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Llenb pabombsi — usy4yeHue 3akoHomepHocmeli 0ecmpyKyuu 6eH30UHOU KUC/IOMbI U JIeKapCmeeHHbIX rnpe-
rnapamos, f68MsWUXcs ee npou3eodHbIMu, nod delicmeuem Y®-obnydeHus, a makxe rpu Uucrnosb308aHuU
KOoMb6UHUpoBaHHO20 8030elicmeust okucnumerns u Y®-obnyvyeHus. KuHemuka decmpykyuu 6eH30UHOU Kuc-
nombl U 08yX JIeKapCmMeEEeHHbIX rnpernapamos — ypocemuda u penaznuHuda — usydyanacb 8 800HOM pac-
meope 8 homonusHol Kkamepe, OCHaweHHoU pmymHol nammnodl. Takxe uccrnedogaHa ¢ghomodecmpyKyusi
amux rfpenapamos 8 Mpucymcmeuu pasiudHbIX KOHUeHmpayul rnepokcuda eodopoda. 3a usMeHeHuem
KOHUyeHmpauyuu Oelicmeyowux eewecms crnedunu crekmpogpomomempuyeckum memooom. [loka3saHo,
4Ymo U3 8cex U3y4YeHHbIX peaseHmos8 Haubornee nodsepxxeHo homodecmpyKuuu delicmsyrouiee 8euecmaso
gypocemuda — 5-amuHocynboHUN-4-xn0p-2-(2-¢bypaHunmemusi) amMuHobeH3olHas kucroma. beH3olHas
Kuc/ioma 3aHumaem rpoMeXymoyHoe rosnoxeHue. PenaznuHud, Harpomus, eecbMa ycmoudus K ¢pomosu-
3y; egedeHue repokcuda sodopoda He3Ha4yumesibHO rnosbiwaem aghghekmusHocmes decmpykuuu. Memod
Y®-06nyyeHus moxem 6bimb Ucrnonb308aH Onsi ecmpyKyuu HEKOMOPbIX IeKapCmMeeHHbIX rpenapamoes Ha
OCHOB€ rPou3800HbIX BeH30UHOU KUCIomabl 8 rpoyeccax 800004HUCMKU.

Knroueesnie criosa: 6eH3oliHaa kucnoma, gpomodecmpykyusi, nepokcud eodopoda, siekapcmeeHHble npena-
pamsl, KUHemuka.
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PHOTODESTRUCTIVE TRANSFORMATIONS OF BENZOIC ACID
AND ITS DERIVATIVES
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The destruction kinetics of benzoic acid and its two derivative pharmaceutical preparations, furosemide and
repaglinide, were studied in UV irradiated aqueous solution. The photodestruction of these preparations in
the presence of hydrogen peroxide vari-ous concentrations was also studied. Out of all the studied rea-
gents, the active substance of furosemide, 5-aminosulfonyl-4-chloro-2- (2-furanylmethyl) aminobenzoic acid
was found to be the most susceptible to photodestruction. Conversely, repaglinide is highly resistant to pho-
tolysis, while the introduction of hydrogen peroxide slightly increases the destructive efficiency. The UV-
irradiation method can be used to destroy some medications based on benzoic acid derivatives.
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BBEOEHUE COCTOSIHUS OKpYXatoLlen cpebl ctana Mcrnonb3o-
B nocnegHvne rogbl Npu aHanua3e U OLEHKe BaTbCA KOHLUENUUs MUKPOMONIIOTAHTOB — 3arpsia-
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HUTENewn, He ABNSAOLLNXCA MHOTOTOHHAXHbLIMU, HO
CMOCOBHbIX HakannuBaTbCs B OOBbEKTax OKpyxa-
lollen cpedbl U OKasbiBaTb HEraTUBHOE BNUSAHME
Ha XuBble opraHuambl [1-3]. OgHMMK 13 NepBbIX B
pa3ps4 MUKPOMOMMOTAHTOB Monanu nekapcTBeH-
Hble cpeacTtsa [4, 5] HE3aBUCUMO OT MX XUMUYe-
CKOro coCTaBa W CTPYKTypbl OENCTBYHOLINX Be-
wecTtB. NcTouyHMKaMmn 3arpsi3HeHnUs1 oKpyatoLlen
cpenbl NekapCcTBEHHbIMU CpeacTBaMy CTaHOBATCH
Kak HerogHble K NpMMEHEHW0 npenapaTtbl, Tak K
nekapctea, He noaeeprwiveca mertabonuamy B
opraHuamax 60nbHbIX U 3KCKPETUPOBaHHbIE B Obl-
TOBble CTOKM. COOTBETCTBEHHO pacTeT MHTepecC K
MeTodaM OuYUCTKM BOAbI W ApYrMx OBBLEKTOB
OKpyXawLien cpegbl OT  MMKPOMOMMOTAHTOB.
Haunbonbllee BHUMaHWE MpUBMAEKAOT OKUCIMW-
TENbHO-AECTPYKTUBHbIE MPOLIECCHI, Cpean KoTo-
pbiX BblaenseTcs oTonm3 unmn ero KoMomMHaums c
apyrumu npoueccamu [6—8]. PaHee Hamu Obinn
BbINOMHEHbl UCCRefoBaHUSA MPOLLECCOB OeCTPYK-
ummn psga bapmaveBTMyeckmx npenapatos [9].

