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SCREENING OF HYPOGLYCEMIC ACTIVITY OF HERBAL
MIXTURES (MESSAGE II)

Topicality. Diabetes mellitus is an important social and medical problem, as it causes the development of dangerous
complications that lead to disability and mortality. This disease is characterized by a multi-vector pathogenesis that
requires a comprehensive approach to treatment. Due to the use of mixtures of medicinal plants in the treatment of dia-
betes, it is possible to cover all aspects of the development of this disease and its complications. In addition, the niche of
the pharmaceutical market of Ukraine with phytomixtures is almost empty.

Aim. To study the hypoglycemic activity of the herbal mixtures, which are used in folk medicine for diabetes melli-
tus type 2 prevention and treatment, but do not have a scientific basis and to establish their conditional therapeutic dose.

Materials and methods. The study has been performed in male albino rats weighing 180-200 g, during 20 days
they have been receiving orally for preventive treatment aqueous extracts (1:10) of the studied herbal mixtures at a dose
6 mL/kg/day, 9 mL/kg/day and 12 mL/kg/day and comparison drugs - the official herbal mixtures “Arfazetin” at a dose
9 mL/kg/day and tablets metformin at a dose 60 mg/kg/day. The study of hypoglycemic properties and the establish-
ment of a conditional therapeutic dose of the studied mixtures was carried out using glucose loading tests. All experi-
ments have been performed in accordance with general ethical principles with the recommendations of the EEC Council
directive 2010/63/EU about the protection of animals used for scientific experiment.

Results and discussion. The results of the study showed the 20-day preventive treatment by the herbal mixtures
reduced alimentary hyperglycemia at the 30th minutes of OGTT and helped regulate carbohydrate tolerance disorders
by reducing hyperglycemia at the 15th minutes of IPGTT. The highest hypoglycemic activity showed the herbal mixture
No. 7 in a dose 12 mL/kg/day, which was almost on a par with the comparison drug - tablets metformin, but exceeded
the official herbal mixture “Arfazetin”. In addition, the dose-dependence of the effectiveness of all five studied herbal
mixtures was established.

Conclusions. For the first time, it was conducted the screening study of hypoglycemic activity of the herbal mix-
tures, which are used in folk medicine for the prevention and treatment of diabetes mellitus type 2. It was determined
that the greatest effectiveness in terms of the ability to reduce alimentary hyperglycemia during OGTT and reduce im-
paired carbohydrate tolerance during IPGTT show the herbal mixture No. 7, which includes Inulae rhizomata et radices,
Helichrysi arenarii flores, Maydis style cum sigmatis, Origani herba, Rosae fructus, Taraxaci radices. It was established its
conditional therapeutic dose 12 mL/kg/day.
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CKpuHiHroBe 0CaiJKeHHs rinoriikeMiyHOi aKTUBHOCTi pOC/IMHHMX 360piB

(moBigomaenns II)

AkTyanbHicTb. LlykpoBuii fiabeT € BaXKJIMBOIO COLia/IbHOIO Ta MeJUYHOIO IPOOGJIEMOIO, afiXKe CIIPUYHMHSIE PO3BUTOK
He6e3MeYyHHX YCKIaJHEeHb, 10 MPU3BOAATD A0 iHBaTiAM3alii Ta cMepTHOCTI HacesieHHs. Lle 3axBoploBaHHSA XapaKTepu3y-
€TbCs1 6araTOBeKTOPHUM NaTOreHe30M, 1[0 NOTPe6ye KOMIJIEKCHOTO MiJIX0AY A0 JiKyBaHHS. 3aB/JsSKH 3aCTOCYBaHHIO
3060piB JIiKapCbKUX POCJIHMH Y Tepanii yKpoBoro JjiabeTy MOXHa OXOIUTH yci JJAHKH PO3BUTKY AAHOTO 3aXBOPIOBAHHS
Ta Horo yckaasHeHb. OKpiM 1jboro Hima ¢apMareBTUYHOr0 pUHKY YKpaiHu 3 ¢iTo360piB MPAKTUIHO MOPOXKHSI.

MeTo0 JJaHOT0 J0C/i/PKEHHS CTaJI0 BUBYEHHS INOMIiKEMIYHUX BJIACTUBOCTEN POCIMHHUX 360piB, 1[0 BUKOPHC-
TOBYIOTBCSl y HAPOAHIH MeAULMHI 11 NPOdIIaKTUKY Ta JIIKyBaHHSA LyKPOBOro AiabeTy 2 THUIy Ta BCTAHOBJIEHHS iX
YMOBHO TepaneBTHUYHOI JI03H.

