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B kauecmee 00vexkma uccnedosanun namu 0u11 evlopan 1opuokcukam. On npedcmaennem
€00011 NPOU3B0OHOE MUECHOMUAZUHA AMUO MOHOKAPOOHO060II Kucnomel. O uzpaem ponv Hecme-
POUOHO20 NPOMUBOBOCRATIUMEILHOZ0 NPERAPAmMd, HEHAPKOMUUECKO20 AHAIb2ZEMUKA U HCAPONO-
Hudcarowezo cpeocmea. Jlopnokcuxam npakmuuecku He pacmeopum 6 eode. Hzmepenvl men-
JI0mbl pacmeopeHus Kpucmaniudeckozo J10PHOKCUKAMA 8 PACMEOopax ZUOPOKCUOA Kaausa npu
298,15 K npsamvim kanopumempuueckum memooom. Hzmepenus nposoouiucs Ha Kaiopumempe
C U30MepMUYEcKoll 000/104K0I U ABMOMAMUYECKOI 3ANUCHI0 MEeMREPAMYPHO-8DEMEHHOU KPU-
60il, 6 peakyuonnom cocyoe oovemom 60 cm® u npu T = 298,15 + 0,01 K u P = 100,5+ 0,7 lla.
OmHuocumenvnan nOZpewHOCHb UIMEPEHUA 011 Menombl PACHEOPEHUs CMAHOAPIMHO20 8elie-
cmea cocmaenana-0,1-0,3%. Paboma kanopumempuueckoii ycmaHoeKu ovlia npogepena no 0o-
W ENPUHAMOMY KAJI0PUMEMPUUECKOMY CHIAHOAPMY — MEniome pAacmeopeHus Kpucmaiiuye-
CK020 X710puda Kanus 6 oode. Pacuem pagnosecnozo cocmaea cucmemsl ¢ yuemom npoyeccos cny-
neHuamoil ouccouuayuu 10PHOKCUKaAmMa u ouccoyuayuu 600vl npogoouncsa no npozpamme KEV.
Benuuuna cmanoapmmuoit IHmanvnuu 00pa306anus 10PHOKCUKAMA ObLIA pacCUUmMana no aoou-
MUBHO ZPYNNOBOMY MemOo0Y, OCHOBAHHOMY HA ZPYRNOGOI CUCHeMAamuKe ¢ Klaccugurxauuei
¢pacmenmos muna knaccugpukayuu bencona, komopas yuumeoleaem é1uaHue NEPEOHAUATILHOZ0
OKpyyceHun onsa amomos. Cmanoapmuyo IHMAIbRUIO 00PA306AHU AHUOHA JIOPHOKCUKAMA 8
800HOM pacmeope onpeoenanu, UCnOab3ya OAHHbIe N0 Meniome pacmeopenus 10PHOKCUKAMA 8
pacmeopax wiei04u npu COOMHOUIEHUU IKEUBANEeHMO08 He meHee 1:2. Paccuumansl cmanoapm-
Hble IHMATLNUU 00PA306AHUA TIOPHOKCUKAMA U NPOOYKMOE €20 OUCCOUUAUUU 6 800HOM pac-
meope. 3HaAUEHUA CINAHOAPMHBIX IHMATLRUTL 00PA306AHUA NIOPHOKCUKAMA U RPOOYKHO6 €20 Ouc-
coyuauuu 6 600HOM pacmeope noJiyuenvt enepevle. OHU AGNANOMCA KIIOYEBHIMU BETUYUHAMU 6
mepmoxumuu 0aHHOZ0 COeOUHEHUS, OMKDPbIGAIOM 803MOMNCHOCHU HPOBEOCHUs CIMPOZUX MeEPMO-
OUHAMUYECKUX PACYENIO8 8 CUCIEMAX C IOPHOKCUKAMOM.
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Lornoxicam was chosen as the object of our research. It is a derivative of thienothiazine

