OT CaxapHoro auabera 2 Tuma.

Knroueewie cnosa: caxaprtﬁ ouabem 2 muna, SKCnepumenmaosl Ha HCUBONIHBLX, UHCYIUHOPESUCMERMHOCHTb.

Ilamonozua. — 2016. — Nel (36). — C. 1014

Background. Diabetes mellitus (DM) became a ma-
jor problem of the healthcare in Ukraine. The rapid
increase in the incidence was noticed especially in recent
decade. According to WHO reports the worldwide number
of diabetes patients in 2000 was 175.4 million, and in 2015
it was increased to 245 million [1].

The treatment of diabetes and its complications becomes a
difficult task. From this standpoint the experimental model-
ing of diabetes is rather essential. Using the experimental
models gives the possibility to assess the significance of the
activity of pharmacological substances or to find out new
mechanism in the action of medicaments.

The aim of this review is to light up the most studied and
common experimental models of diabetes mellitus type 2
(T2DM) in small rodents and find out their drawbacks.

It is known the background of T2DM is the violation of
the insulin homeostasis such as the resistance of peripheral
tissues to insulin as well as the dysfunction of the pancreatic
beta-cells, which both lead to appearance of such phenomena
as the glucosetoxicity and the lipotoxicity. In the end they
both could result in life threatening vascular complications.

Considering the steady growth of T2DM patients, the
development of both drug and non-drug methods of its treat-
ment with the high therapeutically efficiency and the perfect
safety profile becomes essential.

The most important stage of the search of new ways of
influence on pathogenetic links of T2DM is the preclinical
stage. From this standpoint the usage of experimental models
of T2DM has a huge importance. There are a lot of models
of T2DM developed by different scientists. These models
could be spontaneous or be induced by different chemical
diabetogenic substances, diet or surgical interventions or be
a combination of methods listed above [2].

One of the earliest methods of T2DM modeling in mice
and rats was the partial resection of the pancreas (near
90%). The main drawback of this model is, in most cases,
the moderate hyperglycemia without significant changes in
body weight or insulin levels, which are inherent for T2DM.
Thus, in current models the partial pancreatotomy is usually
combined with infusion of chemical diabetogenic substance
(such as aloxan, streptozotocin and others). Furthermore, the
pancreas has abilities for proliferation and regeneration, so
these models are usually used during the transplantational

studies [3].

Resent years a lot of experimental T2DM models were
improved. They could be classified for 2 types: 1) genetical
or spontaneous models and 2) non-genetical or induced.

The interesting example of the genetically determined
form of the insulin-independent form of DM is the diabetes
in obese C57BL/KsJ-db/db mice. In homozigot state of this
gene the obesity occurs. DM in this case is characterized with
hyperphagia, polydipsia, polyuria, hyperglycemia, transient
hyperinsulinemia and progressive insulin resistant. Draw-
backs of this model are the increasing hyperglycemia and
significant necrosis of beta cells in the age of 5-8 months.
During several weeks the body weight decreases and rodent
dies. It depends on beta cell destruction and insufficiency
of their proliferation. These facts evidence about diabetes
mellitus type 1-like state development [4].

It should be mentioned the genetic models are rather
expensive. In this case the most popular are non-genetic
models due to their simplicity, low cost and significance of
the results [5,6].

In the last decade the models with the induction of the
DM2T-like state in adult rodents using chemical substances
with diabetogenic cytotoxic action such as streptozotocin
(STZ), dexametasone, dithizone or using the violation of
character of feeding (for example, treating rodents with
high-fat diets) were proposed. Also the combinations of
methods listed above were proposed: neonathal STZ models;
STZ models with simultaneous or prior administration of
nicotinamide; STZ models on the background of a high-fat
diet and others. Let’s consider some of them.