Llenb paboTbl — n3yyeHne 3akOHOMEPHOCTEN
OEeCTpyKuun OeH30MHOM KUCMOTbl U NEKapCTBEH-
HbIX MpenapaToB, ABMNSIOLWMXCA €e NPOU3BOLHbI-
MK, nog gencteuem YP-obnydeHus, a Takke npu
NCNONb30BaHUN KOMOMHMPOBAHHOIO BO34ENCTBUS
okucnutensa n Y®-obnyyeHus.

SKCNEPUMEHTAINBbHAA YACTb
Insa nccnegoBaHnst Gbina BbibpaHa GeH30M1-
Has KucroTa W OBa NekapcTBeHHbIX MpenapaTa,

SABNAOLLMXCA ee npon3BoaHbiMuy (Tabn. 1). B xoae
3KCMEPUMEHTOB CMeAnnn TONbKO 3a U3MEHEHNEM
KOHLIEHTpauun OencTBYLIMX BELLECTB, a BCMO-
MoraTenbHble BelleCcTBa, BXOAsliMe B COCTaB
hapmaLeBTM4ECKUX MpenapaToB, HE paccMmaTtpu-
BanM M He aHanusupoBanu. HasBaHua nekap-
CTBEHHbIX NpenapaToB garnee 3amMeHsiloT Ha3Ba-
HUSI X OENCTBYIOLUMX BELLECTB U3 COobparkeHui
yaobcTea.

B doTtonusHyio kamepy Bomnbta PK-12M,
OCHalLleHHyto pTyTHon namnon APT-1000 moLyHo-
ctbto 1000 BT, NOTOK U3ny4eHNss KOTOPOWN NEXUT B
obnactu cnekTtpa 240-320 HM, nomewanu 25 mn
BOOHOrO pactBopa uccnegyemoro obpasua B
crneunanbHOW KBapLUeBon npobupke n nogsepranu
obny4yeHuto B TeveHne 10 MuHyT. o mMcTeyeHun
BpemMeHn obnydeHus pacTBopy pJaBanu oxna-
antbes, oTbupanm npoby wu perncrpmpoBanu
cnektp nornoweHnsi. OToGpaHHyt0 npoby BO3-
Bpawanu B pacteop. PoTonmns Bo Bcex criyyasix
nposoaunu B TeveHue 60 MUH.

OKCNEPUMEHT NPOBOAUNN C TPEMSI KOHLIEH-
Tpaumamm pearenTos: 0,125; 0,25 n 0,5 mmonb/n.
MI3MeHeHMa KOHUEHTpauun peareHToB B XO4e
akcnepyMmeHTa uUKcMpoBanu cnekTpodoTomeT-
puyeckum metogom. [na 9Tux Lenen ucnonb3o-
Bancsa cnekrtpogoTtometrp SPECORD 50 dwmpmbl
ANALYTIC JENA. KnHeTuky AeCTpyKUMWN OLLEHU-
Banv No U3MeHEHUIo MOTMOLLEHNS NMpU n3bpaHHOM
OnvHe BOMHbI (Tabn. 1).

