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The effects of goutweed (Aegopodium podagraria L.)
preparations on glycemia in intact rats and against the
background of metformin

The preparations obtained from goutweed (Aegopodium podagraria L.) are characterized by favorable metabolic
effects, including the antidiabetic activity.

Aim. To determine the dose dependence of the effect of the extract and the tincture of goutweed on the glucose
metabolism in intact rats, to evaluate the metabolic effects and the possibility of the combined use of the goutweed
preparations with metformin.

Materials and methods. The experiments were conducted on intact rats. The influence of the extract and the tinc-
ture of goutweed (per se and combined with metformin) on the basal glycemia and the results of the glucose tolerance
test were determined. The metabolic effects which are possibly interrelated (the changes in uric acid and electrolyte
exchange) were also studied.

Results and discussion. The goutweed tincture exhibits the hypoglycemic action in intact rats after administra-
tion of single doses of 0.5; 1.0; 5.0 ml/kg, while the goutweed extract (100; 250; 500 mg/kg and 1.0 g/kg) does not
demonstrate this action. The correlation analysis results indicate that certain interrelationship may exist between the
effect of the extract on the electrolyte homeostasis and glucose metabolism (though these changes are moderate in
intact animals), as well as between the effect of goutweed preparations on uric acid and the glucose exchange. The gout-
weed tincture in the doses of 0.5 and 1.0 ml/kg does not block the effects of metformin, and does not enhance its effect
with the excessive decrease of the blood glucose concentration. The absence of a significant decrease of glycemia
after combined administration of the tincture and low doses of metformin may reflect synergoantagonism (however,
these phenomena were seen in intact animals, and the dose dependence of the metformin action did not change).
In the glucose tolerance test the tincture in the dose of 1.0 ml/kg (but not 0.5 ml/kg) combined with metformin allows
reducing its effective dose from 400 mg/kg to 200 mg/kg.

Conclusions. Goutweed tincture, in contrast to the extract, shows a dose-dependent hypoglycemic effect and is
promising for combined use with metformin.
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O. B. ToB4ura

Bnnue npenapartiB arnuui 3Bu4yanHoi (Aegopodium podagraria L.) Ha rnikemiro
B iHTaKTHUX TBapWH i Ha TNi meT¢gopMiHy

MpenapaTtu armuui 3BudariHoi (Aegopodium podagraria L.) xapakTepuayoTbCs CpUSTINBUMK MeTabonivHnMmn edpek-
Tamu, B YUCHi AKMUX aHTUaia0eTUYHa aKTUBHICTb.

MeTa pocnigXeHHs1 — BU3Ha4YMTU 40303aNEeXHICTb BNAMBY HAacCTOMKM Ta ekCcTpakTy Aegopodium podagraria L. Ha
OOMIH TTIHOKO3M B iHTaKTHUX LLYPIB, OLIHUTX MeTabonivHi edpekTn, CnpsXkeHi 3 LM BNAMBOM, BCTAHOBUTU MOXIMBICTb
NnoegHaHOro 3aCToCyBaHHS nNpenapariB arnuui 3 MeTdopMiHOM.

Marepianu Ta meToaun. EkcnepMmeHTn NpoBeAeHi Ha iHTakTHUX Wwypax. [JocnigkeHo BNMB eKCTPaKTy Ta HACTOMKM
arnvui (per se Ta y kombiHaLii 3 MeTopMiHOM) Ha BasanbHy rIiKeMmito Ta pesynbsTaT TECTY TONEPaHTHOCTI A0 KO-
31. BuBYeHi 3MiHM 06MiHY CE4OBOT KMCMOTW Ta eNeKTPONITIB, Ski MOXYTb OyTn B3aEMOMNOB’A3aHi 3 BNVBOM npenaparis
ArnuLi Ha 06MiH ByrneBogiB.

