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Nowadays, the prevalence of metabolic syndrome (MS) is a serious problem among the world’s population. Metabolic syndrome includes
the so-called “deadly” quartet — hypertension, type 2 diabetes mellitus (diabetes mellitus), dyslipidemia and alimentary obesity.

After all, type 2 diabetes is included in the list of pathologies of the metabolic syndrome, it is important to find ways to alleviate the disease.
Derivatives of such a heterocyclic system as xanthine are of great interest in this aspect.

The aim of the study was to explore the hypoglycemic activity of newly synthesized water-soluble derivatives of 3-benzyl-8-substituted
xanthines.

Materials and methods. We obtained water-soluble potassium 3-benzyl-8-R-xanthin-7-ides, the structure and individuality of which were
confirmed by a set of physical-chemical studies.

Results. The hypoglycemic effect of the newly synthesized compounds was assessed by an oral glucose tolerance test. The obtained
data were processed using modern statistical in silico-methods.

Conclusions. The results of the hypoglycemic activity study among the potassium salts of 3-benzyl-8-substituted xanthine derivatives
showed, that some new compounds are in close vicinity to the reference drug’s hypoglycemic action.

Key words: xanthines, organic synthesis, hypoglycemic activity.
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Mowyk noTeHUinHKX rinornikemMiuHUX 3acobiB cepen KanieBux conei 3-0eH3un-8-3amilLeHUX KCaHTUHIB

K. B. AnekcaHgposa, €. C. MNpyrno, €. K. Muxanb4eHko,
O. C. Wkoga, O. 0. Yepyecora

HuHi nowwupericTb meTtabonivHoro cuHapomy (MC) — akTyanbHa npobriema BCECBITHLOI OXOPOHM 3A40poB’s. MeTabonivHnii cuHapom
BKIoYae B cebe Tak 3BaHuiA «CMepTEnbHUIAY KBApTET: apTepianbHy rinepTensito, Lykposwuii giabet (L) 2 tvny, aucninigemito Ta animeH-
TapHe OXMPIHHS.

LlykpoBuin fiabeT 2 Tvny HanexuTb 40 nepeniky naTonoriin MetaboniyHoro CMHAPOMY, i akTyarnbHUM € NoLLyk 3acobis, siki 6 gaBanu amory
nonerwuTy nepebir 3axBoprOBaHHA. B LibOMy acnekTi Yumanuin HayKoBUM iHTEPEC BUKNMKAKOTb MOXiAHI TaKOi reTepoLMKMivHOI crucTemu,
AK KCaHTUH.

MeTa po60T1 — 4OCHIAKEHHS FNOrMiKEMiYHOT aKTMBHOCTI HOBOCHHTE30BAHMX BOJOPO34YMHHMX NOXIOHUX 3-6eH3nI1-8-3aMilLieHnX KCaHTUHIB.

Martepianu Ta metoan. Ofepxanu BOAOPO34MHHI Kanin 3-6eH3nn-8-R-kcaHTuHian-7, 6yaoBy Ta iHOMBIAyanbHICTb SKUX NiATBEPIKEHO
KOMMIMEKCOM qPi3nKO-XiMIYHIX [OCTImKEHb.

Pesynkratu. lNnornikemiyHy Ait0o HOBOCUHTE30BaHWX CMOSYK OLIHWIM 32 AOMOMOrOK NepopanbHOro TeCTy TONEePaHTHOCTI A0 TMKO3N.
Pesynbraty onpautoBanu 3a 4ONOMOTOK CyYacHWUX CTaTUCTUYHKX in Silico-meTogis.

BucHoBku. Pe3ynbtati gocnimkeHHs rinornikeMiuyHoi aKTUBHOCTI Cepes, HOBOCMHTE30BaHMX KanieBux conemn 3-6eHaunn-8-3aMileHmx
KCaHTVHIB MiATBEPAXYIOTb HASBHICTb CMOMYK, LLO 3a piBHEM rinornikemiyHoi aii HabnkaTeea 0o pedepeHc-npenapary.

KntoyoBi crnoBa: KCaHTUHW, OpraHiYHWUIM CUHTES, FiNOrMikeMivyHa aKTUBHICTb.

AKTyanbHi nUTaHHA hapMaLieBTUYHOI | MeaMYHOI Hayku Ta npakTuku. 2022, T. 15, Ne 3(40). C. 266-270

ARTICLE UDC 615.252.349.7.015.11:547.857.4-38
INFO DOI: 10.14739/2409-2932.2022.3.253385
Current issues in pharmacy and medicine: science and practice 2022; 15 (3), 266-270

Key words: xanthines, organic synthesis, hypoglycemic activity.

