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HYPOGLYCEMIC AND HYPOLIPIDEMIC ACTIVITY OF ARGININE
CONTAINING BEARBERRY LEAVES EXTRACT IN INSULIN RESISTANT RATS

Introduction. In recent decades, diabetes mellitus type 2 (DM2) has become one of the leading causes of
deaths worldwide. A number of studies confirmed the causal relationship between the development of insulin
resistance (IR) and DM2. At the same time, traditionally and for many years the plants or substances isolated from
them have been using in the DM2 treatment and correction of its complications.

The aim of the study — to find out the effect of ethanolic polyphenol Bearberry leaves (Arctostaphylos uva-ursi)
extract enriched with arginine (PE50_arg) on tolerance to glucose and lipid metabolism under experimental IR in rats.

Research Methods. Adult male outbred albino rats were used in the present study. Two experimental IR models
were conducted: daily intraperitoneal administration of dexamethasone and a diet enriched with fructose. Treating
was performed by oral administration of polyphenolic alcohol extract (PE50) and the corresponding extract with the
addition of arginine (PE50_arg). IR was confirmed by measuring immunoreactive insulin (IRI) and plasma glucose
levels. At the end of the experiment, the lipid profile was investigated in the obtained serum samples. The statistical
processing of the data was carried out using the STATISTICA program (StatSoftinc., USA, version 6.0).

Results and Discussion. A diet for 7 weeks enriched with fructose caused IR in rats. Also we observed increased
triacylglycerol (TAG), free fatty acids (FFA) and cholesterol (Ch) levels. Daily injections of dexamethasone, which
maintained the hormone level for 5 weeks, led to the IR development. Under hormone-induced IR also FFA and
TAG levels were elevated, but Ch concentration in blood plasma did not significantly change. Both extracts, PE50
and PE50_arg, improve cell sensitivity to insulin in experimental IR models. At the same time, PE50_arg has a more

pronounced normalizing effect on the lipid parameters being investigated.
Conclusions. Our results suggest that PE50_arg may be a potentially promising anti-diabetic agent.
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INTRODUCTION. In recent decades, diabetes
mellitus type 2 (DM2) has become one of the leading
causes of deaths worldwide. The number of diabetic
patients increases annually in all countries by 57 %,
and every 12-15 years doubles [1]. According to
the International Diabetes Federation (IDF) "Statista
20207, by 2045 projections the number of diabetics
will rise to some 700 million diabetics globally. The
disease increases mortality by 2-3 times and
significantly shortens life expectancy [2].

A number of studies confirmed the causal
relationship between the development of insulin
resistance (IR) and DM2 [3]. IR state means a
decrease in the biological response to the effects
of insulin, which is accompanied by a decreased
absorption of glucose by the insulin-sensitive
tissues, mainly skeletal muscle, adipose tissue and
the liver tissues, in other words, the resistance of
cells of various organs and tissues to the insulin
action [4]. Despite the fact that the exact mechanisms
involved in the IR development have not been fully
© G. B. Kravchenko, O. A. Krasilnikova, M. Mazen, 2020.

understood, specific changes in the lipid and lipid
signaling molecules metabolism have been proved
[5]. Furthermore, much attention was paid to
correlation between free fatty acids (FFA) level and
impaired glucose tolerance [6]. All of the above
explains the increased interest of medical practi-
tioners in experimental and clinical studies aimed
at identifying molecular targets in order to develop
new methods for the prevention and treatment of
DM2.

Traditionally and for many years the plants or
substances isolated from them have been using in
the DM2 treatment and correction of its complications.
The antidiabetic properties of more than 200 plants
were confirmed and their list is constantly updated
[7]. Initial screening of the ethanolic and water
extracts of Bearberry leaves evaluating its glycemic
potential was performed with three different doses
given orally in normal rats by conducting fasting
blood glucose (FBG) test and the oral glucose
tolerance test (OGTT) [8]. Considering the literature
data that alimentary arginine increases the cell
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insulin-sensitivity, as a result, it stimulates the
glucose flow into cells, as well as its metabolic
transformations, developed Bearberry leaves ext-
ract was enriched with arginine [9]. All the techno-
logical procedures were performed at the National
University of Pharmacy (NUPh) Pharmacognosy
Department by the supervising of Prof. O. M. Ko-
showyi.

