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Abstract The existing ideas about the ketorolac mechanism of analgetic potency are associated with its effect on COX isoenzymes and its
significant potency needs to be explained more completely. Its impact on vanilloid receptors 1 (TRPV1) can also be an effective
mechanism of analgetic action. We have evaluated the analgetic potential of ketorolac on the basis of its influence on TRPV1. It
is known that Tyr511 and Ser512 amino acids are active central components of TRPV1. Thereby the synthesis of the dipeptide
Tyr-Ser has been conducted as a model of the TRPV1 active centre. In our model test, using spectrofluorometry, the formation
of intermolecular complexes was shown: “ketorolac - Tyr-Ser” and “capsaicin - Tyr-Ser” at stability constants Kr=0.53+<10* L/mol;
K= 0.998 and K, =0.3+ 10" L/mol; K,,=0.998, respectively. Verification of the data was proved in experiments in vitro (the prepa-
ration of portal vein) and in vivo (Tail-flick model), with the TRPV1 agonist and antagonist. On portal vein, it was established
(from initial level) by Krebs solution that the range of relaxation of smooth muscles of the portal vein (SM) was as follows at the
concentration of capsaicin 0.1 umol/L +30.3%5.3%, capsazepine 0.5 pmol/L -3.2+2.7% and ketorolac 1.0 umol/L -60.0+7.0%. In
the experiment, at the above mentioned doses of ketorolac on the background of the action of the capsaicin (capsazepine), the
range of relaxation of smooth muscles (SM) of the portal vein was -59.3+5.0% and -63.0+6.0% respectively testifying to the fact
that the effect of capsaicinoids was neutralised by ketorolac. On the Tail-flick model, an atypical potentiation of the ketorolac
antinociception at simultaneous use with the capsaicin was shown. The obtained data allow suggesting that TRPV1 can activate
the ketorolac antinociceptive effects.
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1. Introduction

During the recent decades, due to a discovery in numbers of
different types of the specific receptors which are located on
nociceptive neurons (tetrodotoxin-resistant sodium channel,
purinergic receptor RH3, vanilloid receptor 1 (TRPV1), etc.),
special attention was given to the receptor action both at the
creation of the new analgesics and at the study of the phar-
macodynamics of already known analgesics. Today, general
notions of mechanisms of actions of non-narcotic analgesics
and non-steroidal anti-inflammatory drugs do not complete-
ly explain their pharmacological properties, including the an-
algesic effect. Thus, scientific data on the pharmacodynamics
of paracetamol, amizonum, ketoprofen, diclofenac, ibuprofen
and so on are debatable (Aronoff et al., 2006; Diaz-Reval et
al., 2004; Hugestatt et al., 2005; Masubuchi et al., 2002; Rob-
erts and Marrow, 2001). As result of the researches, the new
mechanisms of actions of the analgesic drugs correcting sub-
stantially the pharmacodynamics data have been detected.
These drugs are widely known and used in clinic. Therefore,
for instance, the ability of diclofenac to block the potential-
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dependent sodium channels, acid-dependent ion channels
(ASICs) as well as the positive allosteric modulation of KCNQ
and BK sodium channels has been revealed (Roberts and
Marrow, 2001). We also demonstrated the potential analge-
tic effect of indometacin, including its influence on calcium
channels. Therein the data of significant analgetic potential
of ketorolac fit into cyclooxygenase theory insufficiently (Var-
rassi et al., 1999). Therefore, we investigated the effect of ke-
torolac on TRPV1 as well as the effect of activation or inhibi-
tion of vanilloid system on the antinociceptive activity of the
analgesic.

Materials and Methods

Animals

For the experiment, male Wistar rats (150-200 g) were used
(animals breeding from vivarium of the SE “Institute of phar-
macology and toxicology AMS of Ukraine”, Kiev, Ukraine).
Throughout the experiment, the animals were randomised in
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groups of five in cages with the bedding composed of wood
shavings (exchanged daily). The animals had free access to a
standard commercial diet and water. The animals were kept
under a stable regimen of 12 h light/12 h darkness. All studies
were performed in accordance with the requirements of the
State Expert Center of the Ministry of Health of Ukraine and
the rules of the “European Convention for the Protection of
Vertebrate Animals used for Experimental and Other Scien-
tific Purpose” (Strasbourg city, 1986). Animals were sacrificed
by decapitation under ether anaesthesia.