Marepiaiu Ta MeToau. [[oc/1iPKEHHS TPOBOIMUJIMCS HA IHTAKTHHUX HOPMOIJIIKEMIYHUX GI/IHX 1[ypax caMIisiX Maco0
180-200 , siKi 3 MeTOl0 MPodiIaKTUUHOTO JiKyBaHHS BIPoAoBK 20-TH AHIB HepopaJbHO OTPUMYBAIH BOAHI €KCTPAKTH
(1:10) mocnimpKyBaHUX 360PiB ¥ 1031 6 MJI/Kr/AeHb, 9 MJI/Kr/feHb Ta 12 MJI/Kr/feHb Ta NpenapaTy NopiBHAHHSA — odi-
LMHAJbHUU 30ip «ApdazeTun» y f03i 9 Mu/Kr/aeHb i TabeTku MeThopMiHy y 1031 60 Mr/Kkr/aeHb. BuBueHHs rinorii-
KeMiYHHX BJIACTUBOCTEH Ta BCTAHOBJIEHHS YMOBHO TepaleBTUYHOI 031 AOC/Ii/PKyBaHHUX 3ac00iB 3/liCHIOBaJIHU 3a J10-
MIOMOTOI0 TECTIB [JIIOKO3HOI0 HaBaHTaXXEHHs. YCi 10C/Ii/Ji BUKOHYBaJIM 3 JOTPUMAaHHAM 3arajbHUX eTUYHUX NPUHLMIIB
3rigHo 3 pekoMenauismu Jupektusu €C 2010/63/EU npo 3aXUCT BUKOPHUCTOBYBAHUX TBAPHH /IJIs1 HAYKOBUX LiiJIEH.

Pe3y/ibTaTH Ta iXx 06roBopeHHs. Pe3yibTaTy A0C/IiPKeHHS MToKasa/Hy, o 20-TH AeHHe Mpo¢isaKTUYHe BBEJeH-
Hsl pPOCJIMHHUX 360piB 3HM)KYBaJIo ajiMeHTapHY rinepriikemito Ha 30-i xB OTTI Ta cnpusIo 3MeHLIEHHIO TOPYLIeHb
TOJIEPAHTHOCTI 10 BYIVIEBO/IiB ILLJISIXOM 3HIKeHH4 rinepriikemii Ha 15-i x8 BOTTI. Hali6inbuly rinorsikeMiyHy akTUB-
HICTb NPOSIBUB POCUHHUE 36ip N2 7'y 103i 12 MJ1/Kr/[ieHb, sika 6y/1a NPaKTUYHO Ha PiBHI 3 IpenapaToM NOPiBHSIHHS —
TabJieTKaMHu MeTOOpMiHy, asie TepeBHUIyBasa 32 epeKTUBHICTIO odinuHaNbHUH 36ip «ApdazeTuH». OKpiM IIbOro 610
BCTAHOBJIEHO /10303aJIEXKHICTh epEKTUBHOCTI YCiX I'ATH JOCIIKYBAaHUX POCTUHHUX 360DiB.
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BucHOBKHU. Briepiiie mpoBe/IeHO CKPUHIHTOBE J0C/Ii/PKEHHS TiMoriKeMi4yHOi aKTUBHOCTI POCMHHUX 360DiB, 1110
3aCTOCOBYIOTbHCS B HAPOJHIM MeAUIUHI A1 NpodiaKTUKU Ta JIiKyBaHHS LYKPOBOTO AiabeTy 2 TUIy. BUu3HavyeHo, 110
Hal6inbIy epeKTUBHICTD 3a 3/JaTHICTIO 3HIDKYBATH aliMeHTapHy rinepriikemito nig yac OTTI Ta 3HIKyBaTH nopy-
LIeHHs TOJIePaHTHOCTI Ao ByrieBoZiB nig yac BOTTI nposBuB pocauHHUHK 36ip N2 7 (10 ck/1azy IKOro BXOASTH OMaHy
KOpeHeBHIIa 3 KOPeHSIMHU, IMUHY KBITKH, KyKYpy/31 CTOBIYUKY 3 NPUMMOUYKAMH, MaTePUHKHU TPaBa, LUIIINHY I1JI0-
Ji1, KyJ1b6abu KopeHi). BcTaHOBJIeHO 10T0 yMOBHO TepaneBTHYHY [03y, fiKa CKyajae 12 MJ/Kr/AeHb.

Kmouoei cio8a: pocaunni 36opu; einozaaikemivHa akmugHicmy; yykposutl diabem

A. A. CaBuy?, C. M. Mapuumun?, O. I. lopomeHko?

! TepHonobckull HAYUOHANbHLIU MeduyuHcKull yHugepcumem umeru H. A. lopbayvesckozo M3 YkpauHbl

2 HeaHo-DparkoscKull HAYUOHANbHBIU MeOUYUHCKUL yHUgepcumem, YkpauHa

CKpMHUHIOBOE UCC/IeA0OBAaHUE TUNMOIIMKEMUYE€CKOM aKTUBHOCTU PAaCTUTE/bHBIX COOPOB
(coo6ienue II)

