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M. M. NopuH
TEPHOII/IbCbKV HALIOHA/IbHWV MEANYHWW YHIBEPCUTET
IMEHI I. 5. FTOPBAYEBCBKOIO MO3 YKPAIHW

OIITUMIBALIA BEPX METO/IMKA BUSHAYEHHA AMJ/IOJUIIIHY
B TABJIETKAX 3 BUKOPUCTAHHAM IIIAXOAY
«HKICTb IUVIAXOM PO3POBKN» (QUALITY BY DESIGN)

Bcmyn. [ns 3abesneqyeHHs 6esneyHocmi ma ehekmusHOCMI ikapcbKux 3acobis (/13) nompibHi HaodilHi,
eKcrpecHi ma npocmi MemoOUKU Ki/IbKICHO20 BU3HAYEHHST aKmUBHUX chapMayesmuyHux iHepedieHmis y npe-
napamax. brokamopu kasbyiesux kaHasnis (BKK) yacmo 3acmocosytoms y npomoko/iax JlikysaHHs apmepiasib-
HOT einepmeHsil, K y MOHomnpernapamax, mak i y ckiaoi kombiHosaHux /13. [lo npedcmasHukis EKK Hanexumb
amaodunid (AM/1). HasedeHi 8 thapmakornesix MemoouKU Ki/lbKICHO20 BU3HAYEHHSI aM/100urliHy Maroms OesiKi
Hedos1iKu, moMy nompebyroms onmumizayii 3 BUKOPUCMAaHHSIM Cy4YacHUX MioxXoo0is.

Memoro po6omu 6ysia po3pobka eKkcrpecHol, npocmoi ma «3e/1eHoi» BEPX MemoouKu BU3HaYEHHs1 am/io-
ouniHy becusamy 8 J/likapCbkux 3acobax 3 BukopucmaxHsiM nioxodis Quality by Design (QbD).

Memoodu 0ocidxeHHS. []/151 BUKOHaHHS 00C/1IOXEeHHST BUKOPUCMOBYBa/Iu piouHHUU xpomMamozpagh Shimad-
zu LC-2050 C 3 dioOHoOMampuyHUM 0emeKmopoMm, 0711 OMpUMaHHsI XxpoMamozpam ma iHmezpysaHHs pe3sy/ib-
mamig — npozpamHe 3abe3sneyerHHs1 LabSolutions. XpomamozpabiuHi kosioHku: Luna C8 (100 x 4.6 MM 3 MKM),
Luna C18 (100 x 4.6 mm 3 mkm), InertClone ODS (150 x 4.6 mm 3.5 mkm), Zorbax SB C8 (150 x 4.6 MM 3.5 MKM)
ma Zorbax SB Phenyl (150 x 4.6 mm 3.5 mkm). ©@C3 amoduniHy 6ecunamy (AM/1) (vucmoma >98 %) 3aKyrieHO
8 Sigma-Aldrich Chemicals Co. (St. Louis, MO, USA), mabnemku amio0uniHy 6ecunamy «Amao0uriH» 10 ma AT
«@apmak» npudbaHo 8 Mmicyesit anmeuyj.

Pe3ynnbmamu U 062080peHHS. [1posedeHo ornmumiszayito po3pobku Memoduku 3a 0ornomozoto QbD 3 Buko-
pucmaHHsIM mpupiBHeBo20 thakmopHo20 du3aliHy, Bpaxosyto4u OCHOBHI ¢hakmopu memody (crissiOHOWEHHS
memaHosny (MeOH), mpuemunamiHy (TEA) ma 3HadyeHHs1 pH), wo sriusaoms Ha xpomamoepadhiyHull sioayk
(4ucio meopemuyHux mapinok (NTP), nnowa niky (A), yac ympumysaHHs (Rt) ma koegbiyieHm acumempii (Tf)).
3anpornoHosaHi xpomamoepacpidHi yMosu 6a3yBa/iuCb Ha i30Kpamu4yHOMY eJIorBaHHI aM/i100uniHy 6ecusiamy
Pyxomoro hasoro 8 ckaadi: ayemoHimpus (AcN) — MeOH — 0.7 % TEA 3 0osedeHHsiM 0o pH 2.81 3a dornomozoto
88 % ¢hochopHoi kucsomu y cniggioHoweHHsIx 30—35-35. OnmumasibHi yMoBU xpomamozpacghysaHHs: memiie-
pamypa KosoHku — 30 °C , wsudkicmb NomMokKy — 1 Mi/x8, 00BXUHa X8u/li demekmysaHHs1 — 237 HM, Yac ympu-
MyBaHHS1 — 00 3 x8. OnucaHi ymosu 6y/iu anpobosaHi Ha Pi3HUX KoloHKax: Luna C8 (100 x 4.6 mm 3 mMkm), Luna
C18 (100 x 4.6 mm 3 mkm), InertClone ODS (150 x 4.6 mm 3.5 mkm), Zorbax SB C8 (150 x 4.6 mm 3.5 MKkm). 3arnpo-
rnoHosaHull nioxi0 BU3HAYEHHST am/100uriHy 6ecusiamy € yHisepcasibHUM, aoxe rid Yac anpobayii pisHo2o mury
KOJIOHOK MemoouKa 3a/1ullaembCsi €KCIIPEeCcHOK ma 3ad0B0/IbHSAE MapamMempam npudéamHocmi xpomamoepa-
¢pivHOI cucmemu. OoepxxaHi pesysibmamu po3WUPIOMb MOX/IUBOCMI BUKOPUCMAHHS PO3P06/1eHOI MemoouKu
0s151 1abopamopili 3 HeBE/TUKUM apCeHa/IoM XxpoMamozpagidHUX KO/IOHOK, OCKi/IbKU 8 pO60MI rokasaHi i Pi3Hi
3a YiHOBOK Mo/IiMUKO KO/I0HKU (Phenomenex — dewesuwi, Agilent — dopoxui). Basnidayito BEPX memoduku
30ilicHI0Ba/IU 3@ MakuMu napamempamu: iHilHicmb, pobacHicms, npasusibHICMb ma npeyusitiHicms 8i0nosio-
HO 00 BuMo2 MixHapoOHOI KoHbepeHuii 3 eapmoHizayiii (ICH). Mexa susHa4eHHs1 (MB) ma mexa Ki/lbKicHo20
Bu3HayeHHs1 (MKB) memoouku cmaHos/isimb 1.39 mka/mMa ma 4.21 mke/Mi 8ionosioHo. [iarna3oH 3acmocyBaHHs
3Haxoouscs 8 Mexax 8i0 10 do 50 mke/mn. Pe3ysibmamu Bus4eHHs npasusibHocmi (99.88-101.35 %) ma npeyu-
3itiHocmi (RSD < 2.0 %) po3pobneHoi BEPX memoduku gidnosidaroms Kpumepisv nputiHasm+docmi. puHyunu
«3e/1eHOI» XiMIl yCriwHO iMn/IeMeHmoBsaHo 8 po3pobsieHy BEPX Memoduky, wjo momsepoXxeHo pesy/ibmamamu
BUBYEHHS eKosioeidHocmi iHempymeHmamu AGREE (0.78) ma MOGAPI (79).

BucHoBKuU. Po3p06/1eHO npocmy, eKcripecHy ma «3esieHy» BEPX Memoouky BU3Ha4Ye€HHST aM/a00uriHy 07151
MPOBEOEHHS KOHMPOJII0 SIKOCMIi 20MOBUX JIIKAPChKUX ¢hOPM, BUBYEHHSI CmMabislbHOCMI 20MOBUX JliKapCbKUX
hopm, BUBHEHHST BM/IUBY 3MiH H& 20MOBi /1IKapChbKi (hOpMU y pasi 3arnpoBad)KeHHsI HOBUX BUPOBOHUKIB OOMOMKHUX
PeYoBUH, y pasi 3MiHU MEXHO/102ii BUZOMOB/IEHHS, 3MIHU Ck1ady npernapamis ma IHWUX rnpoyecis XXUmmeBo20
YUKJTy 20mOBUX JTIKaPCbKUX (hOpM am/100UuriHy.

KMHOYOBI C/IOBA: amnoauniny 6ecunar; KinbkicHe Bu3HadyeHHs; BEPX; Quality by Design; Tabnertku.