The aim of the study. The present study was
conducted to find out the effect of ethanolic
polyphenol Bearberry leaves (Arctostaphylos uva-
ursi) extract enriched with arginine (PE50_arg) on
tolerance to glucose and lipid metabolism under
experimental IR in rats.

RESEARCH METHODS. Adult male outbred
albino rats weighing 175-200 g were used in the
present study. Animals were obtained from and
housed in vivarium of the NUPh Central Scientific-
Research Laboratory. For experimental IR induction
inrats were used two differentmodels. Glucocorticoid-
induced IR was developed by daily intraperitoneally
administration of dexamethasone (15 mkg/kg/day)
for 5 weeks (Dex) [10]. Diet-induced IR was caused
by “watering” with 20 % fructose water solution (with
free access) during 7 weeks — high-fructose diet
(HFD). The animals of the intact control and the
dexamethasone groups had free access to tap
water. All the groups were fed with rat-food pellet
ad libitum. Animals, which were randomized to
group treatment, were given polyphenol ethanolic
extract (extractor — 50 % ethanol, PE50) and
PE50_arg beginning from the 5" week of the
experiment for 2 weeks in dose 100 mg/kg b.w.
Intact control group received the same volume of
physiological solution. As reference preparation was
used Arphasetin infusion in dose 18 ml/kg b.w.
Thereby, there were 9 groups (n=6): 1 — intact
control (IC); 2 — HFD induced IR (IR_HFD); 3 —
IR_HFD treated by PE50 (IR_HFD_PE50); 4 —
IR_HFD treated by PE50_arg (IR_HFD_PE50_arg);

5 — IR_HFD treated by Arfasetin (IR_HFD_Arf);
6 — dexamethasone induced IR (IR_Dex); 7 — IR_
Dex treated by PE50 (IR_Dex_PE50); 8 — IR_Dex
treated by PE50_arg (IR_Dex_PE50_arg); 9 —
IR_HFD treated by Arfasetin (IR_Dex_Arf).

IR was confirmed by measuring immunoreactive
insulin (IRI) level (“DRG”, Germany) and fasting
blood plasma glucose (FBG) level (NPP Felicit-
Diagnostics Ltd., Ukraine) after 5 weeks and
7 weeks of experiment. Rats with HOMA index more
than 3.0 were considered diabetic (IR) and were
used in the experiment and on-line calculated (http://
actendocrinology.ru/calc). Animals were removed
from the experiment by decapitation under thio-
pental anesthesia and blood serum samples were
prepared to evaluate lipid profile in blood serum
were determined total lipids (TL), triacylglycerols
(TAG), free fatty acids (FFA) and total cholesterol
(Ch) using commercially available kits (NPP Felicit-
Diagnostics Ltd., Ukraine; DiaSys, Germany). The
experiment was carried out with the approval of the
Institutional Animal Ethics Committee.

The statistical processing of the data was car-
ried out using the STATISTICA program (StatSoftInc.,
USA, version 6.0).

RESULTS AND DISCUSSION. Performing re-
search tasks, it was found that keeping animals on
HFD was accompanied by an increase in glucose
level by 50 % and 68 % to the end of 5" and 7*
weeks of the experiment, respectively. To evaluate
the IR development the insulin content in blood
plasmawas also determined (Table 1). Recalculation
showed that the HOMA index was significantly
increased in the control periods. Thereby, the data
obtained indicate a decrease in the cell insulin
sensitivity and the IR development. It is known that
the state of hyperglycemia and IR is also accom-
panied by the oxidative stress development, in-
creased lipid peroxidation and lipid metabolism
disorders [11].

Table 1 — Fasting blood plasma glucose, immunoreactive insulin and HOMA indices
after 5" and 7" week of the experiment

Time
Groups/indices — " " 7" week / treatment
initial 5" week 7" week PES0 PES0_arg AT
HFD |[FBG mmol/l 4.17+0.65 6.27+0.79* | 7.01+0.93* | 5.57+0.56* 5.3840.49* | 5.53+0.46*
IRI pmol/l 7247 97+8* 109+11* 78+5* 77+9* 87+7*
HOMA 1.92+0.12 3.89+0.29* | 4.86+0.31* | 2.73+0.34* 2.65+0.31 3.08+0.19*
(N<3,0)
Dex |FBG mmol/l 4.03+0.31 6.97+0.57* | 7.34+0.51* | 5.98+0.49* 5.54+0.37 5.87+0.65*
IRI pmol/l 775 101+9* 117+11* 79+9 80+8 877
HOMA 1.99+0.65 4.51+0.97* | 5.50+1.11* 2.89+0.67* 2.84+0.34 3.27+0.45*
(N<3,0)
Note. Data were expressed as mean+SD.