Tabnuya 1
Xapakmepucmuku uccsiedyembix cy6cmpamoe
Table 1
Characteristic of substrates used in this study
HasBaHune [OencTBytoLee BeLLECTBO, dopmMyna gencTByoLLero A -
npenaparta 6pyTTO-hopmyna BellecTBa Mo
OH
Bensontas CeHsCOOH ®_<O 232
KucroTa
o] Cl
5-amuHocynbdoHuN-4-xnop- D—\ C|> o
2-(2-cbypaHunmeTunn) aMuHo- HN z
®ypocemua OeH3oMHas kncnorta l\ﬂH2 225
C1,H1:CIN,O5S HO
o)
2-3Token-anbda-[[(S)-anbda- jf ?
n3o6yTun-o- HC ™ O OH
PenarnuHug nunepuanHoGeHamn]- SN 07 CH, 216
kapbamowun]-n-Tonymnosas H
Kucnora D
C27H36N204
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OBCYXOEHUE PE3YIIbTATOB

Ha puc. 1 npeacrtaBneHbl gaHHble 06 name-
HEHMW KOHLIEHTpauumm 6eH30MHOM KNCNOTbl B BOA-
HOM pacTBope nog aencteueM Y®-obnyyeHuns.
MakcumanbHas cTeneHb OEeCTPyKUUK
cooTBeTcTBYeT 67% M pgocturaetcs  npwm
KoHueHTpauun 0,25 wmmonb/n (Tabn. 2). U3
NMPVMBEAEHHBIX Ha PUCYHKE [aHHbIX OTYETNMBO
BMOHO, 4YTO CO BpemMeHeM 3(pPEKTUBHOCTb
cdhoTonmsa cHmxKaeTcs, CKOPoCTb hoTOAECTPYKUUN
yMeHbllaeTcs, W JanbHenwee BO3OeNCTBME
n3ny4YyeHns HeuenecoobpasHo.

AnbTepHaTMBOM ABMSIETCA KOMOUHMPOBAH-
HblA MOAX04: OcyLlecTBneHne oTonunsa npu oa-
HOBPEMEHHOM BBEAEHWM B CUCTEMY [OMOSHU-
TenbHOro okucnutens. lNogxogsawmum okucnute-
nem sIBMsieTcsl, Hanpumep, Nepokcui Bogopoaa,
KoTopbli noa gencrenem Y®-uanyvyeHums pacna-
naetca ¢ obpa3oBaHMEM BbICOKOAKTUBHBIX M-
POKCUNbHbIX paaukanos. [lobaBneHve nepokcuaa
BOLOPOAA OCYLLECTBMANM B CUCTEMY C BEH30NHOMN
Kncnotonm koHueHtpaumm 0,25 mmonb/n. KoHueH-
Tpauuio nepokcuaa sogopoaa BapbupoBanu. o-
ny4yeHHble AaHHble NpeacTaBfieHbl HAa puc. 2 U B
Tabn. 2.

M3 tabn. 2 BMOHO, YTO CTeneHb AECTPYKLUM
BGEH30MHOM KMCNOTbl MpWM BBEOEHWM nepokcuaa
BOLOPOAA BO3pacTaeT, HavanbHasi CKOpoCTb Mpo-
uecca Takke pacteT. Tem He MeHee, NOMNHOW ae-
CTpyKumm cybcTpaTta B TedeHue 1 4 gobutbcsa He
yAanochb.

AHanorn4yHble 3KCNeEpPUMEHTHLI ObinM BbINOJ-
HeHbl Anga dypocemuaga u penarnnHnaa. KnHetu-

0,6

0,5

o
»

yecKkne AaHHble MpeacTaBneHbl Ha puc. 3—6 1 B
Tabn. 2.