Drugs and analysers

The ketorolac substance (JSC “Lec-Chem” Ukraine), TRPV1
agonist capsaicin (Sigma-Aldrich, USA), TRPV1 antagonist
capsazepine (Sigma-Aldrich, USA) and dipeptide Tyr-Ser (Tyr-
Ser) synthesised in the Department of Synthesis of Biologi-
cally Active Substances of the SE “Institute of pharmacology
and toxicology AMS of Ukraine” (Fig. 1) were used in the study.
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Fig. 1. Structural formula of dipeptide Tyr-Ser.

Research methods

Complex formation of ketorolac and capsaicin with one of
the TRPV1 active centres, dipeptide Tyr-Ser, was studied us-
ing Benesi-Hildebrand method (Akerman et al., 2004). The
electronic absorption spectra of capsaicin and ketorolac so-
lutions in ethanol were recorded using spectrofluorometry.
For this research, we prepared the solutions with a constant
concentration of these investigated substances: capsaicin
1.10* mol/L, ketorolac 2.5-10% mol/L and the ratio of sub-
stances with Tyr-Ser between 1:2 and 1:32. Stability constant
(K,) was determined under the chart 1/AD-1/Cy,,, by the
point of intersection with the abscissa axis. Correlation coef-
ficient Kkor was calculated. We used the following features:
C; — concentration of alcohol solution TYR-SER correspond-
ing to its concentration in the mixture to determine complex
formation; C,: Cz - concentration ratios of A and B substances
in the mixture to determine complex formation; Dy, - opti-
cal density of the mixture to determine complex formation;
D,, D — optical density of the substance corresponding to its
concentration in the mixture to determine complex formation
of A and B, respectively; Dy (.5 — the sum of optical densities

of A and B substances in concentrations corresponding to
their concentrations in the mixture; AD = Dyompi — Ds (a+8)-

In our experiment, the assessment of the ketorolac effect
on TRPV1 in in vitro studies was carried out with use of por-
tal vein preparations of 4-6 mm in length and 2-3.5 mg of
weight, which was isolated from adult rats. The veins prepara-
tions were perfused by Krebs solution of the following com-
position (mmol/L): NaCl 133; KCl 4.7; NaHCO; 16.3; NaHPO,
1.38; CaCl, 2.5; MgCl, 1.2; glucose 7.8; 7.4 pH and temperature

of 37°C. EC50 of analgesics was used in a dose of 1 umol/L.
The EC50 of substances affecting TRPV1 was used in doses of
0.1 umol/L and 0.5 umol/L for capsaicin and capsazepine, re-
spectively 1 (Akerman et al.,, 2004), 10 (Pegram, 1980). We reg-
istered the isometric contractions of the portal vein through

the strain gauge transducer attached to the amplifier and sig-
nal filter/amplifier. The analogue signal was converted to digi-
tal by using the LabTrax device (WPI, Inc). We registered and

recorded the digital data in the DataTrax2 program (WPI, Inc).
Static data were processed by using wavelet analysis (The en-
gineer’s ultimate guide to wavelet analysis, 2011).

The data verification in vitro was carried out on the in vivo

Tail-flick model 6 (Komlos, 1980). We evaluated the rats in

groups of five. The test substances were administered in dos-
es ED,: capsaicin 10 mg/kg s.c,, capsazepine 1 mg/kg i.p. and

ketorolac 3 mg/kg i.m. The Tail-flick latency was evaluated by

the analgesiometer (Ugo Baile, Italy). The strength of the cur-
rent passing through the naked nicrome wire was kept con-
stant at 6 Amps. The distance between the heat source and

the tail skin was 1.5 cm. The site of application of the radiant

heat in the tail was maintained at 2.5 cm, measured from the

root of the tail. The cut-off reaction time was fixed at 15 sec
to avoid tissue damage. The experiment was conducted ac-
cording to the scheme: 1) Injection of the agonist/antagonist

followed by injection of the analgesic (5 min later). Measure-
ments were made 15, 30 and 60 min after the injection of the

agonist/antagonist. 2) Injection of the analgesic followed by

injection of the agonist/antagonist (5 min later). After the

injection of ketorolac, measurements were made at 15, 30

and 60 min. Static handling of data was performed using

nonparametric statistical method (Gibbons and Chakraborti,
2011). Data are reported as mean + SD. A level of P < 0.05 was

accepted as statistically significant.