* — p<0.05 vs. intact group; ** — p<0.05 vs. IR_HFD group and IR_Dex group respectively.
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The effectiveness of different modifications of
diet enriched with fructose, which lead to IR and
DM2 development, was proved by experiments and
explained by theory. It is known that fructose meta-
bolism differs from glucose conversion and occurs
along a pathway that is independent of insulin.
Fructose in the liver under the influence of fructo-
kinase is converted to fructose-1-phosphate, which,
with the participation of aldolase, is broken down
to glyceraldehyde and dihydroxyacetone phosphate.
The obtained products are included in the process
of gluconeogenesis, as well as converted to acetyl-
CoA, followed by inclusion in lipogenesis [12].
Strengthening gluconeogenesis, which is not cont-
rolled by insulin, makes the main contribution to the
development of hyperglycemia (Table 1). Moreover,
there is literature data that in rats kept on a diet with
a high level of fructose, it reduces the expression
of insulin receptor substrate 1 (IRS-1) and phos-
phatidylinositol 3-kinase (PI3K) to insulin and the
development of IR [13]. Acetyl-CoA overproduction
can lead to hypertriglyceridemia and hypercho-
lesterolemia development, which are observed in
our experiment (Table 2). The PE50_arg introduction
to HFD group animals during 2 weeks led to a
significant decrease in blood glucose (Table 1). The
PE50_arg introduction inhibited the development
of hyperglycemia, reduced insulin levels (Table 1),
and normalized the content of neutral lipids in the
blood in animals kept on HFD (Table 2).

Dexamethasone-induced IR is also well-estab-
lished model, but has another metabolic mechanism.
The results of the dexamethasone injection after 5
weeks showed that the blood glucose level of
animals in this group by 82 % was higher than the
values of the intact group (Table 1). It was found
out that the insulin signal implementation in target
tissues is carried out with the participation of IRS,
PI3K, which activates the protein kinase B (Akt).
Akt-serine/threonine kinase, in turn, activates the
translocation of glucose transporter type 4 (glut-4)
and stimulates the glucose uptake into the cell. The

dexamethasone administration is accompanied by
inhibition of Akt insulin-dependent phosphorylation,
which leads to glucose uptake inhibition and the IR
development. It is known that glucocorticoids
stimulate fatty acids and TAG synthesis in the liver,
as aresult, elevated level of these lipids in the blood
[14]. The data obtained in our work confirm this
thesis (Table 2); at the same time the Ch content
under the dexamethasone action did not significantly
change. As for hypoglycemic action, the PE50_arg
administration during 14 days led to a significant
decrease in the glucose level (Table 1) more
pronounced compared with PE50 administration.
A significant decrease in the HOMA index was also
observed.

The results of this study demonstrated that
arginine addition to the polyphenol preparation
improved its hypoglycemic action.

The arginine administration is known to stimu-
late the expression of PI3K and Akt which entails
an increase in the sensitivity of cells to insulin [15].
This evidence found the confirmation in our current
experiment. It is known that a prolonged increase
in FFA content in the blood is an important mani-
festation of IR development, which mediated by
endoplasmic reticulum stress and activation of c-Jun
N-terminal kinases (Jnk) [16]. The decrease in the
content of FFA observed in our work (Table 2) leads
to an increase in the target cells sensitivity to the
insulin action. Most likely it was caused by improving
of FFA oxidation in the liver by the arginine action
[17]. Also, it is quite probable explanation for the
cholesterol content decrease in blood serum
(Table 2).

Thus, the obtained results indicate that pro-
longed HFD and dexametason administration for 7
weeks contributed to the development of carbo-
hydrate metabolism disorders (glucose resistance
and hyperglycemia), which may serve as criteria
for IR development. The 2-weeks PE50 and
PE50_arg administration under IR led to improve-
ment of these disorders.