The STZ neonatal models are usually carried out on Wistar
rats using one of the protocols of STZ administration: 1) a
single intraperitoneal injection of STZ in dose of 100 mg/
kg of animal weight on the second day after delivery; 2) a
single intraperitoneal injection of STZ in dose of 80 mg/
kg of animal weight on the 5* day of life. STZ should be
diluted in citrate buffer (pH=4.5), and control group should
receive the equivalent amount of the diluter. On 28" day after
delivery rats should be taken out of mothers. In should be
considered using 2™ protocol it is typical to get a significant
amount of lethal cases (app. 50%) during of the first 3 days
after STZ administration. In 1* type of STZ administration
protocol in rats the acute insulin deficiency diabetes mellitus
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occurs (significant hyperglycemia, hypoinsulinemia and
decrease of the insulin amount in the pancreas with high
glucagon levels in plasma with its normal amount in the
pancreas). The mortality of this method is near 30%. The
spontaneous remission was marked in several weeks. It was
accompanied with the beta cells regeneration and the glucose
and insulin levels in plasma restore to normal conditions. The
moderate basal hyperglycemia accompanied with impaired
glucose tolerance appears from 8-week age of rodents. The
pancreatic insulin level usually decreased approximately
by 50% without glucagon amount changed. In addition, the
glucose induced insulin secretion is significantly decreased
in these animals with normal effect of the non-glucose
pancreatic secretogens.

Using the 2" type of protocol more severe form of diabetes
occurs. After the relatively short period of the acute insulin
deficiency syndrome the significant basal hyperglycemia
with impaired glucose tolerance, high levels of glycosyl-
ated hemoglobin, significant decrease of insulin levels with
the insulin resistance are usually observed. Beginning of
the hyperglycemia and decrease of the insulin response to
increased glucose plasma levels are observed already during
4" week. It should be mentioned the significance of insulin-
independent component during this model in adult rats after
neonatal STZ injection also depends on the rats’ breed line
and diet type. Thus, the degree of diabetes-like metabolic
changes in female Sprague-Dawley rats after the diabetes
induction on the 2" day with STZ dose of 80 mg/kg was
equal to 5™ day and 90 mg/kg STZ effect in Wistar rats. Ad-
ditionally, a high-fat diet worsens the glucose homeostasis’s
state in this model.

In conditions of this model of the neonatal STZ insulin-
independent diabetes mellitus the specific insufficiency of
the glucose insulin response with the normal insulin response
for other secretogenes observed. Such violations of beta cells
reaction are typical for DM2T. Thus this model could be
used for assessment of glucose lowering action of biologi-
cally active substances in case of their long-term usage [7].

It seems to be interesting the model of experimental
DM2T based on a partial affection of the beta cells in result
of repeated administration of low doses of STZ to adult rats
[8]. Diabetes is induced by the everyday intraperitoneal
administration of ex temporo solution of STZ (15 mg/kg
of STZ in ImM citrate buffer, pH=4.5) during 5 days to
mature Wistar male rats with 280-300 g weight. Animals
starve with free access to water during 16 hours prior to
STZ injection. For the following experiments the rats with
glycemia level above 7-8 mmole/l and below 11.1 mmole/l
are usually taken. This DM2T model is characterized with
partial insulin deficiency with following hyperglycemia but
without violation of peripheral insulin resistance [9].

STZ induced diabetes with simultaneous injection of nico-
tinamide allows to partially protect the beta cells against cy-
totoxic action of this diabetogenic substance. Rats in 3-month
age are treated with nicotinamide intraperitoneally in dose
of 230 mg/kg 15 minutes prior to the intraperitoneal injec-
tion of 65 mg/kg of STZ. It results in moderate and stable

basal hyperglycemia with approximately 40% of pancreatic
insulin saved. This model is characterized with carbohydrate
intolerance and relative insufficiency of the insulin secretion
in response to the hyperglycemia, which are combined with
preserved secretory response to non-glucose stimuli and
secondary insulin resistance development. Thus, this model
allows producing the main signs of DM2T in human: they
are the insulin secretion and action violations. This allows
using this model in the assessment of the hypoglycemic
effects of new biologically active substances with different
mechanisms of action.

In several cases of preclinical studies of new anti-diabetic
drugs, the dexamethasone model of insulin-independent dia-
betes is used. It is known the high doses of glucocorticoids
could produce the violation of secretory activity of beta cells
and insulin resistance development. One of the protocols of
such models is described below.