BCTYI. KoxeH nikapcbknin 3aci6 (J13) mae cydyacHum Bumoram. Lle nepepbavae aganta-
CBI XXUTTEBUIA LMKJT, | METOAUKN KOHTPOJIIO IKO-  LLiH0 4O HAYKOBO-TEXHOJOTIYHOIO NPOrpecy, 3MiH
CTi MOXYTb nepernsgarucb Ha BIAMOBIAHICTL Y 3anuTax KOPWUCTyBayiB, a TakoX [0 HOBUX

_ perynsaTopHux BuMoOr. [inepToHiyHa xBopoba
© M. M. T'opwuH, 2025
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(TX) — XpOHiYHe, HeiHdeKuiiHe 3aXBOPHOBAHHS
CepueBO-CYyANHHOI cuctemu. 3rigHO 3 AaHuMu
BOO3, uucenbHICTb 3axBOPHOBAHHA 3HAYHO
3pOCTaE 3 KOXXHMM POKOM, LLLO NOB’A3aHO 3 YMO-
BaMM XUTTHA Ta CYNYTHIMU 3axBOPHOBAHHAMM.
HW3bKNn NOKas3HWK eqEKTUBHOCTI KOHTPOSIO
apTepiasibHOro TUCKY MOXe NpuBEcCTU A0 iHBa-
nigmsauii Ta 4acTto CynpOBOLXKYETLCHA CMeEpT-
HIiCTIO cepepf, OCib npauesfartHoro Biky. Takum
YMHOM, [ANs 3abe3neyeHHs 6e3nevyHoCTi Ta
edpeKTUBHOCTI /13 NOTPI6GHI HafiiHi, eKkcnpecHi
Ta NpoCTi MEeToAMKM KiJIbKICHOrO BU3HAYEHHSA
aKTUBHUX  (papmMaueBTUYHUX  [HTPedieHTIB
y npenaparax. bnokatopu kanbuieBUX KaHa-
nis (bKK) yacto 3acTtocoBylTb Yy NpoOTOKOMax
nikyBaHHA X, Ak y MoHonpenaparax, Tak
i y cknagi kombiHoBaHux /13. [lo npeacTaBHUKIB
BKK Hanexute amnogunin (AMJ1). 3a XiMi4HO0
CTPYKTYPOI am/1I04UNIH HANTIeXnTb 40 NOXiAHUX
1,4-purigponipnguHy, pKa ta Log P crtaHOB-
natb 8.6-9.1 ta 3 BignosigHo [1-2]. ¥ €spo-
nencbkin Ta AMepuKaHCbKidi hapmakonesx
HaBefeHi MOoHorpadii Ha cybcTaHLUilo amnoau-
niHy 6ecunary Ta noro kombiHauii [3—4]. Takox
B AmMepuKaHChKili thapmakonei npeacrasieHa
MOHOrpadpis Ha Tabnetkm amnoguniHy 6ecu-
naty. 3anponoHoBaHuii  MigXxig —KibKiCHOro
BU3HAUYEHHS amnoanniHy metogom BEPX 6a3sy-
€TbCA Ha i30KPaTUUYHOMY €e/I0H0BaHHI PyXOMOHK0
¢hasoto B cknagi: metaHon (MeOH) — aueToHiT-
pun (ACN) — 6ydepHnin posunH (7.00 mn TEA
B 900 mn. Bogu, posefeHot o pH 3.0 doc-
(hOpPHOK KMCIOTOK Ta A0 06’emy 1 N. BOLOHO)
y cniBBigHOLEHHI 35—-15-50. O6’eM iHXeKL,jiT —
50 mKn, WBMAKICTb NOToKy — 1.0 MA/XB, AeTek-
TyBaHHA 3a AOBXWMHW XBumi 237 HM. Crauio-
HapHa pasa — xpomatorpacpiyHa KosioHka L1
(3.9 MM x 15 cm, 5 MKM).

MpeactasneHa xpomarorpagivyHa Metoanka
BU3HAUYEHHS amioauniHy 6ecunaty Mae Aesiki
HeJONiKN: BUKOPUCTaHHSA BENNMKNX 06’eMIB pea-
FEHTIB, WO PO6UTb METOAMKY HEeEeKONOri4HOH,
Ta 3Ha4yHa vacTka b6ydepa B cknagi pyxomoi
hasn, WO HeraTMBHO BMAIMBAE Ha HaBaHTa-
XXEHHS KOMoHKW. Tig vyac aHanisy mxepen nite-
paTypy BWBYEHO OCHOBHI XpomaTtorpadiyHi
nigxoau, Wo npeacras/ieHi B HAYKOBUX CTATTAX
y BUrnagi po3pobneHnx BEPX metoguk Bu3Ha-
4yeHHs amnogmuniHy 6ecunary B MOHO npenapa-
Tax Ta KkombiHoBaHux J13 [5-18]. MpoTe Hate-
nep nigxoau 4O poO3po6KM XpomarorpagivyHmx
MeTOAUK Aewo 3MIiHWAWUCL: BUPOGHMKaMU
BNPOBaJXEeHO HOBI XpomaTorpadiyHi KOMOHKMN,
BUKOPUCTOBYHKOTLCA iHLWI nigxoan [0 KOMMO-
HEeHTIB pyxoMux dpas ta ymMoB xpomarorpagy-
BaHHS, a TaKOX 3MIHUNCS NigXoan A0 An3aiiHy
OOCIIKEHHS.

MeTot po6oTn Byna po3pobka ekcnpecHoi,
NpocToi Ta «3esieHoi» BEPX meToankm BU3Ha-
YeHHs amsioguniHy 6ecunaTy B NiKapCbKux
3acobax 3 BMKopucTaHHAM nigxogis Quality by
Design (QbD).

METOAW OOCNIOXXEHHA. Ana BMKOHaHHA
OOCNIgKEHHS  BUMKOPUCTOBYBa/IM  PIGUHHWIA
xpomarorpad Shimadzu LC-2050 C 3 piog-
HOMATPUYHUM [ETEKTOPOM, AN OTPUMaHHS
XpomaTtorpam Ta iHTerpyBaHHA pe3y/bTra-
TiB — nporpamHe 3a6e3neyeHHs LabSolutions.
Takox y poboTi BUKOPUCTOBYBaIN: Barn aHani-
TWUYHI eNneKkTPoHHI nabopatopHi “RAD WAG AS
200/C"; ynbTpasBykoBy b6aHto (Elmasonic Easy
40 H, Germany), pH wmetp (Mettler-Toledo,
model LE438, Switherland). XpomaTtorpa-
tpiuHi KonoHkK: Luna C8 (100 x 4.6 MM 3 MKM),
Luna C18 (100 x 4.6 mm 3 mMKm), InertClone
ODS (150 x 4.6 mm 3.5 mKkm), Zorbax SB C8
(150 x 4.6 mm 3.5 MKm) Ta Zorbax SB Phenyl
(150 x 4.6 mm 3.5 mkm). na QbD BukopucTaHo
nporpamHe 3a6e3neyeHHs MiniTab.

®C3 amnoguniny 6ecunarty (AMJ1) (unctota
>98 %) 3akynsieHo B Sigma-Aldrich Chemicals
Co. (St. Louis, MO, USA), Tabnetkn amnoam-
niHy 6ecunary «Amnoguniu» 10 mr. AT «dap-
Mak» NpuabaHo B MicLEBIN anTeL,.

MeOH, ACN T1a Boga (=99.9 % uwnucrtotn)
oTpumaHo Big Honeywell, Riedel-de Haen
(HimeuunHa). ®ocdopHa kucnota 88 % (an1a
KoperyBaHHA pH) 3akynneHa B Honeywell
Fluka. Tpuetnnamin (TEA), kanito gurigporex
hocpar Ta TpudTopouyrtoBa kucnota (TFA)
npugbaHo B Scharlab S.L. (Spain). Ans dinb-
TpyBaHHA aHanisoBaHWX PO34YMHIB BUKOPUCTO-
ByBanu inbtpu RS Membrane (po3mipom
0.45 mkm, Phenex, HimeuuunHa).

lpuazomysaHHs1 BUNPO6OBYBAHO20 PO3HUHY
mab6siemok am/sio0uniHy 6ecusamy: TOUYHY
HaBaXKy MOPOLLKY pO3TepTux TabsieTok ekBi-
BaNeHTHy 25 Mr amsaoguniHy 6ecunarty nomi-
LWakwTb Y MipHy Konby Ha 25.00 M1, po34yuHs-
toTb y 15.00 mn1 MeOH Ta goBoAsATb 40 MITKK
TUM Xe PO3YMHHUKOM Ta ineTpytoTh. llicna
uboro 2.50 Mn inbTpaty nomiwarTb y Konoy
Ha 25.00 mn Ta goBogAaTb MeOH o mitkn go
OfEpPXaHHA poO34nMHy TabneTok amaoauniHy
6ecnnarty 3 koHueHTpauieto 0.1 mr/mn.