*| il H
[ — E-mail: aleksandrovaev55@gmail.com

zsmu.edu.ualarticle/

View/253385 Received: 22.02.2022 // Revised: 10.03.2022 // Accepted: 22.03.2022

266 Current issues in pharmacy and medicine: science and practice. Volume 15. No. 3, September — December 2022 ISSN 2306-8094


https://orcid.org/0000-0003-4436-4036
https://orcid.org/0000-0002-4705-7261
https://orcid.org/0000-0002-6388-2966
https://orcid.org/0000-0002-5678-2801
https://orcid.org/0000-0001-9798-7128
https://doi.org/10.14739/2409-2932.2022.3.
253385

mailto:aleksandrovaev55%40gmail.com?subject=

OpueiHaribHi 0oCidxeHHs!

0 0 K

HN NH HN N~
IPREE_ SO Y
0 N N R 0 N N “R

1-8

HN=\ HN=\ HN=\ HN= HN= Gl
HN
R=NH, ; _5@_@ FiF ; N
H
CH, OH F
22a 33 44a 55a 6,6

1,1a ) s y y

Fig. 1. Synthesis of potassium 3-benzyl-8-R-xanthin-7-ides (1a-8a).

According to the WHO, the prevalence of diabetes has
almost quadrupled since 1980 and is now the ninth leading
cause of death in the world [1]. Diabetes mellitus type 2
(T2DM) is on the rise worldwide and it’s considered to be
a global epidemic of our age. The most important goal of
treatment of T2DM is the timely prescription of intensive
antidiabetic therapy for targeting specific levels of carbo-
hydrate and lipid metabolism in such patients to prevent
the progression of vascular complications, which increases
mortality [1].

Modern treatment of T2DM involves a set of measures
aimed at maintaining good glycemic control, which involves
dietary restriction, regular exercise, and finally, taking antidi-
abetic drugs [2]. The drug should be chosen by considering
its effect on metabolic processes, cardiovascular system, and
the development of hypoglycemic conditions. According to
the clinical guidelines, standard drug treatment is started with
metformin, with the subsequent application of sulfonylurea
(e. g. Glibenclamide), and DPP-4 and SGLT-2 inhibitors [3,4].

In our previous work [5] we showed the efficacy of 7-sub-
stituted 3-benzyl-8-propylxanthin application in the treatment
of metabolic syndrome pathologies, which possess high
hypoglycemic effect. Thus, we can conclude, that synthesis
of new xanthine-based drug candidates with hypoglycemic
activity can be very promising.

Aim
The aim of the present study was to explore hypoglycemic

activity of new water-soluble derivatives of 3-benzyl-8-sub-
stituted xanthines.

Materials and methods

In our previous study [6], we synthesized novel 3-benzyl-
8-R-xanthine derivatives. Conversion of the latter into
water-soluble potassium salts gave us good objects for
pharmacological study.

a

1a-8a

S
)J\ 'HN\N)J\N

7,7a

Potassium 3-benzyl-8-R-xanthin-7-ides (1a-8a). A mixture
of 0.003 mol of the original xanthine (1-8) and 0.0036 mol
of potassium hydroxide in 10 ml of water was boiled until
completely dissolved. The solution was filtered hot, and
the filtrate was cooled, acetone was added until product
precipitation, which was filtered off, washed with acetone,
diethyl ether and dried at 8085 °C (Fig. 1). All synthesized
substances were crystalline colorless or yellowish powders,
well soluble in water, insoluble in acetone and chloroform.

The melting point was determined by open capillary
method on the PTM device (M). Elemental analysis was
performed on an Elementar Vario L cube. "H NMR spectra of
the compounds 1-8 revealed protons’ signals of the xanthine
moiety. Meanwhile, the protons of the aliphatic and aromatic
groups resonate with the corresponding shifts [6]. "H NMR
spectra recorded on a Brucker SF-400 spectrometer (solvent
DMSO-d6 or DMSO-d6 + CDCI4, internal standard — TMS).

The hypoglycemic activity of xanthine derivatives was
assessed by an oral glucose tolerance test [7]. This test is per-
formed after 12 hours of fasting and it’s started from the first
blood sample taken out of incision at the tip of the tail (time
-0.5 hours) and test solutions are inserted. After 30 minutes
(0 hours), the blood glucose level is measured, then the rats
are injected with 20 % glucose solution (2 g/kg body weight)
through a rigid gastric tube. Blood samples are collected at
0.5, 1, 2 and 4 hours.