PesynbraTty Ta ix o6roBopeHHs. Hactorika arnvui YuHUTb MnornikemivHy Aito B iHTaKTHUX LLypiB NPy 0OA4HOPa30Bo-
My BBefeHHi y go3ax 0,5; 1,0; 5,0 mn/kr, Tumyacom sik ekctpakT srnmui (100; 250; 500 mr/kr i 1,0 r/kr) Takoi Aii He YMHUTD.
Pesynsratv kopensauiiHoro aHanisy cBig4atb NPO MOXMUBUIA B3aEMO3B'I30K BMNIMBY eKCTPaKTy Ha OOMIH eneKTponiTiB
Ta rNoKO3N (Xo4a Ui 3MiHM B iHTAKTHUX TBapUH BMPaKeHi NOMIpPHO), a TakoX MiXX BMIIMBOM HAaCTONKM Ha BYrneBOAHUN
Ta nypuHoBuiA 0bmiH. HacTonka Aegopodium podagraria L. y nosax 0,5 i 1,0 mn/kr He 6nokye edekTn MeThopMmiHy Ta
He NPU3BOANTb 4O PI3KOr0 MOCUMEHHSA NOFO aKTUBHOCTI i3 HAOIMLLKOBMM 3HXKEHHAM PIiBHSA MMOKO3M KPOBI. BigcyTHICTb
[OOCTOBIPHOIO 3HWXXEHHS rMikeMii Micnsi noegHaHOro BBEAEHHSA HACTOMKN Ta HU3bKMX 403 MET(OPMiHY MOXe BigbuBatu
CMHEeproaHTaroHiaM (xo4a Taki 3aKOHOMIPHOCTI CrocTepirany B iHTaKTHUX TBapwH, BinbLue Toro, 40303anexXHICTb Aii MeT-
dopMiHy He 3miHOBanacs). B ymoBax TecTy TonepaHTHOCTI 40 IMoKo3u HacTomnka B o3si 1 mn/kr (ane He 0,5 mn/kr) npu
noeaHaHOMy 3aCTOCyBaHHi 3 METCPOPMIHOM [03BONSE 3HU3UTM NOro ecpekTnBHY 403y 3 400 mr/kr Ao 200 mr/kr.

BucHoBkuW. HacTolika arnuui 3BM4arnHoi, Ha BiAMiHY Big €KCTPakTy, BUSIBNSE [0303areXHy rinornikemiyHy aito ta
€ NepcrneKkTUBHOK ANA KOMBIHOBAHOrO 3aCTOCYBaHHS 3 METOPMIHOM.

Knrodoei cnoea: Aegopodium podagraria L.; enikemisi; MemgbopmiH; wypu
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BnusHne npenapaTtoB CHbITU 0ObIKHOBeHHOMN (Aegopodium podagraria L.)
Ha rMUKeMUI0 Y MHTAKTHbIX XXMBOTHbIX U Ha poHe MeTchopMUuHa

MpenapaTbl CHbITM 06bIKHOBEHHON (Aegopodium podagraria L.) xapakTepusyoTca GnaronpuaTHeiMU MeTabonu-
yecknmun acpdektamu, B T. Y. aHTUAMAOETNYECKON aKTUBHOCTbBHO.

Llenb nccnegoBaHus — onpegenvTb 40303aBUCUMOCTb BIUSAHUSA HAaCTOMKN 1 9KCTpakTa Aegopodium podagraria L.
Ha OBMeH rMoKO3bl Y MHTAKTHBIX KPbIC, OLEeHUTb MeTabonunyeckne apdekTbl, CONPSXEHHbIE C 3TUM BIIUAHUEM, yCTa-
HOBWTb BO3MOXHOCTb COMETAaHHOIO NPUMEHEHNSI MpenapaToB CHbITU C METOPMUHOM.

MaTepuansi u Metogbl. OnbITbl NPOBEAEHbBI HA MHTAKTHbIX Kpbicax. ViccnenoBaHo BnvsiHAE 3KCTpPaKTa U HACcTow-
KM CHbITU (per se 1 B koMOuHaumm ¢ MeT(opMUHOM) Ha 6asanbHyo MMUKEMUIO U pe3ynbTaThl TECTa TONIEPAHTHOCTU K
rntoko3e. M3yveHbl nameHeHust obMeHa MOYEBOI KUCMOTbI U 3NEKTPONUTOB, KOTOPbIE MOTYT OblTb B3aUMOCBSA3aHbI C
BMUSHWMEM NPENapaToB CHBITU Ha YrNeBOAHbI OOMEH.