M3 nony4eHHbIX AaHHbBIX BUOHO, YTO CTENEHb
JecTpykuumn dypocemmnaa nog pencrtesmem YO-
obny4eHns uM3HayanbHO [AOCTATOYHO BbICOKA.
BBeneHne B cucTtemy nepokcuga Bogopoga He-
CKOMNbKO yBemnu4yMBaeT ee 3HayeHue, ogHako Mo-
BbILLIEHNE KOHLIEHTPALMM OKMUCIUTENS Lienecoob-
pasHo O0 onpedeneHHoro npegena. Beicokoe co-
AepxaHue nepokcuga Bogopoaa He
obecneunBaeT NONHOM AeCTPyKUMM cybeTpaTa.

Cnenyet OTMETUTb, YTO Cpeaun Tpex U3yveH-
HbIX cybCcTpaToB penarnvHuA okasancsa BecbMa
ycTon4MBON CTpyKTypon. CTeneHb ero OecTpyk-
umn He npesblwaet 20% nop peuncteuem YO-
obny4eHuss B TeyeHMe vaca, U [axe BBeAEHUue
OOMOSNTHUTENBHOIO OKUCIINTENS 3HAYMTENbHO He
ynyduwaet a¢peKkTMBHOCTb nNpoLlecca. HavanbHas
CKOpPOCTb NpoLiecca TakKe NpakTU4eckn He nsme-
HseTcA. ManoBeposTHO, YTO MpOSBMSiETCA CTe-
XMOMETPUYECKUIA HEAOCTATOK OKUCIMTEens Aans
MOJEKYMbl ¢ BOMbLUIMM YMCNIOM aTOMOB, NOCKOSb-
Ky MOBbILEHWE KOHLIEHTpaLMM Nepokcuaa BOAO-
poda He BGnaronpusATCTBYeT NPOTEKaHUI0 npouec-
ca, a, CKopee, CHWXaeT ero XapakTepUCTUKW.
dopmManbHO [encTBylOLlee BELLECTBO penarnu-
HMOa MOXHO paccMaTpvBaTb Kak MPOM3BOAHOE
OEH30MHOM  KWUCMOTbl, OJHAKO 3Ta Morekyna
HaMHOro crnoxHee. BepoaTHo, o6beMHoe cTpoe-
HWe OEeNCTBYILLEro BELLECTBA B pe3ynbTarte B3a-
WUMHOrO BIUSIHUS 3aMecTUTenen AenaeT CTPyKTy-
py JOCTaToO4YHO NPOYHOMN.
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Puc. 1. Kunemu4eckue Kpueble OoKucsieHust 6eH30UHOU KUuc/10mbl Npu UcXoOHOU KOHUeHmpauuu
6eH30liHol kucriombl: A — 0,125 Mmosnb/n, m — 0,25 mmons/n, ® — 0,5 mmonb/n

Fig. 1. Time course of benzoic acid oxidation at initial concentration of benzoic acid:
A —-0.125 mmole/L; m —0.25 mmole/L; ® — 0.5 mmole/L
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Puc. 2. Kunemuu4eckue kpueble okucsieHusi 6eH30UHOU Kucsiombl (Cy=0,25 MMOL/IT) Npu pa3nuYHbIX
KOHUeHmpauusix nepokcuda eodopoda: A — 0,25 mmornn/it, m — 0,5 mmons/ii, @ — 1,0 mmons/n

Fig. 3. Time course of benzoic acid oxidation (¢,=0.25 mmole/L) at different concentration of hydrogen
peroxide: A —0.25 mmole/L; m—0.5 mmole/L; ® —1.0 mmole/L

