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THE STUDY OF THE HYPOGLYCEMIC ACTION OF EXTRACTS
FROM BEARBERRY LEAVES UNDER EXPERIMENTAL INSULIN
RESISTANCE IN RATS

Type 2 diabetes mellitus (DM2) has been increasing steadily all over the world. A large number of medicinal plants that
have the hypoglycemic effect are known, but, unfortunately, currently there is very limited choice of antidiabetic herbal
medicines.

Aim. To design the experiment in order to study the hypoglycemic effect of polyphenolic extracts from bearberry (Arc-
tostaphylos uva-ursi) leaves under the experimental insulin resistance (IR) in rats.

Materials and methods. The experimental IR was induced by dexamethasone injections (Dex) and feeding with a
high-fructose diet (HFD). Male outbred albino rats were randomized depending on the purpose of the experiment.
As the study objects 50 % ethanolic polyphenol extracts obtained from bearberry leaves with addition of arginine
(PE50_arg) and cysteine (PE50_cys) were selected. The oral glucose tolerance test (OGTT) was performed in all experi-
mental groups of animals.

Results. Dex had a more pronounced effect on tolerance to glucose compared to the HFD. It was shown that PE50_arg
and PE50_cys after two weeks of administration revealed the ability to decrease the blood glucose level in rats, as well
as reduce IR development and improve tolerance to glucose under the experimental IR. The hypoglycemic activity
found did not much differ from the action of Metformin, but exceeded the activity of Arphazetin. These results can be
the evidence of activation of glucose utilization processes, and it, in turn, indicates the insulin sensitivity improvement
due to the action of the extracts studied. The data obtained indicate that the corrective effect of arginine and cysteine
on signal transduction processes in insulin target cells plays an important role in the IR treatment.

Conclusions. Bearberry leaves are the promising raw material for creating an anti-diabetic drug. Thus, it is necessary
to further study the mechanisms of regulation of metabolic disorders when introducing new polyphenolic extracts.

Key words: insulin resistance; bearberry; oral glucose tolerance test; diabetes mellitus type 2; hypoglycemic action

I b. KpasueHnko, 0. A. KpaciavHikosa, M. MazeH
HayioHasnvHull hapmayesemuuHull yHisepcumem, YkpaiHa

JocnifxeHHs rinomtikeMivyHoi Ail eKCTPaKTIB 3 JIMCTA My4YHUIi 3BUYAHOI 32 eKClIepUMEeHTa/IbHOI
IHCy/1iHOpe3UCTEeHTHOCTI y 1IypiB

3axBOpIOBaHICTh Ha IyKpoBuH fiabet 2-ro Tuny (11/]2) nocTtifiHo 3pocTae y BcboMy cBiTi. Bysio 3HalijeHO BesTuKy
KIJIBKICTB JIiKapChbKUX POC/IMH, SIKi YMHATH TinoriikeMiuHy Jito, ajie, Ha »aJib, Ha TelepillHil yac icHye ayxe o6Mexe-
HUU BUGIp POCIMHHUX MPOTHAia0e TUIHUX JIiIKapCbKUX IpernapaTib.

MeTa gociigkeHHs. Lleil ekcnepuMeHT 6YB po3po6JIeHUH [1J1s1 BUBUEHHS rinoriikeMivHOTO edeKTy mosipeHoNbHUX
eKCTpakKTiB 3 sinctsa MyuHuni 3BuuaiiHoi (Arctostaphylos uva-ursi) 3a ekcnepruMeHTaJbHOI iHCYIIHOPE3UCTEHTHOCTI
(IP) y mypis.