Pe3ynbraThl M nx obcyxaeHue. HacTonka CHbITU NPOSIBASIET MMNOMMMKEMNYECKOE AENCTBUE Y MHTAKTHbBIX KPbIC
npu ogHokpaTHom BBeaeHun B fosax 0,5; 1,0; 5,0 mn/kr, Torga kak akcTpakT cHeltv (100; 250; 500 mr/kr n 1.0 r/kr)
TaKoro OencTBMSA He OKa3biBaeT. Pesynbrathbl KOPpensuMOHHOrO aHannsa CBUAETENbCTBYOT O BO3MOXHOW B3anUMOC-
BA3M BMUSAHUS 3KCTpakTa Ha OOMEH 3reKTPONMTOB U IMOKO3bl (XOTS 9TV U3MEHEHUS Y UHTAKTHBIX XMBOTHBIX Bbipa-
XXEHbl YMEPEHHO), a Takke Mexay BIUSHMEM HaCTOMKN Ha YrNMeBOAHbIN U MYypPUHOBLI 06MeH. HacTorka Aegopodium
podagraria L. B po3ax 0,5 n 1,0 mn/kr He 6nokupyet adpekTbl MeTOOPMMHA U HE NMPUBOAUT K PE3KOMY YCUIEHMIO
€ro aKTUBHOCTM C YPE3MEPHBLIM CHIDKEHMEM YPOBHS MMIOKO3bl KpoBU. OTCYTCTBME AOCTOBEPHONO CHIDKEHUS FMMKEMUN
nocrne COYeTaHHOro BBEAEHWS HAacTOMKM U HU3KUX J03 MeTOPMUHA MOXET OTpaxaTb CMHEepProaHTaroHmam (Tem He
MeHee Takne 3aKOHOMEPHOCTW Habnaanu y MHTaKTHbIX XXUBOTHbIX, U KPOME TOro 40303aBUCUMOCTb AENCTBUSA MET-
dhopMuHa He naMeHsinace). B ycnoBusix Tecta TonepaHTHOCTU K [MIOKO3e HacTonka B fose 1 mn/kr (Ho He 0,5 mn/kr)
npv cOMETaHHOM NPUMEHEHUM C METOPMUHOM NO3BOMSET CHU3UTL ero adpdekTnaHyto Ao3y ¢ 400 mr/kr go 200 mr/kr.

BbiBoabl. HacTolka CHbITU 0OLIKHOBEHHOW, B OTNINYME OT 3KCTpaKTa, MPOSIBMSIET [0303aBMCMMOE TMMNOTTNKEMU-
Yeckoe AeNCTBUE U ABMSIETCA NEPCMNEKTUBHOM A1 COYETAHHOIO NPUMEHEHNSI C MET(POPMUHOM.
Knrodeenle cnoea: Aegopodium podagraria L.; 2rnukemusi; MemgOopMUH, KpbiCbl

The metabolic syndrome and type 2 diabetes are ge-
nerally considered as pandemia of the modern society
with the need in lifelong treatment. Herbal drugs attract
much attention since they may increase the efficacy of
the conventional antidiabetic drugs and favorably broaden
their pharmacodynamics [1]. From another point of view,
the unwanted herb-drug interactions are highly possible
due to the complex composition of the herbal medici-
nes, and the verification of the expediency of such com-
binations is strongly needed.

Our efforts are focused on the pharmacological studies
of the preparations obtained from the aerial part of goutweed
(GW, degopodium podagraria L., Apiaceae). It is a ubi-
quitous perennial plant widely used in traditional medi-
cine and consumed as vegetable. A dry extract and the
tincture of GW are standardized by the content of hydroxy-
cinnamic acids and exhibit a favorable effect on the purine
metabolism along with the expressed nephroprotective
and hepatoprotective properties and low toxicity [2, 3].
The activity of GW preparations is mediated by hydroxycin-
namic acids, flavonoids, protein-polysaccharide comp-
lex, micro- and macroelements [2]. The additional bene-
fit of GW preparations, especially the tincture, is the ability
to normalize the carbohydrate metabolism proven in rats
receiving the excess fructose combined with hydrochlo-
rothiazide [4] and in dexamethasone-treated rats; on this
model the tincture also increased the efficacy of met-
formin [5]. Both GW preparations have a favorable effect
on the course of alloxan-induced diabetes in mice [6].
The study of the promising antidiabetic medicines pre-

supposes determination of their influence on glycemia
in intact animals [7]. Therefore, it is expedient to broad-
en such data concerning GW preparations [§] and ana-
lyze if there is a relationship between their effect on the
metabolism of electrolytes, uric acid (UA), and carbo-
hydrates in intact animals (since these relationships are
established in rats receiving fructose and hydrochloro-
thiazide [4], and the changes in electrolyte intake are not
indifferent to the carbohydrate exchange [9]).

Besides, there is a need to confirm safety (in the con-
text of the possible hypoglycemia) of GW preparations
combined with the agents normalizing the blood glucose
level. Among the latter metformin deserves special at-
tention as the widely prescribed first line agent of the
oral normoglycemic drugs possessing numerous bene-
fits and advantageously combined with the GW tincture
in diabetic animals [5].