[na pocnimpkeHHa niHiiHOCTI Gpanu anik-
BOTM amnoauniny 6ecunaty (0.1 mr/mn) Big 1.0
00 5.0 mny konbu Ha 10 M Ta 4oBOANNN 06'EM
po3unHy MeOH [0 MiTKu O/19 ofepXaHHA Kani-
6pyBasibHUX 3paskiB i3 KOHUeHTpauiamu Big 10
[o 50 mkr/mn.

JeTtekTtyBaHHA
XBUNi 237 HM.

NpoBOAMNN 3a [AOBXWHM

OPUTTHAJIBHI JOCIII/IPKEHHA
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lMpuazomysaHHs1 PO34YUHY OPIBHSIHHS am/io-
ouniHy 6ecunamy: 25 mr ®C3 amaogumniny
6ecnnarty BMiLLYOTb 40 MiPHOT KONGM MICTKICTHO
25.00 mn, posunHawTb Yy MeOH Ta poBogAaTtb
00 NO3HAYKN TUM Xe PO3YUHHUKOM, Nepemilly-
t0Tb. ToAi 2.50 MN po34nHY NEPEeHOCATb 0 Mip-
HOT Kon6u Ha 25.00 mn Ta goeoasaTb MeOH fao
MITKMN.

PE3YNLTATW I OBFOBOPEHHSA. Y cBiTi
3pocTaE iHTepec A0 BNPOBALXEHHA MPUHLUMNIB
QbD y pi3Hux ranyssax Hayku [19]. MpuHUMNu
QbD WMPOKO 3aCTOCOBYOTLCA 11 AN PO3POOKM
aHaniTMYHMX MeTOAMK 3aBASAKN paLlioHa/IbHOMY
nigbopy B3aemogii pisHNX napameTpiB (hakTo-
piB) meToay, SKi BNAMBAKTb Ha Xpomarorpa-
oivHuMIi BiOTYK.

MpoTe nepeg BukopuctaHHAM QbD noTpi6HO
6yn10 migibpatn onTUMasnbHi XpomarorpadivHi
YyMOBU. Y npoLueci nonepenHix ekcnepumeH-
Ta/lbHUX [0CAIMKEeHb anpoboBaHO KOJIOHKY
Luna C8 T1a pi3Hi nigxoaM [0 KOMMOHEHTIB

pyxomux pas. Y tabnuui 1 306paxeHo nig-
XOA4M 3 BUKOPUCTAHHAM Y CKiafi pyxomoi chasm
TpudTOPOLTOBOI  KMCNOTKU, Oydepa Kaniwo
ourigporeHdocpaty Ta TEA y pi3HMX cnis-
BiJHOLWEHHAX 3 OpraHiYyHMMN KOMMOHEeHTamu
B PyXOMiii hasi. 3a ogepxxaHUMmn pesynsrataMmu
MU 3auikaBunucb Migxon0oM 3 BUKOPUCTAHHAM
TEA B cknagi pyxomol gasu.

AK BMAHO 3 Tabnwuui 1, migxig i3 BUKopuc-
TaHHAM 0.5 % TEA y cknagi pyxomoi casu
3abe3neunB eekTMBHE PO3AINEHHA aMNoau-
niHy, NpoTe 3 6/IM3bKMM YacOM YTPUMYBaHHS [0
«MepTBOro» 06’eMy Ta HECUMETPUYHUM MIKOM.
TOMy NPUAHATO PilIEHHA 36iNbLNTN KOHLEH-
Tpauito go 0.7 % TEA y cknagi pyxomoi gpasu,
3aBASKN YOMY OfepXasn 3a/,0BisibHe 3HAYEHHS
KoediuieHTa cumetpii (k).

[Ona oTpumaHHA BIgMIHHUX napameTpis
XpomaTorpagiyHoi CUCTEMU BaXK/IMBUM TaKOX
€ CniBBiAHOLWEHHA oOpraHiYHMX KOMMOHEHTIB
y cknagi pyxomol ¢pbasm, a came MeOH Ta ACN.
EKcnepMMeHTa/IbHUM  LUNAXOM BCTaHOBEHO

Tabnuusi 1 — BUKOpUCTaHHSA Pi3HUX NigXo4iB A0 KOMMOHEHTIB PyXoMux pa3 BU3HAUYEHHS aMioguniHy
Gecunaty Ha KosioHui Luna C8

2500 I

Mipxip, Xpomarorpama BucHoBOK
TpudpTopouTosa mAU Benvknii 4yac yTpumyBaHHs
0 P37nm,4nm . . .
kucnota (TFA) 0.1 % | 5] amnoauniHy Ta He3aAoBI/bHI
0 napameTpu xpomaTorpaq)iqﬂo'l'
g cuctemut (HECUMETPUYHWIA MiK)
50004 9
3
q(

0,%\—\—§—J %

00 10

70 80 min

25 mM karnito

Hes3afoBinbHI napameTpu

avrigporeH dpoccpar A e XpomarorpadivyHoi cuctemm (Benmki
1 ‘2
(KH,PO,) o t LyMm)
I
[ N r~J ‘\\
"l —
\s —
10} !
0.0 1‘0 2‘0 3‘0 4‘0 5‘0 6‘0 7‘.0 min
TEA0.5% mAU HecumeTpryHmii nik i3

40;237nm,4nm

He3a0BiNlbHMU NapameTpamm
XpomartorpadiyHoi cuctemu (6113bKo
[0 «MepTBOro» 06’'emy)
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onTumasnibHy pyxomy dasy y cknagi ACN-
MeOH — 0.7 % TEA pH 2.8 y cniBBigHOLLEHHAX
30-35-35 (puc. 1).

[nsa onTumisauii napameTpiB TakoX BUBYau
LWBKUAKICTb NOTOKY, Temneparypy Ta pH, wo
npeacrtasneHo B Tabnuui 2.

AK BMAHO 3 Tabnuui 2, onTMMasbHUMMU
napameTpamu 6ynu: Temnepatypa KOJIOHKU —
30 ° £ 2 °C, wBMAKICTb NOTOKY — 1 MI/XB,
pH—-2.91, pyxoma tha3say cknagi ACN-MeOH —
0.7 % TEA (30-35-35). HacTtynHum etanom
pocnigpxeHHsa ©6yB Bubip xpomatorpadivHoi
KOMOHKN. Anpob6oBaHO KOMOHKM Luna C18,
Zorbax C8, InertClone ODS Ta Zorbax Phenyl.

| we ogHa konoHka Luna C8 6yna 6a30B0Ot0
i onMcaHo BuLLE.

3rigHO 3 Tabnuuew 3 MOXHa 3po6uTK
BMCHOBOK, WO AN po3pobneHoi BEPX meTo-
OVKW  BU3HAYEHHA amnoguniHy  6ecunaty
B JI3 MOXHa BUKOPUCTOBYBATWU Pi3HI asnkisbHi
KOJIOHKM B SKOCTI Hepyxomoi dasun. Bukopu-
CTaHHA PeHiNbHOI KoNoHkKM (Zorbax SB Phe-
nyl) Takox MOX/svMBe, NpoTe 3a 3ajaHuX yMOB
napameTpy MpuMAaTHOCTI XpomarorpagivyHoi
CMCTEMM [ello NOCTYnakTbCs BuLLe3rajaHum
KosioHKkaM. Po3pobrieHa meTofuKa BU3HauYeHHs
amnoguniHy 6ecunary € yHiBepcasabHO, afxe
npu anpobadii pi3HOro TUMy KOJIOHOK MeToAMKa
3a/IMLIAETbCA  EKCNPEecHOo Ta 3a[0BOJIbHAE
napameTpam npuaaTHOCTI XxpomarorpagivyHoi
cuctemu. OfepxaHi pesynbratu po3LnprTb
MOX/IMBOCTI BUKOPUCTAHHA PO3P06aEHOT METO-
AVKM ans nabopartopiil 3 HEBENUKUM apceHa-
nom xpomatorpadiyHnX KOJIOHOK, OCKiJSIbKK
B po6OTI MOKasaHi i pi3Hi 3a LiHOBO NONITUKOIO
KonoHkn (Phenomenex — pgewesuwi, Agilent —
Jile]oJOVCI)N

OnTumi3auiss MeTOANKN.

