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nPUroBoP

Ha PELIEH3WJA HA JOKTOPCKA OWMCEPTALIMJA CO HACNOB PA3BOJ M BANUOALINJA
H& METOM BA3WPAH HA TEYHA XPOMATOTPAGWJA 3A ONPEODENYBAWE HA
MELOXICAM W HEFOBIW CPOOHMW CYNCTAHLUMWA NP MCMTYBAE HA CTABMNHCCT
BO PACTBOP 3A WHJEKTWPAHE', MPWJABEHA HA ®AKYIITET 3A MEJWLUHCKN
HAYKW, YHWBEP2ZWTET ,OLE AEMYEB® - TN objaseHa Bo YHHEEPIMTETCKA BunTem co
fipoj 383 ofjasen Ha Beb cTpanaTa Ha Yhusepanter loue [endes - Wun Ha gen 02.03.2026

TOMHE,

Co Oanyka Gpoj 0206-192/9 op 20.2.2026 roguxa, AoHEceHa ka 111, cegHuLa Ha HacTagHo-
HayHIOT COBET Ha AOKTOpCRW cTyawd wa Kamnyc 3, Qawyner 3a MEJALMHCKA  HAYHN,
Yuveepauter [oue [enues’ so Wmn, dopmMupana e Komucnja 3a ougkka W ofDpata Ha
[OKTOpCKAaTa AMCepTaumMja cO Hacnos Passoj W BanugauMia Ha MeTod BasMpas Ha TeYHa
¥poMaTorpatmjs 3a onpegenysarse Ha meloxicam » HEroBW CPOOHM CYNCTaHUMW npH
WCTWTYBaHE Ha CTabWrHOCT BO PAcTBOP 3@ MHjeKTHPEH:E", HA AHFMMCKA JA3NK ‘Development
and validation of a liguid chromatography-based method for determination of meloxicam and its
related substances in injection solution stability testing”, npujasena n uapaboTena oA M-p el
[uHo Kapnu{apoe, CTYASHT Ha TPET LMKNYC CTYAWM Ha CTYAMCKaTa nporpama ®apMaLEsTeM
HaykW, KaKD PeaoBEH CTyaeHT co Gpoj Ha uHaekc 31169, Bo cneaHMos COCTAE:

- npodb. A-p Mapwja Japkoscka-CepadmmoBcka, npeTeeaaren;

- npadh. a-p Bursana [opfecka, 4neH (MeHTop),

- npodh. A-p JacmiHa Toruk- PuBapcka, UneH (8KCTEpPEH MEHTOP);

-npod. o-p 3opuua Apcosa-CapadmHoBcka, YneH,

-npod. a-p Emunuja Janesui-Heanoecka, Wnex.

MofHECeHMOT NpMrOBOp C8 OBHECYBa Ha orpomeH Opoj HaysHM  HEAOCNERHOCTH,
KOMMPOMMWTIAPEH WHTETDUTET Ha MOAATOLM W PErynarTopHa HepenesaHTHoLT BO JOKTOpCKaTa
avceprauwja. Cravyea 3Gop 3a nogatoum objaeedn BC HayuHW TPYAOBR KOW TEMETCHH M
METORONOWI C2 AMPEKTHO MOBP3AHM CO NPEAMETOT Ha WCTpakyBake W MPaKTHO
MpeTcTaByBaaT HayyHa NOTBPAA 33 BPEAHOCTA HA camwoT [AOKTOpCKM TRYD MNopaau
HEPACKMHMMBATA NOBP3AHOCT NoMery ofjaBeHnTe HayuHW TDYACBM W CamaTa [OKTOPCKA TEMd,
0f CYWTHHCKD 3Ha4ele @ fa C& 3adyBa MHTErpdTETOT HA MOAETOLMTE W perynavopHuTe
fapawa. Cexoe oTCTanyBatse O] BUCTMHUTOCTA HA NOAATOLMTE BO TPYAOBUTE QMPEKTHO j3
ypuea gosepdata B0 LENWOT TPYA.

Kaxo QOKTOp Ha Haykn, CMETAM fgKa @ MOja NPodecoHanta AoMMHOCT Aa YKawam feka fes
jacha cNeAnnBOCT, TOMHOCT HA PE3YNTATHTE W NOYMTYBAILE HA perynatophute Dapawa he
MowemMe pa sfopyeame 3a sanigeH Haysed npugoHec. Mako TpypoBaTE MOMUHENE HHI
NpouUecoT Ha MmefyHapopHa peugHana, Toa He ja weknyuysa notpefiata of CYWITAHCKE
npoBepKa Ha CYPOBM NOATOLMTE BO PEMKMTE HA CBAa AOKTOPCKA TEMa. JHaeme Aexa
PELEHIEHTHTE BO CNWCAHV[ATA 4ECTO HEMAAT YyBuA BO WIBODHWTE MEpEted W C2 NOTNAPAAT Ha
eTVKaTa Ha AETopoT. TOKMY 3aT0a, MOJOT NPMFOBOP He @ Hanad Bpa CrMCaHWjaTa, TyKy anen go
Bac KaKko KOMWCH[E W BN O MaTH4HETA WHCTMTYUMja. 3aT0a, OTKPHEHWUTE HE0CNEQHOCTH W
HapyweHuTe perynatopHn Dapawa mopa Aa GiaT cepuo3HO pasrnefaHd TOKMY Of OBad




Komucuja, koja & NOCNE[eH rapaHT 3a KBANUTETOT Ha AOKTOPCKATE THTYNa W nocnegHa AuHMja
Ha oABpaHa Ha Hay4HaTa BUCTUHA NPeQ A3 C& N3nane BAHa JOKTOPCKE THTYNA.
PeUeHIBHTCKATA KOMMEHA BO HEj3HHATa PRLEHIW|A AUPeKTHO NOCOYEE, LATAT 0A peueHItjaTa
“HayyHaTa peneBaqTHOCT i BANOpM3ALMja Ha pe3ynTaTuTe ce MOTBPASHI W npeky ofjaseHu
peUeHINpaHy HayyHi TPYAOBM BO HALMOHANHM W MEryHapOAHN CHMCAHMJA, KaKD W MPeKy
yMECTBO Ha HayuHW COBMpY, WTO yKayBa Ha HABHATA NPENO3HEEHOCT W MPNETEHOCT A
NOWWpOKaTa HayvHa 3aeqHuLa.

ORa & BO COMMACHOCT CO MCNONHETOCTA HA 3aKOHCKUTE YCNOBK 3 NPUCTANYBARLE KOH onbpana
Ha JOKTOpCKATa AwcepTauuja, umajiu npenBua Aeka KaxmaparoT WMa ofijapesy TPYACEW KOW
TEMATCKM W METOQONOWKM CB AWPEKTHO NOBP3AHM CO MpPSMEeToT Ha WCTpaXYBatke W
NpeTCcTaBYBAaT Hay4Ha Banopraluja Ha 42n o4 pesynTaTuTe of AOKTOPCKMOT TRYA-

|, Karpicarov, D., Milrevska, | Manchevska, B, Apostelova, P., Tonic Ribarska, J.
Gjorgjeska, B. (2026). Software-Assisted Analytical Quality by Design fer Stahility-Indicating
Method Development: Integration of DoE and Predictive Retention Modeling Using
MODDE® and DryLab® Macedonian Pharmaceutical Bulletin, 72(2):3=15. doi:
10.33320/maced. pharm.bull, 2026.72.02,001.
Mu]]ﬂin.mfd.nrg.mkfvulumeﬂuiume%zn?g_zﬁl 2 002pdf Tpyaor & YpeaHo
AENoHMpaH BO MATWYHWOT PENCIMTOPAYM. https:eprints,vad.edu.mi/37 276/

2. Karpicarov, D., Mitrevska, |., Apostolova, P., Arev, M.. Arsova-Sarafinouska, Z., Darkovska
Serafimovska, M., Drazié, B., Tonic Ribarska, J., Gjorgjeska, B. (2025). Estimation of
Measurement Uncerainty Using Top-Down and Bottom-Up Approaches for Accurate
Content Determination of Meloxicam in Injectable Dosage Forms. Ariv za farmaciju,
75(6):493-507. doi: 10.5937/arhfarm75-63142. gl
seesia n.re/index pho/arhfa iclefview! 9623. Tpypor &  YPEOHO
AEMNOHAPEH BO MATUYHMOT PENOINTOPITYN. hittps.Vaprints. ud edu.mk/37 126/

Bp3 ocHoBA HA 0BAd KOKCTATALMA Ha KOMMCMJaTa - Aeka TDYACBMTE C& KMyWHH 38 HaywHaTa
BaNOpM3aLMja Ha [OKTOPCKATA TeMa - M NPEIeHTMDAM CNEHNBE haKTH KoM YKANYBAAT Ha
CEPUO3HA HayyHa HEYCOMMACEHOCT HA NONATOLMTE M HAPYWIYBaHE HA perynaTopHuTe Gapaka
BO TRYOAOBWTE.

HayyHMoT TpY/ HABEREH 0f CTpaHa Ha PalgH3EHTCKATA KOMUCH]A NOJ HACNDB “Estimation of
Measurement Uncartainty Using Top-Down and Bottom-Up Approaches for Accurate Content
Determination of Meloxicam in Injectable Dosage Fomns’, e jasHo A0CTangH BO
pENoaNTOpMYMOT Ha YHuaepauTeror loue Qlenves’ - LLmun. Camara cogpiuha Ha 0BOj TPYA &
chokycupaHa Ha MepHaTa HECHrYPHOCT Npexy MpUMera Ha ABaTa KNyHi npuctana: fop-down
(oAo3ropa Hagone — Baka & HABBJEHO BO peLgHanjaTa) u bottom-up (opo3Aona Harope - Baka
& HaBe[jeH0 BO peLEH3WjaTa)

(}Ha WTo & METOA0NOLLKA HAJpenesaHTHO B0 0BO] TPYA @ (aKTOT WTa KaHAMOaTOT ANPERTHD CB
NOBMKYBA HA CONGTEEHV NPETXOAHI HCTPaKYBaKsa. KOHKpETHO, BO noBEKe HABPATH C& MTUPE
TpygeT objased Bo 2023 rogWHa BO CMMCAHWETO "KNOWLEDGE - Intemational Journal
Vol.57.4, co Hacnos “DEVELOPMENT AND VALIDATION OF HPLC METHOD FOR CONTENT
DETERMINATION OF MELOXICAM IN INJECTIONS® ko ce ofHecysa Ha pa3sojor W
BanMgaujaTa Ha MeTodeT. Hacnosor Ha 080) TRYA @ BO QMPeKTHA Kopena Umja CO HACNOBOT Ha
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JOKTODCKATA TeMa Ha KaHawdaTtoT JPasen] u sanmpauvia Ha MeToq fiasupad Ha TeuHa
xpomatorpatbuja 3a OMDEAENYBAHE HA MEMOKCHKANM W HEroBI CPOAHH CYNETAHLMK NPY
WCTNTYBaKE HA CTAOUNHOCT BO PAcTeOD 33 WHjEKTHPEKE", KAKD W CO BOCMOCTABEHUTE LENW Ha
ADKTORCKWOT TPYA LITO & HaBeeHo W B0 peLgHavaTa Ha omucujara, Lkrar of peLgHanjaTa
“Lenite Ha wcTpanyBadxata pafoTa ce jacHO, NMDELMIHO 1 NOMHHO AeuHMpaHA |
NpOWINErysaar AWPeNTHO Ofl NOCTaBEHaTa npoBnematiia W Of NPETNeAoT Ha PEnesaHTHaTa
nuTepaTypa. [nasWata UBn Ha [OKTOpCKATa OMcepTauvja e pasao), onTHMKIALME W
saniaauvja va HPLC meToaw 3a onpejenyBatse Ha CORpXMHATA, DAHOCHD ONPeaenyBake Ha
meloxicam B0 MPWCYCTBO Ha HErOBUTE CPOAHN CYNCTaHUMK, Mputoa, oBaa Len & jacHo
thOpMyNMpaKa, Hay4YHO ONPaBaKa W LUenocHo ocTBApNMEE.”

