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EFFECT OF 3-SUBSTITUTED
1,4-BENZODIAZEPIN-2-ONES ON BRADYKININ-INDUCED
SMOOTH MUSCLE CONTRACTION
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Biochemical properties of 3-substituted 1,4-benzodiazepine determined by the characteristics of their
chemical structure. Influence of 3-substituted 1,4-benzodiazepin-2-ones on maximal normalized rate and am-
plitudes of isometric smooth muscle contraction in rats was investigated. Compounds MX-1775 and MX-1828
demonstrated the similar inhibition effect on bradykinin-induced contraction of smooth muscle like competi-
tive inhibitor des-arg®-bradykinin-acetate to bradykinin B,-receptors. MX-1626 demonstrated unidirectional
changes of maximal normalized rate and force of smooth muscle that proportionally depended on bradykinin
concentration in the range 10°°-10° M. MX-1828 has statistically significant decrease of normalized rate of
smooth muscle contraction for bradykinin concentrations 10° and 10° M by 20.7 and 8.6%, respectively, but
for agonist concentration 10 M, this parameter increased by 10.7% and amplitude was reduced by 29.5%.
Compounds MX-2011, MX-1785 and MX-2004 showed no natural effect on bradykinin-induced smooth muscle
contraction. Compounds MX-1775, MX-1828, MX-1626 were selected for further research of their influence on
kinin-kallikrein system and pain perception.

Key words: smooth muscle contraction, bradykinin, 3-substituted 1,4-benzodiazepin-2-ones, maximal
normalized rate, force of contraction.

arious peripheral mediators contribute
V to development and maintenance of in-

flammatory and neuropathic pain by few
mechanisms. Activation or excitation of nociceptive
nerve endings or fibers by these substances impli-
cates generation of action potentials which were dis-
seminated on the central nervous system and may
induce pain perception. Sensitization of nociceptors
occurs in response to various stimuli of external and
internal origin, including temperature, mechanical
and chemical influences. Bradykinin (BK) is one of
the most potent pain-producing agents formed under
inflammatory conditions. Multitude of its sensiti-
zing and excitatory effects on peripheral nocicep-
tors supporting its role as a prototype of peripheral
pain mediators have been described [1, 2, 6, 10]. A
number of bradykinin effects mediated by products
of the arachidonic acid-cyclooxygenase cascade tes-

tify to the existence of mutual interactions between
the pain mediators [12]. The synthesis of bradykinin
and related kallidin is carried out in two ways: in-
travascularly in plasma and extravascularly in tis-
sues. Prekallikrein formed through clotting factor
XII (Hagemann) by formation of kallikrein prede-
cessors that is activated by contact with negatively
charged surfaces. Plasma kallikrein acts on high-
molecular-weight kininogen that leads to bradykinin
and kallidin producing which act preferentially on
B,-bradykinin receptors. The tissue prekallikrein
is transformed to kallikrein upon inflammation or
tissue damage. Today two types of bradykinin and
related kinin receptors - B, and B,, have been de-
scribed [7, 9, 14, 16]. B,-type present in the neurons
of the brain stem, basal nuclei, cortex, thalamus and
hypothalamus. Immune labels of these receptors
were found in the endothelium of the upper sagit-
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tal sinus dura matter and ependyma of the third and
lateral ventricles. B,-kinin receptors are localized in
neurons of the thalamus, hypothalamus and spinal
cord [13]. B, and B, receptors are important media-
tors of cardiovascular homeostasis, inflammation
and nociception. While the B,-type is constitutively
expressed in many tissues including smooth muscle
of intestine and stomach [15], B -type synthesis is
induced only in inflammatory conditions. However,
B, is one of the central nociceptive mediators feeling
that suggest permanent presence of the receptor in
the brain and spinal cord [4]. Bradykinin interaction
with these receptors leads to activation of G-proteins
and specific changes in the levels of [Ca2+]cyt, invol-
ving in various systems such as phospholipase C,
prostaglandins, protein kinases and phospholi-
pase A, [8]. Natural and artificially synthesized re-
ceptor blockers are important for investigations of
action mechanisms of agonists and antagonists of the
kinin-kallikrein system. Search for high affinity and
selective non-peptide antagonists that demonstrate
prolonged effect and do not decompose in a body by
peptidases is very important task for pharmacology
and medicine.