Therefore, the aim of this work was to determine
the dose dependence of the effect of the extract and the
tincture of goutweed on the glucose metabolism in in-
tact rats, to evaluate the metabolic effects and the inter-
related metabolic effects use of the goutweed prepara-
tions with metformin.

Materials and methods

All the experimental protocols were approved by the
Bioethics Commission of the National University of Phar-
macy and were in accordance with “Directive 2010/63/
EU of the European Parliament and of the Council of
22 September 2010 on the protection of animals used
for scientific purposes.” Noninbred albino rats from the
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Central Research Laboratory of the National University
of Pharmacy were kept under controlled standard con-
ditions [7] on the natural light-dark cycle.

The first series of experiments was conducted using
male rats with the body weight of 160 to 210 g randomly
divided into 6 groups (n = 6-9 in each group) as follows:
intact control (IC), four groups of rats receiving GW prepa-
rations (in the doses substantiated previously [2, 3, 6],
namely the extract in the doses of 100 mg/kg and 1 g/kg,
the tincture (after the removal of ethanol) in the doses
of 1 and 5 ml/kg intragastrically), as well as the animals
receiving the reference drug — officinal hypoglycemic
collection “Arfasetinum” in the dose of 18 ml/kg [10].
The last dose of these preparations (or the same amount
of water in the IC group) was given 30-40 min before
the biochemical tests. On days 8-9, after an overnight
fast, the basal glycemia was determined in the samples
obtained from a cut at the tip tail, the oral glucose tole-
rance test [7] was carried out (the glucose load in the
dose of 2.0 g/kg, glycemia determination at 0, 30, 60 and
120 min), the total area under the blood glucose curve
was calculated. The glucose concentration in all sam-
ples was measured using the glucose oxidase method.

To determine the possible relationship between the
changes in the glucose and electrolyte metabolism (which
might be expected considering the data [4]) the excre-
tory renal function was analyzed under the conditions
of the 24-hour spontaneous diuresis (days 10-11) by the
generally accepted method. On the following day the
blood samples were taken from anaesthetized animals,
the plasma (the anticoagulant heparin in vitro) was sepa-
rated immediately by centrifugation. The sodium and
potassium levels in the urine and plasma were determi-
ned using the flame photometry method, the uric acid level —
by the reaction with a phosphotungstic reagent. Commer-
cially-available kits from Filisit-Diagnostika (Ukraine)
were used.

In the second series of experiments the influence of
the dose dependence of GW preparations on glycemia
was determined, and their interaction with metformin
was studied. Female rats with the body weight of 160 to
220 g were randomly divided into the groups (n = 5-8
in each group) according to the preparations they re-
ceived; the extract and the tincture were introduced
within the following doses: 0.1; 0.25; 0.5; 1.0 g/kg, and
0.25; 0.5; 1.0; 2.5; 5.0 ml/kg, respectively (the range
included the doses used in the previous studies and the
intermediate ones). Metformin was used in the doses
of 50, 100, 200, 400, 600 mg/kg (since the dose depen-
dence is typical for this drug, especially in intact ani-
mals). Because of the wide range of doses supposed to
be studied, a shortened scheme of the experiment was
used with the measurement of glycemia at baseline,
60 min after the administration of a single dose of the
preparation studied (or the combination with the inter-
val between the preparations to minimize the interac-
tion at the level of absorption), and 60 min after the
subsequent intragastric glucose load (3.0 g/kg).

Medians, 25 % and 75 % percentiles (the upper and
lower quartiles), as well as the arithmetic means and their

standard errors (M £ m), were calculated. The compa-
rison of the dependent values (dynamics of glycemia)
was performed by the Wilcoxon criterion T, the central
tendencies of independent samples — by the Mann-Whitney
U-criterion. To determine the relationship between the
individual parameters the Spearman’s correlation coef-
ficient p was used.

Results and discussion

The GW tincture, in contrast to the GW extract, sho-
wed the hypoglycemic effect in intact rat after the course
administration (the novelty of this results was confirmed
[8]) with a statistically significant decrease in the ba-
sal glycemia and the area under the glycemic curve in
the dose of 5 ml/kg. The close results were obtained in
the group receiving the reference drug “Arfasetinum,”
while the dose of the tincture of 1 ml/kg did not change
the values mentioned (Tab. 1). It is supposed that the
activity of the GW tincture is to a great extent mediated
by hydroxycinnamic acids [2], and our results are con-
sistent with the data in the literature concerning the dose
dependence of the hypoglycemic effect of chlorogenic
acid observed in the dose of 27 mg/kg, but not 9 mg/kg
[11], while the antidiabetic activity of chlorogenic acid
was demonstrated within the doses of 5-20 mg/kg [12].