A drop of blood was obtained by creating a puncture at
the end of the tail with a scalpel. The basal level of glucose in
the blood was measured (-0.5 hours). All subsequent samples
were taken through this wound. The total amount of blood
used was approximately 3040 pl.

In experimental studies, 70 Wistar rats about 300 g were
used, which underwent the acclimatization for 14 days.

All manipulations with animals were performed out in ac-
cordance with the requirements of GLP, the recommendations
of “European Union Directive 2010/63 / EU on the protection
of animals used for scientific purposes” [8].
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Table 1. Hypoglycemic activity of synthesized compounds (1a-8a)

1a 4.00 £0.07 4.54 +£0.05 9.27+0.10 9.00+0.12 599+0.12 6.61 £0.06 30.25+0.20
-11.11 1.92 12.28 0.64 -3.90 1.09 0.58
*P < 0.001 *P>0.05 *P <0.001 *P>0.05 *P>0.05 *P>0.05 *P>0.05
P <0.01 “*P>0.05 P <0.01 **P>0.05 **P>0.05 **P>0.05 *P>0.05
2a 4.47+0.07 4.47£0.05 8.40+0.14 8.96+£0.14 6.16£0.10 6.23 £0.08 29.74 £0.20
-0.63 0.32 1.73 0.16 -1.15 -4.80 -1.13
*P>0.05 *P>0.05 *P>0.05 *P>0.05 *P>0.05 *P<0.01 *P>0.05
P >0.05 P >0.05 P >0.05 **P >0.05 **P>0.05 **P <0.01 **P>0.05
3a 4.47+0.09 4.31+0.03 8.90+0.12 9.36 £0.11 6.51 £0.06 6.51£0.06 31.03+0.17
-0.63 -3.21 7.79 4.63 4.59 -0.44 317
*P>0.05 *P>0.05 *P<0.01 *P<0.05 *P<0.05 *P>0.05 *P < 0.001
P >0.05 P <0.05 P <0.01 **P <0.05 **P <0.01 **P>0.05 **P <0.01
4a 4.81+0.08 4.43 £0.04 8.20+0.13 8.97£0.12 517 £0.06 5.87 £0.07 27.88+0.15
6.98 -0.64 -0.69 0.32 -16.97 -10.26 -7.32
*P<0.05 *P>0.05 *P>0.05 *P>0.05 *P <0.001 *P <0.001 *P < 0.001
P <0.01 P >0.05 **P>0.05 **P>0.05 **P < 0.001 **P < 0.001 P <0.01
5a 4.47 £ 0.06 4.19+0.03 8.37 0.1 9.61+0.12 6.29 £0.07 6.56 £ 0.05 30.59+0.16
-0.63 -6.09 1.38 7.51 0.92 0.22 1.72
*P>0.05 *P<0.05 *P>0.05 *P<0.01 *P>0.05 *P>0.05 *P<0.05
**P>0.05 P <0.01 **P>0.05 **P <0.01 **P>0.05 **P>0.05 P <0.05
6a 4.37£0.08 4.3+0.08 8.01+£0.13 9.09+£0.10 6.41+£0.07 6.47 £0.04 30.16 £ 0.21
-2.86 -3.53 -2.94 1.6 2.98 -1.09 0.27
*P>0.05 *P>0.05 *P>0.05 *P>0.05 *P>0.05 *P>0.05 *P>0.05
**P>0.05 P <0.05 **P>0.05 **P>0.05 **P>0.05 **P>0.05 **P>0.05
7a 511+ 0.06 4.40£0.07 7.84+0.12 9.5+0.16 6.61+0.15 7.43+0.05 31.88+0.24
13.65 -1.28 -5.02 6.23 6.19 13.54 5.99
*P < 0.001 *P>0.05 *P<0.05 *P<0.05 *P<0.05 *P <0.001 *P < 0.001
**P <0.001 “*P>0.05 **P <0.05 **P <0.05 **P <0.05 **P < 0.001 P <0.01
8a 4.46 £0.08 4.63 £0.07 714 +0.14 9.71£0.09 6.31+0.12 6.90 + 0.04 30.66 +0.29
-0.95 3.85 -13.49 8.63 1.38 5.46 1.94
*P>0.05 *P>0.05 *P < 0.001 *P <0.001 *P>0.05 *P < 0.001 *P>0.05
**P>0.05 “*P>0.05 **P < 0.01 **P < 0.01 **P>0.05 **P < 0.001 **P>0.05
Control 4.5+0.07 4.46 £ 0.08 8.26+0.10 8.94+0.10 6.23 £0.08 6.54 £0.04 30.08 +0.15
group 0 0 0 0 0 0 0
P=1 P=1 P=1 P=1 P=1 P=1 P=1
*P>0.05 “*P>0.05 “*P>0.05 **P>0.05 **P>0.05 **P>0.05 *P>0.05
Gliben 4.61+0.086 4.54 +0.037 740+0.14 546 £0.15 513+£0.13 4.33+0.06 23.24+0.33
clamide 2.54 1.92 -10.38 -38.98 -17.66 -33.84 -22.73
*P>0.05 *P>0.05 *P <0.001 *P <0.001 *P <0.001 *P <0.001 *P < 0.001
*P>0.05 P <0.05 P <0.01 **P < 0.01 **P <0.01 **P < 0.001 P <0.01