Tabnuya 2
KuHemu4eckue xapakmepucmuku npoyeccoe ¢ghomodecmpyKyuu
Table 2
Kinetic characteristics of photodegradation
KoHueHTpaums HavanbHas
KoHueHTpauusa
Cy6erpar cy6cTpara, nepokcuaa CreneHb CKOPOCTb
MMONL/ Bogopoaa, JecTpykuum npouecca,
MMONb/N MKMOb/NXMUH
0,125 - 60,8 3
0,250 - 67,6 11
BeH3onHas 0,500 - 30,6 10
Kucnora 0,250 0,25 79,7 16
0,250 0,50 74,0 17
0,250 1,00 81,6 19
0,125 - 85,6 2
0,250 - 86,0 14
®ypocemna 0,500 - 84,0 25
0,250 0,25 86,0 5
0,250 0,50 93,0 8
0,250 1,00 88,0 7
0,125 - 13,6 <1
0,250 - 8,0 1
Penarnuuug 0,500 - 20,0 10
0,250 0,25 8,0 2
0,250 0,50 27,2 7
0,250 1,00 9,6 1
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Puc. 3. KuHemuyeckue Kpueble okucsieHusi gpypocemuda npu ucxo0HoU KOHUeHmpayuu
¢ypocemuda: A — 0,125 mmons/ii; m — 0,25 mmonb/ii, ® — 0,5 Mmons/n

Fig. 3. Time course of furosemide oxidation at initial concentration
of furosemide: A —0.125 mmole/L; m —0.25 mmole/L; @ — 0.5 mmole/L
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Puc. 4. KuHemuyeckue Kpueble okucsieHusi gpypocemuoda (c,=0,25 Mmonb/n) npu pasnuvyHbIix
KOHUeHmpauyusix nepokcuda 6odopoda: A — 0,25 mmons/i;, m — 0,5 mmons/ir;, ® — 1,0 MMonb/n

Fig. 4. Time course of furosemide oxidation (¢,=0.25 mmole/L) at different concentration
of hydrogen peroxide: A —0.25 mmole/L; m—0.5 mmole/L; ® — 1.0 mmole/L
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Puc. 5. KuHemuyeckue Kpueble OKUcJIeHUsl pernaasuHuda rnpu ucxo0Hol KOHUeHmpauyuu
penaanuHuda: A — 0,125 mmons/n; m — 0,25 mmons/ii; ® — 0,5 mmons/n

Fig. 5. Time course of repaglinide oxidation at initial concentration of repaglinide:
A —0.125 mmol/L; m —0.25 mmol/L; @ — 0.5 mmol/L
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Puc. 6. Kunemuuyeckue Kpueble okucsieHusi penaajauHuda (c,=0,25 mmosb/n)
3a Yyac oKucJIeHUs NpU pa3jluYHbIX KOHUeHmMpayusix nepokcuda eodopooa:
A — 0,25 mmonb/i; m — 0,5 Mmonb/ir; @ — 1,0 Mmonb/n

Fig. 6. Time course of repaglinide oxidation (¢,=0.25 mmol/L) after 1 h of oxidation at different concen-
tration of hydrogen peroxide: A —0.25 mmol/L; m—0.5 mmol/L; ® — 1.0 mmol/L
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3AKIIOYEHUE

[NpoBeneHHbIE UCCneaoBaHUs nokasanu, YTo
meToq YD-06nyyeHna MoxeT 6biTb MCMOMNb30BaH
AN AeCTpyKUMM NeKkapCTBEHHbIX NpenapaToB Ha
OCHOBE MpPOM3BOAHbLIX OEH30MHOM KucroThl. [Ons
NnoBbILLEHNS 3(PEKTUBHOCTU NpoLecca BO3MOX-
HO NPUMEHeHNe KOMOUHNPOBAHHOTO BO34ENCTBUS
— coyeTaHnsi PoToNM3a C XMMUYECKUM OKUCTIEHU-

eM. OgHako Heo6xoOuMMO yyuTbiBaTb, YTO Cylle-
CTBYIOT YCTOMYMBBLIE MOJEKYIIbl CIIOXHOIMO COCTa-
Ba, KOTOpble cnabo noggepratoTcsa POTOAECTPYK-
LUN 1 KOMOBUHMPOBAHHOMY BO3AEWCTBUIO; K TAKUM
BewecTBaM OTHocuTcs  2-aTokcu-anbda-[[(S)-
anba-n3obyTus-o-
nunepuanHobeHsun]kapdamonn]-n-Tonymnoeas
Kucnora.
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domodecmpykmueHbie npeepauwieHust 6eH30UHOU KUC10mbl U ee rnpou3eo0HbIX
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