Table 2 — The effect of PE50 and PE50_arg on the content of individual lipid fractions
in the blood serum of rats with IR

TL TAG FFA Ch
mg/g tissue mg/g tissue mmol/g tissue mmol/g tissue

IC 171+7 6.17+0.56 4.13+0.57 17.7+£2.05
IR_HFD 229+13* 10.29+1.21* 6.11+0.45*% 25.6+2.62*
IR_HFD_PES50 264£27** 7.42+0.67** 5.43£0.41** 21.9+£1.71
IR_HFD_PE50_arg 249+19** 6.57+0.87** 4.65+0.37** 17.8+1.82
IR_Dex 273+£15* 11.97+£1.19 7.18+0.24* 19.3+1.21
IR_Dex_PE50 251+£18** 8.14+0.97 6.39+0.41** 18.4+1.14
IR_Dex_PE50_arg 231+17** 6.57+0.67 4.58+0.63** 19.4+2.3

Note. Data were expressed as mean=SD.

* — p<0.05 vs. intact group; ** — p<0.05 vs. IR_HFD group and IR_Dex group respectively.
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CONCLUSIONS. 1. High-fructose diet during
7 weeks induced insulin resistance in rats.

2. Dexamethasone daily injections that maintai-
ned the hormone level during 5 weeks led to the
insulin resistance development.
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HALIIOHA/IbHA ®APMALIEBTUYHA YHIBEPCUTET, XAPKIB

I'MIOITIIKEMIYHA TA I'IITOJIIIIAEMIUHA JIS1 APTTHIHBMICHOI'O EKCTPAKTY
3 JIMCTS MYUYHUIII 3BUYANHOI HA T/1I IHCY/ITHOPE3UCTEHTHOCTI B II[YPIB

Pesiome

Bcmyn. B ocmanHi decsmunimmsi yykposuli diabem 2 murly cmas OOHIel0 3 MPOBIOHUX MPUYUH cMepmi B8
ycboMy csimi. Pe3ysibmamu psidy 00C/iOKeHb Miomsepousiu MpUYUHHO-HAC/TIOKOBUU 3B8’I30K MK PO3BUMKOM
iHcyniHopesucmeHmHocmi (IP) i yum 3axsoprosaHHsIM. BooHoYac mpadouyiliHo i mpomsicoM 6azamb0X POKIB POC/IUHU
abo peqyoBUHU, BUOI/IEHI 3 HUX, BUKOPUCMOBYOMb O/151 JlIKyBaHHST UyKpoBso2o diabemy 2 mury ma Kopekyii io2o
YCK/1A0OHEHb.

Mema 0ocidxeHHs1 — 3’CyBamu Bri/1Us Mo/ligheHO/IbHO20 CAUPMOBO20 eKcmpakmy 3 IUCMs My4YHUYi 38uyaliHoi,
sKul 36az2a4yeHo apeiHiHOM, Ha moJiepaHmHIicmb 00 2/110K03U i Memabosi3M /1inidis Mpu ekcrepuMeHmasibHil
IHCYyIiHOpe3ucmeHmMHocmi 8 Wypis.

MemoOou 00c1idXeHHs. EkcriepumeHm nposedeHo Ha 00POC/IUX Wypax-a/ibbiHocax. By/10 BUKOPUCMAHO PI3HI
MoOesii IHCYyIHOPEe3UCMEHMHOCMI, maki, sIK W00eHHe BHYmMpIlWUHboYepesHe BBEOEHHSI dekcaMemasoHy | diema,
36azadeHa ¢hpykmosor. [ Kopekyil nepopasibHO BB0OOU/IU MOAIYeHONbHUU cnupmosuli ekcmpakm ma
rnonigheHonbHUl cnupmosuli ekecmpakm 3 do0asaHHSIM apaiHiHy. IHCy/niHope3ucmeHmHicme MiomsepoXysasiu
W/ISIXOM BUMIPHOBAHHS PIBHST iIMYyHOPEaKMUBHOR20 IHCY/1iHY ma PIBHS 2/1I0KO3U B8 M/1a3mi KPosi. i/ 3aKiHYeHHS
ekcriepumMeHmy y sidibpaHux 3pa3kax cupoBamKuU KpoBi BU3Ha4a/1u MoKas3HUKU /1inioH020 rnpoghizito. CmamucmuyHy
06p06Ky daHux 30ilicHI0Ba/IU 3a 0ornomMozoto rpoepamu STATISTICA (StatSoftinc., CLUA, sepcist 6.0).