Marepiaau Ta meTogu. ExciepuMeHTanbHy [P BUKIMKaIU iH'€KLisIMU leKcaMeTa30HY Ta FOAYBaHHSM 3 BUCOKUM
BMicToM ¢ppykTosu (HFD). lllypiB-anb6iHociB 4os10Biv0i cTaTi 6y/10 pO3MOAiNEHO 1O rpynax 3aJeXHO0 Bii MeTH eKcre-
puMeHTY. B AKocTi 06’ekTiB focaimpxeHHs 6ynu BifiopaHi 50 % eTaHosbHI M01iGeHOBHI EKCTPAKTH, SIKi Oy/1 OTPH-
MaHi 3 incTs MyunuLi 3BuyaiiHoi 3 fofaBaHHAM apridiny (PE50_arg) ta nucreiny (PE50_cys). [lepopanbHuil TecT Ha
ToJIepaHTHIcTb A0 rioko3u (OGTT) npoBoAM/IH ¥ BCiX eKCIIepUMeHTaIbHUX IPyNax TBapHH.

PesyabraTu. IH'ekii flekcaMeTa30Hy YMHUIIU GiJIbIL BUPAXKeHUH BIJIMB HA TOJIEPAHTHICTD J10 [VIIOKO3U MOPIBHSHO 3
HFD. Bysnio nokasano, mo PE50_arg Ta PE50_cys micsist JBOX TYKHIB BBeJeHHSI BUSIBUJIM 3JJaTHICTh 3HW)KYBaTH piBeHb
[JIIOKO3U B KPOBI LypiB, oc/1ab10BaTH pPo3BUTOK IP Ta nocya6/0BaTH TOJEPAHTHICTB /10 [JIIOKO3HU 33 eKCllepUMeH-
TaJbHOI IP. BusiBsieHa rinoryiikeMiyHa akTUBHICTb Masto Bifipi3Hsiacs Bif Ail MeTdopMiHy, ajie mepeBUlllyBaia aKTUB-
HicTb ap¢daszeTuny. Li pe3ysbTaT MOXYTb 6YTH Bilo6pakeHHAM aKTUBi3aLii mpoueciB yTuizanii riwokosy, 1o, B
CBOIO Yepry, BKa3ye Ha NOJIINIIeHHs Yy TJIUBOCTI 0 IHCY/1iHY 3aBAAKY Aii ekcTpakTiB. OTpuMaHi AaHi cBig4aTh 0po Te,
1110 KOPUTYIOYU BIJIMB apTiHiHy Ta LUCTeIHy Ha NpoIecH Nepejayi CUTHay B KJAITHHAX-MillleHaX iHCy/IiHy Bigirpae
BaXKJIUBY POJIb Y JiKyBaHHI [P.

BucHOBKHU. JlucTa My4yHuLi 3BU4aliHOI € 6araToo6ils0490i0 CHPOBUHOIO /151 CTBOPEHHS aHTU/iabeTHYHOrO JiKap-
CbKOTO0 Npenapary. TaKUM YHHOM, He0OXiZJHO No/ablile BUBYEHHSI MeXaHi3MiB peryJisnii MeTa60/1iYHUX NOPYLIEHb 33
BBe/IeHHA OTPUMAHHUX 10J1ipeHONbHUX eKCTPAKTIB.

Kawouoei caoea: iHCy1iHOpe3UCTEHTHICTh; My4YHHLsl 3BUYaliHa; NepopaJbHUM TeCT Ha TOJIePAHTHICTb 0 IIIOKO3Y;
LYKPOBUH JiiabeT 2 TUIy; TiMorIikeMiyHa Jis
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HccneaoBaHve runorivkeMU4ecKoro JeicTBUs JKCTPAKTOB, MIOJIY41€HHBbIX U3 JIMCTHEB
TOJIOKHSIHKHU 0GbIKHOBEHHOM, npu 3KcnepnmeHTaan01‘/i HHCY/IMHOPE3UCTEHTHOCTHU Y KPbIC

3a60Js1eBaeMOCTb caXapHbIM JiuabeToM 2-ro Trna (C/2) nocTossHHO BO3pacTaeT BO BCeM MUpe. Bblio Hal1eHOo 60J1b-
110e KOJIM4eCTBO JIeKapCTBEHHBIX PaCTeHUH, KOTOpble HMEIOT TUIIOVIMKEMUYECKOe JIeHiCTBUE, HO, K COXaJIeHUIO0, Ha
CeroiHSIIHUM JIeHb CYIIeCTBYeT OYeHb OrpaHUYeHHbIH BEIOOP PaCTUTENbHBIX IPOTUBOANAOETHIECKHX JIEKAPCTBEH-
HBIX IIPeNnapaToB.