AxTyanbHOCTb. CaxapHbli 1MabeT SIBJISETCS BOXKHOU COLlMANbHON U MeIMIIUHCKOM NP06JIeMOM, TOCKOJIbKY MPU-
BOJIUT K Pa3BUTHIO OMACHBIX OCJ0KHEHUH, IPUBOAAIIMX K MHBAJIUAU3ALUU U CMEPTHOCTH HaceJleHUs. ITO 3aboJie-
BaHHUeE XapaKTepH3yeTCss MHOTOBEKTOPHBIM IaTOTeHe30M U TpebyeT KOMILJIEKCHOT0 OAX0/a K JiedeHHIo. biarogaps
NpPUMeHEeHHI0 C60POB JIEKapCTBEHHBIX PACTEHUH B TepalMK CaxapHOTo JjuabeTa MOXHO OXBaTHTb BCE 3BEHbsI Pa3BU-
THS JAHHOTO 3a60/IeBaHUsA U €ro 0C/I0KHEeHUH. KpoMe aToro Huia ¢papMareBTU4eCcKOro pplHKa YKpauHel 1o GUTOC60-
pax IpaKTUYEeCKH MyCTa.

Iles1b. U3yyeHHe rUNOITIMKEMUYECKHUX CBOMCTB PACTUTE/IBHBIX COOPOB, HCNOJIb3YEMbIX B HAPOJHOM MeJULIMHE AJIst
npopUIaKTUKH U JIeYeHHs caxapHOTo JiMabeTa 2 THIIa, U YCTAaHOBJIEHHE X YCJIOBHO TePaneBTUYeCKON JJ03Bl.

MaTepuasabl ¥ MeTOABI. Vccie[0BaHUA NTPOBOAUINCE HA UHTAKTHBIX HOPMOIJIMKEMUYECKHUX GeJsbIX KpbIcaX caM-
nax Maccoit 180-200 r, KOTOpbIE C LieJ/1bl0 NPOPUIAKTUYECKOTO JledeHus1 B TeueHue 20-TH IHel nepopasibHO NOJIyvYaln
BOJZHBIE 9KCTPaKTHI (1:10) ucciefyeMbIX CGOPOB B J103€e 6 MJ1/KT'/AeHb, 9 MJ1/Kr/ieHb U 12 MJ1/KT/IeHb U TpenapaTthl CpaBHe-
HUS - 0QUIMHAIBHBIHN c60p «ApdazeTHH» B A03e 9 MJI/KI/[ieHb, a TaKXKe TabJ1eTKH MeTopMHHA B fo3e 60 MI'/KI/eHb.
U3yyeHure rUNOrIMKEMUYECKUX CBOMCTB U YCTAHOBJIEHHE YCJIOBHO TePaleBTHYeCKOH JJ03bl HCC/Ie/[lyeMbIX CPEJICTB OCYy-
I[EeCTBJISJIM C HOMOLIbIO TECTOB IVTIOKO3HOM Harpy3Ku. Bce onmbIThI MPOBOJHIIN € COGJIIO/IEeHNEM 0OLIHUX STUYECKUX TPHH-
LMITOB corsiacHO pekoMeHauusam Jupektrbl EC 2010/63/EU o 3a1yTe HCI0JIb3yEeMbIX )KHBOTHBIX /IJIS1 HAYYHbIX L[eJIeH.

Pe3y/1bTaThI M X 06CYXKAEHHeE. Pe3y/ibTaThl Hccie/J0BaHMs 0Ka3asy, 4To 20-HeBHOe MPOUIAKTHYECKOE UCII0JIb-
30BaHHE PACTUTEJbHBIX COOPOB CHMXKAJIO aJUMEHTApHYI0 runeprinkeMuto Ha 30-i munyTte OTTI u cnoco6¢cTBOBaNO
yMeHbIIEHHUI0 HapyLIeHUH TOJIePaHTHOCTHU K yIJIeBOJaM MyTeM CHIKeHHs FMIeprIuKeMyd Ha 15-# munyTe BUTTL
HauGosibliyto rHIONIMKEMUYECKYI0 aKTUBHOCTD IIPOSIBUJI PacTUTEIbHbIN c60p N2 7 B jo3e 12 Mu1/Kr/AeHb, KOTOpast
Obl1a MPAaKTHYECKH HA YPOBHE C IpernapaToM CpaBHEHUS — TabjeTKaMHU MeTPpOPMHUHA, HO ITpeBbIIaa no 3¢pdeKTus-
HOCTH OQHUIIMHANBbHBINA c60p «ApdazeTrHH». Kpome Toro, 6b1j1a ycTaHOBJIEHA [0303aBUCUMOCTb 3P PEKTUBHOCTH BCEX
ISITH UCCJIe[yeMbIX PAaCTUTEbHBIX COOPOB.

