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Dipeptidyl peptidase IV (DPPIV) and adenosine deaminase (ADA) are multifunctional
enzymes, involved in different physiological processes. Often a problem of their regulation
appears. Particularly, the inhibition of both enzymes considered beneficial at type 2 diabetes. This
work describes the influence of ethanol extracts and constituents from several plants on DPPIV
and ADA activities. The ICs, values of extracts from pellicles of walnut kernel, rose petals,
melilot, leaves of pistacia, grape, sorrel and blackberry in the in vitro inhibition of ADA from
bovine lung were in the range of 0.23-1.25 mg/ml. In inhibition of DPPIV from bovine kidney, the
ICs, values of the extracts from blackberry leaves, pellicles of walnut kernel and rose petals were
between 0.13 and 0.63 mg/ml. The ICs, values of phenol glycoside fractions from rose petals and
grape leaves in DPPIV inhibition (0.029 mg/ml) were by one order smaller than for ADA (0.34
mg/ml). In the in vivo experiments, the increasing of ADA and DPPIV activities in the blood
plasma of the streptozotocin injected rats (40 mg/kg of body weight) was proved. In these animals
the extract from walnut kernel pellicles effectively inhibited the activities of both enzymes.

Adenosine deaminase—dipeptidyl peptidase 1V— enzymatic activity regulation— plant extracts
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Hunentuannmnentugaza |V (AIIIIV) u agenosungesamunaza (AJIA) —MHOTO(MYHKIHO-
HaJIbHBIE (PEPMEHTHI, BOBICUEHHBIC B PAa3INUHbIe (GPHU3HOIOTHIECKHE Ipouecchl. [Ipu psge matomo-
ruil HaOJIofaeTCs 3HAUNTENFHOE YBEIMUYCHHE NX aKTHBHOCTH. BCleIcTBIE 9TOT0 4acTO BO3HHUKA-
€T He0OXOANMOCTh MHTNOUPOBAHUS aKTUBHOCTH THX (pepMeHTOB. B wacTHOCTH, KenaTensHO MH-
rubuposanue IV u AJIA npu caxapHoMm nuabeTe BToporo tumna. B nanHol paboTe mpeacTas-
JICHO BO3JEHCTBUE STAHONBHBIX 3KCTPAKTOB U KOMIIOHCHTOB HEKOTOPBIX PAaCTeHHUI Ha aKTHBHOCTH
ATV u AJA. 3uauenus 1Csq mpu invitro uaruGupoBannu akTHBHOCTH AJIA W3 Jerkux ObIka
9KCTPaKTaMH JOHHUKA JIEKAPCTBEHHOT'0, INIEHKHU sIpa TPELIKOTO OpPEXa, JIETIECTKOB PO3bI, TUCTHEB
(hHCTAIKOBOTO AepeBa, BUHOTPAaa, KOHCKOTO IABeIst M €KeBUKM HaXOAWINCH B mpexenax 0.23-
1.25 mr/mi. 1Csp 9KCTPaKTOB IIICHKH OpeXa, JIUCTHEB €KEBUKHU U JICIIECTKOB PO3bI IPH iNVitrOMHIU-
ouposanmu AV u3 mouek Opika Haxowmuch B mpenenax 0.13-0.63 mr/mi. 3uadenus 1Csq ams
(hEHONTIINKO3UIOB U3 JICTIECTKOB PO3BI U JICTHheB BUHOrpana B cirydae JAIMIIIV (0.029 mr/mir) GbI-
JIM Ha TOPSAOK MeHblie, yeM st AJIA (0.34 mr/mu). B ombiTax invivo moaTBepkIeHO Bo3pacTa-
nue aktuBHoctd IV n AJIA B mina3Me KpoBH SKCIIEPUMEHTANIBHBIX KPBIC TOCIE WHBEKIINU
ctpenTo3oTorHa (40 MI/Kr Beca). ¥ 3THX JKHBOTHBIX aKTMBHOCTh 000MX (hepMEHTOB Hambonee
3¢ (HeKTHBHO MOAABIISLIT SKCTPAKT IIIEHKH OPEXOBOT0 AApa.