[na onTuMmizauinHoro focnifgXeHHs o6paHo
aHasni3 Box Benken, sikuii Bkitouas Tpy dpakTopu

Ta 3ara/iom 26 ekcnepumeHTiB (Tabnuusa 4).
OcHoBHMMU hakTOopamm 6yno CniBBiAHOLIEHHSA
06’emiB MeOH, 0.7 % TEA B pyxowmiii hasi Ta
pH. Ona BUBYEHHS i1 onTUMi3awii HaliBaxuBi-
LWMX napamMeTpiB NpoaHasii3oBaHO Taki BiAryKu:
yncno TeopetnyHux Tapisiok (NTP), nnowy
niky (A), koedivieHT acumeTpii (Tf) Ta yac ytpu-
MyBaHHSA (Rt).

[nsa ctatucTnyHoro aHanisy BUKOPUCTaHO
6E3KOLTOBHY MNPO6GHY BEpPCild0 NpPOrpamHoro
3abe3neveHHs Minitab. Jns ouiHKM 3HA4yLLOCTI
mMogeneii, TepMIHIB Ta iX B3aemMOgAin — gucnep-
CiiiHuin aHania (ANOVA). 3rigHo 3 npoBefeHnM
aHasi3oM OTpPMMaHO PIBHAHHSA perpecii:

NTP = 4803 -252.8 pH - 156 TEA +

+ 6.08 TEA*TEA

6.90 + 0.0786 MeOH - 2.100 pH -

- 0.2394 TEA - 0.001560 MeOH*MeOH +
+0.3781 pH*pH + 0.003260 TEA*TEA +
+ 0.000780 MeOH*TEA

349196 + 5552 MeOH - 18101 TEA -

- 209.7 MeOH*MeOH + 160.0 TEA*TEA +
+ 258.9 MeOH*TEA

11.91 - 0.0808 MeOH - 2.907 pH -

- 0.3738 TEA + 0.4500 pH*pH +

+ 0.005080 TEA*TEA +

+ 0.003540 MeOH*TEA + 0.01025 pH*TEA

BnavB 3MIHHUX Ha Ki/IbKICTb TEOPEeTUYHUX
Tapisiok (NTP)

Bnnue chakTopis metoay (MeOH, TEA T1a
pH) Ha BiAryk 4nMcro TEOpPeTUYHUX Tapinok
npeacTaBNeHo Ha puc. 2. Kk BUAHO 3 ogepxa-
HUX pe3ysbTatiB, Habinbwnin BnaMe Ha NTP
Mae TEA, Togfi sk meTaHon Ta pH KpUTUYHO
He BnAuBalTb. 3i 3pocTaHHAM TEA 3pocTae
NTP.

BnavB 3MiHHMX Ha KoedilieHT acumeTpil
(Tf)

Bnnve chaktopis metogy (MeOH, TEA Ta
pH) Ha xpomatorpadpiyHuin BiaAryk KoediuieHT

F =

Rt =

mAU
1237nm,4 o
125i nm,4nm S_
1 o
100 £
75+
50
25+
0
; T T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 min

Puc. 1. Xpomarorpama amnoguniny 6ecunaty (0.1 mr/mn) 3 pyxomoto gpazoro ACN-MeOH — 0.7 % TEA

pH 2.8 (30—35-35) Ha konoHui Luna C8
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Tabnmusa 3 — Anpo6auis pisHUX xpomartorpad)iyHMX KOJIOHOK

XpomaTtorpaciuHa XapakTepucTuku XpoMartorpama PeaynbTaTh
KOJIOHKa KOJTIOHKM
Luna C18 O6epHeHotha3oBuii "’\“. . CrMeTpuYHuii nik
B1po6HMK PEeXVM PO3LiNEHHS. i £ i3 3a40BiIbHUMY
Phenomenex Po3mip: 100 mm X 4.6 Mm 1] B napametpamu
3 MKM. 0] “ XpomarorpaciuHoi
BurotosnieHa . ‘H cuctemu (Hac
3 BMCOKOOUULLEHOTO o ‘ \‘ yTprMyBaHHSA [0 2.5 XB)
KPEMHEe3eMy 3 HU3bKIM A
BMICTOM MeTaJty. g [
pH aianasoH: 1.5-8.0 e -
00 05 10 15 20 25 i
Zorbax SB C8 O6epHeHohaszoBuii w_ . CrMETPUYHMIA NiK
Brpo6HuK Agilent | pexum po3gineHHs. w k i3 38710Bi/IbHVMU
Texnologies Po3mip: 150 MM X 4.6 MM ‘E napamerpamu
3.5 MKMm. o) “F XpomarorpaciyHor
Stable Bond (3axuiwyeHa) cuctemm (Hac
pH piana3oH 1.0-8.0 ol H yTpumyBaHHs A0 3.0 xB)
\
n 1
U‘O‘ ‘ 1‘0 ; ‘2‘0‘ o JTO‘ 4‘0 ‘5‘0 ‘ ‘mm
InertClone ODS O6epHeHotha3oBuii "JVLUE . CUMETPUYHNIA MiK
B1pO6GHMK PEXUM PO3/iNIEHHS. g ‘L i3 3a10BiIbHUMU
Phenomenex Po3mip: 150 mm X 4.6 Mm I ‘E napametpamu
3.5 MKM f xpomartorpadiuHoi
Byrneuese 1) “ cuctemm (Hac
HaBaHTaXKEHHS — ] yTprMyBaHHs [0 3.5 XB)
15.0 %. o \
pH gianasoH 2.0-7.5 “ \\
000 BT S R
Zorbax SB Phenyl | O6epHeHoda3oBuii w HecumeTpuyHuii
Brpo6HuK Agilent | pexum po3gineHHs. g Ta BY3bKWiA NiK i3
Texnologies Poamip: 150 Mm X 4.6 MM ; He3a40BiNIbHUMU
3.5 MKMm. ) napameTpamu
Stable Bond (3axuiieHa) " XpomartorpadiyHoi
Byrneuese cuctemu (4ac
HaBaHTaXEHHS — “ yTprMyBaHHSA [0 2.5 XB)
5.50 %. J
pH gianasoH 1.0-8.0 e ———
00 10 20 30 40 50 60 70 80 80 mn
Tabnvua 4 — MaTpuus eKcnepuMeHTy
StdOrder | RunOrder | PtType | Blocks | MeOH | pH | TEA NTP A Tf Rt
1 1 2 1 30 2.7 |325 |5499 161539 1.37 25
2 2 2 1 35 2.7 |325 |5417 161884 1.375 2.659
3 3 2 1 30 3.1 |325 |5305 160211 1.398 2.502
4 4 2 1 35 3.1 |325 |5335 162394 1412 2.668
5 5 2 1 30 29 |30 4845 160049 1.396 2.276
6 6 2 1 35 29 |30 4881 159782 14 241
7 7 2 1 30 29 |35 6045 159755 1.369 2.739
8 8 2 1 35 29 |35 6076 165748 1.399 2.961
9 9 2 1 325 2.7 |30 4888 162441 1.415 2.352
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MpofoBxeHHA Tabnuui 4

270 2as 250 ) 3z aa

A iy BANGIEAN FeprESANS 4 e ASE iR the ML

10 10 2 1 325 |31 [30 4911 | 160117 |1.432 [2.365
1 1 2 1 325 |27 |35 6071 |167394 |1.393 |2.851
12 12 2 1 325 |31 |35 6120 |166265 |1.438 |2.888
13 13 0 1 325 |29 |325 |s569 [160150 |[1.382 |2.559
14 14 2 1 30 27 |325 |5505 [161977 |1.368 |2.496
15 15 2 1 35 27 |325 |5535 [161681 |[1.379 |2.66

16 16 2 1 30 31 |325 |5207 |160485 |[1.403 |2.501
17 17 2 1 35 31 |325 |5304 |[161168 |[1.41 |2.667
18 18 2 1 30 2.9 |30 4828 |160931 |1.402 |2.276
19 19 2 1 35 29 |30 4898 | 159905 |1.411 |2.411
20 20 2 1 30 29 |35 6044 |160016 |1.379 |2.733
21 21 2 1 35 29 |35 6113 | 165673 |1.401 |2.957
22 22 2 1 325 |27 |30 4934 |161679 |1.391 |2.35

23 23 2 1 325 |31 |30 4794 | 161675 |1.452 |2.363
24 24 2 1 325 |27 |35 6101 |164710 |1.395 |2.845
25 25 2 1 325 |31 [35 5085 | 165546 |1.44 | 2.875
26 26 0 1 325 |29 [325 |5473 |160631 [1.386 |2.557

je=l——— - - / i = o o T

Contour Plat of NTP vs TEA: pH

BH

Puc. 2. Pesynbtatv BUBYEHHSA XpomMaTorpadivHoro Biaryky NTP

acumeTpil npeacTas/sieHo Ha puc. 3. 9K BUAHO
3 0fEepXaHux pesynbrartiB, HanbinbWwWnin BNANB
Ha Tf mae pH. 3i 3pocTaHHAM 3HayeHHs pH
36inblwyeTbesa Tf.