This model is reproduced by following actions: Wistar rats
in age of 18 months are treated with subcutaneous injections
of dexamethasone solution in dose of 0.125 mg/kg of rats’
body weight. During the experiment there were observed
the moderate basal hyperglycemia, twofold increase in the
insulin and the unsaturated fatty acids plasma levels, im-
paired glucose tolerance and low sensitivity of peripheral
tissues to insulin [19]. Later it was shown the decrease of
glucose consumption by adipocytes after the dexamethasone
treatment is accompanied by its direct action to the GLUT1
and GLUT4 expression, which leads to insulin resistance
development [11]. The suppressing effect of dexamethasone
on the secretory activity of beta cells is trusted to be medi-
ated by inactivation of mitochondrial FAD-glycerophosphate
dehydrogenase, which is a key enzyme in glucose-induced
insulin secretion [12].

Thus, the dexamethasone DM2T model in mature rats al-
lows causing the violations of insulin’s secretion and activity,
like the nicotinamide/STZ model. In the same time there is
another method of dexamethasone administration, namely
its injection using the same protocol but in 3-month Wistar
rats, which leads to impaired glucose tolerance, insulin re-
sistance, hyperinsulinemia, but not to basal hyperglycemia.
Using this method, we can reproduce the pre-diabetes state.
It allows us to assess new hypoglycemic substances and
study the mechanisms of their action and their influence
on the prevention of diabetes development, which could be
connected with the improvement of glucose tolerance or
with the increase in insulin sensitivity of peripheral tissues.

Recently many researchers reported the treating of rats
with a diet with high fat contain could lead to the insulin
resistance development [13—15]. Considering the fact that
low doses of STZ provoke moderate impairment of insulin
secretion, like in late phase of DM2T [16—17], some models
were developed, which actually are the combinations of the
high-fat diet and the low STZ doses administration. These
models appear to be very interesting for pharmacology due
to their ability to reproduce the metabolic peculiarities of
DM2T, which are typical for humans [17-18]. We describe
one of such models below.

12
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Sprague-Dawley rats with body weight of 160—-180 g were
on high-fat diet (58% of calories due to fat) during 2 weeks.
The control group received common commercial type of food
(12% of calories due to fat). In rats of the experimental group
it was found the significant increase of the body weight, the
glucose basal plasma level, insulin, triglycerides and general
cholesterol compared with the control group. Hyperinsu-
linemia with significant decrease of glucose consumption
according to results of the intravenous glucose tolerance test
proved the occurrence of insulin resistance. After 2 weeks
of high-fat diet in both groups STZ in low dose (35 mg/kg)
was injected. In rats of experimental group, the significant
hyperglycemia was observed according to STZ injection
response. Control group showed the moderate increase of
glucose plasma level. The insulin plasma level in rats of the
experimental group was lowered to the level of control rats
after STZ injection. In addition, in rats of experimental group
the triglycerides and cholesterol plasma levels remained
elevated. Vice versa, in rats of control group, which were on
diet with the normal contain of fats, STZ caused no signifi-
cant changes in plasma levels of insulin, triglycerides and
general cholesterol. Thus, authors concluded this model (of
high-fat diet and STZ combination) reproduces the natural
pathway of DM2T development with its metabolic features
typical to persons with the high risk of DM2T development

due to insulin resistance and obesity presence and, thereby,
could be used as a DM2T experimental model. Zhang M. et
al. in 2008 proposed a stable model of DM2T in Wistar rats
(200-250g) using the combination of high-fat diet (4 weeks)
and twofold injection of low doses of STZ intraperitoneally
(30 mg/kg of body weight) with an interval of 2 weeks [19].

It should be noted that the data mentioned above do not
reflect the whole spectrum of the developed DM2T mod-
els. Their number is growing, but they are not sufficiently
studied. It also should be considered, that each experimen-
tal model reproduces only certain pathways of the DM2T
pathogenesis and has not got the full compliance with the
human’s disease development and progress. Therefore, there
are a lot of activities all around the world, which are focused
on the modification of existing models and creation of new
sophisticated models of DM2T which would have the best
reflect of metabolic changes typical for human’s DM2T.

Conclusions. Considering mentioned above, we should
underline the adequate modelling of DM2T is the necessary
basis for the pre-clinical study of drug-based and non-drug
methods of correction of the hyperglycemic states. Using
different models make it possible for infer the obtained ex-
perimental results to the society, which suffers from DM2T.

Conflicts of Interest: authors have no conflict of interest
to declare.
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