It was shown previously that the extract, when ad-
ministered to rats receiving the excess fructose combined
with hydrochlorothiazide and a relatively low sodium
diet might cause an unfavorable hyperaldosteronism (as
the result of the high potassium load exacerbated by the
relative sodium deficiency and thiazide co-administra-
tion) [4]. The increased aldosterone level is known to
worsen the glucose metabolism [13], and the potassium
exchange is believed to be an important link between
the carbohydrate metabolism and the renin-angiotensin-
aldosterone system [14]. Evidently, in intact rat these
effects were not manifested, there were no changes in
the parameters undergoing a strict homeostatic regula-
tion (such as plasma sodium and potassium), and the
plasma and urine Na'/K" ratios did not indicate hyper-
aldosteronism (Tab. 1). The plasma Na'/K" ratios only
tended to the increase in animals receiving both doses
of the extract, the urine Na'/K* ratio was unchanged
against the background of its higher dose (natriuresis and
kaliuresis were equally elevated in this group, differing
from the data obtained previously [3], after a shorter course
of administration). The significant increment of this ra-
tio was seen in rats receiving the dose of 100 mg/kg
due to intensified natriuresis and unaltered kaliuresis, in
this group a statistically significant positive correlation
between glycemia in anesthesia and the plasma Na'/K"*
ratio also appeared.

With the increased dose of the extract the correla-
tion coefficient between plasma sodium and potassium
showed an increment (Tab. 2). In the groups receiving this
preparations there was a change in directionality of the
relationship between plasma potassium and glycemia
(during anaesthesia and, especially, at the basal state).
Interestingly, the extract at a higher dose also caused ap-
pearance of the significant positive correlation between
plasma potassium and the basal glycemia in rats receiving
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Table 1

The effect of goutweed preparations and “Arfasetinum” on the glucose
and electrolyte metabolism values in rats (n = 6-9)

Indices Intact control GW extract, GW extract, GW tincture, GW tincture, “Arfasetinum,”
100 mg/kg 1.0 g/kg 1.0 ml/kg 5.0 ml/kg 18 ml/kg
3.81+
. 422+0.18 481 +0.33 476+0.23 437 +0.26 % IR RN 3.90 +£0.31
Er?rsna(ilg/gllycemla, 433 4.90 4.52 4.29 O3 3.81
(3.81-4.61) (4.07-5.36) (4.31-5.03) (3.91-4.99) (3.48-4.24) 3.13-4.58
Area under the 644 +15.2 658 + 64.7 603 +454 649 + 58.9 563 +29.9% 585+ 13.3*
glycemic curve, 637 576 589 631 557 572
mmol X min/I (620-673) (570-785) (545-629) (556-742) (539-598) (571-579)
Glycemia in 7.52+0.52 7.58 +0.55 8.21+0.44 0 603/3*6*;_;**** 8.38+0.10 8.06 £0.40
anaesthetized 7.43 7.06 8.37 ’ 3.86 8.33 7.75
rats, mmol/I (7.29-8.55) (6.43-8.47) (7.17-9.34) y (8.20-8.50) (7.40-8.28)
(7.98-10.9)
Plasma sodium 145 +3.95 146 +4.78 155 +4.47 156 +5.94 152 +4.43 151 +2.53
mmol/l ! 147 144 154 153 148 150
(140-148) (135-156) (147-161) (143-173) (144-159) (146-157)
Plasma 4,37 +0.20 4.27 £0.21 449+0.19 446 +0.30 473+0.52 3.98 +0.29
potassium, 4.28 4.22 4.58 4.49 4.48 4.03
mmol/I (4.02-4.64) (3.95-4.62) (4.28-4.82) (4.00-4.82) (3.84-5.69) (3.55-4.23)
Plasma 33.8+1.36 345+1.43 34.8+1.12 35.5+2.38 344 +3.62 38.9 +3.05
Na* /K* ratio 33.1 359 35.3 324 349 38.8
(30.9-35.4) (33.7-37.2) (33.5-36.4) (31.6-39.4) (28.4-40.9) (34.6-43.8)
Urine 0.56+0.13 1.22 £ 0.09%*% | 0.54 + 0.08%*** 0.80+0.18 0.52 + 0.09%*** Not
Na* /K- ratio 0.55 1.12 0.54 0.82 0.55 determined
(0.34-0.64) (1.10-1.41) (0.42-0.61) (0.54-1.15) (0.36-0.72)

Notes: * — p < 0.05 compared to the intact control; ** — p < 0.02 compared to the intact control; ¥** — p < 0.05 compared to the group
receiving the extract in the dose of 100 mg/kg; **** — p < 0.02 compared to the group receiving the extract at a dose of 100 mg/kg;
*#¥%¥%% _ p < 0.05 compared to the group receiving “Arfasetinum?”; ¥***** _ 5 < 0.005 compared to the group receiving the extract in the
dose of 1 g/kg. GW - goutweed. Medians are highlighted in bold.