monocarboxylic acid amide. It plays the role of a nonsteroidal anti-inflammatory drug, a non-nar-
cotic analgesic and an antipyretic. Lornoxicam is practically insoluble in water. The heat of disso-
lution of crystalline lornoxicam in solutions of potassium hydroxide at 298.15 K was measured by
direct calorimetric method. Measurements were carried out on a calorimeter with an isothermal
shell and automatic recording of the temperature-time curve, in a reaction vessel with a volume of
60 cm® and at T=298.15 + 0.01 K and P = 100.5 + 0.7 kPa. The relative measurement error for the
heat of dissolution of the standard substance was 0.1-0.3%. The operation of the calorimetric unit
was tested according to the generally accepted calorimetric standard — the heat of dissolution of
crystalline potassium chloride in water. The calculation of the equilibrium composition of the sys-
tem, taking into account the processes of stepwise dissociation of lornoxicam and dissociation of
water, was carried out according to the KEV program. The value of the standard enthalpy of lor-
noxicam formation was calculated using an additive group method based on group systematics with
a classification of fragments of the Benson classification type, which takes into account the influ-
ence of the initial environment for atoms. The standard enthalpy of lornoxicam anion formation
in an aqueous solution was determined using data on the heat of dissolution of lornoxicam in alkali
solutions with a ratio of equivalents of at least 1:2. The standard enthalpy of lornoxicam formation
and its dissociation products in an aqueous solution are calculated. The values of the standard
enthalpy of lornoxicam formation and its dissociation products in an aqueous solution were ob-
tained for the first time. They are key quantities in the thermochemistry of this compound, open up
the possibility of conducting rigorous thermodynamic calculations in systems with lornoxicam.

Key words: lornoxicam, bioligands, calorimetry, enthalpy, solutions

Lornoxicam is a thienothiazine derivative of
monocarboxylic acid amide. It is used to treat pain, pri-
marily arising from inflammatory diseases of the
joints, osteoarthritis, surgical interventions, sciatica
and other inflammations. It plays the role of a non-
steroidal anti-inflammatory drug, a non-narcotic anal-
gesic and an antipyretic. Lornoxicam is practically in-
soluble in water. The authors of [1] attempted to im-
prove the solubility of lornoxicam by engineering crys-
tals with different coforms. The behavior of nineteen
different coformers was investigated. The prepared co-
crystals were evaluated for solubility, powder charac-
teristics, analysis and in vitro dissolution study. Multi-
ple approaches have been adopted to improve the sol-
ubility of poorly water soluble of active pharmaceuti-
cal ingredient [2-6].
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The structural formula of lornoxicam
(C13H10CIN304S,; M =371.82) is shown in Fig. 1

(6]
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Fig. 1. The structural formula of lornoxicam (4-hydroxy-2-methyl-
1,1-dioxo-N-(pyridine-2-yl)-6-chloro-2H-125-thieno[2,3-e][1,2] thia-
zine-3-carboxamide)

Puc. 1. CtpykTypHas dopMyra JopHOKcHKama (4-I mppokcn-2-me-
-1, 1-mmokco-N-(mupuaun-2-1un)-6-xnop-2H-1A°-tueno[ 2,3-
e][1,2]tnasuH-3-kapGokcamu,T)

The purpose of this work is to determine the
standard enthalpies of lornoxicam formation and its
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dissociation products in an aqueous solution by the
thermal effects of bioligand dissolution in aqueous
KOH solutions at 298.15 K. Fig. 2 shows the equilib-
rium diagram of an aqueous solution of lornoxicam,
plotted by calculating the equilibrium composition of
solutions of the bioligand at different pH values using
the KEV software [7].
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Fig. 2. Diagram of the equilibrium in an aqueous solution of lor-
noxicam (I = 0.0 and T = 298.15 K)
Puc. 2. JluarpamMma paBHOBECHSI B BOJTHOM PacTBOPE JJOPHOKCHU-
kama (I=0,0 u T = 298,15 K)

EXPERIMENTAL PART

Measurements were carried out in a calorime-
ter with an isothermal shell equipped with a 60 cm? re-
action vessel, and electrical calibration at T = (293.15-
308.15) £ 0.01 K and P = 100.5 £+ 0.7 kPa and auto-
matic recording of the temperature curve-time [8-10].
A KMT-14 thermistor was used as a temperature sen-
sor. Thermostatic calorimetric cell was carried out in a
thermostat equipped with a PID controller with an ac-
curacy of 0.002 K. The thermostat's temperature sensor
was a platinum resistance thermometer. Calorimeter
current was calibrated. The volume of the calorimetric
liquid was 42.83 ml. The working volume of the am-
poule is 1-1.6 cm?, the maximum thermometric sensi-
tivity of the calorimetric installation was (0.5-2)-102 J/mm
of the recorder scale. The relative measurement error
for the heats of dissolution of the standard substance is
0.1-0.3%. The installation was tested by the integral
enthalpies of dissolution of crystalline potassium chlo-
ride in water and was considered suitable for measuring
if the value determined in it AsoiH®g815(KClooH20) dif-
fered from the standard by no >0.3%. As the standard,
the most reliable value currently used was AsoiH98.15
(KCloH20) = —17.234 £ 0.018 kJ/mol, corresponding
to the SRM 1655NBS standard. The calorimeter ther-
mal value for water was 87 + 12 J/K [11]. Experimental
data are presented in Table 2. The results of graphic
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processing of experimental data are presented in (Fig. 3).
The confidence interval of the average AH value was
calculated with a probability of 0.95. The equilibrium
composition of the particles in solution was calculated
using the «kKEV» program [7].