Ilesb uccaeg0BaHUsA. ITOT IKCIEPUMEHT GbIJI pa3paboTaH sl U3y4YeHUs TMIOIVIMKeMUYeCcKoro adpdexTa noande-
HOJIbHBIX 9KCTPAKTOB U3 JUCTbeB TOJIOKHSIHKH 00bIKHOBEHHOH (Arctostaphylos uva-ursi) npu akcnepuMeHTaTbHON
uHcynuHope3sucteHTHOCTH (UP) y KpBIC.

MaTepuaabl U MeTOABIL. DKCIIepUMeHTaIbHY0 VP BbI3bIBaIM HHBEKIUAME AekcaMeTaszoHa (Dex) u fueToi ¢ Bbl-
cokuM cofepxaHueM ¢pykTosbl (HFD). CaMibl Kpbic-a1b6MHOCOB GbIJIM pacnpe/iesieHbl 0 IPyNnaM B 3aBUCUMOCTH
OT LieJIM 3KCIlepuMeHTa. B KayecTBe 06'beKTOB McCIe[0BaHUA OblIM 0TOOpaHbl 50 % 3TaHO/IbHBIE MOJHEHOIbHbIE
3KCTPAKTHI, OJy4eHHble U3 JUCTbeB TOJIOKHAHKU 06BbIKHOBEHHO! ¢ fo6aBeHreM apruauHa (PE50_arg) u nucreu-
Ha (PE50_cys). [lepopanbHblil TecT Ha ToJilepaHTHOCTD K ritoko3e (OGTT) npoBojuin Bo BCeX IKCIEPUMEHTaTbHbBIX
rpymnnax >KMBOTHBIX.

PesynbraThl. UHbeKIMY eKcaMeTa30Ha UMeJd 6oJjiee BblpaXKeHHOe BJIMSIHME Ha TOJIEPAHTHOCTD K IVIIOKO3e T0 CpaB-
Henuto ¢ HFD. Bouio nokasaHo, yto PE50_arg u PE50_cys nocJie 1ByX He/ieslb BBE/J€eHHsI IPOSIBUIN CIOCOGHOCTD CHU-
JKaTh YPOBEHb IVIIOKO3bI B KPOBU KPbIC, 0C/1a6a49Th pa3BuTre UP U CHIXKATh TOJIEPAaHTHOCTD K IVIIOKO3€ MO JKCIIe-
puMeHTaibHON UP. O6Hapy>keHHas rUNOVIMKeMHUYecKass akTUBHOCTb MaJlo OTJIMYajlach OT JeHcTBUS MeTHOPMUHaA,
HO IpeBbIIaNa aKTUBHOCTb apdaseTHHa. ITH pe3y/IbTaTbl MOTYT GbITb CBU/ETENbCTBOM aKTUBU3ALUH IPOLECCOB
YTUJIN3ALNH IVIIOKO3bI, YTO, B CBOIO 04epe/ib, YKa3bIBaeT Ha yJydlleHHe YyBCTBUTEJbHOCTH K HHCYJINHY 6J1arofjaps
JleHCTBUIO 3KCTPAKTOB. [loslyuyeHHble JaHHble CBU/ETENbCTBYIOT O TOM, UTO KOppPEKTHpYlolllee BO3/lelicTBHe apTUHU-
Ha ¥ MCTeHNHa Ha NPOoLeCcChl Nepe/jlayy CUrHaJja B KJIeTKaX-MHUIIeHs X HHCYJIMHA UTPpaeT BaXKHYI0 poJib B iedeHUU WP,

BbIBOABIL. J/I1cTbs TOJIOKHSHKH O6bIKHOBEHHOU SIBJISIIOTCS MHOT006ELAI0LUM ChIPbeM JJis CO3/IaHUs aHTUAUAGETH-
YEeCKOTO JIeKapCTBEHHOr0 npenapaTa. TakuM 06pa3oM, He06X0JUMO JjaibHellllee U3y4eHUe MEXaHU3MOB PETyIsun
MeTab0IMYeCKUX HapyIIeHUH TPY BBeJeHUH HOBBIX NTOJTU(PEHOTbHBIX 3KCTPAKTOB.