Aodenozunoezamunasa — ounenmuouinenmuoaza \V — pecyruposanue ghepmenmamusHoil
AKMUBHOCHU — PACTUMEITbHbIE IKCTPAKNIbI

Adenosine deaminase (ADA, E.C. 3.5.4.4) catalyzes deamination of
(deoxy)adenosine (Ado) and plays a critical role in maturation and differentiation of
lymphoid cells, maintaining the effective immune, neurological and vascular systems
[4]. Two molecular forms of ADA are as follows: a small, intracellular SADA, and a
large LADA, formed as a complex of SADA and DPPIV/CD-26 [6]. The located on the
cell membranes and circulating LADA catalyzes deamination of Ado in the intercellular
medium. Adenosine receptors (ARs) were also identified as ADA anchoring proteins
leading to activation of T-cells [5]. The costimulatory effects promoted by the ADA-
DPPIV/CD26 complex consist in the inducing of IL-6 production, INF-yand TNF-
asecretion, enhancing the pro-inflammatory response [16].

A multifunctional dipeptidyl peptidase 1V (DPPIV; EC 3.4.14.5) is a ubiquitous
and unique serine protease removing N-terminal dipeptides from the polypeptides and
proteins, containing proline or alanine on the penultimate position. This enzyme
truncates many cytokines, chemokines and peptide hormones. It is identical to CD26, an
antigen of activated human T lymphocytes, involved in regulatory and co-stimulatory
events in the immune system [3, 10]. The clinical studies of the role of DPPIV and of the
specific inhibitors paved the way to novel therapeutic concepts in many pathologies such
as diabetes [22]. The membrane-bound form of DPPIV is expressed in many tissues on
T-, B-, natural killer, hematopoietic progenitor and stem cells and macrophages. The
soluble form of DPPIV is circulating in blood plasma and is detected in urine, bile,
semen, cerebrospinal, pleural and synovial fluids [3, 10].

The described importance of concerted and individual functions of DPPIV and
ADA in humans, their association with different vital systems forced to study of the
ways of their regulation. Particularly, this problem concerns the diabetes mellitus.

Theglucagon-like peptide-1 (GLP-1) (7-36) is insulinotropicincretin hormone and
a most potent therapeutic agent for treatment of type 2 diabetes (T2D). However, DPPIV
converted it to inactive GLP-1(9-36) [7] and the inhibition of DPPIV is one of the
strategies to prolong its antidiabetic activity [9]. At present, the inhibitors of DPPIV are
under development in preclinical and clinical studies, and several of them are marketed
as anti-diabetic drugs [17]. As it is known, the serum level of ADA in T2D patients was
increased reliably [12]. It was elevated in the streptozotocin-injected rats.
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The increase of ADA can result in decreasing of the Ado level and in
development of insulin resistance [18].

The detection of natural inhibitors of DPPIV and ADA could be beneficial for
treatment of T2D. There is preclinical evidence for the efficacy of plants as
hypoglycemic agents or in the management of diabetic complications [8]. Medicinal
herbs contain diverse bioactive compounds having positive effects on insulin production.
Metformin, a first line drug for T2D, is based on a biguanide compound from the
antidiabetic French lilac [2].

Earlier, we demonstrated the inhibition of DPPIV and ADA activities by aqueous
extracts from Armenian Highland plants [13]. The transmission and scanning electron
microscopy study [11] proved the ability of the ethanol extract of rose petals and of its
phenole glycoside fraction to hinder the fibrillation of peptide hormone of pancreas,
amylin (one of the causes of T2D development). The decreasing of amylin aggregation
and the in vitro protection of islet f-cells from death in the presence of aggregated
amylin by the ethanol extracts and fractions from several plants were demonstrated [20,
21]. These results prove the probability of usefulness of herbal constituents in prevention
and treatment of T2D.

This work describes the in vitro and in vivo influence on DPPIV and ADA
activities of ethanol extracts from several plants and their constituents. For study, we used
the plants which traditionally are used in folk medicine and/or as food in Armenian
cousin, but are not studied by researchers before.