Table 2

Spearman’s coefficients of correlation between the individual biochemical parameters
in rats receiving goutweed preparations and “Arfasetinum” (n = 6-9)

Indices Intact control GW extract, GW extract, GW tincture, GW tincture, | “Arfasetinum,”
100 mg/kg 1.0 g/kg 1.0 ml/kg 5.0 ml/kg 18 ml/kg

Plasma sodium - +0.24 +0.67 +0.83 +0.49 +0.14 -0.50
plasma potassium NS NS p < 0.05 NS NS NS
Plasma potassium — -0.60 -0.07 +0.70 -0.60 -0.49 -0.71
basal glycemia NS NS NS NS NS NS
f'als?earr'f’igtiiss'“m -0.62 -0.57 0 -0.14 -0.30 +0.04

gycemia NS NS NS NS NS
anaesthetized rats
Basal glycemia - +0.55 -0.21 -0.40 +0.54 +0.09 +0.71
plasma Na*/K* ratio NS NS NS NS NS p=0.11
Sr']ﬁ‘;imgt'irz‘e drats_ | +033 +0.67 +0.14 -0.11 +0.30 +0.14

. NS p =0.07 NS NS NS NS

plasma Na*/K* ratio
Plasma uric acid - -0.76 +0.32 -0.26 -0.21 +0.29 Not
basal glycemia p <0.05 NS NS NS NS determined

Notes: NS - not significant GW - goutweed.
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the excess fructose combined with hydrochlorothiazide
[4]. This correlation may indicate that in animals with
higher kalemia there is more intense activation of the
aldosterone system (with the subsequent changes in glu-
cose homeostasis). The biochemical values studied sho-
wed more distinct interrelations with the basal glycemia
than with glycemia in anaesthetized rats where there were
additional factors of homeostasis disturbance.
Correlation analysis also revealed some intensifica-
tion of the aldosterone control in “Arfasetinum” group,
namely the negative interelationship between plasma so-
dium and potassium and appearance of the significant
positive correlation between the basal glycemia and the
plasma Na'/K* ratio, presumably indicating higher gly-
cemia in animals with the most activated aldosterone
system. It can be noted that high doses of the herbal drugs
are commonly used in preclinical research (because of
interspecies differences in pharmacokinetics and sensi-
tivity), but they are generally extrapolated in much lower
doses in clinics. The latter are hardly able to cause homeo-
stasis disturbances indirectly supported by the absence
of the data about side effects of “Arfasetinum” associ-
ated with the aldosterone system despite its wide use.
At the same time, the GW tincture was characteri-
zed by low risk of aldosterone-associated side effects
[3, 4] and no principal differences with the data of the
IC were registered after its administration (only the re-
lationship between the basal glycemia and the plasma
Na'/K* ratio was weakened against the background of
the tincture at a higher dose (Tab. 2). As described above,
the basal blood glucose level was moderately and dose-
dependently reduced. Unexpectedly, in anaesthetized rats
the increase in glycemia was seen against the backgro-
und of the tincture in the dose of 1 ml/kg. This can be
explained taking into account the ability of the GW tinc-
ture just in this dose to counteract the effect of thiopen-
tal [15]. The current study did not address this issues
directly still it was observed that in rats receiving the
tincture with the higher doses of this agent were needed
to obtain anesthesia; therefore, the dose-dependent ef-
fect of thiopental on glycemia was more expressed. The
latter have been known for a long time [16], and it was
shown that it was not associated with the changes in in-
sulin signaling [17]. Thus, this change in glycemia does
not possibly indicate the negative effects of the tincture.