Kaluessle cnosa: HHCYJIMHOPE3UCTEHTHOCTD; TOJIOKHAHKA O6bIKHOBEHHaH; l'lepOpaJlebIﬁ TeCT Ha TOJIEPAHTHOCTb

K IVIFOKO3¢€; CaXaprIﬁ ,cma6eT 2 TUNAa; TUMIOIVIMKEMUYECKOoe ,Z[eflCTBPle

iabetes mellitus type 2 (DM2), a metabolic

disease, spreads rapidly across our planet,
encompassing a growing population. Medical sta-
tistics shows that every fifth inhabitant on the Earth
is either already have DM2 or diabetes would de-
velop within next 10 years. Multiple factors, such
as heredity, age, body weight, stress, nutrition, hy-
podynamia, smoking, can be the cause for DM2 de-
velopment [1]. It should be noted that the DM2 and
associated pathologies develop for a rather long time
with latent symptoms. At this early period, when
the fasting blood glucose (BG) level remains nor-
mal due to hyperinsulinemia, the functional activity
of beta-cells changes and with increasing glucose
tolerance lead to the state of insulin resistance (IR)
when the increased production of insulin is not enough
to overcome it [2]. Beta-cells suppression is increas-
ing, the insulin synthesis is declining and relative
insulin deficiency is already in full swing with all
the consequences. Therefore, it is important to know
not only the fasting BG level, but also it is necessary
to measure glycemia after meals or after a special
glucose load. Therefore, the oral glucose tolerance
test (OGTT) is important for the early DM2 diagno-
sis [3].

The purpose of DM2 treatment is to achieve and
maintain a condition, in which the manifestation of
the disease and the likelihood of complications are
minimal, while the quality of life is as high as pos-
sible. Thus, glucose-lowering oral drugs currently

used in clinical practice are represented by several
groups that differ from each other not only in the
mechanism of action, but also by their mechanisms
of side effects, and it should be taken into account
when choosing a drug for therapy. The use of herbal
medicines can minimize the side effects of chemo-
therapy and affect all sides of the pathogenetic pro-
cess. A large number of medicinal plants that have
the hypoglycemic effect have been used for a long
time in traditional medicine [4]. But, unfortunately,
currently there is very limited choice of antidiabe-
tic herbal medicines. Therefore, it is necessary to
use products, which effectiveness has been proven
to date by evidence-based medicine.

The aim of the works was to design the expe-
riment in order to study the hypoglycemic effect of
polyphenolic extracts from bearberry (Arctostaphy-
los uva-ursi) the experimental IR in rats.

Materials and methods

Male outbred three-months-old albino rats,
96 in total, were purchased from the vivarium of
the Central Research Laboratory of the National
University of Pharmacy (NUPh). In order to induce
the experimental IR we used two different models.
The glucocorticoid-induced IR was developed by daily
intraperitoneally administration of dexamethaso-
ne (15 mkg/kg/day) for 5 weeks (Dex) [5]. The di-
et-induced IR was caused by “watering” with 20 %
fructose water solution (with free access) during
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Table

Glycemic variation and oral glucose tolerance test under the experimental insulin resistance
compared to administration of pure extract (PE50), arginine (PE50_arg)
and cysteine (PE50_cys) in healthy animals

Blood glucose level (mmol/l) at various time intervals
Groups
0 min 30 min 60 min 90 min 120 min

Intact control 4.07+0.35 5.84+0.64 7.21+0.85 5.08+0.79 3.78+0.56
PE50 4.03+0,54 5.47+0.65 7.07+0.77 6.42+0.71 4.59+0.49

PE50_arg 4,05+0.66 5.35+0.58 6.81+0.74 5.78+0.67 447+0.51

PE50_cys 4.04+0.57 5.51+£0.63 7.03+0.69 5.93+0.72 4.57+0.53
HFD 7.12+0.642 10.61+0.712 11.88+0.98° 10.11+0.84° 8.61+0.832
Dex 9.01+0.59? 17.20+0.812 19.87+0.932 15.49+0.75° 12.21+0.632

Note. Values are expressed as mean + SEM from 6 rats; a — p<0.05 vs IC group.