BbIBoABI. BriepBbie GbLI0 MPOBEJEHO CKPUHUHTOBOE HCC/Ie/J0BaHME TUIOTJIMKEMUYeCKOH aKTUBHOCTH PacTH-
TeJIbHBIX CO0POB, IPUMEHSIEMbIX B HAPOAHON MeJUIMHe /1 NPOPUIAKTUKY U JIeYeHHUsl caxapHoro AuabeTa 2 TUMa.
Omnpe/iesieHO, YTO HaUGOJIbIIYI0 3G EKTUBHOCTD 110 CIOCOGHOCTH CHIKATb aIMMEHTApHYI0 runepriaukeMuto npu OTTT
Y CHWD)KaTh HapyLleHUe TOJIePaHTHOCTH K yrieBogaM npu BUTTT nposiBisieT pacTuTenbHbIH c60p N2 7 (B cocTaB KOTO-
pOro BXOJAT AeBsICK/Ia KOPHEBHUIIA C KOPHAMH, 6eCCMepPTHHKA IIBETKH, KYKYPY3bl PbLIbLA, AYIIKIEI TPABa, INMIOBHUKA
IJI0/1bl, OZlyBaHYMKA KOPHHU). YCTAaHOBJIEHO €T0 YCJOBHO TepaleBTHYECKYIO 03y, KOTOpasi cOCTaBJsieT 12 MJ1/Kr//ieHb.

Knatoueesle cn08a: pacmumensHble cO0pbl; 2uno2AUKeMU4eckas akmusHoCmy; caxapHuiil duabem

INTRODUCTION

Diabetes mellitus is a global social problem in the field
of health care, due to rapid spread of this disease and
the development of serious complications such as micro-
and macroangiopathies, which significantly reduce the qua-
lity and life expectancy of patients [1]. According to the of-
ficial information of International Diabetes Federation
(2019), the number of patients is projected to increase
to 642 million by 2040 [2].

An important problem of pharmacovigilance is that
existing pharmacotherapy can effectively reduce hyper-
glycemia, but it is not always able to stabilize fluctuations
zn glycemic values during the day and maintain it at an
optimal level. This leads to the formation of a cascade of
pathological processes - excessive glycation and inactiva-
tion of the body’s antioxidant defense system, triggering
the processes of free radical oxidation of lipids and, as
a consequently, the development of oxidative stress, which

leads to the development and progression of diabetic
angiopathies [1, 3, 4].

Therefore, the optimization of pharmacotherapy, search
and study of new drugs with hypoglycemic activity for
the prevention and treatment of this disease and its dan-
gerous complications is a topical issue of pharmacy and
medicine.

Phytotherapy is one of such an important fields, as
it has a number of advantages over traditional therapy
with using oral synthetic agents, namely, it is low-toxic,
has a mild pharmacological effect and can be used for long
periods without significant side effects, is well combined
with synthetic drugs, has a complex activity through a num-
ber of biologically active compounds [5, 6]. The combi-
nation of different medicinal plants is worth a particular
attention, because such herbal mixtures will have more
biologically active substances and will influence on the all
links of the pathogenetic mechanism of development of
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diabetes mellitus and its complications [7, 8, 9]. In addi-
tion, the pharmaceutical market of Ukraine is represent-
ed mainly by synthetic antidiabetic drugs, which account
for over 92 % of all oral antidiabetic drugs. Today in Ukraine
there are two antidiabetic herbal mixtures - the herbal
mixture “Arfazetin”, which includes Vaccinii myrtilli cor-
mus, Phaseoli valvae fructum, Eleutherococci senticosi rhizo-
mata et radices, Rosae fructus, Equiseti arvensis herba,
Hyperici herba, Matricariae flores and - the herbal mix-
ture “Sadifit”, which includes Helianthi tubera, Steviae
folia, Vaccini myrtilli cormus, Phaseoli valvae fructum, Thea
chinensis, Menthae piperitae folia.

However, Vaccinii myrtilli cormus, Eleutherococci sen-
ticosi rhizomata et radices and Hyperici herba are potent
plants that can be dangerous with prolonged use. In ad-
dition, Eleutherococci senticosi rhizomata et radices have
a tonic effect and are contraindicated in coronary heart
disease, heart failure and hypertension, which are often
complications of diabetes.

The aim is to study the hypoglycemic activity of the her-
bal mixtures used in folk medicine for the prevention and
treatment of diabetes mellitus type 2 [10], but do not have
a scientific basis and to establish their conditional thera-
peutic dose.

MATERIALS AND METHODS

The herbal raw materials harvested in June to August
2019 in Ternopil region (Ukraine) were used. After har-
vesting, the raw materials were dried, crushed and brought
back to standard according to the general GACP require-
ments [11]. The plants were identified by Department
of Pharmacognosy with Medical Botany, .Horbachevsky
Ternopil National Medical University, Ternopil, Ukraine.
The voucher specimens of the herbal raw materials have
been deposited in Departmental Herbarium for future record.

For the study were used the five different herbal mix-
tures, which are used in folk medicine for the prevention
and treatment of diabetes mellitus type 2 in Ukraine [10].
Composition of the mixtures is given in Tab. 1.