BakgoTo UATVpae He & camo OPManHoCT, TyKy jacer WHIMKATOP ASka pesynTaTuTe 3a
MEpHATA HECHTYDHOCT AMPEKTHO NPOWANErysaaT OA MPETXOAHO YTERASHWTE BaNVOaLMOHA
napameTpu. TOXMY Tyka C& BOCMIOCTABYBA KNYYHETA METOAONOLIKA CNEegnreccT BO Hay4HITO
pafoTere Ha kaHguaator, MefyToa, 2a Aa ce NOTEPAM BBPOACCTOJHOCTA Ha 0BOj NpouEc,
HEOMXOAHD & f& G W3BpLUM JETanHa aHanusa Ha NpuMapHucT TRYA og 2023 roguka. Bo
NPOGOMKEHME, NPEKY HEKONKY PryMEHTMPAHM TOMKH, YKEKYEAM HA CEPUOIHA HEAOCNEAHOCTH
BO PAIBOJOT M BaNMAELMIATA HA METOAOT, KOV ja A0BEYBaaT BO Npallatbe UenaTd HaTaMOoLHa
HAYYHE KOHCTRYRUM]A.

1. Kanguaatot ru HaBen ronemukata Ha nopwte (100 A”) W rONEMUHATA Ha HECTHUKATE
(5 \mum), Ho CBECHO rU H3OCTABKN AUMEHINUTE Ha KoNoHaTa

NonwuHaTa Ha konoHata (L) W BHATPEWHWOT AvjaMerap (dc) ce KpUTWYHK NApameTpd Ha
meTopor (Critical Method Parameters - CMP). CokpHBARETO Ha [OMAWHATA HA KONOHETA o
cnpedyBa NpecMETyEaleTo Ha ogHocot Lidp (RomiutHa Bpa ronemnHa Ha HecTiukm). Oso)
QOHOE @ KNY$HHOT MHAMKATOP 32 MOKTa Ha PEsonyLMja Ha KonoHaTa. Biea Hero, HUTY e4EH ApYT
HayHHIK HE MOXE [13 ja NOTEp/M COOMBETHOCTA HA nepthopmanciTe (System Suitability) wnw pa
wabepe exmvpanexTHa wonowa. OBa € AVPEKTHE NOBPEA3 Ha NPWHUMNOT HA HEy4Ha

penpogyKTHBHOCT.

Buagjit AOMKMHATA He & HasefeHa, nabopatopnjaTa He MONE A3 MW NpMMEHH D03BONEHATE
npknaronyearea cnoped USP <621>. Oga ro npasu MeTOROT TEXHKMUKM HeYCornaceH. Ao He ce
aHae NoueTHoTo L, He Mo a Ce NPECMETa AN HOBATA KONOHA & BO RO3BONEHWOT Oncer ol
-25% g0 +50%. OBa & cepuo3eH NPONYCT KOj o MPaEM METOAOT HeneruTUMeH 3a NDUMEH 80
thapmaugeTcka cTabunHocT,

Lwraty oa AmepukaHcka W Esponcka gapmakonea (UMTaToT o NpeHecysam WIBOPHO Ha
jazukoT Ha xo| & ofjaBen W cHTe NOHATaMOLIHW LMTATH OF pErynaTophi Tena)

USP General Chapter <621> Chromatography, Section: System Suitability / Interpretation
of Chromatograms: "For isocratic separations, the ratio of the column length (L) to the particle
diameter (dp) Is used. The ratio L/dp must be constant, or within the range from -25% to +50%

of the prescribed value.”




Ph. Eur. General Chapter 2.2.46. Chromatographic Separation Techniques, Section:
Adjustment of Chromatographic Conditions: "lsacratic elution: the ratio of the column length
(L) to the particle diameter (d) is constant or within the range =25% to +50%."

[ofKiHATA HA KONOHATA AMPEKTHO BNWjaE HA IAPMYBALETO HA SHANUTOT. Co Kpuene Ha
AMMEHINNTE, KaHOWMAATOT ce obWaysa Aa [0 COKpUE hakToT OEKa KONDHATA & BEPOjATHO
npexpatka 3a fa ofealiegy cOOABETHO 3aADWYBaHE (k') Ha MenokcikaM, WTo pe3yntupa co
eNyWpake BC MPTEMOT BONMYMEH.

M30cTaBYBAHETO HA AMMEHIHWTE HA KONOHATA BO AENOT 33 MaTepHjani U METON HE & Gamo
TEXHUIKW NPONYCT, TYKY CYWTHWCKO NpeKplUyBatee Ha chapMakonejckiTe CTaKAPAN USP
<f21> u Ph. Eur 2.2.46. Bes opoj kputuued napametap (CMP), meTodoT @ Hay-HO
HEPENPOLYKTHEEH W HEBOMONHO € [a@ Ce WIEPWM  NErvTUMHO NpWRaropyearme  Ha
XPOMATOrpadiCKWTE YCNOBW, BakBwoT NPWCTAN ro OHEBOIMOWYEA cexgj ofup 3a HelaBMCHa
BepuchukauMja Ha nepdopMaHCHTE HA METOgoT, Wro € BO AMpeKTHa CRPOTUEHOCT €O
npuHuwnute Ha [fobpata nabopaTopucka npakca {GLP) W WHTEfpMTETOT Ha Hay4uHHTe
nogatoLy.

2. KanaupaToT Haseaysa aexa MenoKkcHkamoT MMa nofobpa pacTROpNMBOCT BO METAHON
OTHONKYy BO BOMAA, HO BefHaW NoTOa AQoAaBa, feKa camo BO Mana KOMWYMHA MOXE

LENoGHO A3 Ce PACTBOPM,

Oea @ thyHaaMeHTanHa KoHTpagukTopHocT. fokonky MenokcukamoT e cnabo pacTEOpRiMe BO
WETZHON, DANYKATA 4a 08 A0AAAE camo MONGBWHA Of BOMYMEHCT (25 mli) npeA, CoHMcbrKaLMa
& KDUTWYHA rpelka. CO OrpaHiyyBake Ha BONyMEHOT Ha pacTBOpYBasaT, kaHowgatoT pabotd
Bnicky A0 WNA Haf, FPaHMLATa Ha caTypauMa ComnchukaLyjaTa BO HEAOBOMEH BOMYMEH HE
rapaHTipa ToTanHa oDHOBMMBOCT (recovery), Tyky Moxe Aa Aoseds A0 NpeLMnTaLMja Wi
HELENOCHD DPACTEOpAHE HA SKTMBHATA CYNCTaHUa, WTO QMPEKTHD O nawupa KpajHuoT
pe3ynTaT Ha aHanuaTta

KaHaunatoT npuMenyea coHndHKaLmja Bo Tpaake of 20 MUMYTH, NDOLEC KO| & Br30TEPMEH 1
IHAYMTENHG A 3roneMyBsa TEMNEpaTypaTa Ha pacTeopyeator.

METaHOMOT KA EKCTPEMHO BMCOK KOBGMUMEHT Ha TEDMIIKA a¥cnaHauja (TEPMIHEA BKCNaHIWa
(1.1x107K™) W HWcKa TOMKA Ha EBpHelse. flononHyBaweTo A0 03HAKATA BEAHAW O
cowddbMkalMja (ofexa pacTBopoT € Tonon) € KapAWHanka BOMyMETDMCKA rpewska. Kora
pacteopoT ke ce onagu Ao 20 °C, BonyMEHOT ke c& Hamanw, WTo pesynTupa co NOBMCOKE
KOHUBHTPALW[A 0f NpecMeTaraTa. Ako konbata He & XepMETHHA 3aTROPEHA 3a apeme Ha The
20 MMHYyTW coHWcbUKALMjE, HCNADYBAETO HA METAHONOT LONONHMTENHO ja aronemyea

KOHUeHTpaLmjaTa Ha MenokcrkamoT.

CraWfapawTe HanaraaT fgka noCTankara 3a NoAroToBka HA MPUMEQOROT mopa Aa fGuae
npeLMaHa U penpoaykTEHa 3a A3 c& OCHrypa 4exa cekoja aHanW3a ro OApa3yea BUCTUHCKUOT
cocTae Ha nekor. Mopagw Tepmuskata HectabWnHOCT Ha BOMYMEHCT HA METaHonoT
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HE[OBONHAOT NOYETEH BONYMEH 33 PACTEOpaKe, 0BAa NOCTANKE HE MOKE Aa ce cMeTa 3a
poBycHa, Cekoe oTCTanyBawe BO TEMNEpaTypaTa Ha yNTpassy4HaTa Dara ke Aafe paanuen
PE3yNTET, WTC ro Npasd METoL0T HEPENPOLYKTUBEH BO ADyra naBopaTopuja.

LiwvaTv op amepukaHcka dapmakonea i ICH (Inten ational Council for Harmonisation)

USP General Chapter <1225> Validation of Compendial Procedures: “The sample
preparation procedure must be proven to be robust. Factors such as solvent volume and
extraction time must be controlled to ensure total recovery of the analyte.”

ICH Guideline Q2 (R2) on Validation of Analytical Procedures: "The analytical procedure
should be described in sufficient detail to allow a trained analyst to reproduce .. Significant
changes in solvent temperature or volume during preparation must be avolded fo prevent bias in

the final result”

Mocrankata 3a NOAFOTOBKA HA PACTEOPWTE OMMLLIAHA Of) KAHAMAATOT @ HeWCnpaeHa W COAPRA
fOMMSkM KOHTPagMKLM, KopucTewseTo wa cownbikaumja og 20 MMHYTW €O METaHON BO
nonynpasHa konBa BOBEOyBA HEKOHTPONMPaHW rDEWKA OA TEPMH4KA eKcnaHama W
VENapyeake, LTO QMPerTHO BOAM A0 BEWTAYKD JronemyBake Ha WIMepeHaTa KOHUBHTPALM]a.
BakauoT NpWCTan @ BO OMPEKTHA cnpoTUBHOCT co USP <1225 W MpUHLMNKTE Ha Nobpara
naBoparopwcka npakca (GLP), Guaejkv ro KOMNPOMMTUPE HajKPUTMUHWOT Aen 0 aWanusara -
MPELMIHOTO NPEHECYBANE Ha MACATA HA AHANUTOT BO MEPNME BOMYMEH.