Pe3ysnbmamu U 062080peHHs. [iema 3 BUCOKUM BMICMOM ¢hpyKmMO3u nNpomsi2oM 7-Mu MUXHIB BUK/IUKa/1a
pesucmeHmHicmb 00 IHCY/IiHYy 8 Wypis. Takox crnocmepizasiu 36iibweHull piseHb mpuayuianiyeposnis, BilbHUX
JKUPHUX KUc/10m i xonecmeposy. LLJoOeHHI iH'eKyii 0ekcamemasoHy, siki NidmpuMyBasiu PiBeHb 20PMOHY MPOMsi2oM
5-mu muxHig, 3yMOBU/IU PO3BUMOK pe3ucmeHmHocmi 0o iHCcyAiHy. pu iHCyiiHope3ucmeHmHocmi, sika bysa
iHOyKOBaHa 20pMOHaMU, PiBEHb Bi/IbHUX XXUPHUX KUC/I0M i mpuayusianiyeposiis makox 6ys niosuwjeHuli, 0OHaK
KOHUeHmpauyjisi 8 naa3mi Kposi xosiecmeposty 00CMOBIPHO He 3MiHIBa1achk. osigheHos1bHUl criupmosuli ekcmpakm
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ma rnosiigheHosIbHUU criupmosull ekecmpakm 3 000asaHHAM apa2iHiHy Mokpawysasiu yym/ausicms K/IIMUH 00 iHCY/TiHY
B ekcriepumeHmasibHUx IP-Modesisix. BooHowac nosigheHo/ibHUll criupmosuli ekcmpakm 3 000asBaHHAM apeiHiHy
Mas 6i/1bW BUpPaXKeHy HOpMaslisyrody Oito Ha OOC/TIOXYBaHI /liMiOHI MOKa3HUKU.

BucHoBOK. Pe3y/imamu Hawoao ekcriepuMeHmy csidyams npo me, Wo apeiHiH Moxe 6ymu rnomeHyitiHo
repcrekmusHUM rpomudiabemu4yHuUM 3aco060M.

KNKOYOBI C/IOBA: iHCyNniHOPEe3UCTEHTHICTb; LlYKPOBUIA AiaGeT 2 TUNy; MyYHULUA 3BUYaliHa; apriHiH;
rinornikemMiyHa gis.

A. B. KpaBueHko, O. A. KpacunbHukosa, M. Ma3eH
HALUWOHA/IbHbIV ®PAPMALIEBTUYECKV YHUBEPCUTET, XAPbKOB

I'IITOITIMKEMMWYECKASA U T'NITOJIMIIMAEMHWYECKAA AKTUBHOCTD
3KCTPAKTA U3 JINCTHEB TO/IOKHSAHK OBBIKHOBEHHOW C JJOBAB/TEHUEM
API'MTHNHA HA ®OHE MHCY/IMHOPE3NCTEHTHOCTMU Y KPbIC

Pestome

BcmynneHue. B riocsiedHue decsimusiemusi caxapHbili duabem 2 murna cmas 00HoU u3 Bedywux npuvyuH
cMepmHocmu B8O 8ceM mupe. Pe3ysismamsi psida uccsiedosaHuli nodmsepousiu npuYUHHO-C/1e0CMBEHHYIO CBSI3b
Mex0y passumuem UHcyiuHopesucmeHmHocmu (VIP) u amum 3abosnesaHueM. B mo e spemst mpaduyuoHHO U 8
medyeHue MHO2UX /Iem pacmeHus Uau Beuwjecmsa, Bbl0e/IeHHbIe U3 HUX, UCMO0/b3yom O/1s1 IEYEHUST caxapHoe2o
duabema 2 muna u Koppekyuu €20 OC/I0XHEHULU.