B2-receptors activation in smooth muscle of
stomach can run it contraction as described above.
Therefore, the model bradykinin-induced contrac-
tion of the stomach smooth muscles is simple and
informative to investigate the effect of different sub-
stances on the function of kallikrein-kinin system.

1,4-Benzodiazepine derivatives are synthetic
inhibitors that act as highly efficient analgesics. Bio-
chemical properties of 3-substituted 1,4-benzodiaz-
epine are determined by features of their chemical
structure. Using radicals with different chemical
and physical properties to obtain derivates of basis
molecules we created some compounds with affinity
for specific biological targets [11]. These substances
can mimic the B-bend that is important for their bio-
chemical activity [5]. In addition, such compounds
are well sustained by patients.

Previously synthesized in A. V. Bogatsky
Physico-Chemical Institute of NAS of Ukraine
3-substituted 1,4-benzodiazepin-2-ones exhibiting
analgesic activity at doses ranging from 0.007 to 6.6
mg/kg were studied in this paper, some representa-
tives of these series see in Table. These substances
are perspective analgesics that have sedative, spas-
molytic, anti-inflammatory and low toxicity proper-
ties.

The existing today compounds that act through
opioid receptors cause addiction. Nonsteroidal anti-
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inflammatory drugs have many side effects, inclu-
ding contribution to the development of stomach
ulcers. Compounds, used in our investigation, are
deprived these effects.

In view of their low toxic and high analgesic ac-
tivity, the aim of the study was to investigate influen-
ce of 3-substituted-1,4-dihydro benzodiazepines on
bradykinin-induced smooth muscle contraction, as
most simple and informative model for interactions
of these compounds with kallikrein-kinin system.

Materials and Methods

Tenzometric investigations were carried out
using specimens ring stomach muscles of white
non-bread male rats which were kept in the standard
conditions in vivarium of Educational and Scien-
tific Centre “Institute of Biology and Medicine” of
Taras Shevchenko National University of Kyiv. All
manipulations with animals were carried out in ac-
cordance with the “European Convention for the
Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes” and the Law
of Ukraine “On Protection of Animals from Cruel-
ty”. Animal weight was 240-260 g. Rats were rapidly
decapitated; the stomach was isolated and washed
with Krebs solution. Muscle layer from antral part
of the stomach was separated from the serosa and
mucosa and cut into strips (size — 1.5-2 x 10 mm).

We used the next solutions:

* Krebs solution (mM/1): NaCl — 120.4; KCI —
5.9; NaHCO3 - 15.5; NaH PO, — 1.2; MgCl, — 1.2;
CaCl, - 2.5; glucose-11.5; pH 7.4.

* High-K solution where 80 mM K* was used as
initial inducer of contraction for test measurements.
It was prepared by replacing sodium ions equimolar
number of potassium ions in the Krebs solution.

Bradykinin solutions of specified concentra-
tions were prepared by dilution of 1 mM brady-
kinin solution. Action of derivatives of 3-substituted
1,4-benzodiazepine on smooth muscles was evaluat-
ed using experimental model of bradykinin-induced
contraction of smooth muscle strips. Contraction of
smooth muscles caused by application of bradykinin
in concentration range 10°-10-° M. The final con-
centration of 3-substituted derivatives of 1,4-ben-
zodiazepine in the incubation solution was 10¢ M.
The bradykinin-induced contraction of smooth mus-
cle strips on background applications competitive
inhibitor of bradykinin receptor des-arg9- [leu8]
-bradykinin acetate (10°° M) was studied for addi-
tional evaluation of the biological effects of deriva-
tives of 3-substituted 1,4-benzdiazepines.
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Structural formulas and molecular weights of 3-substituted 1,4-benzdiazepines and analgesic activity (by the
method of “acetic acid writhing”)

N Name Mm Structure Analgesic activity ED
H O
N
o

1 MX-2011 407.70 Br S 0.03 +0.01

Cl
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Cl

* [11].
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As derivatives of 3-substituted 1,4-benzodia-
zepines we used the following compounds: MX-
1775, MX-2011, MX-2004, MX-1785, MX-1626,
MX-1828, the structural formulas of which are pre-
sented in Table. All compounds were synthesized in
A. V. Bogatsky Physico-Chemical Institute, NAS of
Ukraine, Odesa.