BnavB 3MiHHUX Ha njoLy niky (A)

Bnnve chaktopis metogy (MeOH, TEA Ta
pH) Ha xpomaTorpaciuHmii BiAryk naowa niky
npeacTaBneHo Ha puc. 4. fk BUAHO 3 ofepxa-
HUX pe3y/bTaTiB HanbinbwWuini BNANB Ha A Mae

TEA, MeOH Ta ix B3aemopgia. 3i 3poCTaHHAM
TEA 3pocTace A.

Bnaive 3miHHUX Ha nowy niky (Rt)

Bnnive dakTtopie metogy (MeOH, TEATa
pH) Ha xpomatorpadpiyHuii BiAryk 4ac yTpwu-
MYyBaHHS NpefcTaBneHo Ha puc. 5. Ak BUAHO
3 OflepXXaHux pes3ynbrariB, HanbiNbWWii BNAMB
Ha Rt mae TEA, MeOH. 3i 3pocTaHHAM TEA
3pocTtae Rt.
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Pareto Chart of the Standardized Effects
(response is TF: o = 0.15)

&
f

Marmal Probability Plat Varsus Fits
g - - . -
§.. /(" i - e 32; :
=t -
" : ./ e . -
Resdual ~ e
. A
g‘ T e ;fl|. ;‘\‘-”’\ f e .I\'JI'
E" 5 WL ¢y
2 e ¥ i

Interaction Plot for TF
Means

MeOH H TEA
1 » o — n
il —= 230
/ Az +- 30
ke i
(P’l \\ Tan
v o * § =
s / " A T 138
| s \ / i s
e T / \»/—/ ey - as
138 e il - e
137 ,/l o
136
L D e e e e
Alf gisplayed terms are in the model.
A gray background represents a term not in the mogel.
Surface Plots of TF
™ weow 353
S i : i — Tl
ez - a4 s | |
E— - Y
Wold Vabeer == p
e L 4
oo i
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Puc. 4. Pe3ynbtaty BUBY4EHHSA XpoMaTtorpadivyHoro Bigryky A
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Pareto Chart of the Standardized Effects
(response is RY: @ = 0.15)
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Residual Plots for Rt
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All displayed terms are in the model

Interaction Plot for Rt
Means
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Contour Plots of Rt
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Surface Plots of Rt

Puc. 5. Pesynbraty BUBYEHHS XpomMaTtorpadivyHoro Biaryky Rt

OnTumisauia metoay

[na onTtumisauii mMeToQy BUKOPUCTOBYBA-
nncb Taki kputepii: NTP, A, Rt— mMakcumasbHe
3HayeHHd, Tf — 3HauveHHs Big 1.0 go 1.5.
PesynbtaTtn [OCNiAKEeHHA MpeacTaBfeHo Ha
puc. 6. K BUAHO 3 PUCYHKY, ONTUMasibHe 3Ha-
yeHHsa pH — 2.8 Ta cniBBigHoweHHa MeOH T1a
TEA — 35 %. Taki napameTpu AK LOBXUHA XBU/
[LeTeKTyBaHHA, Temneparypa Ta TUM KOMOHKU
6yNun BUKIIOYEHI, af)Xe Manu HU3bKUIA BMNAVB
Ha 3a3HayeHi Bifryku.

Banigauis BEPX wmeToouku BU3HAYEHHS
amnogunivy 6ecunary B /13

[nsa nigTBepmXeHHA HafiiHOCTI pesynbra-
TiB po3pob6neHy xpomatorpachiuHy meTonuKy
BasiflOBAHO 3a TakMmu napameTpamu, £K:
NiHiliHICTb, po6acHICTb, NPaBU/IbLHICTL Ta npe-
UM3ilHICTb, BiANOBIAHO A0 BMMOr MiXHapoaHoT
KOHpbepeHLuii 3 rapmoHisauiii (ICH) [20].

NiHiliHicTb, Alana3oH 3acTocyBaHHA

Pe3ynstaT BMBYEHHS OCHOBHUX napame-
TPIiB NiHIAHOT 3a/1€)XHOCTI Ta perpeciiHoro aHa-
ni3y npencrtasneHo B tabnuui 5. Kaniépysasnb-
HWIA rpadik 306paxXeH0 Ha PUCYHKY 7.

OTpuMMaHi 3HayeHHA BiAMOBI4AKTL  KPU-
TepiaMm npuiiHATHOCTI. MB Ta MKB meToauku
ctaHoBnATb 1.39 mkr/mn ta 4.21 mkr/mn Big-
noBigHO. [liana3oH 3acTocyBaHHA 3HaXO4MBCA
B Mexax Big 10 o 50 mkr/mn.

MpaBWabHICTL Ta NPeLm3iAHICTb

[na  BWBYEHHSA MpPaBWU/ILHOCTI roTyBaun
MOZE/IbHI CyMilli 3 TOYHO BiJOMUMMK KOHLEH-
Tpauyismm B Mexax 80-120 %. Pesynbratu
BVMBYEHHS MNPaBUbLHOCTI Ta Mpeum3iiHOCTI
306paxeHo B Tabnuuax 6-—7. OTpuMaHi 3Ha-
YEeHHS BiANOBIAATb KPUTEPIAM MPUAHATHOCTI,
afke He NnepeBuLLYIOTb KPUTUYHO A0NYCTUMUX
MeX.

3actocyBaHHA po3pobrieHol BEPX wmeTo-
AWKV ONS KiTbKICHOTO BU3HAYEHHA aMNoAuniHy
B TabneTtkax

Po3po6neHy BEPX metoauky 6yno anpo6o-
BaHO Ha Tabnetkax MPOMWUC/IOBOr0 BUPOOBHMU-
utBa «AmnioaumniH» 10 mr AT dapmak. OTpu-
MaHi pesynbratu cBigyatb MNpPo MOX/IMBICTb
3acTocyBaHHA po3pobneHoi BEPX meToauku
Ana aHanisy /13 Ha OCHOBI amsioguniHy 6ecu-
naty (ta6n. 8).

PobacHicTb

[ns BUBYEHHS pPoOBGACHOCTI BMBYAIN 3MiHU
KoeguilyieHTa acumeTpil Ta yacy YyTpUMyBaHHS
3a/1eXHO Bif, Bapiauii Temneparypu (28-32 °C)
Ta WBMAKOCTI NoToKy (0.8—1.2 m/i/xB).