The samples of the herbal raw material were grinded
into a powder by laboratory mill. Then 10 g of each pow-

dered herbal mixture was put into a 100 mL conical
flask and 120 mL of distilled water was added to each.
The aqueous extracts were obtained by heating in the boi-
ling water bath for 30 min. The extracts were filtered using
Whatmann filter paper No. 1. Then the filtrates were
evaporated by rotary evaporator and were lyophilized
to dryness. The lyophilized powders of each herbal mix-
ture were stored at 4 °C for further use.

The aqueous extract of the comparison preparation -
the official herbal mixture “Arfazetin” was prepared using
5 g of dry raw material and 110 mL of distilled water
(as indicated in the instructions for use) under the same
conditions.

To prepare the metformin suspension, the metfor-
min tablets were crushed and mixed with 2 mL of dis-
tilled water.

Table 1

COMPOSITION OF THE HERBAL MIXTURES

Quantity of the
Herbal Herbals herbals in the
mixtures .
mixtures, g
Avenae sativae semina 26.32
Cichorii radices 26.32
No.6 | Elymirepens rhizomata 15.79
Rosae fructus 21.05
Pulmonaria radices 10.52
Total: 100.00
Inulae rhizomata et radices 10.00
Helichrysi arenarii flores 20.00
No. 7 Maydis style cum sigmatis 20.00
' Origani herba 20.00
Rosae fructus 20.00
Taraxaci radices 10.00
Total: 100.00
Elymi repens rhizomata 26.32
Cichorii radices 26.32
No.8 | Rosae fructus 21.05
Leonuri herba 15.79
Crataegi fructus 10.52
Total: 100.00
Cichorii ra.dlces. 44.44
Sophorae japonicae fructus 1111
Urticae folia '
. 11.11
No.9 | Crataegi fructus 1111
Polemonii rhizomata cum '
.. 11.11
radicibus 1111
Melissae folia '
Total: 100.00
Helianthi tuberosi tuber 36.36
Rosae fructus
. 18.18
Menthae folia
. . 9.09
No. 10 | Elymi repens rhizomata 9.09
Polemonii rhizomata cum 9'09
radicibus 1 8 18
Crataegi fructus )
Total: 100.00

The official herbal mixture “Arfazetin” was purcha-
sed from PJSC Pharmaceutical Factory “Viola” (Ukraine),
the standard drug - metformin SANDOZ® from Lek S.A.
(Poland).

The study was performed in male albino rats weig-
hing between 180 g and 200 g, which were bred at the ani-
mal house of the Central Research Laboratory of I. Hor-
bachevsky Ternopil National Medical University, where
they were kept under appropriate conditions (at a con-
stant room temperature of 22 + 1 °C, 40-70 % humidity
conditions and a 12-hour light/dark cycle). Throughout
the experimental period, the animals received standard
rat diet and water ad libitum. The animals were treated in
accordance with the internationally accepted standard
ethical guidelines for laboratory animal use and care
as described in the European Community Guidelines [12].
All protocols for animals experiment were approved by
the animal ethical committee of I. Horbachevsky Terno-
pil National Medical University.
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Table 2

HYPOGLYCEMIC EFFECT OF THE HERBAL MIXTURES COMPARED TO THE OFFICIAL HERBAL
MIXTURE “ARFAZETIN” AND TABLETS METFORMIN BY OGTT AFTER 20 DAYS OF PREVENTIVE
TREATMENT OF NORMOGLYCEMIC RATS

. Glucose level, mmol/L
Group of animals 0 min 30 min | 60 min 120 min
Series second
Control 4.17 £0.07 7.89 = 0.09 7.62+0.12 5.85+0.13
HM “Arfazetin”, 9 mL/kg 4.08+0.08 5.38+0.11* 5.33 £0.15* 492 +0.14*
MET, 60 mg/kg 391+0.16 4.28 £ 0.17*/** 4.17 £ 0.18*/** 4.02 £ 0.14*/**
HM No. 6, 6 mL/kg 412+0.12 5.53+0.17* 5.42 +0.18* 5.25+0.11*
HM No. 6, 9 mL/kg 4.09 £0.19 5.62 + 0.15* 5.37 £0.17* 5.22 +0.14*
HM No. 6,12 mL/kg 395+0.17 5.54 +0.12* 5.41 +0.15* 521+0.11*
HM No. 7, 6 mL/kg 4.11+0.16 5.53+0.11* 5.42 +0.18* 5.24 +0.18*
HM No. 7,9 mL/kg 4.09 £0.13 5.41+0.18* 5.21+0.17* 5.04 £ 0.19*
HM No. 7,12 mL/kg 4.07 £0.11 4.42 + 0.17%/** 4.31 +£0.13%/** 4.12 +0.14*
HM No. 8, 6 mL/kg 4.13+0.13 5.64 + 0.14* 5.37 £0.18* 522+0.11*
HM No. 8,9 mL/kg 4.04 +0.15 5.61+0.11* 5.32+0.18* 521+0.17*
HM No. 8,12 mL/kg 4.32+0.18 5.57 £ 0.09* 5.38+0.17* 5.11+0.18*
HM No. 9, 6 mL/kg 4.21+0.16 5.64 +0.18* 5.51 +0.16* 5.32+0.11*
HM No. 9,9 mL/kg 4.17 £0.18 5.61+0.11* 5.43 +0.14* 5.25+0.18*
HM No.9, 12 mL/kg 4.08+0.17 5.52+0.18* 5.37£0.11* 5.21 +0.19*
HM No. 10, 6 mL/kg 4.11+0.18 5.71+0.13* 5.52 +0.18* 5.23 +0.15*
HM No. 10, 9 mL/kg 4.06 £0.13 5.53+0.18* 5.38+0.16* 5.21+0.14*
HM No.10, 12 mL/kg 4.09 +0.17 5.48 + 0.16* 5.38 £ 0.14* 5.19 +0.17*