7 weeks - high-fructose diet (HFD) [6]. As the stu-
dy objects 50 % ethanolic polyphenol extracts ob-
tained from bearberry leaves with addition of ar-
ginine (PE50_arg) and cysteine (PE50_cys) and a
pure extract (PE50) in the dose of 100 mg/kg b.w.
were selected [7]. All these substances were deve-
loped at the Pharmacognosy Department of the NUPh
under the supervision of professor Koshevoy 0. M.
As the reference drugs Arphasetin infusion (arph)
in the recommended dose recalculated for rats
(18 ml/kg b.w.) and Metformin (met) in the dose of
100 mg/kg b.w. were selected [8].

Animals were randomly divided into 16 experi-
mental groups (n = 6 rats) as follows: 1 - healthy
animals, intact control (IC); 2-4 - healthy animals ta-
ken PE50, PE50_arg, PE50_cys, respectively, (groups
specified as PE50, PE50_arg, PE50_cys); 5 - animals
with IR induced by HFD (specified as HFD); 6 - ani-
mals with IR induced by dexamethasone injection
(specified as Dex); 7-11 - animals fed with HFD and
beginning from the 5" week of the experiment ad-
ministered PE50, PE50_arg, PE50_cys, arph and met,
respectively, for 2 weeks (groups specified as HFD_
PE50, HFD_PE50_arg, HFD_PE50_cys, HFD_arph,
HFD_met); 12-16 - animals injected with Dex and
beginning from the 5" week of the experiment ad-
ministered PE50, PE50_arg, PE50_cys, arph and met,
respectively, for 2 weeks (groups specified as Dex_PE50,
Dex_PE50_arg, Dex_PE50_cys, Dex_arph, Dex_met).

The oral glucose tolerance test (OGTT) was
performed in all experimental groups of animals.
When conducting OGTT the blood samples were ta-
ken in 0, 30, 60, 90 and 120 min after oral admini-
stration of glucose solution (3 g/kg b.w.) via gastric
tube [9]. Blood samples were obtained by gingival
vein punction [10]. The blood glucose (BG) concen-
tration was determined using a “One Touch Select”
glucometer (LifeScan, USA). The areas under the
curves (AUC) were calculated using the trapezoidal
rule [11]. The IR development was confirmed by
measuring the immunoreactive insulin level and the

fasting blood plasma glucose level in 5 weeks and
7 weeks of the experiment [6].

All manipulations were performed according to
the “Protocol of Amendment to the European Con-
vention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes
(Strasbourg, 1986, as amended, 1998), the Law of
Ukraine “On protection from cruelty to animals”
(dated 15.12.2009, No. 1759-VI), and the European
Union Directives 2010/10/63 EU about animal ex-
periments. All results were expressed as mean + SEM
(standard error of mean). The data were analyzed
using STATISTICA 6. The value of p<0.05 was con-
sidered significant.

Results and discussion

The HFD and Dex groups of rats showed a sig-
nificant BG level elevation in fasting state compared
to normal animals (Table). The OGTT conducted
confirmed the IR development in HFD group of
animals since we observed a considerable increase
in glucose levels not only on the 30th, 60th and
90th min of the experiment, but even by 120th min
the glucose level did not return to the initial level.
At the same time, administration of the polypheno-
lic extracts studied to healthy animals did not af-
fect significantly this index.

However, the oral glucose load revealed some dif-
ference in the process of glucose utilization (Table).
Thus, PE50_arg and PE50_cys administration caused
a significant difference on the 90th min of OGTT in
the BG level compared to IC group; it was caused by
the probable stimulation of glucose uptake by cells.

Nevertheless, we were interested in studying
the effect of the substances under research on glu-
cose tolerance under IR experimentally induced.
OGTT with AUC calculation is an informative test
for assessing the potential hypoglycemic activity.