< 120

103 105

Basal glycemia changes (%
(@]
o

100 mg/kg 250 mg/kg 500 mg/kg

1 g/kg
wExtract group  pControl group

Fig. 1. The effect of the goutweed extract (single dose)
on the basal glycemia dynamics in rats

Much attention was paid recently to the interrela-
tionships between glycemia and uricemia. Links between
hyperinsulinemia, glucose levels, and tubular glucose
uptake and uric acid excretion were described (in the
context of the uricemia decrease by sodium-glucose co-
transporter 2 (SGLT2) inhibitors) [18]. The relationships
of different directions between uricemia and glycemia
were seen in clinics [19, 20], and their mechanisms were
discussed. It is supposed that in association of hyper-
glycemia, hypertriglyceridemia and hyperuricemia the
latter is caused by the decreased renal uric acid excre-
tion together with the enhancement of its synthesis (in-
cluding an increased activity of the pentose phosphate
pathway and thereby purine biosynthesis) [21].

In our study, glycemia in anaesthetized rats did not cor-
relate with the plasma uric acid in all of the experimental
groups, still the negative interrelationship was observed
between uricemia and the basal glycemia (p = —0.76,
p <0.05) in intact animals, both GW preparations elim-
inated this correlation (in all the doses studied). It may
reflect their influence on the synthesis and/or transport
systems for uric acid. The latter were seen under the effect
of GW preparations [2] despite the absence of uricemia
changes. Uric acid excretion tended to the increase against
the background of the both doses of the extract and re-
mained unchanged in the animals receiving the tincture
at a low dose (that is in complete accordance with our
previous data [2, 3]), while at a high dose the tincture
decreased this value (the differences with the previous
data may be associated with the increase of the term of ad-
ministration from 3 to 10 days with the possible enhan-
cement of the inhibitory influence on xanthine oxidase,
as well as with transitory changes in the renal transport).

The results of the second series of experiments con-
firmed that the GW extract in all the doses used did not re-
veal unfavorable shifts of the glucose metabolism (as well
as the hypoglycemic action) in intact rat. At the same time,
no decrease in the basal glycemia was seen (Fig. 1), and
the blood glucose level after the glucose load did not differ
significantly from the control value (Fig. 2). For this reason
the further study of the extract was not conducted.

The goutweed tincture tended toward the reduction
of the basal glycemia in the doses of 0.50 and 2.5 ml/kg

-
o

115

RN
o N

value of the intact control group
(@)}
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Glycemia changes (%) 60 min
after glucose load compared with the

o Goutweed extract, 100 mg/kg
o Goutweed extract, 250 mg/kg
m Goutweed extract, 500 mg/kg
Goutweed extract, 1 g/kg

Fig. 2. The effect of the goutweed extract (single dose)
on glycemia in rats 60 min after the glucose load



ISSN 2415-8844 (Online)

VISNIK FARMACII 2 (90) 2017

ISSN 1562-7241 (Print) 59

& 120

& 0 94 105
21001 | Fees ot
[e)) @ @
g (X, (X
8 80 (X o0
G (X (X
S 60+ ..‘ ...
g (X (X
O 40+ (X (X
2 (X (2
T 20+ ..I ...
& (X (X
3 1 OC OC

0.25 mi/kg 0.50 mitkg 1.0 mikg 2.5 mikkg 5.0 mitkg
m Tincture group & Control group

Fig. 3. The effect of the goutweed tincture (single dose)
on the basal glycemia in rats

Notes: * - p < 0.05 compared to the baseline value.
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Fig. 4. The effect of the goutweed tincture (single dose)
on glycemia in rats 60 min after the glucose load

Notes: * - p < 0.05 compared to the simultaneous value of the
intact control group; ** — p < 0.02 compared to the simultaneous
value of the intact control group; *** — p < 0.01 compared to the
simultaneous value of the intact control group.

and decreased this value in the dose of 1 ml/kg (Fig. 3).
The difference was statistically significant when com-
pared to the baseline value of this group, but did not
reach the level of statistical significance compared to the
data of the synchronous control. The latter corresponded
to the results of the previous series of experiments, in
which just intergroup differences were analyzed. Besi-
des, the extent of glycemia the decrease was moderate,
and the values were within the normal physiological ran-
ge. As for the higher dose of the tincture, it can be sup-
posed that the course administration is needed for the
complete development of the hypoglycemic effect. After
the glucose load this effect reached the level of statistical
significance in the doses of 0.5; 1.0; 5.0 ml/kg (Fig. 4).
Unexpectedly, the dose of 2.5 ml/kg failed to demonstra-
te any activity allowing us to suppose a biphasic dose-
response curve. The doses of 0.5 and 1.0 ml/kg were
chosen for further studies.