Notes: Values are expressed as mean + SEM from 8 rats; * p < 0.05 with respect to Control group; **

p < 0.05 with respect to the herbal mixture “Arfazetin”.

Screening study of hypoglycemic activity of the her-
bal mixtures and determination of their conditionally
therapeutic dose was performed on intact normoglyce-
mic rats. Animals were randomly divided into eight groups
of eight animals (n=8) each and received different preven-
tive treatment once daily during 20 days. Group I (Con-
trol) received per os (p.o.) distilled water (12 mL/kg/day),
group II (HM “Arfazetin”) - aqueous extract of the official
herbal mixture “Arfazetin” (9 mL/kg/day, p.o.) [13], group III
(MET) - suspension of metformin (60 mg/kg/day, p.o.)
[14], group IV-VIII (HM) - aqueous extracts of the studied
herbal mixtures No. 1-5 in doses 6 mL/kg/day, 9 mL/kg/day
and 12 mL/kg/day, p.o. The last oral administration of
the researched means was carried out 2 hours before
the glucose load tests.

Fasting blood glucose (basal glycemia) was measured
in tail blood samples after a 6-hour fast on 20th day of
the experiment using a glucose analyzer (glucometer
Accuk-Check, Germany). Oral Glucose Tolerance Test (OGTT)
was performed after measuring basal glycemia by admi-
nistering glucose solution (3 g/kg, p. 0). Blood glucose
levels were determined at 0, 30, 60 and 120 minutes af-
ter glucose loading [15].

Measurements of the intraperitoneal glucose toleran-
ce test (IPGTT) were performed on the 21st day of the ex-
periment after overnight fasting (16-18 hours) by intra-
peritoneal administration of glucose solution (2 g/kg, i. p.)
to rats in the morning. The level of glucose in the blood

obtained from the tail vein of animals was determined
before the introduction of glucose and after 15, 45 and
60 minutes using a glucose analyzer [15].

The values were expressed as mean + SEM. The data
were analysed by using GraphPad Prism software version 5.03.
The results were compared by using the ANOVA-One-Way
test followed by Mann-Whitney U test. The difference was
considered statistically significant at p < 0.05. The value
of the integrated glycemic index of the area under gly-
cemic curve (AUC,,, mmol/L min) was calculated using
the statistical software package “MedCalk, v.9.3.7.0".

RESULTS AND DISCUSSION

At the first stage of the screening study, the effect of
the herbal mixtures and the comparison drugs on basal
glycemia and on glycemia after carbohydrate loading by
OGTT after 20 days of preventive treatment was studied.
This test allows simulate alimentary hyperglycemia that
occurs after eating. Hypoglycemic activity of the herbal
mixtures and reference drugs was manifested by their
ability to reduce blood glucose levels at the 30th minute
of the test, during its maximum increase in response to
oral carbohydrate load (Tab. 2).

The results of the study showed that 20-day preventive
treatment by all five herbal mixtures at doses 6 mL/kg/day,
9 mL/kg/day and 12 mL/kg/day significantly (p < 0.05)
was reduced glycemia at the 30th minute of OGTT com-
pared with the control group. However, the best results
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Control

HM “Arfazetin”, 9 mL/kg
MET, 60 mg/kg

HM No. 6, 6 mL/kg

HM No. 6, 9 mL/kg

HM No. 6 12 mL/kg

HM No. 7, 6 mL/kg

HM No. 7, 9 mL/kg

HM No. 7, 12 mL/kg

ENOOLMNEHENH

HM No. 8, 6 mL/kg
HM No. 8, 9 mL/kg
HM No. 8, 12 mL/kg
HM No. 9, 6 mL/kg
HM No. 9, 9 mL/kg
HM No. 9, 12 mL/kg
HM No. 10, 6 mL/kg
HM No. 10, 9 mL/kg
HM No. 10, 12 mL/kg

ODOD0DEEEKXOE

Fig. Hypoglycemic effect of the herbal mixtures compared to the official herbal mixture “Arfazetin”
and tablets metformin by OGTT after 20 days of preventive treatment of normoglycemic rats, mean + SEM, n=8.

of hypoglycemic activity at the 30th minute of the test
showed the herbal mixture No. 7 at dose 12 mL/kg/day,
it reduced blood glucose levels by 44 %, relative to the cont-
rol group. Tablets metformin showed a similar result in ef-
ficacy, as they reduced alimentary hyperglycemia by 46 %
relative to the control group of animals at 30th minute.
The official herbal mixtures “Arfazetin” was inferior in ef-
ficiency to the herbal mixture No. 7 at dose 12 mL/kg/day
and reduced glycemia by 32 % relative to the control
group at the 30th minute of the test (Fig.).