Results

Interaction of the capsaicin molecule with dipeptide Tyr-Ser
is characterised by an intermolecular complex formation
at the level K. = 0.3-10* L/mol (Fig. 1, Table 1). Determina-
tion by spectrofluorimetry of ketorolac complex forma-
tion with dipeptide Tyr-Ser in ethanol at the wavelength of
312 nm showed that there is a complex formation, where
the conditional constant for the complex formation is
K,= 0.53-10*L/mol (Fig. 3, Table 2). In addition, A, of ke-
torolac (in ethanol solution) of 323 nm in its complex shifted
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to 315 nm (in 18 nm to shortwave part — hypochromic shift).
Tables 3 and 4 represent the obtained data of changes in
amplitude and frequency of portal vein contractions under
the effect both of the TRPV1 agonist and antagonist, as well
as under the effect of ketorolac with mono use and on the
backdrop of the TRPV1 activator capsaicin and the TRPV1
antagonist capsazepine. It is shown that the TRPV1 agonist
capsaicin and antagonist capsazepine in concentrations of
0.1 pmol/L influence the amplitude and frequency of portal
vein contractions which demonstrate the presence of TRPV1
in its tissues. At the same time, the frequency of portal vein
contractions under the effect of the capsaicin was reduced
by 11.1%-13.2% and under the effect of capsazepine was in-
creased by 2.0%-4.2%. The capsazepine action increased the
amplitude of portal vein contraction by 30.3%. The capsaicin
influences the portal vein wall smooth muscles contraction
which displayed both the amplitude and frequency contrac-
tions values. Ketorolac significantly reduced the frequency of
contractions of the portal vein while reducing the amplitude
of contractions. The use of ketorolac in combination with cap-
saicin and capsazepine could neutralise its effect.

In our study on the Tail-flick model, it was revealed that the
introduction of ketorolac caused a significant analgetic effect,
the peak of which we observed 30 min after its introduction
(Table 5). The studies showed that introduction of ketorolac
first to the animals followed by the introduction of capsaicin
caused a significant increase of latency, the peak of which
was achieved in 30 min (+138.7%) after the beginning of the

study. The introduction of capsaicin before ketorolac also

caused a significant increase of the effect though at a low lev-
el (89.3%). The complex administration of capsazepine and

ketorolac (as shown in the chart with capsazepine + ketorolac
and in the chart with ketorolac + capsazepine) did not cause

any fundamental changes as compared with ketorolac alone.
We now discuss the influence of capsaicin on antinociceptive

effects of ketorolac and the factual absence of modulation of
analgetic effects of capsazepine.

Discussion

The structure of capsaicinoids is divided into three segments:
A (4-hydroxy-replaced benzene ring), B (amide or ether frag-
ment) and C (aliphatic fragment). It is known that the A seg-
ment of capsaicinoids provides the activity up to 75% and any
modifications in it lead to significant changes in the agonist
properties. Capsaicinoids without the B segment are char-
acterised by smaller affinity to TRPV1 and the absence of C
segment reduces activity (Roberts and Marrow, 2001). For a
ketorolac molecule, segments B and C are absent. However,
the ketorolac molecular structure includes a carboxyl group,
which can theoretically have an effect on the conformational
structural changes of TRPV1 because of the polarisation of
the side chains radicals of the Ser, Thr, Arg, Lys, His amino ac-
ids and depolarisation of the Asp and Glu radicals under the
influence of pH changes in the TRPV1 intercellular space and
other factors (Scotland et al., 2004). On this basis, we carried

Table 1. Spectrofluorimetric determination of complex formation of capsaicin (A) with Tyr-Ser (B) in ethanol (concentration of cap-
saicin is constant C, =1+ 10*mol/L, =278 nm, DA, = 0.263).