Lenb uccnedosBaHusi — BbISICHUMb B/IUSIHUE CMUPMOBO20 MO/UGEHOIbHO20 IKempakma U3 lucmbses
MOJIOKHSIHKU 06bIKHOBEHHOU, KOMOpPbIU 0602aujeH ap2uHUHOM, Ha MOoJIEPaHMHOCMb K 2/1I0K03e U Memabo/u3m
JIUNUA0B MPU 3KCNepUMeHmMasibHol UHCY/IUHOPE3UCMEHMHOCMU Y KpPbIC.

MemoOdbI uccriedosaHust. SKCriepuMeHm MpPoBedeH Ha B3POC/IbIX KpbICax-a/bbuHocax. bbi/u Ucnob308aHb!
pas/aiuyHble MOOeaU UHCY/IUHOPEe3UCMEeHMHOCMU, makue, KaKk exedHesHoe BHympubpowHoe ssedeHue
dekcamemasoHa u ouema, obozaujeHHasi ¢hpykmo3sol. [/1s1 Koppekyuu rnepopasibHO 8800U/IU MOIUGDEHO/bHbIL
cnupmosol s3Kecmpakm U nosiugheHo/1bHbIU crnupmosol sKkecmpakm ¢ dobassieHueM apa2uHuHa. VIHcy/iuHo-
pe3ucmeHmMHoOCMb MOOMBePKOa/IU Mymem USMEPEHUS YPOBHST UMMYHOPEaKmMUBHO20 UHCY/IUHA U YPOBHSI 2/10KO3b!
8 nsasme Kposu. [10 OKOHYaHUU 3KcrepuMeHma 8 0mobpaHHbIX 06pasyax CbIBOPOMKU KPOBU Orpedessisiu
rokasame/iu IUruOHo20 rpoghussi. Cmamucmuyeckyro 06pabomky 0aHHbIX OCYWEeCmE/Isi/U C MOMOWbH0 PO2paMMb|
STATISTICA (StatSoftinc. CLUA, sepcusi 6.0).

Pe3ynbmambi u o6cyxoeHue. [Juema c BbICOKUM COOepaHUeM ghpyKmo3sbl 8 meHeHue 7-Mu Hede/lb Bbi3biBasia
PEe3UCMEeHMHOCMb K UHCY/IUHY Y KpbIC. Takxe Habmooasiu ysenudeHHbIU yposeHs mpuayuie/1uyeposios, CB0600HbIX
JKUPHbLIX KUC/IOM U Xo/ilecmeposia. ExeodHesHble UHbEeKYUU deKkcaMemasoHa, Komopble nodoepxusasu ypoBeHb
20pMOHa 8 meveHue 5-mu Hedesib, 06YC/108UU pa3BUMUE PE3UCMEHMHOCMU K UHCY/IUHY. pu UHCyiuHopesuc-
meHmHocmu, komopasi 6bl1a UHOyyuposaHa 20pMOHaMU, yPOBEHb CBOBOOHbIX XUPHLIX KUC/IOM U mpuayus-
2/1uyepos108 makxe 6bl/1 M0BbIWEH, 00HAKO KOHUeHmpayusi 8 n/iasme Kposu xo/iecmeposia 00CMoBEepPHO He
usmMeHsinack. MNonugeHos1bHbIU criupmosoll SKempakm U noueHosIbHbIU criupmosoli sSkempakm ¢ dobasneHuem
apeauHuHa y/yquwanu 4yscmaume/ibHoCMb K/IEMOK K UHCY/IUHY 8 3KCepuMeHmMasibHbIX VIP-modessix. B mo xe
BpemMsi nosiutheHoIbHbIU cnupmosoll akcmpakm umes1 6o/see BblpaXxeHHoe HopMasusdyruwee delicmsue Ha
uccsiedyemble /IUMUOHbIE roKasameru.

Bb1800. Pe3sy/ismambi Hallez2o aKkcrnepuMmeHma caudemesibCmayrom o0 moM, Ymo rMoaugheHo 1bHbIU criupmosol
3aKecmpakm Moxem 6bimb MoMeHYyuasIbHO NepcrnekmusHbIM npomusoouabemu4eckum cpedcmasom.

KNHOYEBbLIE C/TOBA: MHCYNIMHOPE3UCTEHTHOCTb; CaxapHbIii Aua6eT 2 TUNa; TONTIOKHSIHKA 0GbIKHOBEHHas;
APryuHUH; TMNOrNIMKEMUYECKOe AelicTBue.
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