Materials and methods.The leaves of grape (Vitisvinifera), sorrel (RumexConfertus),
pistacia (Pistacia atlanticaDesf.) and blackberry (RubusCaesius), rose petals (Rosa damascena),
aerial parts of melilot (Melilotusofficinalis) and walnut (Juglansregia) were collected from
Armenian Highland and dried in the shade. A voucher specimen has been deposited in the
herbarium of the Botanical Department of Yerevan State University (Dr. NarineZagaryan). The
ethanol extract preparation, identification of constituents, fractionation by gel-filtration and
characterization of fractions by chemical analyses, thin layer chromatography and optical
absorbance in UV-Vis region are described earlier [1].

For in vitro experiments, ADA and DPPIV were purified from bovine lung and kidney,
respectively [14, 19]. In the assay of their activities, Ado and Gly-Pro p-nitroanilide
toluenesulfonate salt, purchased from Sigma Ltd. USA, were used as substrates.

In the in vivo experiment, 30 laboratory rats were divided to six groups. One of them was
kept as untreated control. In 25 animals T2D model was induced by injection ofstreptozotocin
(STZ, AppliChem GmbH, Germany) in dose of 40 mg/kg of body weight. One group was kept as
STZ-control. The animals of four groups were fed orally three times per a week with the ethanol
extracts from walnut kernel pellicles (WP), rose petals (RP), leaves of grape (GL) and sorrel (SL),
indose of 400 mg/kg of body weight. This dose was chosen as most suitable after preliminary
testing of doses between 150-400 mg/kg. In four weeks, per 1 ml of blood was taken
cardiopunctually using heparinized syringe. DPPIV and ADA activitis wereassayed in the blood
plasma.

Data analyses were performed using the statistical software InStat, version 3 for Windows
(GraphPad Software, Inc., SanDiego, CA, USA). Specific differences were tested using Student’s
two—tailed t—test. The data showing P<0.05 were considered as statistically authentic. Results were
expressed as mean + s.e.m.

Results and Discussion.The in vitro effects of plant preparations on the activities
of DPPIV and ADA purified from bovine kidney and lung, respectively, were studied.
From the concentration dependences, the 1Cs, valuesof the ethanol extracts and isolated
fractions from plants in inhibition of DPPIV and ADA were estimated (tab. 1). These
data evidence that 1Cg, values of the extracts from WP, pistacia and blackberry leaves in
inhibition of two enzymes are in mutual conformity. ICxgin inhibition of DPPIV by

54



IN'VITRO AND IN VIVO INFLUENCE OF PLANT PREPARATIONS ON DIPEPTIDYL PEPTIDASE IV AND ADENOSINE DEAMINASE...

extract from RP is by one order smaller than in the case of ADA. The extracts from
melilot, SL and GL influenced on the activities of two enzymes differently. Their I1Cs
values in the case of ADA are in line with the other extracts, but these three extracts did
not inhibit DPPIV. Moreover, the extract from melilot somewhat activated DPPIV.

Table 1. ICsq values of plant preparations in inhibition of DPPIVand ADA activities

1Cs0,mg/ml £+ s.6.m.
ethanol extract from: ADA DPPIV
1 | walnut kernel pellicles 0.23 +0.005 0.20+0.01
2 | pistacia leaves 0.29+0.014 0.39 +£0.03
3 | grape leaves 0.36 +0.03 >100
4 | melilot 0.57+ 0.014 Light activation
5 | sorrel leaves 0.68 + 0.06 >100
6 | blackberry leaves 0.94+ 0.09 0.63+0.14
7 | rose petals 1.25+0.09 0.13£0.01
Phenolglicoside fractions from:
8 | rose petals 0.33+£0.02 0.029 + 0.005
9 | grape leaves 0.35+0.05 0.029 + 0.003

The 1Cs values of PhG from RP and GL in inhibition of the enzymes are very
close one to other. In the case of DPPIV they wereby one order smallerof that for ADA.
It should be noted that in the identical experiments, the PhGs and the emodine from SL
did not affect the activity of DPPIV.