3. KaHgnaatoT BO CEOjOT TPYA HAB8AYBA:

“Currently, the internationally recognized pharmacopoeias use a gradient method for content
determination of Meloxicam in injections, which can be time-consuming and nal as easy as the
izncratic elution method to perform. To develop a simpler and faster isocratic method... HPLC

with UV/Vis detecticn was used.”

Qgrykata cBECHO A@ CB HamylWTW rpagmeHTHWOT METOA nponiiian B0 OfMUMjanHATE
dapmaronen (USP/BP/Ph. Eur.) B0 KOPMCT Ha [IO8AHOCTaBEH" UI0KPaTCKK METOR NPETCTABYES
METO4ONOWHN perpec. PApMAKONB]CKATE METOAM C& AN3EjHUPaHN CO rpadHeHTHa ENYMPaRe 33
13 ce obesbeny CenexTMBHOCT NOMEFY NEKOT W HEroBWTe AerpafalioHy npouseoau (Stability-
Indicating). KaHAMASTOT He HyAM Hay4eH [OKA3 ABKa HErOBHOT HIDKPATCKH METOR ja 3anpxyea
WCTaTa Mok Ha pasaeojysare, Tyry DpavHaTa ja cTapa npea HayyHaTa NpeLUnItocT.

LiTaT oA amepukancka hapmakonea u ICH (International Council for Harmonisation)

ICH Q2{R2), Section 3.1.1 (Specificity): > "Specificity is the ability to assess unequivocally the
analyte in the presance of components which may be expected to be present. Typically these
might include impurities, degradants, matrix, etc."

USP <1225> (Validation of Compendial Procedures): "Users of analytical methods described
in USP are not required to validate the accuracy and reliability of these methods, but merely to




verify their suitability under actual conditions of use. [.] If a category | or category |l analytical
procedure is used as an altemative to the compendial procedure, the alternative procedure
must be fully validated and must be shown to give results equivalent to or better than the

compendial procedure.”
4.MaBoport Ha pH ro ojacHysa Ha CNeaHHOB HAYHH.

“Meloxicam has two pKa values, 1.2 and 4.2, At a pH of 3.1, Meloxicam is mostly in its jonized
form, which increases its solubility in the mobile phase and improves its ratention time on the

column.”

Opa TepAcHe cOfpwd chyHIaMeHTanka rpewka B0 pasbiparero Ha HPLC. [okonky
MeloxicamoT @ Bo joHiaMpaHa (HOPMA KaKO LTO TBRAM KAaHZAQATOT, HErosaTa OMApHoCT c8
aronemyea, wro so HPLC (RP-18 konowa) Aosedysa AC HamaneHo, a He nonobpeHo
peTeHUMoHo Bpeme (retention time). Ha pH 3.1 (wro e nomely pKal 1.2 v pKaz 4.2),
MeloxicamoT He e ,UenocHo joHMsupaH', Tyky ce Haofa Bo ceojaTa LsiTep-joHcka (opma.
Wabopor wa pH 3.1 Ges cooneeren nychep, Tyl Camo co OLETHa KACENMHA, Aoselyea fo
yecTabuneH cHcTeM kage mana npomeda so pH (nopagw apparent pH {npueugHa pH)
WIMepeHa BO MelABMHA) Ke NpegMasika OfpOMHM NOMECTyBarkd Hd MUKoT. KaHgupaTot
Hasanyea Aeka pH epegHocta 0f 3.1 € npunargaeHa co OLBTHA KCEniHa OTHAKD C& MIMELUAHN
aueToHMTpIUNOT W Bofata B0 cooaHoc 60:40. [okonky Apyr aHankTW§ap ro NOArOTEN MCTUOT
pacTeop, HO ja mepst pH BpeaHOCTa CaMO BO BOAHATA thaza (kako Wro e rpagnnHo), ke nobue
COCEMA NOVHAKBM XPOMATOTPADTIN PESYNTATI, MaKG Ha XapTHja" METOAOT U3rneaa UcTo. Oga
[MPEKTHO ja YHULTYBa pobycHOCTa I UHTEPMEBAVEPHATA NPELMIHOCT

HeycnexoT aa ce pasbepe XeMHCKaTa WHTepakLyja Ha pH v pKa axaqn Aexa NPUnarodyBaskata
38 C& NOCTUIHE CAKAHOTO Pa3ABR0jyBakse ce Ha Da3upaaT Camo Ha NpeTnocTaskit i Toa MELHN.
HenpaewnHoTo Tonkyeawe Ha pKa spegHocTvTe i 2eTOT Bp3 PaTEHLMjaTa JHPEKTHD ja
3arpo3yBa WHTEPMEIMEPHATE TMPBUMIHOCT Ha METOAOT. KpatideH nponycr BO TpyAoT ka
KAHOWOATOT & 33HEMapyBalLeTo Ha (PakToT [eKa UHTEpMEINEpHaTa MPEUMIHOCT & JUPEKTHD
3aBucHa of poBycHocTa Ha MeToaoT.

LiuTaTi 0f aMepUKkaHCKka dhapuaxonea ICH {International Council for Harmanisation)

USP <621> (Chromatography), Mobile Phase Section:

"The pH of the mobile phase is that of the aqueous component. [..] For a given
chromatography, the composition of the mobile phase, the column, and the temperature are

adjusted to achieve the desired separation.”

USP <621> (Chromatography), Physical Parameters: “The pH of the mobile phase is that of
the aqueous component. Any adjustments should be made to the aguecus companent before
mixing it with the organic solverts. The pH of the mixture of the aqueous and organic
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components is not confrolled and should not be measured, as the values oblained are not
reproducible.”

ICH Q2(R2), Section 3.3.2 (Intermediate Precision):

"The cbjective of intermediate precision is to verify that the analytical procedure will provide the
same results when performed by different analysts, on different days, or with different

equipment within the same laboratory.”

ICH Q2(R2), Section 3.1.2 (Robustness):

“The avaluation of robustness should be considered during the development phase and should
show the reliability of an analysis with respect to deliberate variations in method parameters. [.]
The robustness study should be used to establish system suitability parameters to ensure that
ihe validity of the analytical procedure is maintained whenever used.”

5.KawanaaToT ro oNpasaysa BUCOKMOT COOAHOC HA ALETOHKTPHN (60:40) co cnefHOBO:

“Thie ratio was chosen because the analyzed preparation is mono-component and it is
advantageous for the peak to appear earlier, without any significant delay.”

OBoj NPHCTaN & HENPUEhaTIME 3 AOKTOPCKA TEMA KOJa NPETEHMpa Aa Buae HayyHO BANMKAHA.
,Ep30To Nojasyeare’ Ha NUKOT IHAYM [1EKE TC| eMywpa 80 ofinacra va npaseH (MpToB) BOMYMEH
wa xonoHara, OBa & KpUTHUKA rpelka Grpejkv ce jaBysaaT UHTEphEPEHLM Bo osaa ofinact
enyvpaaT CUTE OHEMWCTYBAILA KOW HE CE 3aAPKYBaaT Ha KoNoHaTa KaHawaaToT CBECHD ja
ENUMAHIMPa CrocoGHOCTA HA METOROT Aa M Pa3ABOM NONAPHKTE AerpanaHTH, WTo & CYLUTUHE
Ha Stabllity-Indicating Method.

AprymenTauvjata Ha KaHOWAATOT 3a PA3BO] KA NOeJHOCTABEH METO[ Ce TEMENW Ha NOrPELHK
XEMMCKM NpeTnocTaekM 3a pKa spegHocTUTE Ha Meloxicam W cEecHo 3aHemapyBate Ha
chapmakonejckiiTe CTAHAAPAM 38 CANeKTMBHOCT. HamecTo Aa [okawe Aeka METOOOT &
COOZBETEH 3a Criedewe Ha cTabunHoCT, KaHAWAATOT Mo OMTHMM3NDAN CHCTEMAT 3a Bpauna, co
WITG 10 KOMAROMUTHRAN HEFOBHOT HAYUeH MHTErpUTET

LluraTh of aMephkaHcka dapmakonea w ICH
ICH Q2(R2), Section 3.1.1 (Specificity - Separation):

"For the chromatographical procedures, representative chromalograms should be used to
demonstrate specificity and individual components should be appropriately identified. [...] Critical
separations should be investigated at the appropriate level."

ICH Q1A(R2) (Stability Testing), Section 2.1.1:




"Stability-indicating methods should be validaled to be able to monitor the change in chemical,
physical, and microbiological properties of the drug substance.”

8. KaHauaaToT HaBeAyBa Aeka TOMHOCTA & HCMUTYBAHa HA TPK paanuuHK wueoa of 130%,
150% u 180% on paBoTHaTa KOHUEHTPaUMja:

"Ta determine the accuracy of the analytical method, known quantities of the standard solution
were added to the sample solution to create three concentration levels (130%, 150%, and 180%

of the warking concentration)."

I13BopoT Ha KOHLIEHTPALWMM & BO QHPEKTHA CNPOTWBHOCT CO CUTE MEfyHAPOAHW NPENCpak 3d
panKiaLMja Ha METDRM 33 DApefyBatke conpwuHa. CTaupapgHaTa npakca Ha ICH n USP
Hanoxysa onceroT Aa Giae CUMETPUHEH akony paBorHara Toura (100%), HajuecTo o4 80% po
120%. Co TECTUpaKse CAMO HA SHCTPEMHO BUCOKM KOHUEHTRALWW (wag 130%), kananparot
cEECHO o W3BerHan MCAMTYBARETO Ha METOROT B0 peankioT pafioTen oncer, co W
pE3yNTATHTE 38 TOHHOCT C& HAY4HO U PErynaTopHo HEBAKEHKA.

LiuTaTi oa amepuKkancka thapmakonea u ICH

ICH Q2{R2), Section 3.2.2 (Recovery):

"#ccuracy should be assessed using a minimum of § determinations over a minimum of 3
concentration levels covering the specified range (e.9., 80, 100 and 120% for the assay of a

drug substance).”
USP <1225> (Validation of Compendial Procedures):

"For the assay of a drug substance or a finished product, the range is normally from 80% to
120% of the test concantration.”

7. NpHCYCTBO HA NOCTOjaH CHCTEMCKH NPEBHA (Systematic Bias)

AmanuaaTa Ha TaBena 1 rokawysa [eka CWTE NPOCE4HA BPEAHOGTH 3a obHOBMMBOCT C&
nocTojao Hag 100% (101.26%, 100.91% u 101.62%).

Osa He & crywajHa cTaTMCTIKka Bapwjaumia, TyKY jaceH foKa3 33 CUCTEMCKA [Pelkd
(Systematic Bias). Mpoce4HaTa BpEAHOCT 04 101.26% Kaj NpBOTO HWBO & BO TOYHA KopEnaumja
CO rpelUkuTE B0 NOATOTOBKETA Ha MoGunHaTa hasa u pH BpeaHoCTa 38 KoM peke MpeTrogHD
niluyEas. Bo aHANWTHKATA Ha NEKOBM, KOHIMCTEHTHO BICOKN BpeaHoCTY Ha 0BHOBAWBOCT Had
101% ykawyBaaT Ha TOA AEKA METOROT CHCTBMATCKA ja NpeUeHyBa COMDMMHATA Ha NEKOT, WTO
MOXE [a A0BEAE A0 NANHO MOIMTMBHYM PedynTaTi Npy KOHTpONa Ha KBAMWTET.