Before the estimation of a possible interaction bet-
ween the GW tincture and metformin it was necessary
to determine the effective doses of the latter under the
conditions of our study. Its ability to decrease the basal
glycemia was observed only in the dose of 600 mg/kg
(in the dose of 400 mg/kg a tendency was seen, Fig. 5).
It is in accordance with the data given in the literature [22].

Basal glycemia changes (%)

50 mg/kg 100 mg/kg 200 mg/kg 400 mg/kg 600 mg/kg
o Metformin group g Control group

Fig. 5. The effect of metformin (single dose)
on the basal glycemia in rats

Notes: * - p < 0.05 compared to the baseline value.
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Glycemia changes (%) 60 min
after glucose load compared with the

Fig. 6. The effect of metformin (single dose)
on glycemia in rats 60 min after the glucose load

Notes: * - p < 0.02 compared to the simultaneous value of the
intact control group.

As seen from Fig. 7-10, the tincture in the doses of
0.5 and 1.0 ml/kg neither block the effects of metformin,
nor enhance its effect with the excessive decrease of the
blood glucose concentration. The basal glycemia decrea-
sed significantly when metformin was co-administered
with the tincture in both doses (Fig. 7, Fig. 9), except
for the combinations with the lowest dose of metformin.
As for glycemia after the glucose load the tincture in
the dose of 0.5 ml/kg did not change the dose dependen-
ce of the metformin action (Fig. 8) although it decrea-
sed the blood glucose level when administered per se.
When the dose of the tincture was increased up to 1.0 ml/kg,
the statistically significant hypoglycemic effect of met-
formin was observed in the dose of 200 mg/kg (Fig. 10),
i.e. it was possible to decrease the effective dose twice
(compared to metformin per se, Fig. 6). The absence of
a significant glycemia decrease after combined admi-
nistration of the tincture and low doses of metformin
may reflect synergoantagonism. However, these pheno-
mena were seen in intact animals, against the backgro-
und of the balanced processes of the carbohydrate me-
tabolism.

The possibility of the permissive effect of the goutweed
active components (predominantly hydroxycinnamic acids
and flavonoids) on the action of metformin was discussed [5].
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Fig. 7. The effect of the goutweed tincture in the dose
of 0.5 ml/kg combined with metformin (single dose)
on the basal glycemia in rats

Notes: * — p < 0.05 compared to the baseline value.
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Fig. 8. The effect of the goutweed tincture in the dose
of 0.5 ml/kg combined with metformin (single dose)
on glycemia in rats 60 min after the glucose load

Notes: * - p < 0.05 compared to the simultaneous value of the
intact control group.

Hydroxycinnamic acids are among the most important
herbal components counteracting the metabolic syndrome.
Chlorogenic acid and ferulic acid show the synergistic effect
with metformin on the glucose uptake by myotubes through
different mechanisms in relation to PI3K [23]. Cafteic
acid can activate AMPK [24]. Such mechanisms might be
implemented in our studies, still further research is needed.

CONCLUSIONS

1. The goutweed tincture can exhibit the hypogly-
cemic action in intact rats after introduction of single
doses of 0.5; 1.0; 5.0 ml/kg, while the goutweed extract

Metformin, Metformin, Metformin, Metformin, Metformin,
50 mg/kg + 100 mg/kg +200 mg/kg +400 mg/kg +600 mg/kg +
goutweed goutweed goutweed goutweed goutweed
tincture, tincture, tincture, tincture, tincture,
1.0mlkkg 1.0mlkkg 1.0mlkg 1.0mlkg 1.0 ml/kg

Basal glycemia change

o Metformin + tincture groups & Control group

Fig. 9. The effect of the goutweed tincture in the dose
of 1.0 ml/kg combined with metformin (single dose)
on the basal glycemia in rats

Notes: * - p < 0.05 compared to the baseline value.
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Fig. 10. The effect of the goutweed tincture in the dose
of 1.0 ml/kg combined with metformin (single dose)
on glycemia in rats 60 min after the glucose load

Notes: * - p < 0.05 compared to the simultaneous value of the
intact control group; ** — p < 0.01 compared to the simultaneous
value of the intact control group.

does not demonstrate this action in the doses of 100;
250; 500 mg/kg and 1.0 g/kg.

2. The goutweed tincture in the doses of 0.5 and
1.0 ml/kg does not block the effects of metformin, and
does not enhance its effect with the excessive decrease
of the blood glucose concentration. In rats receiving the
glucose load the tincture in the dose of 1.0 ml/kg (but not
0.5 ml/kg) co-administered with metformin allows re-
ducing its effective dose from 400 mg/kg to 200 mg/kg.
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