Absorbance

230 250 270 290 310 330 350 370 390

Wavelength, nm

Fig. 1. The spectra of PhG fractions from RP, GL and SL.

Fig. 1 shows the optical absorption spectra of PhGs from three plants. It is
interesting, that the spectrum of PhGs from SL, which did not affect the activity of
DPPIV strongly differs from the spectra of PhGs from RP and GL, which inhibited
DPPIV with close effectivity (ICso = 0.029 mg/ml). Obviously, the constituents of the
last two chemically differ from those of PhG from SL. Comparison with the literature
data [15] evidence that the spectra of GL and RP PhGs are similar to the spectra of the
tannins’ class flavon-3-ole ((+) — catechin)s. The absorbance of SL PhG is characteristic
for monomeric flavonolsand oligomericprocianidins, the absorption band at 320-350 nm
evidences the involvement of phenol oxides, flavonones and flavananes.
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The dependences of DPPIV activity on the concentration of GL PhGwere
investigated at two concentrations of the substrate. The graphicalanalyses manifested the
competitive nature of inhibition with Ki equal to 1.35 pg/ml.

The in vivo effects of the water suspensions of dried ethanol extracts from WP
(150 mg/kg of body weight), GL (300 mg/kg) and SL (400 mg/kg) on the activities of
DPPIV and ADAIn the plasma of healthy rats were studied.Three groups of normal
laboratory rats, per three animals in each, were fed with these extracts for 4 weeks (twice
in a week).The doses were chosentaking into account their I1Cg, values in the in vitro
inhibition of ADA (0.23 mg/ml<0.3 6 mg/ml<0.68 mg/ml, tab. 1).

The fourth group served as a control. In the end of the experiment, the activities of
ADA and DPPIV were determined in the blood plasma of animals. In fig. 2, A and B the
results, expressed in percentage of the control animals, are presented. The activity of
ADA in the groups, fed with plant extracts, was lower than in the control group, but this
decreasing was not in the accordance with their in vitro 1Csy values. The activity of
DPPIV in the groups, fed with plant extracts, was higher than in the conrol. In spite of
low ICs value of the extract from WP (0.20 mg/ml, tab. 1), DPPIV activity in the group,
which received this extract, was the highest.

Hence, the in vivo influences of three ethanol extracts on the ADA and DPPIV
activities in blood plasma of healthy rats were strongly different and were not in the
accordance with the in vitro inhibition of the enzymes.

100
100 — 160 }
911
814 140
= 80 £
° 70.0 S 120}
€ == £
8 8
S i < 100 |
= = 80
£ >
< )
s =
2 ° 40
2 20 2
3 2
< 8 2 4
< g
0 . . . o %1
control SL, 400 GL, 300 WP, 150 control SL, 400 GL,300 WP, 150
A B

Fig.2.Activities of ADA (A) and DPPIV (B) in the blood plasma of healthy rats,
fed for 4 weeks with the water suspensions of the ethanol extracts from WP, GL and SL.

In the next experiments,the in vivo effects of STZ and herbal extracts on the
activities of DPPIV and ADA were studied. Four groups of STZ-injected animals were fed
orally in the dose of 400 mg/kg of body weight for a month by the ethanol extracts from:

a) RP, which in vitro effectively inhibited DPPIV (ICs = 0.13 + 0.01 mg/ml), but
slightly inhibited ADA (ICso = 1.25 + 0.09 mg/ml);

b) GL, which in vitro inhibited ADA (ICs, = 0.36 + 0.03 mg/ml), but did not
influence on the DPPIV activity (1C5,>100);