Effectiveness of 3-substituted 1,4-benzodiaze-
pines on bradykinin-induced contraction we evalua-
ted in percent by comparison with amplitude (mN)
and maximal normalized rate (Vn) of contraction
upon impact of bradykinin only.

Every substance of 3-substituted 1,4-benzodia-
zepines was tested on 10 separated smooth muscle
strips.

Data processing on dynamics of contraction
was performed according to the method of T. Burdy-
ha and S. Kosterin [3]. Statistical analysis of experi-
mental data was carried out using Shapiro-Wilk test
for control of normality of distribution data. If the
data did not have the normal distribution, the com-
parison was carried out by Kruskal-Wallis indepen-
dent sample criterion. In case of normal distribution,
comparison of control and experimental samples we
used ANOVA (Scheffe test) (P < 0.05).

Results and Discussion

We analyzed the influence of 3-substituted
1,4-benzodiazepines on amplitude and rate of brady-
kinin-induced smooth muscle contraction. The con-
centration range of bradykinin was 10%°-10¢ M.

A V1 X-1775

I VX-1626
201 I MX-2004

*

Difference of speed, %

C,.lg

The presence of MX-1775 in solution led to the
statistically significant increase of Vn by 11.9% and
decrease of amplitude by 13.1% (Fig. 1, A, B) for
bradykinin-induced contraction (10°* M). Maximum
normalized rate of contraction decreased by 9.1% for
agonist concentration 107 M, but force of contraction
was not changed. The reducing concentration of BK
led to proportional statistically significant increase
of Vn as: 10 M BK — 13.2%, 10° M BK — 15.8% and
10"° M BK — 20.7%. It demonstrates the inhibiting
effect of this compound on the bradykinin-induced
contraction. The contraction force was increased by
9.4% for the bradykinin concentration 10-* M.

The presence of MX-1626 in incubation so-
lution contributes to decreased Vn for all range of
agonist concentrations. Next statistically significant
changes were revealed for different bradykinin con-
centrations: 10 M —27.1% 107 M —23.2%, 10 M —
11.8%, 10°M — 22.2%, 10 M — 17.0% (Fig. 1, A).
However, the force of contraction linearly decreased
for this range of BK concentration. There were no
differences for 10 M BK, but statistically significant
decrease of amplitude by 22.2% was observed for
10"° M BK (Fig. 1, B).

MX-2004 had no effect on Vn of contraction
of smooth muscles induced by BK for all the con-
centration range (Fig. 1, A). However, the force of
contractions for bradykinin concentrations 10 and
107 M was statistically significantly reduced by
8.2%, 16.6%, respectively upon influence of MX-
2004 (Fig. 1, B).

B V1 X-1775
B V1X-1626

I MX-2004

20+

Difference of amplitudes, %

Cbr’ lg

Fig. 1. Influence of 3-substituted 1,4-benzdiazepines on Vn (4) and force (B) smooth muscle contraction of rats
stomachs (*P < 0.05). (Comparison with amplitude (mN) and maximal normalized rate (Vn) of contraction

upon impact of bradykinin only (line “0”))
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Fig. 2. Influence of des-arg®-bradykinin acetate
on Vn smooth muscle contraction of rats stomachs
(*P < 0.05). (Comparison with amplitude (mN) and
maximal normalized rate (Vn) of contraction upon
impact of bradykinin only (line “0”))

MX-1775 and MX-1626 statistically significant
changed the Vn smooth muscle contraction (Fig. 1)
like as inhibitor B,-receptor des-arg®-bradykinin
acetate (Fig. 2). These effects may evidence of
interactions of these compounds with bradykinin re-
ceptors or it signal transduction pathways.