Cge10* €y (1/Cg)+10* Diompl D, Dg Dy(ass) AD 1/AD
mol/L mol/L
1 1:2 0.500 0.440 0.263 0.190 0.453 -0.013 -76.92
2 1:3 0.300 0.529 0.263 0.283 0.546 -0.017 -58.82
3 1:5 0.200 0.715 0.263 0.472 0.735 -0.020 -50.00
4 1:6 0.166 0.812 0.263 0.570 0.833 -0.021 -47.60
5 1.7 0.142 0.910 0.263 0.675 0.938 -0.028 -35.71

Table 2. Spectrofluorimetric determination of complex formation of ketorolac (A) with Tyr-Ser (B) in ethanol (concentration of ke-
torolac is constant C, = 2.5 « 10° mol/L, 1 =300 nm, DA, = 0.220).

Gy 10-4 CCy (1/Cg) - 10* Bt Dy Dg Dy(ase) AD 1/AD
mol/L mol/L
1 1:4 1.000 0.260 0.220 0.0040 0.2240 0.0360 27.777
2 1:8 0.500 0.286 0.220 0.0092 0.2292 0.0568 17.606
3 1:12 0.333 0.300 0.220 0.0136 0.2336 0.0664 15.060
4 1:16 0.250 0.312 0.220 0.0200 0.2400 0.0720 13.889
5 1:20 0.200 0.324 0.220 0.0248 0.2448 0.0792 12.696
6 1:24 0.166 0.328 0.220 0.320 0.2520 0.0770 13.158
7 1:28 0.142 0.338 0.220 0.0360 0.2560 0.0820 12.195
8 1:32 0.125 0.346 0.220 0.0432 0.2630 0.0828 12.077
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Table 3. Effect on ketorolac, capsaicin and capsazepine on the spontaneous activity of the portal vein. The data are in percentages

to normal (in Krebs).
Group Amplitude
Ketorolac, n=6 -60.0+7%
Capsaicin, n=16 +30.3+5.3%
Capsazepine, n=8 -3.2+2.7%

The reliability of all research — 95%.

Frequency
-5.86+1.9

-11.74+3.7
+6.92+1.9

Table 4. Effect on ketorolac against capsaicin and applique capsazepine spontaneous activity on the portal vein. Percentage

changes to the data activity of capsaicin/capsazepine.

Group Amplitude
Capsaicin -59.3+5.0%
ketorolac, n=6

Capsazepine -63.0£6.0%

ketorolac, n=6

The reliability of all research — 95%.

out the research for the interaction of ketorolac with one of
active centres of the TRPV1 dipeptide Tyr-Ser. In the model
experiment of the estimation of bounding, the resistance con-
stant (Kr) “dipeptide Tyr-Ser - ketorolac” exceeded that of the
complex “dipeptide Tyr-Ser — capsaicin”. Taking into account
that ketorolac is an active substance of ketorolac, but not a
product of its metabolism, the interaction of analgesics with
TRPV1 is theoretically possible (Mroszczak et al., 1987). We car-
ried out further verification of the obtained data on the portal
vein in vitro in a model experiment. Recently, TRPV1 receptors
have been found in the vascular wall of mammals and their
physiological role on the body was revealed; as well, vasoac-
tive peptides influencing through the receptor on the vascular
wall was detected (Scotland et al., 2004; Urban and Dray, 1991).

Y=1/AD

Frequency

-3.1+1.7

-3.5+£1.80

It was shown that they modulated cardiovascular system func-
tions in a complex manner. Thus, capsaicin- and capsaicine-
induced peptides could cause a vasodilatation, increasing the
cardiac blood flow and facilitating the recovery after ischae-
mia (Scotland et al., 2004). On the other hand, there are the
facts that the product of arachidonic acid metabolism, 20-hy-
droxyethanesulfonic acid, causes vasoconstriction by influ-
ence on TRPV1 (Premkumar, et al., 2008). Taking into account
these factors, we can talk about the specific reactions for car-
diovascular system caused by the action of these agents. We
determined that capsaicin and capsazepine revealed a specific
effect on portal vein contraction. Ketorolac has a powerful ef-
fect on the portal vein contraction (both on the amplitude and
frequency). The introduction of this analgesic in combinations
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Fig. 2. Spectrofluorimetric definition of capsaicin complex (A) with Tyr-Ser (B) in ethanol. (Concentration of capsaicin is constant
C,=1-10% mol/L,A =278 nm, DA, = 0.263) dependence of 1/AD - 1/S,+ Kr=0,3+10* L/ mol (Kkor = -0.998)
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Table 5. Antinociceptive activity of ketorolac on the background of capsaicin/capsazepine on the Tail-flick model, n=5.