LiwraTi o amepHKancka dapmakonea u ICH

ICH Q2(R2), Section 3.2.1 (Accuracy):

95



S\ /4

YHUBEP3WTETCKW BUNTEH \

96

“Accuracy should be reported as percent recovery by the assay of known added amount of
analyte in the sample or as the difference between the mean and the accepted true value

together with the confidence intervals.”
USP <1210> (Statistical Concepts in Assay Development):

"Systematic error, or bias, is the difference between the expectation of the test results and an
accepted reference value. Accuracy is the closensss of agreement between the value which i
accepted either as a conventional true valug or an accepted reference value and the value

found."

Bugejiu NPETX0AHD MULUYEAE QKA NWKOT enyupa NPEeMHory paHo, 8o finuavHa Ha NPa3HKaT
(MpTEWOT) BONYMEH, NOCTOM ronema BEPOJATHOCT A@Ka BWCOKWOT NPOLEHT Ha oBHOBNMBOCT
(vap 101%) ce NOMM Ha Ko-enynparme Ha OHEYNCTYBamaTa 0f MaTpUKCOT (pacTeOpyEaqut

KCLMNMEHCH TOHEHCTYBAE) KON C8 cofiMpaar” Bo WCTaTa PeTeHUMOHE TO4Ka CO Meloxicam.
Ookonky METOAOT HE & CReuWdMyed B0 30HATA Ha MNPasHAOT (mpremot) somymes, UV

NETEKTOPOT |a MEpM BynHaTa ancopbaHua Ha Meloxicam nnyc 3agfH0 CUTE OHEYNCTYBakd
WTo enywpaaT Ha noveTokoT. Toa pesynTvpa co NawHO BICOKA TOYHOCT, LUTO & TOkMY Oha WTo

ro rmegame so Tabenarta Ha KaHowaaTaoT.

B. KangupaToT HaBeayBa AeKa KOPWUCTen Camo TPH MHjeKUWK o CTAHOAPAHWOT PacTeop
34 eBanyaumja Ha NoBTORNHBOCT

“Three conseculive injections were performed for the standard solution, and six consecutive
injections were performed for the sample solution”

Osa & AMPEKTHO KpWEME Ha npasunara 3a System Suitability Testing (SST). CraHgapaer
cryM 33 Aa ce NoTepAw Aeka wHcTpymenToT (HPLC) pabomu craBunHo npeg A3 nouxe co
aHanMza Ha npuMepoupTe. Co GaMO TPH MHJSKLMM, CTATUCTUUKM @ HEBO3MOXHO A3 O AOKENE

fleka CHCTEMOT & BO pamHoTexa’. Cute Bogevkd dhapmarone Dapaar MUHAMYM 5 wm B
NHjeKLMK 33 0BOj NapaMeTap.

LiuTaTi OO €BPONCKA W aMEPHKAHCKaTa (hapMakonea
European Pharmacopoeia (Ph. Eur.) 2.2.46 {System Suitability):

"The repeatability of injection is typically confirmed by a minimum of 5 replicate injections of
the refarence solution... unless otherwise justified.”

USP <621> (Chromatography), System Suitability:

"Unless otherwise specified in the individual monograph, data from five replicate injections of
the Slandard solution are used to calculate the relative standard deviation if the requirement is

2.0% or less




9. Kaugupator Tepan meka RSD oa 143% e BO paMKuTe Ha KPHTEPUYMATE NpU
@Banyaluja Ha NoOBTOPNHBOCT.

“The obtained results were used to calculate the RSD (1.13%), which fel within the acceptance
criterion, indicating that the method is precise when performed under the same conditions, for a

short period, on the same sample”

Bo aWanwTWkaTa Ha nekoew, ocofieHo 33 OApPefyBaweTo Ha COApEWHATE, rpaHuuaTa 3a
npuchatrmeocT Ha RSD waj pennuuMpadi npumMepoun @ yecto mHory nactpora of 1.0%.
Bpegroct og 1.13% B0 KOHTpONMpEHHW nafiopaTopwcky YCMOBW & jaceH WHOMkaTop 33
HecTaBWIHOCT Ha MeTofoT, OBaa sicoka BapujaBunHOCT & QUPEKTHA NOCNBANUE Ha MPETX0AHO
yTepaeHnoT npofinem — enywpaie 8o 30kaTa Ha npasHneT (MPTBMOT) BOMYMEH, Kage WTo
WYMOT Ha OCHOBHATA NKHIM A M OHEUNCTYRAMRATE O MATDULATE {pacTEOPYBAYM + EHCLMNHEHTH
+ OHEYMETYBaH:A) [ NONPEYYBEAaT NpeynsHaTa wHTerpaLmia Ha nukoT

LuTaTh 0A EBPONCKa W aMEPHKAHCKATA (hapMakonea

ICH Q2{R2), Section 3.3.1 (Repeatability):

"Repeatability should be assessed using: a) @ minimum of 8 determinations covering the
specified range... or b} @ minimum of & determinations at 100% of the test concentration.”

IS0 5725-2 (Accuracy/Trueness and Precision of measureme nt methods):

"The precision of a measurement method is the closeness of agresment hetween independant
test results obtained under stipulated conditions. [...] Large standard deviations indicate a lack

of contral over the measurement process.”
10, HegocneaHoGT Ha CTATHCTHYKUTE TPEHAO0BK (Accuracy vs. Repeatability)

MoCTOM CEepUa3IHa CTATUETUYKA HEYCornaceHoCT nomefy NoAaToUMTE NpWjaBeHn Bo Tabena 1
(Accuracy) W pesynraTtiTe Of NOBTCPMWBOCTA (Repeatability). KaHgnpaTor Rokaxysa
WCKNYYHTENHO HMCKW BPEOHOCTH HA RSD npu BMCOKM KOHUEHTRALNM (0.13% wa 130% wnao),
fofeka npu cTaHgapaxata paboTHa koHueHTpaumja oa 100%, sapujabunHoCTa EHODMHD C8
aronemyea Ha 1.13%.

OBOj TpeHO & CNPOTMBEH HA NOMMKATA HA AHANUTHUKATE panuaaunja. Qokonky Metcdor e
BMCTUHCKW MPELM3EH, HETOBATE BapMjabUNHOCT HE CMEe Aa & JONEMN 3a peynci 9 natu npu
npemun og 130% wa 100% woHLeHTpaLmja. OBaa HecTABUIHOCT & jaceH AOKA3 Aea METGROT
He & pobyceH W aeka 3aBncH o4 cpelMin OKOMHOCTH, & HE Of Hay4Ha NOBTORMWBOCT

LiuTaTh oA 8BPONCKA M aMEpHKaHCKaTa (papmakonea u ICH

ICH Q2(R2), Section 3.3.3:
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"The precision of an analytical procedure is usually expressed as the variance, standar
deviation or coefiicient of variation of a series of measurements. [..] Significant differences |
precision at different levels of the range indicate a lack of method control

European Pharmacopoeia (Ph, Eur.) 2.2.46 (Robustness):

"The reliability of an analytical procedure is demonstrated by its consistency across the intende:
range."

USP <1210> (Statistical Concepts in Assay Development):

"Siatistical contral is achieved when the variability of the process is stable and predictable
Discrepancies in precision results across different validation stages suggest underlying

methodological flaws.”

Co paKawTe KOHTPAMMKTOPHW NOAATOLM, KAHAMASTOT AOKAMYEA [SKA HETOBMOT METOA g
HECHTypeH. HEBOIMOKHO @ 8EH MeToA Ad fuge npeumsed (RSD 0.13%) Ha egHo HAED, @
LenocHo HenpeLnseH Ha pafoTHoTo wuso (RSO 1.13%). Osa e cunex wHaukatop 3a cnafio
pa3BKeHa MeTOAA Koja NoTHpNa HA OCHOBHWTE TECTOBH Ha USP w Ph. Eur. 33 KOHIWCTEHTHOCT.

11. EHopmHo BucOkM BpegHocTh Ha RSD npw esanywpare Ha HHTEpMEeOHEpHATA
npeunanocT (HenpudgaTnHBea NpeuMsHocT)

Kangunator npujasysa RSD of 1.72% 3a NPBMOT aHANMTANAP komBunmpan RSD og 1.41%:

"The RSD was calculated individually for each analyst... the combined RSD vaiue (141%) were
within the acceptance criteria.”

Bo awanWTukaTa Ha mewosM, kombuewpan RSD og 141% e npesicok Esponckara
thapMakoneja 11 MHAYCTpUckWTe cTanpapau 38 HPLC metopu ofinuHo Hanowyeaat RSD pa
Guge nog 1.0% 32 ga ce CMeTa [exa MeTD/oT & NOA KOHTpOna. BpegHocta og 1.72% kg
NPEMOT AHAMWTHYAD & NOKAIATEN KOj YKAMYBA HA TOA Aeka METOAOT & ocobeHo eKCTPEMHD
OCETAME HA HOBEYWM (AKTOp, WTO @ AMPeKTHa Mocnepnua Ha nowarta pofycHocT M pH

KOHTPONA.
Liuratu og esponcka hapmakonea ICH
European Pharmacopoeia (Ph. Eur.) 2.2.46:

"The analytical procedure should be validated to demonstrate that it is suitable for its intended
purpose. [...] High variability in intermediate precision indicates a lack of method ruggedness.”

ICH Q2(R2), Section 3.3.2 (Intermediate Precision):




"The objective of intermediate precision is to verify that the analytical procedure will provide the
same rasults when performed by different analysls, on different days, or with different

equipment”

12, KaHAWOATOT NOBTOPHO KOPMCTH CaMo TPH MHeKUMM OA CTaHAIPAOT 33 fokamyBae
HA WHTEPMEOHEpHATa NPELHIHOCT

“Three consecutive injections were carried out for the standard solutions, and two consecutive
injections were carmied out for gach sample solution.”

Kako WTo Bele HaBEfeHo MPETXOAHD, 0BA & AMPEKTHo Kplweke Ha Ph. Eur. 2.2.46 w USP
€B21>. 3a NPecMETHa Ha COAPMMHA GO BakBa NPELMIHOCT, HeonXogHM ce Hajuanky 5 win 6
MOBTOpEHY WHEKUWW Ha CTaHaapaoT 3a fa e pcurypa crafunHocTa Ha  GWGTEMOT.
KopucTerseTo Ha Camo [BE WHjeKUAK 33 NpUMEpoLATE ja npasu NpecMETKATa CTATMCTUHM

HECHTypHa.
13. AHanw3a Ha coapiuna (%): CucTemcka rpewka (Bias)

[NeRajion M NOSARHENHATE PE3YNTATV Ha NPBHOT aHANUTUHAR (npumepok 3 W 5), coapwrHaTa
oov Ao 102.90% v 102.58%.