During the determination of integrated glycemic in-
dex based on the results of OGTT, it was found that the area
under glycemic curve (AUC,, ) in the herbal mixture No. 7
(12 mL/kg/day) was 265.2 mmol/L min. Regarding the re-
sults of the comparison drugs, the AUC,, of metformin
(60 mg/kg/day) was lower and amounted to 256.8 mmol/L

min, and the herbal mixture “Arfezetin” (9 mL/kg/day)
was higher and amounted to 322.8 mmol/L min.

In the second stage of the screening study, the ability
of the herbal mixtures No. 6-10 and comparison drugs to
improve carbohydrate tolerance was determined using
IPGTT. The hypoglycemic effect of the herbal mixtures
and comparison drugs was assessed by their ability to
reduce hyperglycemia at 15th minute of IPGTT during
the maximum rise of blood glucose in the animals in re-
sponse to intraperitoneal carbohydrate load.

During the study, a significant (p < 0.05) increase in
blood glucose levels was observed in animals from the cont-
rol group at the 15th minute of the test (peak hypergly-
cemic), exceeding the initial data by 2.0 times. The best
ability to reduce the hyperglycemic peak of IPGTT sho-
wed the herbal mixture No. 7 (12 mL/kg/day) because
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Table 3

HYPOGLYCEMIC EFFECT OF THE HERBAL MIXTURES COMPARED TO THE OFFICIAL HERBAL
MIXTURE “ARFAZETIN” AND TABLETS METFORMIN BY IPGTT AFTER 20 DAYS OF PREVENTIVE
TREATMENT OF NORMOGLYCEMIC RATS

. Glucose level, mmol/L
Group of animals 0 min 15 min | 45 min 60 min
Series second
Control 4.21+0.11 8.62+0.17* 5.23+0.18 442 +0.11
HM “Arfazetin”, 9 mL/kg 419 +0.18 6.82 + 0.19* 5.01+0.17 4.43+0.15
MET, 60 mg/kg 414 +0.19 6.32 + 0.17*/** 4.92 +0.18 4.21+0.13
HM No. 6, 6 mL/kg 418 +0.19 7.47 +£0.16* 548 +0.16 4.32+0.18
HM No. 6, 9 mL/kg 4.09 +0.15 7.37 £ 0.13* 5.31+0.18 4.18+0.16
HM No. 6 12 mL/kg 417 +0.16 7.16 + 0.14* 511+0.17 4.28+0.18
HM No. 7, 6 mL/kg 4.09 +0.17 7.19 +0.17* 5.26+0.18 417 £0.17
HM No. 7,9 mL/kg 411+0.18 7.07+0.16* 5.11+0.16 4.20+0.13
HM No. 7,12 mL/kg 4.15+0.21 6.36 + 0.17*/** 4.94 + 0.16* 4.21+0.16
HM No. 8, 6 mL/kg 416+0.17 7.38+0.17* 5.39+0.15 4.27 +£0.18
HM No. 8,9 mL/kg 4.22+0.14 7.27 £0.11* 5.22+0.14 431+0.18
HM No. 8,12 mL/kg 4.09+0.17 7.19+0.17* 5.28+0.17 4.22+0.19
HM No. 9, 6 mL/kg 4.18+0.16 7.32+0.17* 5.25+0.18 4.29+0.14
HM No. 9,9 mL/kg 414 +0.17 7.29 £ 0.16* 5.11+0.16 4.29+0.19
HM No.9, 12 mL/kg 417 +£0.13 7.11+0.18* 5.08+0.17 4.26+0.17
HM No. 10, 6 mL/kg 4.31+0.25 7.49 £ 0.17* 5.29+0.22 4.43+0.18
HM No. 10, 9 mL/kg 412 +0.17 7.31+0.17* 5.18+0.16 4.27 +0.16
HM No. 10, 12 mL/kg 4.28+0.17 7.21+0.18* 5.03+0.18 4.32+0.18

Notes: Values are expressed as mean + SEM from 8 rats; * p < 0.05 with respect to Control group; **

p < 0.05 with respect to the herbal mixture “Arfazetin”

blood glucose level was lower by 26 % relative to the cont-
rol group. Tablets metformin showed a similar effect and
reduced hyperglycemia at the 15th minute of the test by
27 % relative to the control group, and the official herbal
mixture “Arfazetin” was slightly inferior to the effective-
ness of the herbal mixture No. 7 at dose 12 mL/kg/day
and reduced hyperglycemia by 21 %. By the end of the ex-
periment at the 60th minute of IPGTT, the blood glucose
level returned to baseline in all groups (Tab. 3).