Substance Statistics of Initial 15 min 30 min 60 min

Group indexes The latent period of the reaction (s)

Ketorolac M 34 44 5.0 3.8
+m 0.4 0.8 0.7 0.5

Changes to the initial point, - = +27.9* +46.5% +10.4

%

Capsaicin 3.2 2.7 2.7 3.2
+m 0.9 0.4 1.4 0.8

Changes to the initial point, - - -16.6 -14.1* -0.6

%

Ketorolac + capsaicin 3.8 6.2 9.1 6.8
+m 0.8 1.7 4.1 4.8

Changes to the initial point, - - +78.2*% +138.7* +79.5%*

%

Capsaicin + ketorolac 4.1 7.8 7.8 54
+m 1.6 37 3.8 1.3

Changes to the initial point, - - +89.3* +89.3* +31.0*

%

Capsazepine 4.7 4.5 52 73
+m 1.5 1.5 1.2 0.6

Changes to the initial point, - - -3.8 +10.12 +54.8*%

%

Ketorolac + capsazepine 4.7 7.7 6.7 5.2
+m 1.0 1.0 1.5 0.6

Changes to the initial point, - - +63.2* +41.4% +11.0

%

Capsazepine + ketorolac M 5.1 7.7 6.7 6.8
+m 1.0 13 1.4 11

Changes to the initial point, - - +51.3% +30.5% +22.7

%

* p <0.05 (non-parametric criteria, the method of marks).

both with capsaicin and capsazepine neutralises its effects (Ta-
ble 4). The obtained data allow concluding that capsaicin and
capsazepine almost have no influence on the amplitude and
frequency of the portal vein contractions caused by ketorolac,
which shows its potential to effect on TRPV1. For further ex-
perimental verification, we performed in vivo experiments on
a model of thermal nociceptive stimulation - Tail-flick (charac-
terising the spinal level of nociception). The largest number of
TRPV1 are in spinal neurons (Scotland et al., 2004). It is com-
monly known that under the influence of capsaicin on a body
after TRPV1 excitation, the refractory period follows during
which the nocireceptors are irresponsive not only to the action
of the agonists but also to the action of other active stimuli
(chemicals, temperature, etc.) (Suh and Oh, 2005). Therefore,
while estimating the effect of capsaicin on the antinociceptive
activity of these substances, we first of all examined the period

up to 30 min after its introduction, i.e., the period of algogenic
activity of the analyser. A latency decrease was marked in the
group of animals which were treated with capsaicin. The intro-
duction of capsazepine showed no significant changes during
the first 15 min in the magnitude of latency in comparison
with the initial one. On the 60th min the latency increased to
+ 54.85%. This can be explained as caused by the blockade of
capsazepine for the receptor.

In our study on the Tail-flick model, it was revealed that intro-
duction of ketorolac caused a significant analgetic effect, the
peak of which we observed 30 min after its introduction (Ta-
ble 5). The studies showed that the introduction of ketorolac
first to the animals followed by capsaicin caused a significant
increase of latency, the peak of which was achieved 30 min
(+138.7%) after the beginning of the study. The introduction
of capsaicin before ketorolac also caused a significant increase

53
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ANTIMICROBIAL SUSCEPTIBILITY AND IMMUNOMODULATORY PROPERTIES OF LAMB ISOLATE

OF LACTOBACILLUS MUCOSAE, NEW PROBIOTIC CANDIDATE
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Fig. 3 Spectrofluorimetric definition of ketorolac complex (A) with Tyr-Ser (B) in ethanol. (Concentration of ketorolac is constant
C,=2,5+10%, mol/L, A =300 nm, DA, = 0.220). The dependence of 1/AD - 1/Sg-Kr= 0,53+ 10*L/mol (K,,, =-0,98)

of the effect though at a low level (89.3%). The complex admin-
istration of capsazepine and ketorolac (as shown in the chart

with capsazepine + ketorolac and in the chart with ketorolac
+ capsazepine) did not cause any fundamental changes as

compared with ketorolac alone. We can come to a conclusion

about the influence of capsaicin on the antinociceptive effects

of ketorolac and the factual absence of modulation of analgetic
effects of capsazepine.
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