Pesyntati op pedicy 103% 3a cofpiuba Ha Menokcuial BO WHEKLMK C& HeBooGuuaeHo
RUCOKN ¥ GE HE CaMaTa rpaHuua Ha cneupdukaliuTe (obuuHo 85.0% - 105.0%). Osa & ywre
@0eH [10Ka3 JeKa MATPUUATA (DACTBOPYBaNM + EKCLMNVEHCH + OHEYMCTYBAKE) C8 MEWa co
AuKGT Ha Menokcukam BO NPajHUoT (MpTBMOT) BONYMEH, CO WTO BRIWTAYKN CB ronemyea

NOBPLUMHATA Ha NWKOT W KPEJHWOT pesynTar.
LiuTaT 04 amMepuranckaTa dpapmakonea
USP <1210> (Statistical Concepts in Assay Development).

W\hen results are consistently on the higher end of the specification, it may Indicate a
systematic bias or lack of specificity (matrix interference).”

[lenot 3a merynabopaTopucka NPELMIHOCT @ KOYHCKM [OKA3 33 HEBANWAHOCTA HEl METOAOT. Co
RSD spegHOCTV KOW GOCTHTHYBAaT 40 1.72% w cogpwmMHa Koja ce npuGnikyBa 46 103%,
KAHOWLATOT NOKAKAN [EKA HErOBMOT METOQ He & BO PaMKUTDE Ha nponMLWaHaTa perynaTiea
Mpekpuysareto Ha Ph. Eur 2.2.46 u USP <621 8o ogHOC Ha OpojoT Ha WHSKLMW Ha

cTaHAapAoT ro NpaeK 0Boj TECT PerynaTopHe HWLLTOBEH.

14, KaHgugaroT HaBegysa Aeka NPHMEPOKOT H nnaueboTo W NOAroTEyBan Cco
pacTeopatbe BO METaHoN, BO AENOT Kora esanyupa cneunduIHOCTA Ha METOACT

"The sample solution was prepared by dissolving the acfive substance in Methanol, whereas the
placebo solufion was prepared by dissalving the excipients in the same solvent.”
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OB3 & HKpTM4HA TPEWKA BO METOOOT. Menokchkam WHjEKLWAMTE CE BOJHW PacTBOPM
cnelpciHHa pH BpEAHOCT M eKCUMNMEHCH, cTaBunuanpaHi B0 BOOHA CHEAARA. Co KopWCTEH
Ha YKCT METAHON KaKD PACTBOPYBaY 38 NNAUSGOTO, KAHAMBATOT ja MeHyBa PaCTBOPNNBOLTE
XEMICKOTO OAHECYBarE HA ekcLpnueHcuTe, OBa 3Ha4W [eKa HEroBNOT f0Ka3 33 OTCYCTED |
HHTEpMeperLMja @ HeBaweukn, Buaejkn To] He ja TECTUDAN peanHaTa MaTpvua Ha NekoT, Tyl
BELUTAYKE MELLABWHA BO METAHON,

Liuratw og ICH v eBponcka hapmakonea:

ICH Q2(R2}, Section 3.1.1 (Specificity)

“For the identification test, the procadure should be able to discriminate between compounds ¢

closely related structures which are likely to be present. [...] Specificity should be demanstrate
by the analysis of samples with added impurities and/or excipients and shawing that the assa

result is unaffected by the presence of these matenials.”
European Pharmacopoeia (Ph. Eur.) 2.2.46:

"The analytical procedure must be shown fo be unaffected by the presence of impurities and
excipients. [...) The composition of the test sclution should be representative of the product to be

analyzed."
15. KangugaTtor eBanyMpakse Ha cneuMpnyHoCTa TERAN OeKa HEMA uHTepdepeHUnja;

"Na interfersnces were observed within the elution zone of the active substance in the presence
of the excipients.”

BEunejkn MenokcukamoT enyvpa eKcTpeMHO paHo (80 Npa3HMOTIMPTBMOT BONYMEH), TOj
enyWpa 3aeqHo ©0 (PPOMTOT Ha PacTeopyBaqoT (solvent front). MoBefeTo EXCUMNWEHTH KON He
C& 3appXyBaaT Ha KONOHATA WINEryeasT TOKMY BO 0BAa TOWKA. Co TBpaeweTo OgKa Hema
uHTEphepeHUMja, KaHAMOATOT BEPOjaTHO 1O WHOPHPa (haKTOT Agka UW-geTerTopoT BO Taa
Touka EBEke & JachTes Of CWFHanoT Ha MaTpuuata, WTo 1o MPWKPWEE  BACTWHCKOTO
npeknonyeake. Bes NpUNoMes XpoMaTorpam co BUCOKE PEIONYUMIE HA NOYETHUTE 2 MMHYTH,
0Ba TEQAEHS & HEy4HO HeocHoBaHo. lpekpwysare Ha USF <1225> 3a wgeHTwdMKaumja:
cnopes USP, crneywduyHocTa He @ camo 3 HeMa NUK', TYKY @ C8 QOKaMe QeKa NUKOT Ha
ananuToT & vucT (Peak Purity).

Liuratw og ICH w eeponcka dhapmakonea of amMepHkaHcka thapmakonea

USP <1225> (Validation of Compendial Procedures):

“In the case of an assay, demonstration of specificity requires that the procedure is unaffected
by the presence of impurities, degradants, or placebo components. [...] If the procedure is not
inherently specific, a combination of two or more analytical procedures should be used to

achieve the necessary level of discrimination.”




TectoT 33 CREUWMYHOCT € METOJONOIIKA MPOMALLEH. Co kOpUCTRKE HA METAHON 38
nogroToska Ha nnaugboTo, KaHQWAATOT 0 AHANMIMPan MOFPELHKAOT  XEMACKW  CHCTEM,
WrHopWpajiM ja peanHara MaTtpula (pacTeopyBaum + eKCLpNMEHCH + HEUWCTOTHM) HE
nHjekvjaTa, TepaekeTo Aeka Hema WHTEpGEpEHUMja BO 30HATA HA ENYUM|a & HEBOIMOXKHD A3
ce noTepAM, Guaejtn Taa 3oKa ce Mpexnonysa co NpasHMoT (MpTBMOT) BONYMEH, KAAe WTO
CEMEKTHEHOCTA H3 METOROT @ edHakBa Ha Wyna. Osa e BO AMPEITHA CTIPOTMBHOCT CO ICH
Q2(R2) v Ph. Eur. 2.2.46 cTanaapAnTe 3a HeBOCMUCIEHS WAGHTADKALIA Ha BHANKTOT.”

16. Axo ja norneaHEMe PABEHKATA HA NpaBaTa of rpachukoT: y=21255529x-548914

BpegHocTa Wa y-WHTEpGenT & 548014, Osa e eHOPMHO roNeMa HeraTveHa BpEfHOCT. Bo
WAEANEH U TOYEH METOZ, Kora xoHUeHTpaumjata & 0 (x=0), NOBPLIMHATA Ha RUKDT (y) Tpeba pa

Bune 0 wni MHory BRKGKY A0 Hea.

OBoj OFPOMEH HETATWBEH MHTEPCENT 3HAWM AEKa AMHEapHaTa Npaga be NOMMHYEA HA3
MOYETOKOT Ha KOOPAMHATHWOT cuctem, OBa & MaremaTduy aokas ASka NOCTOM CMCTEMGK
rpewka (Systematic Bias), Kaxo wro KOHLEHTpaLMjaTa €8 HaManyga, METOROT CTaHyea ce
NoHETOMEH, WTO & AMPEKTHa NOCNEAWUA Ha nowara WHTErpaupja Ha MAKOT BO 30HATA Ha
MDTEKOT BONYMEH.

Luratk oa ICH, aMepHKaHcka W eBponcka thapmaxonea

ICH Q2(R2), Section 3.2.3 (Linearity):

“The y-intercept, slope, and correlation coefficient should be reported. A significant deviation of
the y-intercept from zero may indicate a constant systematic error”

USP <1210> (Statistical Concepts in Assay Development):

"The intercept should be evaluated for its clinical and analytical significance. A large intercept
relative to the response at the target concentration sugg esis a lack of specificity or a constant

hias."
European Pharmacopoeia (Ph. Eur.) 2.2.46:

"Linearity is typically demonstrated by a correlation coefficient... howaver, the y-intercept must
be close fo zero to ensure accuracy at lewer concentrations within the ranga.”

17. HecoonBeTeH W BeWwTaukn nomecTen oncer (Ra nge)

Kaugugator Hamenysa Aexa paborHata koHUeHTpaLWja & 0.2 mg/mL. Ako i NOMMEAHEME
TOUKATE Ha TpathukoT (X-OCka), HAjHMCKATA TOUKA & OKOMy 0.6 mg/mL (wro e B0% of
pafoTHaTa KoHUEHTpaUwja), Jofeka na HajgvcokaTa Touka e oxony 0.26 mg/mL (wro e 130%

of pabotHaTa KOHLEHTpauM|a).
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Bo NpeTXoAHKOT SN 38 TOHHOCT (Accuracy) KaauAAToT TEABLUE 8ka WCUTYBAN HMEDa Of
130%, 150% w 180%. MefyToa, HETOBKOT FPACMK 38 NMHEAPHOCT JABPLIYEA Ha 130% (0.26

mg/mL).

Cropeg ICH w USP, oncerot (Range) mopa fa Guae NopApKaH co NReapHoCT. Kaxguparar
He Moe 0a TEPOM 4eka MeTofeT @ ToueH Ha 180% (og AenoT 3a TOMHOCT {Accuracy) aro
Werosata nWHeapHoct npekuHysa Ha 130%. Oea e KnacuueH MpUMEp 33 HEroB3aHA W

NOTEHLM]NHO HEWTeNyBakHk" NOAaTOUM.

18, Namwa curyproct co R2=0.999

KaHgugaToT Ca NOTNUPA Ha BUCOKMOT KOB(MMUMEHT Ha KOpEnaUmME:

"R2 was delarmined o be within the acceptance criterion, indicating a linear relationship..."

Bo aHanuTikaTta Ha nexoeu R2 caM no cebe we & oKas 3a NHeapHocT. Bucok RZ moke Aa ce
aofwe gypn 4 ako NOAATOUNTE CE JAKPHBEHM (KypEWMHEAPHY), AOKOMKY OMCErOT & Ma.
KaHaWaaToT He npunoxmn rpadak Ha peanpyw (Residual Plot), ko] 61 0TKDMA Aamk TOuKATE
HEBICTMMA NEWaT HA MPaBa NAHWJA WKW WMAAT TDEHQ HA OTCTaNyBawe NOpank MaTpuLiata
(PACTEODYBAYW + BKCUWMNUEHCH + HEY WCTOTAMN).

MpadmkoT Ha NuHeapHocT (Cruka 1) e maTemaTiukid Aokas 3a HEBANWOHOCTA HA METOFoT.
EnopmHMOT HeraTHeaH y-ukTepeent (-548,814) noTepayea NpUCYCTBO Ha NOCTOjaHa CHCTEMCKR
rpewka  (Systematic Bias), wto ro npaBu KBAHTUTATWBHOTO CAPELYBAMRE HECHTYPHO.
[lononHUTENHO, MOCTON CBPWO3HA KOHTPa@MKLMja Nomery 0Boj Aen W AENnoT 3a TOHHOCT.
(SHAMAATOT HE MOKANEN NWHEeApHOCT 38 BUCOKATE KOHUBHTPALMA (150% w 180%) KoM
NPETXOAHO MW NPUjaBIN Kako Touky, 083 e AWPEeKTHO KDLEHE Ha ICH Q2(R2) w USP <1225~
cTaHOapAMTE 33 BaNMAaLMja Ha oncer ¥ NHeapHOCT.