The results of a screening study using OGTT and
IPGTT of the herbal mixtures No. 6-10, which are used
in folk medicine for the prevention and treatment of
diabetes mellitus type 2, indicate dose-dependent hy-
poglycemic activity. The best hypoglycemic effect of the
studied objects was shown at a dose 12 mL/kg/day.

The study using glucose load tests showed that the herbal
mixtures No. 6, No.8,No.9 and No. 10 at doses 6 mL/kg/day,
9 mL/kg/day and 12 mL/kg/day showed hypoglycemic
activity, but it is slightly lower compared to the herbal
mixture No. 7 (12 mL/kg/day) and comparison drugs -
the official herbal mixture “Arfazetin” (9 mL/kg/day) and
tablets metformin (60 mg/kg/day) (Tab. 2, 3).

Hypoglycemic activity of the studied herbal mixtu-
res is quite predictable, because they include medicinal
plant raw materials containing biologically active substan-
ces with proven hypoglycemic action. The main groups
of biologically active substances that can lower blood glu-

cose are polysaccharides, especially inulin that has the abi-
lity to increase glucagon-like peptide-1 (GLP-1), which
increases insulin secretion, inhibits glucagon secretion,
causes proliferation and neogenesis of 3-cells and increa-
ses the response of 3-cells to glucose [16, 17]. Presented
herbal mixtures contain herbal raw materials that are rich
in carbohydrates, such as Cichorii radices (the herbal mix-
tures No. 6, No. 8 and No. 9), Taraxaci radices (the herbal
mixture No. 7), Elymi repens rhizomata (the herbal mix-
tures No. 6, No. 8 and No. 10), Inulae rhizomata et radices
(the herbal mixture No. 7), Helianthi tuberosi tuber (the her-
bal mixture No. 10), Polemonii rhizomata cum radicibus
(the herbal mixtures No. 9 and No. 10), Avenae sativae
semina (the herbal mixture No. 6).

In addition, medicinal plants that are part of the stu-
died herbal mixtures contain polyphenolic compounds
that exhibit antidiabetic activity by different mechanism
of actions, including stimulation of insulin secretion, im-
provement of pancreatic 3-cell functionality, inhibition
of gluconeogenesis, intensification of glucose uptake, delay
of carbohydrate digestion and glucose absorption, inhibi-
tion of protein glycation and insulin fibrillation [18, 19, 20].
No less important is their antioxidant activity in the treat-
ment and prevention of diabetes and its complications,
because they can include suppression of reactive oxygen
spesies (ROS) formation either by inhibition of enzymes
or by chelating trace elements involved in free radical
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generation; scavenging ROS; inhibition the enzymes in-
volved in ROS generation - microsomal monooxygenase,
glutathione S-transferase, mitochondrial succinoxidase,
nicotinamide adenine dinucleotide phosphate (NADH)
oxidase, and so forth [20, 21, 22]. Medicinal plant raw
materials containing phenolic compounds are Pulmona-
ria radices (the herbal mixture No. 6), Helichrysi arenarii
flores (the herbal mixture No. 7), Origani herba (the her-
bal mixture No. 7), Menthae folia (the herbal mixture No. 10),
Melissae folia (the herbal mixture No. 9), Leonuri herba
(the herbal mixture No. 8), Urticea folia (the herbal mix-
ture No. 9), Rosae fructus (the herbal mixtures No. 6, No. 7,
No. 8 and No. 10), Medicago herba (the herbal mixture
No. 5), Crataegi fructus (the herbal mixtures No. 8, No. 9
and No. 10), Maydis style cum sigmatis (the herbal mix-
ture No. 7), Sophorae japonicae fructus (the herbal mix-
ture No. 9).

Thus, screening study of the herbal mixtures No. 6-10
shows their hypoglycemic activity by OGTT, IPGTT and

confirms the effectiveness of their use in folk medicine for
the prevention and treatment of diabetes mellitus type 2.

CONCLUSIONS
1. For the first time, it was conducted the screening stu-
dy of hypoglycemic activity of the herbal mixtures
No. 6-10, which are used in folk medicine for the pre-
vention and treatment of diabetes mellitus type 2.
2. It was determined that the greatest effectiveness in
terms of the ability to reduce alimentary hypergly-
cemia during OGTT and reduce impaired carbohyd-
rate tolerance during IPGTT show the herbal mix-
ture No. 7, which includes Inulae rhizomata et radi-
ces, Helichrysi arenarii flores, Maydis style cum sig-
matis, Origani herba, Rosae fructus, Taraxaci radices.
It was established their conditional therapeutic dose
12 mL/kg/day.
Conflict of interests: authors have no conflict of
interest to declare.
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