¢) WP, which in vitro inhibited both ADA (ICs, = 0.23 + 0.005 mg/ml) and DPPIV
(IC5=0.20 £+ 0.01 mg/ml);

d) SL which in vitro moderately inhibited ADA (ICsp = 0.68 + 0.06 mg/ml), but did
not influence on the activity of DPPIV (IC5,>100 mg/ml).
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At the end of the experiment, DPPIV and ADA activities were determined in the
blood plasma. Table 2 shows the ADA activities in 6 animal groups: untreated, STZ-
control and 4 groups, which received the plant extracts. The data are presented in the
percentage of the activity in the group of untreated animals. In accordance with the
literature data [12], the activity of ADA in the blood of animals in the STZ-control group
increased relative to the untreated group by 42 % (P<0.05). In the STZ-injected animals,
which received the ethanol extracts from WP, RP, SL and GL, the ADA activity was
inhibited in vivo moderately, down to 60-80 % of the untreated group (P>0.05). These
values are significantly lower of that in STZ-control group and consist 45-55 % of it
(P<0.05).

Table 2.The activity of ADA in 6 animal groups

Group untreated | STZ-cont | RP,400 | GL,400| WP, 400 SL, 400
% of control+s.e.m. | 100+9.1 |142+12.03 | 73+7.6 78+8.3 | 64+12.3 73+8.0

P vs untreated *P<0.05 P>0.05 P>0.05 P>0.05 P>0.05

P vs STZ-cont *P<0.05 | *P<0.05| *P<0.05 *P<0.05

Tab.3 shows the activitis of DPPIVinthe same groups. The activity of DPPIV in
the STZ-control group is higher of that in the untreated animals by 24 % (P<0.05). In the
animals, fed by the extracts from GL and SL, which did no inhibit DPPIV in vitro (tab.
1), the DPPIV activities were close to that in the STZ-control group. Surprisingly, in the
group, fed by the extract from RP with the best in vitro inhibition (ICs, = 0.13 mg/ml),
the in vivo activity was higher than in STZ-control group.

Table 3. The activity of DPPIV in 6 animalgroups

Group ntreated | STZ-cont | RP, 400 |GL, 400 | WP, 400 SL, 400
% of control +s.e.m. 100+4.3 124+3.9 | 138+3.8 |106+3.7 70+10.1 12346.3

P vs untreated *P<0.05 |**P<0.01|P>0.05 P>0.05 P>0.05

P vs STZ-cont P>0.05 |P>0.05 **P<0.01 P>0.05

Only in the blood of animals, fed with the extract from the WP (in vitro 1Cs, =
0.20 mg/ml), DPPIV activity was inhibited statistically significantly, down to 56 % of
the STZ-control group (P<0.01).

The ICs, values of several plant extracts (and two PhG fractions) evidenced
moderate and significant values in inhibition of ADA in vitro. Their capabilities to
inhibit DPPIV in vitro were different.

In the healthy animals, the ADA activity under action of some of the studied
ethanol extracts in vivo was moderately lower of that in the control animals, but the
activity of DPPIV was surprisingly higher than in the control animals.

Our study proved the increasing of ADA and DPPIV activities in the blood
plasma of the STZ-injected animals. In the STZ-injected animals fed by plant extracts,
the ADA activity was inhibited in vivo significantly, down to 45-55 % of the STZ-
injected animals (P<0.05).

The extract from WP demonstrated one of the lowest 1Csq values in inhibition of
DPPIV in vitro (0.20 + 0.01 mg/ml). In the in vivo study, itinhibited the activity of
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DPPIV down to 56 % of the activity in the STZ-injected group (P<0.01). This is the best
effect observed in our study.

It is worthy to note, that the extract from WP demonstrated the lowest [1Csy values
for both enzymes (0.23and 0.20 mg/ml for ADA and DPPIV respectively). In the in vivo
experiment, this extract also demonstrated the best inhibition of ADA and DPPIV (down
to 60 and 70 % of untreated or 45 and 56 % of STZ-control groups, respectively). We
can conclude, that the active constituent(s) in this extract (contrary to those from RP) is
(are) stable against the digestion processes in the animals and inhibited the enzymes in
vivo rather effectively, in accordance with the in vitro inhibition. Hopefully, the obtained
results will allow considering usefulness of some Armenian Highland plantsin the
treatment of diabetes mellitus as co-drugs.
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