19. Npomena Bo edpMKacHocTa Ha konowara (N), 3a pobycHOCTa Ha METOA0T

AKD C& NOFneaHaT BpegHoCTHTE 3a OpOjoT Ha TOPETCKA NOAOEM (N), npikaxamn so Tabena 3
KO| ja NpeTcTaBysa ehMKACHOCTA Ha KONOHATA!

« [pw NpoMEHa Ha COOAHOCOT HA MODMNKaTA (asa of 55:45 Ha 6535, ce rnega feka

echuracHocTa nafa og ~6900 Ha ~5500.
+ Tpw npomena Ha npotokoT (flow rate) og 1.3 ml/min wa 1.7 mU/min, ce rnega Aeka

echukacHocTa nara o ~7000 wa ~5400.

MyGeiwe Ha edvkacHocta og Hag 20% npw Mank NpoMeHW Ha napamerTpare € Ookad fexa
meTonoT He @ pobyced. Bo aHanuTWkaTa Ha NeKoEN, pofyceH METOR & OHO| K3e WITO BaKBATE
NPOMEHK HEMAET HAHUTENHO BNWjaHWe Bp3 NepdopmaHcTe. Oeoj nag Ha N AUpeKTHO ENujae
wa cnocofHOcTa Ha MeTofoT pa ro pa3neow MenokoukamoT of Herosata MaTtpula
(DACTEOPYRAYM + EKCLMNMEBHTA + HEUNCTOTHM ).




éﬂm} 385, anpun 2026

Liwratw og ICH w eBponcka gapMakonea :

ICH Q2(R2), Section 3.5 (Robustness):

“The robustness of an analytical procedure is a measure of its capacity to remain unaffected by
small, but deliberate variations in method parameters... If measurements are susceptible to
variations in analytical conditions, the analytical conditions should be suitably controlled.”

European Pharmacopoeia (Ph. Eur.) 2.2.46:

"amall variations in the composition of the mobile phase, pH, or flow rate should not significantly
affect the performance of the chromatographic system.”

20. MNpomena Ha ackmeTpujata (As) npu npomeHa Ha pH

Mpy npomera Ha pH BpegrocTa 3a camo 0.4 epnHMuy (0g 2.9 Ha 3.3); acumeTpujaTa (As) ce
npomeHysa o 1,18 Ha 1.56.

AcimeTprja of 1,56 & Ha camaTa rpaHAUa Ha perynaTopHa nputaTineccT {rpaHuuara e 1.3).
®aKToT Wro npomeHa #a pH o camo 0.4 eauHULM ro ABhOpMHPa MUKDT TOMKY APaCcTUNKO,
nokawysa gexa cradunkocta Ha MenokcukameT BO 0BOj METOR & KPUTWYHO noLwa. Bupejim
FKKOT ENYMPa BO NPasHHOT (MPTBMOT) BONYMEH, CEKOJa NPOMEHS HA pH npegu3BKKyEa Xaoct
g0 MerosaTa <hopMa, WTO BOAW A0 HETOMHA WHTETpauMja W NOFPELHW pe3yNTaTh 33

COAPHMHATA.
21. KpuTH4Ha 3aBHCHOCT Ha KanauuTer-hakropor (k')

Mpi NpoMEHa Ha COOAHOCOT Ha MobrnHaTa aza (o8 55:45 Ha 65:35), k' ce mewyea of 2.5 Ha
3.2, PobycHocTa TpeDa ga Aokame feka MeToaoT & crabineH. Baxsa sapwjauwja Ha (k') Brixjae
H3 PETEHUMOWOTO BPEME Ha SHANWTOT WO 3HaYW AeKka BO naGoparopuja, ako anapartot
HANPABI MYHIMANHA TPELLKE BO MELWAETO Ha PAcTBOpYBaYMTE, PeAyNTaToT ke Buge uenocHo
norpelleH. KaHauaaroT ro aaHemapun qaKtoT Aeka USP w Ph. Eur. Bapaat MeTOAOT A& He

fvae OCETNWE Ha OBME NPOMEHN.
LiuraT op amepHkaHckara rapmakonea

USP <1225> (Validation of Compendial Procedures):

“The robustness of an analytical procedure is a measure of its capacity to remain unaffected by
small, but deliberate variations in method parameters and provides an indication of its reliability

during normal usage."

PeayntaTute on Tafena 3 ce uHanHuoT Ackas Aeka METOROT & HeBanMasH. WMako kaHamaaror
3aKny4yBa fgka MeTogoT & polyce, HeroBuTe CONCTBEHW Bpojkv nokawysaar rybewe Ha
BOMKACHOCTA HA KONCHATa 3a npeky 20% w gpacTU4HO BROLLYBAHE Ha ACUMETDHM|ATA HA NMKOT
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MPW MUHMMANHN NPOMEHH Ha pH. Baksara HecTabUNHOCT 0 NPaBU METOACT neynotpefinue 3a
DYTHHCKA KOHTPONA Ha nexosw cnopes Ph. Eur. 22 48 u USP <621>, kage wro podycHocTa e

ocHoBeH GTonG 3a GeafeaHocT M KBANMWUTET.

TpyaoT 3a MepHa necaryprocT (Measurement Uncertainty - MU) “Estimation of Measurement
Uncertainty Using Top-Down and Bottom-Up Approaches for Accurate Content Determination of
Meloxicam in Injectable Dosage Forms' e knydeH Guaejiun i nocTasyea TEMENUTE Ha cHTE
HaPEAHA MATEMATHHUKA MPELLKK. KaHanaaToT ro yaTupan CBOjOT NPETXOAeH TPYA 38 ganuaaumja
“DEVELOPMENT AND VALIDATION OF HPLC METHOD FOR CONTENT DETERMINATION
OF MELOXICAM IN INJECTIONS®, B0 ncBeite HaBpaTh Hi3 TRYACT 33 MEPHA HBCATYPHOCT.

PedepenuaTa (B) wio ke c& KOPUCTA 38 NOHATEMOLUHO ofjacHyBare @ TPYAOT HA KaHaUAaToT
"DEVELOPMENT AND VALIDATION OF HPLC METHOD FOR CONTENT DETERMINATION
OF MELOXICAM IN INJECTIONS®, {WcTvoT Tpyd 3a KOj Nallysas [0 CEra) M € O3HA4EH Nof
Bpoj (8) Bo kopucTeHUTE peepenun Ha “Estimation af Measurement Uncertainty Using Top-
Down and Bottom-Up Approaches for Accurate Content Determination of Meloxicam in
Injectable Dosage Forms'

1, HecurypHoeT npu whTerpauuja (ApexTrack)

KaHaWAaToT Ce NoTNUpa Ha aBTOMATCKW anropuTam 3a WHTEMpALM]E LMTHPAJRM Mo NPeTXOAHHOT
Tpya". ApexTrack integration algorithm (8). ApexTrack e eKCTPEMHO OCETINE Ha LUYM Kaj
0CHOBHATA NUHWjA. Buogjkv o pedepexHua (8) e yTBPAEHO aeka enyauqjata & so MpTBACT
BOMYMEH (AN LLYMOT & HAJrDNem), HECUrypHOCTa NpH AeMHMpaLE HA OYETOKOT W KpajoT Ha
nukoT e eropmHa. Cnopen ISO/IEC 17025 w Eurachem Guide CG 4, npecMeTkata Ha MepHa
HECWIYPHOCT Mopa A C& 3aCHOBA Ha BANWAMpaH 1 creundbuqer meton. Buaeifn so Tpyaor (8)
& [OKyMEHTWpaHD feka MenoxcukamoT enyupa B0 NpasHioT (MpTEMOT) BOnymeH (k'<2), TO]
METON & HECTIBLMCBNHEH.

2.MNpomeHa Bo Macata Ha pedepeHTHHOT CTaHAaph W BONYMEHOT Ha KOpMCTeHaTa
THEBMLA

Bo TpyaeT 3a eanupaumja kopucTen Maca oa 10mg 33 pedpepeHTHNOT CTEHAAPA M BONYMEHCKS
TvkeMua oa 50m|, Logeka BO TPYAOT 38 MEpHE HECKIYPHOCT MaKD ro LNTHPa NPETXOAHAOT TRYA
cenak Hanpasun NpomMeda W KopucTen maca oa 20mg 3a pechepeHTHAOT CTaHgapg M
gonymencia Tukeuua o, 100ml

Cexoj sonymerpucki cag (100 ml vs 50 ml) uma painuyHa cneundnuMpara HecHrypHocT
(roneparupja). [ononHKTENHD, KAHAWAATOT KOPUCTH DainWurHA MEDHW ONepaLiK. Mepere 3a
cTaHaapaoT (20 mg) v nuneTupatse 3a npumepekoT (1.0 ml). Cnoper Cnopen Eurachem/CITAC
Guide CG 4 HEcWrypHOCTA Ha MUNETWDANE @ SHAUUTENHO MOronemMa Of HeCHMYPHOCTA ha
parare. [OKONKY KEHOMAATOT B0 (PWHanHaTa rpecMeTka He M1 pasaecii OBA2 JBE LaINWYHK
HOMMOHEHTH HA HECWTYPHOCT, HEMOEaTa BPefHOCT 34 U (npowwpeHa HECHTypHOCT) &
MaTEMaTHYKM WaMMCneHa. Hecuryprocta Ha Barawe Ha 10mg & nNpoUEHTYanHe ABOJHO
MOFONENa 0fl HECHFYPHOCTa Ha Barake Ha 20 my Ha ucTaTa sara




Omaa painvka € [0KA3 33 HEKOHINCTEHTHOCTA HA HEroBATa pafora. Mako chuHanHata
KOHLEHTpaUMja MaTemaTudke ocraHyea uera (0.2 maiml), op MeTponollka rMefHa Todka, 0saa
npomeHa nomery fsata Tpyda o Pyl KpEOMBMNMTETOT Ha NPEcMETHaTA 33 MepHa
HECHrypHOCT, Buae]iv KaHOMAATOT ja UMTipa pedeperiuata () 3a meTogonorujaTa, Toj MOpa
[1a W KOPMCTH MCTUTE M3BOPHM HA HECHTYDHOCT.