Mean + standard deviation of the arithmetic mean (mmol/l), the ratio to the control group in %: *P: Student’s t-test; **P: Mann-Whitney U test.

Rats were obtained from the regular animal chamber of
the Institute of Pharmacology and Toxicology of the Aca-
demy of Medical Sciences of Ukraine. Care, keeping and
feeding of animals was carried out in standard conditions
of stable microclimate in the vivarium of the ZSMU. A
light-dark regime was maintained at 12:12. Animals had
ad libitum access to food (standardized ration feed “Re-
zon-1” KP-120-1) and water that was processed (acidified
(pH 5.8-6.4), chlorinated (6—8 ppm), softened, and filtered
(0.02 pm)).

Experimental samples’ sizes were calculated by the for-
mula [9] with standard deviation (+1.31 mmol/l) [10]. We
expect the effect to be 2 mmol/l [11], where the sample size
n=2;1.312 (1.96 + 0.842)2/22 = 6.74, i. ¢., 7 animals per
study group.

Randomization and grouping were performed using pseu-
do-random sequences of the “random” module for the python
programming language [12].

The results were processed by modern computer-aided
statistical methods using NumPy (BSD License), SciPy (BSD
License), pandas (BSD License), pandas-profiling (MIT
License) libraries. For data visualization Python matplotlib
library (BSD License) was used [13].

The normality hypothesis test of the studied indicators was
tested using the Shapiro—Wilk test and the Kolmogorov—
Smirnov test. The arithmetic mean (M) and standard error of
the mean (+m) were calculated. The statistical significance
of intergroup differences according to the obtained data was
established using the parametric Student’s t-test (*) and
the non-parametric Mann—Whitney U test (P***).
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Fig. 2. Changes in glucose levels of experimental animals under OGTT conditions.

The research results were interpreted by applying three
difference levels of statistical significance — P < 0.05, P<0.01
and P<0.001.

Results

The results of the study of hypoglycemic activity of xanthine
derivatives by the oral glucose tolerance test are shown in
Table I and Fig. 2.

Discussion

After processing and analyzing the results (7able 1, Fig. 2),
it was found that glibenclamide was most effectively reduced
glucose in OGTT conditions (AUC 23.24 + 0.33), which
was 22.73 lower than in the control group (*P < 0.001,
**p <0.01).

An increase in glucose levels was observed in all groups
in 30 min after administration of glucose solution, in com-
pounds 2a, 4a, 5a, 6a this indicator was equal to the control
group (*/**P > 0.05), and no statistically significant differ-
ences were observed. The presence of the hydrazide group
in xanthine moiety (1a) led to a significant hyperglycemic
action in 1 h after its administration, while the replacement
of the hydrazide group by the ylidene hydrazide moiety led
to increased hypoglycemic effect in compounds 2a, 3a, 4a, 5a.
The introduction of carbathioamide fragments into xanthine
core (7a, 8a) led to an increase of glucose level.

In 2 h and 4 h, only compound 4a approached the standard
of glibenclamide by its hypoglycemic activity. Thus, we can
conclude, that the presence of a hydroxyl group as a sub-
stituent in the benzyl moiety of ylidenhydrazides positively
contributes to glucose lowering. It also worth mentioning,
that halogens and/or methyl groups do not affect hypogly-
cemic action.

Conclusions

The results of the hypoglycemic activity study among
the potassium salts of 3-benzyl-8-substituted xanthine de-
rivatives showed, that some new compounds were in close
vicinity to the reference drug’s hypoglycemic action.
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