Fig. 1 presents the results of OGTT in rats with
Dex induced IR and when administering polyphe-
nolic extracts.
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Fig. 1. OGTT and AUC under dexamethasone induced IR in rats in 2 weeks after administration of PESO, PESO_arg

and PE50_cys
Note. a<0.05 vs IC group; b<0.05 vs Dex group.

During OGTT in Dex group the glucose concen-
tration maximized on the 60th min of the experi-
ment, and by the 120th min remained significantly
higher than the initial level, indicating the presence
of IR. It was found that the AUC value in Dex group
rats was at least 3 times more than the correspond-
ing area in IC. It should be also noted that the oral
administration of the substances studied for 14 days
in Dex_PE50_arg and Dex_PE50_cys groups of rats
led to a significant decrease in the BG concentra-
tion by 36.5 % and 35.1 %, respectively. The effect
observed exceeded the effect of PE50 (26.45 %) and
approached the result that was observed in Dex_met
group (38.2 %).

The maximum BG increase in the experimental
groups was observed on the 60th min after glucose

load, however, in rats that received PE50_arg and
PE50_cys these indices were significantly lower com-
pared to Dex group by 54.2 % and 51.8 %, respec-
tively. Moreover, in the 90th min of the experiment
the BG level in the groups mentioned significantly
decreased, and in the 120th min it reached the ini-
tial level.

In HFD group (Fig. 2), the basal glucose level was
significantly, in 1.69, times, higher than the values
of the intact control. It was reflected in the AUC area
that was twice more than of intact animals. PE50_arg
and PE50_cys administration to IR animals norma-
lized glucose levels. At the same time, the effect
observed exceeded the effect of arph and was com-
parable with the action of met. OGTT in HFD_arg
and HFD_cys groups showed that the BG elevation
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Fig. 2. OGTT and AUC under the high-fructose diet induced IR in rats in 2 weeks after administration of PE50, PE50_arg

and PE_cys
Note. a<0.05 vs IC group; b<0.05 vs HFD group.

determined on the 30th and 60th min was signifi-
cantly lower compared to HFD group, and by the
120th min decreased to the initial level. The effect
of PE50_arg and PE50_cys observed by the 120th min
after the glucose load was significantly higher than
the same indicator of PF50 extract without amino
acids. Therefore, OGTT showed the BG lowering on
the 30th, 60th and 120th min of the test, indicating
a significant decrease in the AUC area (Fig. 2).
Dexamethasone injections had a more pronoun-
ced effect on the glucose content compared to the
HFD fructose diet, but it should be remembered
that both models were effective. The general ten-
dency observed when taking extracts from bear-
berry leaves studied showed that in 120 min they
reduced BG to the initial level unlike the BG con-

centration that still kept higher in IR untreated
animals.

These results can be the evidence of activation
of glucose utilization processes, and it, in turn, in-
dicates the insulin sensitivity improvement due to
the action of the extracts studied. The effect observed
is mediated by the presence of polyphenolic com-
ponents that stimulate glucose uptake into cells, as
well as the presence of amino acids that normalize
signal transduction processes, which improve the
insulin sensitivity of target cells.

CONCLUSIONS

1. The experimental study of antidiabetic pro-
perties of extracts from bearberry leaves has been
performed under the experimental IR. The data ob-
tained indicate that the corrective effect of arginine
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and cysteine on signal transduction processes in
insulin target cells plays an important role in the
IR treatment.

2.Ithas been shown that PE50_arg and PE50_cys
after two weeks of administration revealed the
ability to decrease the blood glucose level in rats,
as well as reduce IR development and improve
tolerance to glucose under the experimental IR.
The hypoglycemic activity has been found to be not

much different from the action of Metformin, but
exceeds the activity of Arphazetin.

3. Bearberry leaves are the promising raw ma-
terial for creating an anti-diabetic drug. Thus, fur-
ther study of the new polyphenolic extracts ob-
tained on improving metabolic disorders is neces-
sary.

Conflict of interests: authors have no conflict
of interests to declare.
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