OTpuMaHi pesysnbstati, 306paeHi B Tabnuui 9,
cBigyatb nNpo Te, WO Po3pobrieHa MeToAmKa
€ pobacHotlo, azke HeBesiMKi 3MiHU Temmnepa-
Typu (2 °C) Ta WBUAKOCTI NOTOKY (0.2 MN/XB)
He MalTb CYTTEBOIO BMJ/IVBY.
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DO ptimal

D: 0.7asg igh

Cur
Lo

Composite
Desirability
D: 0. 7460

Rt
Paxirmmurm
w = 2.9555
d = 0.99202

o
Paxirmmunm
w = 1.662E+05

d = 0.84112
TF
Targ: 1.30
w = 1.2950
d = 0.37496
MNTP

PAaximmunm
»w = 6106.6585
d = 0.98994

MeOH
35.0
[35.0] [2
30.0

pH TEA
3.10 35.0
.F525] [35.0]
2.70 30.0

P

e

Puc. 6. Pesynstat ontumisawii BEPX mMeToguky BU3HAYEHHA amnoamniHy Ha KonoHui Luna C8 3 ontu-
MasibHO pyxomoto hasoro B cknafi ACN — MeOH — 0.7 % TEA pH 2.8 y cniBBigHoweHHax 30—35-35

450000
400000

y =7800,4x + 5157,4

R?=0,9995 @
350000 | e
0000 | e
QB0 o

200000 | e

150000 | o

100000 o

50000

0
0 10 20 30 40 50 60
C, MKr/mn
Puc. 7. KanibpyBanbHuii rpadik
Tabnuus 5 — Pe3ynbtatu BUBYEHHS NiHIWHOCTI
MapaveTp 3Ha4YeHHsA Kputepiii BucHoBOK

bx(S,) 7800.40 * (99.11) - Bignosigae
a*(Sa) 5158.82 + (3287.24) lal< Aa =9126.84 Bignosigae
Aa 9126.84 - Bignosigae
Ab 275.19 - Bignosigae
R? 0.9995 > 0.9980 Bignosigae
MB, mkr/mn = 3.3 Sa*/b 1.3907 - Bignosigae
MKB, mkr/mn = 10 Sa*/b 4.214 - Bignosigae
[JianasoH KoHUeHTpaLili, MKr/mMn 10.00-50.00 - Bignosigae

Tabnuus 6 — Pe3ynbTatu BUBYEHHSA BaslifaliliHOro napameTpy npaBUJIbHICTb

Bwmict amnoguniny, %

MogenbHi po3unHu

BeegeHo,

3HaiigeHo,

BigHoLleHHs 3HaligeHoro o

BBeAeHOoro,

X=(C,/C,) 100 %

Y=(A/A,) 100 %

Z=(Y/X) 100 %

M 79.01

80.08

101.35

M 80.09

80.05

99.95
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MpofoBxeHHA Tabnuui 6

M, 80.09 79.99 99.88
M, 100.03 100.01 99.98
M, 99.98 100.04 100.06
M, 100.30 100.23 99.93
M 120.03 119.98 99.96
M, 120.00 120.07 100.06
M, 120.13 119.95 99.78
CepefiHe 3HaveHHs, Z, % 100.10
CraHaapTHe BigxuneHHs, S, % 0.53
BigHOCHWIA fOBipuMii iHTepBan 122
Az =1(95%,8)-S,=2.3060 S, %
KpuTnyHe 3HauYeHHs Ans 36iKHOCTI pesynbTartis BUKOHy€eTbCA
Az<maxA, =24 % (1.22<2.4)
CuctemarnyHa noxmoka § = | Z—-100 | , % 0.10
KpuTepiii HeBU3HA4YEHOCTI CUCTEMATUYHOI MOXUOKM BuriKoHyeTbCA
8§ < max&% (0.10<0.51)
3arasibHuii BUCHOBOK Npo
MEeTOAUKY
Tabnuus 7 — Pe3ynbTaT BUBYEHHSA BanigauiiHoOro napameTpy npeuymsiiHicTb
BenununHa Z. , %
Ne po3unHy . — -
1 pocnip 2 pocnipf 3 pocnif
1 100.15 99.99 100.13
2 99.98 100.02 99.94
3 99.88 100.11 100.00
4 100.20 100.20 100.07
5 100.13 99.96 100.06
6 100.05 99.91 99.99
CepegHe Z (%) 100.07 100.03 100.03
RSD,, % 0.12 0.10 0.07
BigHocHe cTtaHfapTHe BigxuneHHs, | 0.10
RSD, (%)
BigHocHwii foBipunii iHTepean, A, |0.10<2.4
KputnyHe  3HauyeHHA  36DKHOCTI | 2.4

pesynsrartis A, , %

Tabnuus 8 — Pe3ynbTaTu KifibKiCHOro BU3HaU€HHA amnoguniHy 6ecunarty B TabneTkax

Nikapcbkuii 3aci6

3HaligeHo, r

MeTponoriyHi xapakTepucTukun

Tabnetkn «Amnoaunia» 10 mr, AT dapmak 0.0

0.0
0.0
0.0
0.0
0.0

102
101
098
099
100
103

m=0.010T

S =9.31x10°
t=2.57

AX =2.39 x 10*
RDS =2.07
£€=2.39%

Tabnuus 9 — Pe3ynbTaTi BUBYEHHSA BasligaliiiHOro napameTpy po6acHicTb

MapameTtpn KoediuyieHT acumertpii (Tf) | Yac yrpumyBaHHsa (Rt)
LBnAakicTb noToky, m/xs | 0.8 1.37 3.63
1 1.38 2.93
1.2 1.35 2.5
Temneparypa, °C 28 1.35 2.99
30 1.38 2.93
32 1.39 2.90
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IMNneMeHTauis NPUHUMNIB «3e/1eHO0I» XiMil
npu po3pobui BEPX meTogukn BU3HAYEHHS
amaoauniHy B Nikapcbknx 3acobax

CyyacHi TeHgeHUiT dhapmaLeBTUYHOro aHa-
ni3y nepegbayatoTb iMNIeMeHTaLilo NPUHLMNIB
€KONoriyHoi 6e3neku nig 4yac po3pobkn MeTo-
AWK aHanidy cybcTtaHuiin Ta /13. O/151 BUBYEHHS

1

f<f \\
g

]

Npocpisito  eKonoriyHocTi po3pobneHoi BEPX
METOANKA MW BUKOPWUCTOBYBA/IN IHCTPYMEHTU
Analytical GREEnness (AGREE) ta Modified
GAP| (MOGAPI) [21-22].

OTpumaHi pesynstatu (puc. 8) ceigyaTtb npo
BIOMIHHWI 3eneHnin pe3ynesTtat. EkonoriuHumii npo-
hisib po3pobneHoil BEPX MeToAnKM BU3HAYEHHSA

Puc. 8. Pe3ynbraTu BMBYEHHS €KOJIOTYHOCTI po3pobneHoi BEPX meToaukn iHcTpymeHTamun AGREE

Ta MOGAPI

amnoaunivy B J13 BAanocs AOCArTU LUNSAXOM
3MEHLUEHHSA BUKOPUCTAHHSA TOKCUYHUX peakTu-
BiB, CKOPOYEHHS 4Yacy aHanidy, i30KpaTuyHUM
e/t00BaHHAM Ta MiHiMi3aLieto NpoboniaroToBKN.

BVCHOBKW. Po3pob6neHo npocTy, ekc-
npecHy Ta «3eneHy» BEPX meToguky BuU3Ha-
YeHHsa amnofuniHy B Tabnetkax, fika MOxe
3aCTOCOBYBATUCA [OJ/15 MPOBEAEHHA KOHTPOJIH0
AKOCTI TOTOBUX JIKAPCbKUX hOPM aMNofuniHy,
BMBYEHHS CTabi/IbHOCTI, BWBYEHHA BMNBY
3MiH Ha roToBi fikapcbki hopmn y pasi 3anpo-
Ba[)KEHHA HOBUX BWPOOHUKIB  [OMNOMDKHMX

CMNCOK NITEPATYPA

1. Gonchar A., Sholoiko N. Consumption analysis
of two-component fixed combinations of medicines
for arterial hypertension treatment in Ukraine as one
of the stages for evaluation of their reimbursement
prospects. ScienceRise: Pharmaceutical  Science.
2022. Vol. 4, No. 38. P. 19-27. DOI: https://doi.org/10.15
587/2519-4852.2022.263733

2. PubChem - National Library of Medicine. URL:
https://pubchem. ncbi.nlm.nih.gov/compound/ Accessed
on 31 May 2024

3. European Pharmacopoeia. 11 ed. (2022). URL:
https://www.edgm.eu/en/european-pharmacopoeia-ph.-
eur.-11th-edition (accessed on 22 March 2023)

4. The United States Pharmacopeia. The National
Formulary. Rockville, Md.: United States Pharmacopeial
Convention, Inc. URL: https://www.uspnf.com (accessed
on 22 March 2023)

5. Jeelani S., Kouznetsova N. A new stability-
indicating HPLC-UV  method for determination

PEYOBUH, 3MIHW TEXHOMOrii BWUIOTOB/IEHHS,
3MiHM cknagy npenapatiB Ta iHWWX npouecis
XUTTEBOTO LMK/Y TOTOBUX JliKAPCbKNX hopm
amnoaunivy. Y po6oTi nokasaHo cy4acHi nig-
X04W [0 pPO3pPOOKM METOAMKM 3 BUKOPUCTAH-
HAM QbD, okpiM TOro, npegcTtaBneHoO anpo-
fauito  pisHUX XpomaTorpadiyHnuX KOMOHOK
i3 pi3HOK LiHOBOK noniTukot. [lpoBeneHo
Banifauito aHaniTMyHol mMeToauku. [iana3oH
3aCTOCyBaHHA 3HaxoauBcsa B Mexax Bif 10 fo
50 mkr/mn. IHcTtpymentamy AGREE (0.78) Ta
MOGAPI (79) nokasaHo, wo po3pobneHa BEPX
MEeTOAMKA € €KOJIONYHO B6e3MeyHot0.

of amlodipine besylate and its impurities in drug
substance. Heliyon. 2023. Vol. 9, No. 9. P. €19993.