Cocewma & Heflo3BoNEeHo Aa Bianat NpMMaTeH HanpaeeHuTE NponeH! ako Befie KaHZMAaToT Ce
noBMKyEa (cTaBMn pediepeHua) Ha NOAATOUMTE Of NPETXOMHWOT HEroE TPYL. Hanpaaun
ApoMEHa W 80 HaqnHoT Ha wabpaboTka Ha pedpepeHTHIOT pacTacp, @ W Bo KOPUCTEHKOT
petheperTed pacToeop. Bo NPETXOAHKOT TPYA 38 BanHAaLVa |a HEMa HaBE/1EHO YMCTETATa Ha
pedEpEHTHIOT CTaHOADA {99.0%) Acaexa BO 0BO] TPYA ja BHECYBA W MMCTOTaTA (99.00% ¢
0.08%), & cenak ce NOBMKYBa Ha MTAT. UWeToTaTa cera & Aekmapupana HamepHo, sowto fes
feKnapvpaHa WWCTOTA KaHAWAATOT He MOME fAa MW Hanpasn npecmemTe 3 Bottom up

APUCTANOT, LUTO € YUCTA HAyuHa KOHTpAAKKLMja

Bo TpygoT 2a eankgaumia kopucTv 50.0 mL BonyMeHCKa THKBMLAE CO cOHWbUKaLMa Ha camo
NONOBMHE BOMYMEH Of METaHON, WTO BOBEAYEE HEHOHTROMMPaHA TEPMUHKA EKCRaHaHa W
FpEeLLKa BO KOHLEHTPaLWjaTa. Bo TpyAOT 38 HECUTYPHOCT, KAHWIATOT o MEHYRA Canot Ha 100.0
mL, WTo NpeTcTaBysa HER0IBONEHa AEBHjaLMa, 8K METOLOT NPETXOAHO BEHE @ BanMaMpan,
Ho nopagw Toa WTO HEroBWOT METO] He & BanngupaH W BANWAALMTE KaKko WTO BUAoEME
ADETXOAHO @ KOMMNETHO MPONaJHaTa, NPOMEHMTE M HANDABWN Camo 3a Aa ri Halllikka
KpajHUTE pesynTaTy Wwro fe m fobue 3a MepHaTa HeCUrypHoCT.

Lurar oa ISO/EC u Eurachemi/CITAC Guide

CH Guideline Q2 (R1) / Q2 (R2), Section 1.2: "Re-validation may be necessary in the following
circumstances: changes in the synthesis of the drug substance; changes in the compaosition of
the finished product; changes in the analytical procedure.”

Eurachem/CITAC Guide CG 4, Section 6.1: "The laboratory must identify all sources of
uncertainty... Common sources include: sampling, storage conditions, instrument effects,

reagent purtty, volumetric equipment, and weighing.”

ISONEC 17025:2017, Section 7.6.1: "Laboratories shall identify the contributions 1o
measurement uncertainty. When evaluating measurement uncertainty, all contributions that are
of significance, including thosa coming from reference materials, shall be taken into account

using appropriate mathods of analysis.”

ISONEC 17025:2017, Section 7.6.3:"The laboratory shall identify the confributions to
measurement uncertainty. When evaluating measurement uncertainty, all contributions that are
of significance in the given situation shall be taken into account using appropriate methods of

analysis.”
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Eurachem/CITAC Guide, Section 6.4.2:'The uncertainty of volume is specific to the flask
used. [f @ 100 mL flask is substituted for a 50 mL flask, the uncertainty component must be

recalculated.”

3.Bo Cnuka 1 (Fishbone gujarpamoT), KaHAWAATOT HCTOBPEMEHD ri npukaxyea Top-down
u Bottom-up KOMNOHEHTHTE KaKO Aa Ce AieN OO EAEH UCT MATEMATHHKW MOAEN.

Cropep 1SQ 21748, KOMNOHEKTUTE HA MPELMIHOCT W TONHOCT (Top-down) seke Bo cefe ™
COAPKAT BapMjaLnTe Of MEDSHETO HA MACATE W BOMYMEHOT (Bottom-up). Co BrNyYyBaE HE
ABaTa NPUCTaNy B0 eaKa duHanHa NpecMeTka (k@Ko WTO & HABEABHO BO TEKCTOT. " ..expanded
the model to include additional contributors..."), kaHamgaTor spuw geojHo Gposwe (Double
Counting) Ha WETMTE M3BOpK Ha rpewka. OBa BewTakKH ja MEHyBa MBPHATA HECHTYDHOCT M j

NpaBi CTETHCTHHKM HEBANUOHA,
Luratu o Eurachem/CITAC Guide n 150

Eurachem/CITAC Guide (Quantifying Uncertainty), Section 3.2;

"It is important to aveid double counting of uncertainty sources. If the uncertainty is estimated
from method validation data (Top-town), the individual contributions (Bottom-up) are already

inherent in the precision and bias."

ISO 21748:2017, Guidance on the use of repeatability, reproducibility, and trueness
estimates:

"Duplication of uncertainty components shall be avoided when combining estimates from
different approaches.”

4.Kangwparot ja AedMHMpa mMepHaTa BpegHocT (measurand) Kako KOHUEHTpaumja Ha
Menokcukam 8o mgimL.

Kako WT0 YyTBDAVBME NPETXOAHO BO NPETXONMUOT AEN Of HAMHWAHOTO, METOACT ENyMpa BO
npasHuoT (MprauoT) Bonymen (k'<2). Bo JoHaTa Ha MPTEMOT BOMYMEH, cneundryHoCTa Ha
MeTOAOT @ komnpomuTipara. Cnopen EDQM, 32 ga ce gedvhmpa Measurand®, mopa npeo Aa
e rapaHTMpa CEneKTBHOCTA. Bupeji KaHOMAaToT He BRMYWWN rpanka BO JFishbone®
[MrPAMOT 32 CRNEKTUBHA HECUIYPHOCT, HErOBKOT MOAEN & HAY4HO HBLIBNOCEH.

LiwraTw om EDQM Quality Management Document
EDQM Quality Management Document (PA/PHIOMCL (05) 49):

"The identification of uncertainty sources must be exhaustive... including potential interferences
fram the matrix which can affect the measurand definition.”




Crmia 1 W MpUADYKHATA QUCKYCH]A €8 CTATMCTHHKA NEDafOKE. KaupupataT ce obuayea Aa m
coBepe Top-down w Bottom-up npwcTannTe, WTO & OMPEKTHO MpEKpLIYBaE Ha Eurachem
a0gudUTE Nopaau AeojHo Gpoeke Ha WCTWTE M3BODU Ha HecurypHocT, Moxatany, avjarpanoT
33 MASHTWHKALMIA Ha M3BCpUTE € neyenoceH Giupejii caeckHo rd HaocTapysa OOMMHAHTHITE
rpewky: Bias 04 NUHEAPHOCTA W HECUTYPHOCTE 0/l HBJOCTATOK Ha CENeNTUBHOCT BO MPTEKOT
sonymeH. Osoj Aen og TPYAoOT @ Camo BUayenHa KOHCTDYKUM}A Koja He M 0ApalyBa PeanHuTe
METPONOLIKH PU3MLM HA BHANUTLKAOT METOA,.

5. Bo genot wa Top-Down npuCTanoT KAaHAMAATOT TBPAK Agka npecmeran u(p)=1.035%
KOPUCTEjKM NOAATOLM Of ABA]LA AaHANHTHYAPH.

Ozaa npecMeTEa 8 METPONOWKA HBBanuaHa. Cnopeg, 1SO 21748, 3a fa nocTod
WHETEpMEaMEPHA MPELUMIHOCT, sapwjauujaTa Mopa ga BKMy4yBa BpEME (paznuuHK AEHOBK).
KaHWmAaToT 1O WIBPLMN TECTOT BO WCT AEH. Bpeprocra oa 1.39% (RSDew) ve & Jery-
cepucka’ sapwjaumja, Tyky oBuueH Juym’ nomefy Asajua konerd BO WCTA CMEHE. Co
WrHOpUpaHsE HA BapwjauMuTe o HOB nydep, npomeka Ha pH M WHCTPYMEHTANHA NPCMEHN,
KAHOWAATOT NPECMETan Gamo NOBTOPNMBOCT, & j& 03HEMMN KAKD MHETEPMESMEDHE NPELMIROCT.
PeanHaTta HECHIYPHOCT CMrypHO Ke Duna noronema &Ko WMano HANpaBeHo NOBTOPYBAKA BO
noBaie AEHOBM

Lutatw og EDQM 1 1SO

IS0 21748:2017, Section 6.2; "Intermediate precision conditions shall include variation of
factors such as time (different days) and calibration batches."

EDQM Annex 2.1: "Uncertainty from precision must be representative of long-term laboratory
performance, typically requiring data collected over several days."

6. KaWgmparor npecmeran texp(8.69)>terit(2.31), poKakyeajin Aexa METOAOT HMa
1HavajHa cucTeMHa rpewka Bias (1.26%).

OBa & HajroneMMoT HEAoCTaTOK. KaHawgarer ro npumesan [pueTan Il {gesujaumja of
cpeqHata spegHoct 101.26%) HaMmecTo Mpuctan | (geemjaumja o 100%). Co 083 KEHAMASTOT
My ,NpOCTYEE" HA METOACT LUTO FPELLK 33 1.26%. Toj ja Mepu camo eapujaLjaTa okany CBOjaTA
Fpeluka, HaMecTo camara rpewka. BpegHocTa ub=0.0041 & cukTueHa, Taa RPETCTABYBa
ADOLEHKA HA NPELM3HOCTE MACKMPEHE KaKo HECHTYPHOCT.

LiwraTw oa Eurachem QUAM ISONEC

Eurachem QUAM, Section 7.7.1: "Where a significant biag is identified .. the uncerainty must
account for the deviation from the truetarget value {100%)."

ISONEC 17025:2017, Section 7.6.1: "The laboratory shall evaluate measurement uncerainty
using data that reflects the aclual conditions and performance against the reference value."
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7. KaHaMgaToT NPecMeTyBa KOMBMHHPAHA HECUTYPHOCT Uc

NoBwexara BpeaHocT 38 U(P) He TOUHE W & NOTLEHETA (nopafi &QHOAHEBHOTO TECTHpatLE), &
u(b) & nawupana (NOpagM KOPUCTEHE Ha CpefHaTa BpeHocT), dWHankaTa BpeAHoCT U
MpOLWMpEHaTS HECUTypHOCT (expanded uncertainty) @ HETOYHA.

Liurat o ICH Q2 (R2) & USP u GUM (JCGM 100:2008):

ICH Q2 (R2) & USP <1225>: "The analytical procedure must be shown to be fit for its intended
purpose... Accuracy must be evaluated at the 100% level for dosage forms.”

GUM {JCGM 100:2008): "The components of uncertainty must be representative. ., failure to
include significant bias results in a non-compliant uncertainty statement.

KeawTwcpukaumjata npexy Top-Down NpucTanoT @ METDONOWIKA HEBAKENKA, KaHgugaToT i
npekpnn 1S 21748 (co ulsedysake Ha TECTOT BO BAEH geH) W Eurachem QUAM (co
MACKMpaKe Ha sHavajHMoT Bias npeky AeBvjauMja oA cpegHata spegHocT). OBwe gejcTeurja
npeTcTaByBaaT CTATUCTUMKA MaHWMYNaLwmja co Lien Aa ce npukpue wacnocoBHoCTa Ha METOROT
Aa fane TOWEH M penpodyKTMBEH PesyNTaT BO COrMAacHoCT CO thapMaKoNejCKITE CTaHAAPAH.
Kako peayntar Ha 0Ba, UGNaTa MpeCcMETHa 33 MEpHa HECHrypHOCT Tpeba fa ce OThpNH Kako

HEpENpeIeHTaTHEHA.

8. KaHgugaToT MAGHTHGHKYBa NPOMEHA HA BOMYMEHOT OA 0.596 mL 3a sapujaumja og
camo +4 °C. Osa npetcTasyea rpewsa og 0.6% camo oa Temneparypa.