RESULTS AND DISCUSSION

The values of the standard enthalpies of com-
bustion and lornoxicam formation were calculated us-
ing the additive group method [12-14] based on group
systematics with a classification of fragments of the
Benson classification type, which takes into account
the influence of the initial environment for atoms. The
calculation of the enthalpy of combustion and for-
mation of the studied compound was carried out ac-
cording to the formula:

AcpHO(Cr)=YA A Hi®, 1i=1,23...n (1)
where A c(f)Hi° is the energy contribution to the heat
of combustion and the formation of a certain atomic
group, and i is the number of such atomic groups in the
molecule, n is the number of types of atomic groups in
the molecule. Initial data for the calculation of
AfHO(CI'.)(Cl3H10C|N3O4Sz) = -145.2 +£1.9 kJ/mol are
presented in Table 1.

Table 1
Numerical values of energy contributions to the values
of enthalpy of formation according to the Benson classi-
fication
Tabnuya 1. UYncneHHble 3Ha4YEHUS IHEPTreTHYECKUX
BKJIA10B B 3HAYECHUSA JHTAJIBIIUHN 06p33OBaHl/lﬂ o KJ1ac-
cupukanuu bencona

Group Number of groups (n) | -AH%xi, kd/mol
(C)s-N 1 -102.0+64.3
(C)s-CH 5 -19.9+£29.3
(O)s-C 1 -9.4+0.2
(C)2-NH 1 -28.9+38.1
(O)(N)-CO 1 182.3+20.6
(C)-OH 1 206.7+11.4
(0)(C)s-C 1 16.5+8.8
(C)(N)s-C 1 -318.0*
(O)-Cl 1 15.9*
(C)2-SO2 1 288.7*
(C)2-S 1 48.1*
(C)s(S)-C 2 2.3*
(S)(C)2-N 1 -115.5*
(N)-CHs 1 42.3*
(N)(C)s-C 1 13.4*

Notation: n is the number of types of atomic groups in a mole-
cule. * -the values are presented by the authors without error
O6o03HaYeHHS: N - KOJIMYECTBO THUIIOB aTOMHBIX rpyImi B MOJIe-
KyJie. * - 3HAYEHUS NPEACTaBIICHBI aBTOPpaAMHU 0e3 omndoK

The errors of the values were calculated by the

formula:

S= tprx[ZA%n(n-1)]Y2

(2)

where tp¢is the Student's criterion with a confidence
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probability of 0.95 and the number of degrees of
freedom f = 5.

The standard enthalpy of L~ particle formation
in an aqueous solution was determined using data on
the heat of dissolution of lornoxicam in alkali solutions
with a ratio of equivalents of at least 1:2 (Table 2).

Table 2
Enthalpy of dissolution of lornoxicam in solution KOH
at various concentrations and T=298.15 K (kJ/mol)
Ta6nuya 2. JHTAIBIUSA PACTBOPEHUS JOPHOKCHKAMA B
pacteope KOH npu pa3iu4HbIX KOHIEHTPaLUsIX
u T= 298,15 K (x/I;x/M0.1b)

Weight, g Ckon, mol/I -AsoiH kJ/mol
0.0201 62.03+0.28
0.0202 0.002486 62.15+0.29
0.0201 61.89+0.28
0.0402 62.99 +£0.26
0.0403 0.004985 62.88 £0.29
0.0401 63.04 £0.28
0.0601 63. 97+0.29
0.0601 0.007459 63.98+0.27
0.0610 63.95+0.26

The process of dissolution of lornoxicam in
KOH solution can be represented by the scheme:

HL(cr) + OH™ (sol, nH;0) =

= L~(sol, (n+1) H,0) + HxO(liq) 3)

The calculation showed that the completeness
of the reaction (3) was at least 99.9%.

-Af, Kj-mol-!
640 ]

635 |

0.001 0.003 0.003 0.007

Cxon, mol-1-!