6. Sharma M., Kothari C., Sherikar O., Mehta P.
Concurrent  estimation of amlodipine besylate,
hydrochlorothiazide and valsartan by RP-HPLC, HPTLC
and UV-spectrophotometry. Journal of chromatographic
science. 2014. Vol. 52, Ne 1. P. 27-35.

7. Kavathia A., Misra M. Development and validation
of RP-HPLC and UV-spectrophotometric methods
for rapid simultaneous estimation of amlodipine and
benazepril in pure and fixed dose combination. Arabian
journal of chemistry. 2017. Vol. 10. P. S3021-S3028.

8. Malesuik M. D., Cardoso S. G., Bajerski L.,
Lanzanova, F. A. Determination of amlodipine in
pharmaceutical dosage forms by liquid chromatography
and ultraviolet spectrophotometry. Journal of AOAC
international. 2006. Vol. 89, Ne 2. P. 359-364.

9. Maimoon S., Reddy K. N. K., Swetha P. RP-HPLC
method development and validation for simultaneous
estimation of Amlodipine besylate and Telmisartan

OPUTTHAJIBHI JOCIII/IPKEHHA

ISSN 2410-681X. MenmuHa Ta KiaiHidHa XimMig. 2025. T. 27. Ne 2

75




OPUTTHAJIBHI JOCIII/I>KEHHA

in tablet dosage form. Indian Journal of Research in
Pharmacy and Biotechnology. 2017. Vol. 5, Ne 1. P. 74.

10. Mohammadi A., Rezanour N., Dogaheh M. A,
Bidkorbeh F. G., Hashem M., Walker R. B. A stability-
indicating high performance liquid chromatographic
(HPLC) assay for the simultaneous determination of
atorvastatin and amlodipine in commercial tablets. Journal
of chromatography B. 2007. Vol. 846, Ne 1-2.
P. 215-221.

11. Alaama M., Uddin A. H., Mohamad H. J.,
AmiruddinN. S., Abbas S. A. Developmentand validation of
reversed phase high performance liquid chromatographic
method for determination of amlodipine. Tropical
Journal of Pharmaceutical Research. 2015. Vol. 14,
No. 4. P. 663-669.

12. Kumaraswamy G., Ravindra N., Jyothsna B.
Development and validation of a reversed-phase HPLC
method for simultaneous determination of Aspirin,
Atenolol and Amlodipine in capsules dosage forms. Asian
Journal of Pharmaceutical Analysis. 2014. Vol. 4,
Ne 3. P. 116-120.

13. Gigopulu O., Godzo H., Atanasovska B.,
Gjorgievska M. Z., Panovska A. P., Tonic-Ribarska J.,
Nakov, N. Green RP-HPLC method for impurity profile of
amlodipine intablets. Archives of Pharmacy. 2024.Vol. 74,
Ne 2. P. 216-234.

14. Yenduri S., Sulthana H., Koppuravuri N. P.
Sustainablity evaluation of existed HPLC based
analytical methods for quantification of amlodipine
besylate and telmisartan using RGB model: A
whiteness approach. Green Analytical Chemistry. 2023.
Vol. 6. P. 100074.

15. Shamshad H., Naz A., Mirza A. Z. Reverse phase
HPLC method for the simultaneous determination of
cetirizine, verapamil / Diltiazem and amlodipine. Analytical

REFERENCES

1. Gonchar, A., & Sholoiko, N. (2022). Consumption
analysis of two-component fixed combinations of
medicines for arterial hypertension treatment in Ukraine
as one of the stages for evaluation of their reimbursement
prospects. ScienceRise: Pharmaceutical Science, 4(38),
19-27. DOI: https://doi.org/10.15587/2519-4852.2022.
263733

2. PubChem — National Library of Medicine. (2024).
Retrieved from: https://pubchem. nchi.nim.nih.gov/
compound/ Accessed on 31 May 2024

3. European Pharmacopoeia. European
Pharmacopoeia. 11 ed. (2022). Retrieved from: https://
www.edgm.eu/en/european-pharmacopoeia-ph.-eur.-
11th-edition (accessed on 22 March 2023).

4. The United States Pharmacopeia. (2021).
The National Formulary. Rockville, Md.: United States
Pharmacopeial Convention, Inc.; Retrieved from: https://
www.uspnf.com (accessed on 22 March 2023) .

5. Jeelani, S., & Kouznetsova, N. (2023). A new
stability-indicating HPLC-UV method for determination
of amlodipine besylate and its impurities in drug
substance. Heliyon, 9(9), €19993.

and Bioanalytical Chemistry Research. 2021. Vol. 8,
Ne 2. P. 139-145.

16. Owolabi M. A., Soremi E. M., Ajala O. S. Reversed
phase HPLC method development and validation for
the analysis of amlodipine besylate in tablets dosage
form and human plasma.: https://doi.org/10.51412/
psnnjp.2023.38. The Nigerian Journal of Pharmacy.
2023. Vol. 57, Ne 2. P. 774-783. URL: https://www.
psnnjp.org/index.php/home/article/view/502

17. Patel D. B., Mehta F. A., Bhatt K. K. Simultaneous
estimation of amlodipine besylate and indapamide in
a pharmaceutical formulation by a high performance
liguid chromatographic (RP-HPLC) method. Scientia
pharmaceutica. 2012. Vol. 80. P. 581.

18. Attimarad M., Venugopala K. N., SreeHarsha N.,
Aldhubiab B. E., Nair A. B. Validation of rapid RP-HPLC
method for concurrent quantification of amlodipine and
celecoxib in pure and formulation using an experimental
design. Microchemical journal. 2020. Vol. 152. P. 104365.

19. ICH I. (2023). Q9 (R1) Quality Risk Management.
In International conference on harmonization of technical
requirements for registration of Pharmaceuticals for
Human use considerations.

20. ICH Q2 (R2) Validation of Analytical Procedures —
Scientific guideline. Geneva, 2023. URL: https://www.ema.
europa.eu/en/ich-q2r2-validation-analytical-procedures-
scientific-guideline (accessed on 24 June2024).

21. Pena-Pereira F., Wojnowski W., Tobiszewski M.
AGREE - Analytical GREEnness metric approach
and software. Analytical chemistry. 2020. 9 Vol. 2,
Ne 14. P. 10076-10082.

22. Mansour F. R., Ptotka-Wasylka J., Locatelli, M.
Modified GAPI (MoGAPI) tool and software for the
assessment of method greenness: case studies and
applications. Analytica. 2024. \Vol. 5, Ne 3. P. 451-457.

6. Sharma, M., Kothari, C., Sherikar, O., & Mehta, P.
(2014). Concurrent estimation of amlodipine besylate,
hydrochlorothiazide and valsartan by RP-HPLC, HPTLC
and UV-spectrophotometry. Journal of chromatographic
science, 52(1), 27-35.

7. Kavathia, A., & Misra, M. (2017). Development
and validation of RP-HPLC and UV-spectrophotometric
methods for rapid simultaneous estimation of amlodipine
and benazeprilin pure and fixed dose combination. Arabian
journal of chemistry, 10, S3021-S3028.

8. Malesuik, M. D., Cardoso, S. G., Bajerski, L., &
Lanzanova, F. A. (2006). Determination of amlodipine in
pharmaceutical dosage forms by liquid chromatography
and ultraviolet spectrophotometry. Journal of AOAC
international, 89(2), 359-364.

9. Maimoon, S., Reddy, K. N. K., & Swetha, P.
(2017). RP-HPLC method development and validation
for simultaneous estimation of Amlodipine besylate and
Telmisartan in tablet dosage form. Indian Journal of
Research in Pharmacy and Biotechnology, 5(1), 74.