MX-1828 statistically significant decreased the
normalized rate of smooth muscle contraction for
bradykinin concentrations 10*° and 10° M by 20.7
and 8.6%, respectively. Nevertheless, for agonist
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concentration 10® M, this parameter increases by
10.7% (Fig. 3, A) and amplitude is reduced by 29.5%
(Fig. 3, B).

MX-2011 statistically significant decreased Vn
smooth muscle contraction by 20-25% for almost all
used BK concentrations, but concentration 10° M
had weak effectiveness — 14.9% (Fig. 3, A). The
force of smooth muscle contraction was decreased
for bradykinin concentrations of 10° and 107 M with
effects — 16.7 and 28.1%, respectively, upon influence
of MX-2011 (Fig. 3, B).

MX-1785 demonstrated the reduced Vn smooth
muscle contraction by 10-15% for bradykinin con-
centrations of 10%°-107 M. This parameter is not
changed for 10°° M BK (Fig. 3, A). Force smooth
muscles contractions are decreased by 13.46% and
16.07% when BK concentration was 106 and 107 M,
respectively. Contraction force was increased by
17% for BK concentration 10-* M in presence of MX-
1785 (Fig. 3, B).

We have been analyzing insufficient number
derivatives 3-substituted 1,4-benzodiazepines for
demonstration of biochemical effect which depends
on their structure. Preliminary assumptions are
following: substances MX-2011 and MX-2004 are
similar in their effect due to the presence chlorine
atom. Maybe similar effects of MX-1785 and MX-
1828 caused by structural factors.

So, analysis data show that two 3-substituted
1,4-benzodiazepines MX-1775 and MX-1828 demon-
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Fig 3. Influence of 3-substituted 1,4-benzdiazepines on Vn (A) and force (B) smooth muscle contraction of rats
stomachs (*P < 0.05). (Comparison with amplitude (mN) and maximal normalized rate (Vn) of contraction

upon impact of bradykinin only (line “07))
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strate the similar inhibition effect on bradykinin-in-
duced contraction of smooth muscle like competitive
inhibitor des-arg®-bradykinin-acetate to bradykinin
B,-receptors. These substances caused the increase
of Vn of bradykinin-induced contractions at 10°® M
like as the competitive inhibitor of B, -receptors des-
arg®-bradykinin-acetate. MX-1626 deserves special
attention, this substance demonstrates almost uni-
directional changes of VVn and force smooth muscle
that proportionally depend on BK concentration in
range 101°-10-° M. Compounds MX-2011, MX-1785
and MX-2004 show no natural effect on bradykinin-
induced smooth muscle contraction.

So, MX-1775, MX-1626, MX-1828 can be se-
lected for further research of their biochemical
properties, influence on kinin-bradykinin system
and pain perception.

This research was support by State Fund for
Fundamental Research of Ukraine, contracts num-
bers ®64/19-2015 and ®64/40-2016.
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Bioximiuni BJIACTUBOCTI 3-3aMIIIEHUX
1,4-Oen3mia3eminiB BU3HAYAIOTHCA OCOOJIHMBOCTS-
MU iXHBOI XiMiuHOI cTpykTypH. [IpoanamizoBaHo
BIJIMB 3-3aMimieHux 1,4-OeH3/ia3emiu-2-0HiB Ha
MaKCHMallbHY HOPMOBAHY IIBHJIKICTh Ta aMILTITY Ty
I30METPHUYHOTO CKOPOYCHHS TJAJCHBKUX M’SI3iB
mrypiB. Cionyku MX-1775 Ta MX-1828 BusiBisiiu
iHriOyrounii eekT Ha OpaAMKiHIHIHYKOBAaHE CKO-
pOYCHHS TTIAJCHBKUX M’SI31B, CXOXKHH JI0 TAKOTO, SIK
y KOHKYPEHTHOro inridiropa B,-OpanukiHiHOBUX
peuenTopis —des-arg’-bradykinin-acetate. MX-1626
MOKa3aB OJIHOCIIPSMOBAHI 3MiHM MaKCHMAaJIbHOI
HOPMOBAHOI IIBHJIKOCTI Ta CHJIM CKOPOYCHHS
TNIAJICHBKUX M’S3iB, SIKi MPOIOPIIIHHO 3aliexka-
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M BiJX Jianma3oHy KOHLEHTpauid OpaluKiHiHY
10°-10® M. MX-1828 CTaTHCTHYHO BIipOTiIHO
3MEHIIIYBaB MaKCHMMaJlbHy HOPMOBaHY IIBHJKICTb
CKOPOYCHHS 33 KOHIICHTpaIlii Opaaukininy 10° ta
10° M na 20,7 i 8,6% BinmosigHo, ane 3a 10° M
et mapametp 3poctaB Ha 10,7% 3a 3MeHIICH-
Hsa amruritynu Ha 29,5%. MX-2011, MX-1785 Ta
MX-2004 He BHSBISIM 3aKOHOMIPHOCTI BILITUBY
Ha OpaJguKiHiHIHAyKOBaHe ckopodeHHs. Cromy-
ku MX-1775, MX-1828, MX-1626 mMoxyTb OyTu
BUOpaHi IS TOAAJBIIUX JIOCHIDKEHb M0N0 iX
BILJIMBY Ha KiHIH-KaJliKpeiHOBY CHCTEMY Ta OOJIBbOBY
Yy TIUBICTH IMIAJICHBKUX M’SI31B.