Fig. 3. Dependence of the enthalpy of dissolution of lornoxicam
on the concentration of KOH
Puc. 3. 3aBUCHMOCTH SHTAIBIIAA PacTBOPEHUA JIOPHOKCHKaMa OT
koHueHTpanuu KOH

The enthalpies in a standard solution were
found by extrapolating the enthalpies of stepwise dis-
sociation at fixed values of ionic strength to the zero
ionic strength using the equation introduced in [15]:
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ArHi — AZ2¥(1) = ArH® + b, 4)
where ArHi, are the changes in enthalpy at the ultimate
value of ionic strength and at | = 0, respectively; ¥(I)
is the function of ionic strength, calculated theoreti-
cally; Az is difference between the squares of charges
of reaction products and initial components; and b is an
empirical coefficient.

Since in the reaction (2) Az? = 0, the thermall
effects of the dissolution of the peptide at zero ionic
strength were calculated by the equation:

AH) = AH) + bl (5)
where AHs) and AH%s) are the thermal effects of the
process (2) at finite and zero values of ionic strength.
Well-proven for similar systems [15].

Using the obtained values of AH® reaction (3)
and the values of A:H° (OH7, sol. n H;O, stand. s.,
298.15 K), AfH°(H-0, lig., 298.15 K), calculated the
standard enthalpy of formation of the deprotonated anion:

AHO(L-,s0l, H,0, stand. s., 298.15 K) =

= AH°(HL, cr, 298.15 K) +
+ AfH°(OH-, sol. H20, stand. s., 298.15 K) +
+ ArHO(z)— AfHO(Hzo, qu., 298.15 K) =
=-145.2-230.04 + (-60.99) + 285.83 =
=-150.4 + 1.9 kd/mol (6)

The standard enthalpy of formation of the HL
particle in the standard hypothetical undissociated state
was also calculated by the equation:

AHC(HL, sol, H2O, stand. s., hyp. nediss., 298.15 K) =
= AHO(L", sol, H2O, stand. s., 298.15 K) —

— AgisH(HL, 298.15 K) = -150.4-(-34.2) =

=-116.2+1.9 kd/mol (7
AgisH°(HL, 298.15 K) were calculated by using the
«HEAT» computer program [16]. The calorimetric
data were processed using experimental dependences
of AH on the initial concentration ratio of the reagents.
The values of thermodynamic parameters have been
calculated by the program HEAT developed to simul-
taneously calculate the binding constants and the en-
thalpy of complex formation reaction for systems with
any stoichiometry [17]. The «<HEAT» use and applica-
tion were more described in previous publications for
the treatment of calorimetric data on the molecular
complex formation of amino acids with heterocyclic
compounds in aqueous solutions [18]. The algorithm
for the calculation of IgK; and AH used by «<HEAT»
program package [17] consists in the numerical mini-
mization of function F for various models of binding
stoichiometry:

F= ZileWi(ArHi,exp* ArHi,caIc)2 (8)
where ArHiexpand ArHicac are the experimental and cal-
culated enthalpy effects from the i-th reaction, respec-
tively, N is the number of experiments and w; is a
weighed factor.
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The use of calorimetry as a method that is the
main source of thermodynamic information in the physi-
ochemistry of solutions is very relevant today [19-25].

The values of the standard enthalpies of the
formation of lornoxicam and its dissociation products
in an aqueous solution (Table 3) received for the first
time. They are key quantities in the thermochemistry
of the lornoxicam, open up the possibility of conduct-
ing rigorous thermodynamic calculations in systems
with lornoxicam.

Table 3
Standard enthalpy formation of lornoxicam and its an-
ion L™ in aqueous solution
Tabnuya 3. CtangapTHas JHTAIbIUSA 00pa3oBaHus
JIOPHOKCHKaMa ! €ro aHHuOHa LB BOJAHOM pacTBoOpe

Particle Condition AfH°(298.15K), kJ/mol
HL Crystal. -1452+1.9
solution, H>O, standard -150.4+1.9
state, hypothetically
non-dissociated.
L solution, H>0O, standard -116.2+1.9
state.
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Paboma evinornena 6 HUH mepmoounamuxu
U KUHEMUKU XUMUYECKUX npOYeCcco6 Heanoseckozco eoc-
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HUe NpoBedeHO ¢ UCNOb308anueM pecypcos Llenmpa
COBMECNMHO20 UCNOIb30B8AHUA HayllHOIZ annapamypbl
UTXTY (npu nooodepoicke Munobpuayxu Poccuu,
epanm Ne (075-15-2021-671).

A8m0pbl 3aa615a10m 06 omcymcmeuu KOH-
@ruxkma unmepecos, mpeoyrue2o pacKkpvlimus 8 OaH-
HOU cmampve.
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