10. Mohammadi, A., Rezanour, N., Dogaheh, M. A.,
Bidkorbeh, F. G., Hashem, M., & Walker, R. B.
(2007). A stability-indicating high performance liquid

76

ISSN 2410-681X. MenuuHa Ta KaiHiuHa Ximisg. 2025. T. 27. Ne 2



chromatographic (HPLC) assay for the simultaneous
determination of atorvastatin and amlodipine in
commercial tablets. Journal of chromatography
B, 846(1-2), 215-221.

11. Alaama, M., Uddin, A. H., Mohamad, H. J.,
Amiruddin, N. S., & Abbas, S. A. (2015). Development
and validation of reversed phase high performance
liguid chromatographic method for determination
of amlodipine. Tropical Journal of Pharmaceutical
Research, 14(4), 663-669.

12. Kumaraswamy, G., Ravindra, N., & Jyothsna, B.
(2014). Development and validation of a reversed-phase
HPLC method for simultaneous determination of Aspirin,
Atenolol and Amlodipine in capsules dosage forms. Asian
Journal of Pharmaceutical Analysis, 4(3), 116-120.

13. Gigopulu, O., Godzo, H., Atanasovska, B.,
Gjorgievska, M. Z., Panovska, A. P., Tonic-Ribarska, J., ...
& Nakov, N. (2024). Green RP-HPLC method for impurity
profile of amlodipine in tablets. Archives of Pharmacy, 74
(Notebook 2), 216-234.

14. Yenduri, S., Sulthana, H., & Koppuravuri, N. P.
(2023). Sustainablity evaluation of existed HPLC based
analytical methods for quantification of amlodipine
besylate and telmisartan using RGB model: A whiteness
approach. Green Analytical Chemistry, 6, 100074.

15. Shamshad, H., Naz, A., & Mirza, A. Z. (2021).
Reverse phase HPLC method for the simultaneous
determination of cetirizine, verapamil/Diltiazem and
amlodipine. Analytical and Bioanalytical Chemistry
Research, 8(2), 139-145.

16. Owolabi, M. A., Soremi, E. M., & Ajala, O. S.
(2023). Reversed phase HPLC method development and
validation for the analysis of amlodipine besylate

Adpeca 015 nucmysaHHs: tverdun_mamy@tdmu.edu.ua

in tablets dosage form and human plasma.: https:/
doi.org/10.51412/psnnjp.2023.38. The Nigerian
Journal of Pharmacy, 57(2), 774-783. Retrieved
from: https://www.psnnjp.org/index.php/home/article/
view/502

17. Patel, D. B., Mehta, F. A., & Bhatt, K. K. (2012).
Simultaneous estimation of amlodipine besylate and
indapamide in a pharmaceutical formulation by a
high performance liquid chromatographic (RP-HPLC)
method. Scientia pharmaceutica, 80(3), 581.

18. Attimarad, M., Venugopala, K. N., SreeHarsha, N.,
Aldhubiab, B. E., & Nair, A. B. (2020). Validation of
rapid RP-HPLC method for concurrent guantification of
amlodipine and celecoxib in pure and formulation using
an experimental design. Microchemical journal, 152,
104365.

19.ICH, I. (2023). Q9 (R1) Quality Risk Management.
In International conference on harmonization of technical
requirements for registration of Pharmaceuticals for
Human use considerations.

20.ICH Q2 (R2) \alidation of Analytical
Procedures — Scientific guideline. (2023). Geneva.
Retrieved from: https://www.ema.europa.eu/en/ich-q2r2-
validation-analytical-procedures-scientific-guideline
(accessed on 24 June2024).

21. Pena-Pereira, F., Wojnowski, W., & Tobiszewski, M.
(2020). = AGREE-Analytical ~GREEnness  metric
approach and software. Analytical chemistry, 92(14),
10076-10082.

22. Mansour, F. R., Plotka-Wasylka, J., & Locatelli, M.
(2024). Modified GAPI (MoGAPI) tool and software for
the assessment of method greenness: case studies and
applications. Analytica, 5(3), 451-457.

M. M. Horyn

IVAN HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY

OF THE MINISTRY OF HEALTH OF UKRAINE

OPTIMIZATION OF THE HPLC METHOD FOR THE DETERMINATION
OF AMLODIPINE IN TABLETS USING THE APPROACH “QUALITY BY DESIGN”

Summary

Introduction. To ensure the safety and effectiveness of medicinal products, reliable, express and simple methods
for quantitative determination of active pharmaceutical ingredients in drugs are required. Calcium channel blockers
(CCBs) are often used in the treatment protocols of arterial hypertension, both in monodrugs and in combination
drugs. Amlodipine (AML) is a representative of CCBs. The methods for quantitative determination of amlodipine
given in pharmacopoeias have some drawbacks, therefore they need to be optimized using modern approaches.

The aim of the work was to develop a rapid, simple and "green" HPLC method for the determination
of amlodipine besylate in medicinal products using Quality by Design (QbD) approaches.

Research Methods. The study was performed using a Shimadzu LC-2050 C liquid chromatograph with
a diode array detector, LabSolutions software was used to obtain chromatograms and integrate the results.
Chromatographic columns: Luna C8 (100 x 4.6 mm 3 um), Luna C18 (100 x 4.6 mm 3 um), InertClone ODS
(150 x 4.6 mm 3.5 um), Zorbax SB C8 (150 x 4.6 mm 3.5 um) and Zorbax SB Phenyl (150 x 4.6 mm 3.5 um).
Amlodipine besylate (AML) CRS (purity >98%) was purchased from Sigma-Aldrich Chemicals Co. (St. Louis, MO,
USA), amlodipine besylate tablets "Amlodipine” 10 mg "Farmak" was purchased from a local pharmacy.

Results and Discussion. The method was optimized using QbD, using a three-level factorial design, taking
into account the main factors of the method (ratio of methanol (MeOH), triethylamine (TEA) and pH value) that
affect the chromatographic response (number of theoretical plates (NTP), peak area (A), retention time (Rt)
and asymmetry coefficient (Tf)). The proposed chromatographic conditions were based on isocratic elution
of amlodipine besylate with a mobile phase composed of: acetonitrile (ACN) — MeOH — 0.7% TEA with adjustment
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to pH 2.81 using 88% phosphoric acid in the ratio 30-35-35. Optimal chromatographic conditions: temperature —
30°C, flow rate — 1 ml/min, detection wavelength — 237 nm, retention time up to 3 min. The described conditions
with satisfactory parameters of the chromatographic system were tested on various columns: Luna C8
(100 x 4.6 mm 3 um), Luna C18 (100 x 4.6 mm 3 um), InertClone ODS (150 x 4.6 mm 3.5 um), Zorbax SB
C8 (150 x 4.6 mm 3.5 um). For the optimized HPLC method for the determination of amlodipine besylate in
drugs, various alkyl columns can be used as a stationary phase. The developed method for the determination
of amlodipine besylate is universal, because when testing different types of columns, it remains express and with
satisfactory parameters of the chromatographic system. The obtained results expand the possibilities of using
the developed method for laboratories with a small arsenal of chromatographic columns, since the work also shows
columns with different pricing policies (Phenomenex — cheaper, Agilent — expensive). The validation of the HPLC
method was carried out according to the following parameters: linearity, robustness, accuracy and precision in
accordance with the requirements of the International conference on harmonization (ICH). The limit of detection
(LOD) and the limit of quantification (LOQ) of the method are 1.39 ug/ml and 4.21 ug/ml, respectively. The range
of application was within 10 to 50 ug/ml. The results of the study of the accuracy (99.88-101.35%) and precision
(RSD < 2.0%) of the developed HPLC method meet the acceptance criteria. The principles of "green” chemistry
were successfully implemented in the developed HPLC method, which was confirmed by the results of the study
of environmental friendliness using the AGREE (0.78) and MOGAPI (79) tools.

Conclusions. A simple, express and "green” HPLC method for the determination of amlodipine has been
developed for quality control of finished dosage forms, studying the stability of finished dosage forms, studying
the impact of changes on finished dosage forms when introducing new manufacturers of excipients, when
changing manufacturing technology, changing the composition of drugs and other processes of the life cycle
of finished dosage forms of amlodipine.

KEY WORDS: amlodipine besylate; quantification; HPLC; Quality by Design; tablets.
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