Ka10490Bi ¢J10Ba:CKOPOUYCHHS IIaICHbKHUX
M’s131B, OpaauKiHiH, 3-3amimieHi 1,4-OeH3mia3ernin-
2-0HH, MaKCHMaJlbHa HOPMOBaHa MIBUIKICTh, CHJa
CKOPOYCHHSL.
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buoxmMudueckue cBoicTBa 3-3aMEIIEHHBIX
1,4-0eH31Ma3eMHOB ONPENENSIOTCS 0COOCHHOCTS-
MU UX XUMUYECKOH CTPYKTYpHbI. bbl10 npoananusu-
pOBaHO BIUsHYE 3-3aMeIeHHBIX 1,4-0eH31na3enuH-
2-OHOB Ha MAaKCUMAaJIbHYI0 HOPMHUPOBAHHYIO
CKOPOCTb M aMIUIUTYAy H30METPUUYECKOTO COKpa-
mieHus riaagkux Meimn Kpeic. CoenuHenus MX-
1775 n MX-1828 mnposBiIsiM WHTHOUPYIOMIKN
3¢ ¢pexT Ha OpaJUKMHUHUHIYIHPOBAHHOE COKpa-
IICHHUE TJIAJKUX MBI, TOAOOHBIA TaKOMY KakK y
KOHKYPEHTHOrO MHrubuTopa B,-OpavMKuHHHOBBIX
peuentopoB — des-arg®-bradykinin-acetate. MX-
1626 mokaszanl OJHOHANpPABICHHBIC W3MCHEHUS
MaKCUMaJIbHOH HOPMUPOBAHHOM CKOPOCTH U CHUJIIBI
COKpalICHUs TIAJKUX MBI, KOTOPBIE MPOIOP-
LIMOHAJIBHO 3aBUCENIU OT JWana3oHa KOHIEHTpa-
muit 6paaukuarHa 101°-10°% M. MX-1828 crartu-
CTUYECKHU JOCTOBEPHO YMEHBIIAJI MaKCUMAalIbHYIO
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HOPMHUPOBAHHYI CKOPOCTh COKPAIICHHUsI IPU KOH-
neHTpanusax Opagukuauaa 10° u 10° M na 20,7
u 8,6% coOTBeTCTBEHHO, HO npu 10-6 M maHHBII
rokasaresns Bo3pactai Ha 10,7% npu yMeHbIIEHUT
aMmuiaTy bl Ha 29,5%. MX-2011, MX-1785 u MX-
2004 He mpOSABIISIM 3aKOHOMEPHOCTH BIIMSIHUS Ha
OpaIMKMHUHUHYIUPOBaHHOE cokpaienue. Co-
enuneHus MX-1775, MX-1828, MX-1626 moryt
OBITh OTOOpPaHBI ISl AAJIBHEHIIIUX HMCCICIOBAHUI
WX BJIUSHUS Ha KHHUH-KAJIUKPEUHOBYIO CUCTEMY U
00JIEBYI0 YyBCTBUTEIBHOCTD TJIAJIKMX MBIIIIL.

KnioueBrlie clIoBa: COKpaIICHHUE
DIAJKAX MBI, OpaguKWHUH, 3-3aMCIICHHBIC
1,4-6eH31Ma3eTMH-2-0Hbl, MaKCUMallbHasi HOPMH-
pOBaHHAS CKOPOCTD, CHJIa COKPAIIICHHUS.

References

1. Bali A, Singh N, Jaggi AS. Renin-angiotensin
system in pain: existing in a double life? J Renin
Angiotensin Aldosterone Syst. 2014; 15(4): 329-
340.

2. Bouhadfane M, Kaszas A, Rozsa B, Harris-
Warrick RM, Vinay L, Brocard F. Sensitization
of neonatal rat lumbar motoneuron by the
inflammatory pain mediator bradykinin. Elife.
2015; 4: e06195.

3. Burdyga V, Kosterin SA. Kinetic analysis of
smooth muscle relaxation. Gen Physiol Biophys.
1991; 10(6): 589-598.

4. Dean R, Maric C, Aldred GP, Casley D,
Zhuo J, Harris P, Alcorn D, Mendelsohn FA.
Rat renomedullary interstitial cells possess
bradykinin B2 receptors in vivo and in vitro.
Clin Exp Pharmacol Physiol. 1999; 26(1): 48-55.

5. Dziadulewicz EK, Brown MC, Dunstan AR,
Lee W, Said NB, Garratt PJ. The design of
non-peptide human bradykinin B2 receptor
antagonists employing the benzodiazepine
peptidomimetic scaffold. Bioorg Med Chem
Lett. 1999; 9(3): 463-468.

6. Fujimoto K, Yoshino T, Yoshioka K, Yuyama H,
Masuda N, Takeda M. Intratesticular Bradykinin
Involvement in Rat Testicular Pain Models. Low
Urin Tract Symptoms. 2016: 1-5.

7. Hall JM. Bradykinin receptors. Gen Pharmacol.
1997; 28(1): 1-6.

8. Li Y, Sato T. Dual signaling via protein kina-
se C and phosphatidylinositol 3'-kinase/Akt
contributes to bradykinin B2 receptor-induced
cardioprotection in guinea pig hearts. J Mol Cell
Cardiol. 2001; 33(11): 2047-2053.

9. Marceau F, Bachvarov DR. Kinin receptors. Clin
Rev Allergy Immunol. 1998; 16(4): 385-401.

10. Yoshikawa M. Bioactive peptides derived from
natural proteins with respect to diversity of their
receptors and physiological effects. Peptides.
2015; 72: 208-225.

11. Pavlovsky VI, Ushakov IYu, Kabanova AT,
Khalimova EI, Kravtsov VKh, Andronati SA.
Synthesisand Analgesic Activity of 3-Arylamino-
1,2-Dihydro-3H-1,4-Benzodiazepin-2-Ones.
Pharm Chem J. 2015; 49(9): 592-597.

12. Petho G, Derow A, Reeh PW. Bradykinin-induced
nociceptor sensitization to heat is mediated by
cyclooxygenase products in isolated rat skin.
Eur J Neurosci. 2001; 14(2): 210-218.

13. Raidoo DM, Bhoola KD. Kinin receptors on
human neurones. J Neuroimmunol. 1997; 77(1):
39-44.

14. Regoli D, Barabé J. Kinin receptors. Methods
Enzymol. 1988; 163: 210-230.

15. Regoli D, Gobeil F, Nguyen QT, Jukic D,
Seoane PR, Salvino JM, Sawutz DG. Bradykinin
receptor types and B2 subtypes. Life Sci. 1994,
55(10): 735-749.

16. Regoli DC, Marceau F, Lavigne J. Induction
of beta 1-receptors for kinins in the rabbit by a
bacterial lipopolysaccharide. Eur J Pharmacol.
1981; 71(1): 105-115.

Received 10.10.2016

37