Bo npeuwana HPLC aHan3a, oBa @ eHOpManeH W3Bop Ha Juym'. [ogexka KaHQWaaToT o
npecmeTyea opa Bo JBottom-Up” MOAENOT, Herogata Top-Down" npeuwamoct (Up) pefe m
coppsi edexTute of nabopaTopuckaTa TEMNEpaTYpa 33 BpEME Ha AEHOBHTE Ha Banuaaumja.
Co HHBHOTO cobipare B0 PaBeHxa 6, KaHIWAATOT BPWM JUDEKTHD KDLWErLE HA NPMHUANKTE 32
HE3ABMCHOGCT HA W3BOPWTE Ha HECUTYPHOCT.

Liutati og Eurachem v IS0

Eurachem/CITAC Guide CG 4, Section 3.2: > "It Is important to aveid double counting... If &
source of uncertainty is already captured in another component (like precision), it should not be

added again."

ISO 21748:2017: > "Duplication of uncertainty components shall be avoided when combining
estimates from different approaches.”

9. MogroToBkaTa Ha NPUMEPOKOT OTKPHEA OrPOMHA HECUTYPHOCT Kaj NkneTata on 1.77%.

3a thapMaLeBTCka A03upana opma WHjexLmja, HeckrypHocT ofl 1.77% 0f camo BAeH 4ekop Ha
AMAETHpaK:E & NPohecOHANHO HenpuhaTuea,




OBoj NOBARHEYEH Yekop & 4 natw Moronem Of Lenata NOArOTOBKA HA CTAHOADACT. Cexoja
aupeuTMpaHa naboparopuja cnopen IS0 17025 61 Bapana noronaM BOMYMEH Ha MPUMEDOK 3a
@ Ce HaManu 0Boj Wym", KopncTersero Ha OBOj PE3YNTAT KAKD OCHOBA 38 NPECMETHE Camd ja

AOTBPAYEA HECOYHKLMOHANHOCTA Ha NOCTANKATA Ha KaHAWAATOT.

Liurath op I1SO 1 USP

ISO 8655-2:2022; > "The eror of measurement can be significantly influenced by the liquid's
propatties... For critical assays, the choice of volumetric apparatus must minimize the relative

EI"I"CI'I‘ i

USP <1226>: > "The pracision of an analytical procedure is the degree of agreement among
individual test results... high variability in sample preparation renders the method unsuitable for

its intended use."

10, Kawgupator ru cobupa Bottom-Up pesyntaTtite coO Top-Down peayntatute BO
Paeenka 6.

Bugejiu npeunsHocTa (Up) & oapeasHa ACAEKa aHanMTAYapNTE chUEHHKI MY HODMCTENE MCTUTE
MMMETH ¥ TUKBKYNM, rpewkaTa ol nunetata og 1.77% € BEKS COAPWAHA BO HECWIYPHOCTA O
npeumMarocT, CO HWEHO cobupatee, KAHOWAATOT CO3AaBd HeKoja HOBA HECUMYDHOCT KOja HE

nocTo BO PeanHocTa.
MNpecmeTHH HA TPRILIKATA Ha KaHOWAATOT.
Bottom-Up uc (co rpewka): =2.16%
Expanded Uncertainty (U k=2}: 4.32%

Bo gosTopckn Tpya Bo ofinacta Ha aHanuTka Ha NEKORN, kape cheunguramuTe ce 3%,
mepHa HecuryprocT o $4.32% e Heynotpefnuea.

11, KaHawaaToT NOCBETYBa OTPOMEH MPOCTOP HA HECHIYPHOCTA Ha MONAapHaTa maca
(u=0.0000208).

Osaa speaHocT & 180 nati nomana of HeCUrypHOLTa Ha THKBIHKMTE. BrnydyBareTo Ha BaKEX
jaHEMapMWBI  KOMMOHEHTW, [OQEKa C&  WFHODWpaaT katacTpochanyuTe  rpelim  BO
MUNETHPAETO W HEAAEeHBATHUTE NORATOLM poBWeHd Of BaNWiaUMaTa Ha METOAETE CE
KNACHUHE TAKTVKA 38 CO3ABAHE WNY3MK 32 PUrOPOIHOCT BO HAYHHHOT npucTan

LuraTw og Eurachem QUAM:

Eurachem QUAM, Section 3.4.1: > "Components that are less than one-fifth of the largest
component do not need to be evaluated in detail."

109



S\ /4

YHUBEP3WTETCKW BUNTEH \

110

GUM (JCGM 100:2008): > "Only significant components of uncertainty should be included in
the final uncertainty budget to avoid obfuscation of the results.”

@WHANHaTa NPECMETKA BO 0BOj TDYA € MaTemaTHdkd Napafoke. Qrpomuata AMCKpenaHua
nomefy Top-Down (2.22%) v Bottom-Up (4.32%) mogeniTe pokaxysa Aeka PaeeHra 6 &
MOFPELHO NOCTABEHA W BPLUK [iBCHO DpOEre HA KOMMOHERTHTE, MeTogoT & ToNKy HenpeUuM3eH
WO NpOWMpeHaTa HecurypHooT of 4.32% ro Npask HEeBo3MOKHO [OKaWyBaHETD Ha
KEANUTETOT Ha NEKOT BO rDaHMUMTE HA (hapmakanejara. OBaj TRYA HE & HayHeH NPMAOKET, TYKY
36WPKE HA CTATUCTUHKN TPELLIKH MACKNPaHI BO KOMMNEKCHK opmynw.

12.KaHOMaatoT HaBeAysa fexa nopagM 3Wauajuuot Bias, ja kopurapan cpennara
Bpegnoct of 15.156 mg Ha 14.967 mg.

OBa & HajoYUrNEAHNOT AOKA3 /IEKa CAMMOT SHANTVHKN METOA @ HeBANMASH. Bo aHanuTHkaTa
Ha MEKOBM, JOKONKY METOM 38 PYTWHCKA KOHTPONA Ha KBANWTET Gapa NoCTojana MaTemaTiuka
kopeklia Ha Bias-oT 33 Aa jojae 00 TOYEH pedynTart, TO] METOA HE €& COOABETHEH 33
HAMEHATA.

KopekujaTa e HanpaBeHa Bp3 OCHOBA Ha FECOVETY MOAATOLM O CAMO AeH AsH. Noxonky
creakdoT peH Bias-0T ce npomedd (nopagn pH o na nydbepoT WnM Temneparyparal,
maTemaTVyKkaTa KOpeKLMja ke GWge norpelHa, wro fe 4oBege A0 NAXHW pesynTaTtd 3a
KBANWTETOT HA NeKDT.

Lwratu og ICH u Eurachem QUAM

ICH Q2 (R2), Section 3.2.2: > "If a significant bias s found, the cause should be investigated
and the method should be improved. Relying on mathematical comections for routine testing is
not acceptable for pharmaceutical release.”

Eurachem QUAM, Section 7.7.4: > "The preferred approach is fo eliminate the hias by
modifying the method. If this is not possible, the uncertainty must reflect the instabilty of the

bias over time.”

13.Kangugatot npujasysa KomGMHMpaHa HecurypHoct of 2.156% 3a Bottom-up
NpPUCTanoT, WTO & PeYHCH ABOjHO NoBeke o4 Top-down npHcTanoT {1.11%).

Opaa OfpOMHA Paindka Nomery ABata MOJeNW ACKEKYBa LEK3 paBeHra 6 & CTATHCTHYRM
pederTHa. Kako WTO AOKAKAEME, KAHOWAATOT rn DpOM MWNETATA M THKBIHKATE QEANATH. Bo
ceKoja BanMgHa METPONOWKA CTyaWja, ABaTa npucTany (Top-down w Bottom-up) Tpeba ga
HOHBEDMMPAAT KOH CriuHa apeanocT. Pasnnkara of 100% NOMErY MOZENUTE Ha KAHAMAATOT &

JACEH CUrHAN 33 CTATUCTUYKM X30C BO HErOBNOT TRYA.

14, Bo Bottom-up npucTanot, kaHauaaTor gobuea WHTepBan oA 14.321-15.613 mg.




[lokenky semese AeKa TonepaHLujaTa 3a uHjesLiu oByHO & £5% (95-105%), .8, 14.25-15.75
mg. MpolUKpPEHaTa HECHTYPHOCT Ha KBHAMAATOT Of +4.31% (0.646 mg) ro ladaka peuicH
LiENMoT 403BONEH NPOCTOP Ha cneuwdukalmjaTa, OBoj MeToa & HeynoTpednue 33 KOHTRONA
Ha kpanuTer. Co BAKBA MECWIYPHOCT, HE MOMETE QA PaiNUKyBaTe M&K Ko & Ha rpaHuLa Ha
creundmraumjaTa og NeK Koj @ HENCpaBeH.

Ljurat on ISO v amepukancka hapmakonea

ISO 14253-1 (Decision Rules): > “The expanded uncertainty must be significantly smaller than
the specification zone to allow for a clear compliance decision.”

USP <12105: > "A measurement system is considered inadequate if the expanded uncertainty
consumes a large portion of the specification interval, leaving no room for manufacturing

variability.”
15. Kanpupatot kopucti k=2 3a 95% nosepba.

Buaeji NOJATOLMTE CB [EHEpUPaHM BO Camo BOSH AEH, oBOj WHTEpBAN Ha gosepba e
dmtueeH. Toj He NpeTCTaByEa 95% sopepba 3a nafiopatopujaTa BO TEKOT Ha rOAWHATA, Tyky
CaMo 3 TUe HEKDMKY HACA KOra KaHIMAATOT MW MpaBen Mepek-ara. Opa & KNACHYHD KPLUEHE Ha
IS0 17025 Gaparkara 33 paNpeasHTATHEHOCT HA NOAATOLMTE.

LiuraTn 04 1SO n GUM (JCGM 100:2008)

ISO/IEC 17025:2017, Section 7.6.1: = "Uncertainty evaluations shall be representative of the
actual performance of the method under the conditions of use.”

GUM (JCGM 100:2008): > "The combined standard uncertainty should be based on all
significant components... including long-term stability and reproducibility over fime.”

OwHanHMTE pe3ynTaTd Of OBOj TPYA A MOTBPAYEAAT Herosata HayuHa OesepeaHoCT.
MpecMeTaHata NPOLMPEHA HECHrYPHOCT CA 431% e npodechoHanHo Henpudatnuea 3a
thapmaLeBTCka @Hanu3a Bo 0nacTa Ha aHaniTikaTa Ha nerosEd, BMAEjiM o OHEBOIMOKYBA
HOCEILETO Ha OMMYKW 33 KBAMUTETOT Ha NekoT. HaHaUaToT NpuaHan [BKA METOZOT & HaTOUEH
npexy BOBEAYBAK:E HA MATEMATHUIA KODEKLIAN 33 Bias, a HeroevoT xuBpiaex mogen (Pasexka
§) e matemarusin gedekTeH nopagM neojHo Gpoewse Ha rpewkdte. OBoj Tpya He
330B0NYEA HUTY MUHUMAMHUTE KPUTECHUYMI Ha IS0 17025, Eurachem ww USP 3a npougnka

Ha MEpHA HECUryPHOCT.

MocnegHuoT TpyA koj & objasaH 0f KAaHAWAATOT W & HABEASH 0] PeLEIsHTCKATA KOMKHCH]A &
TpyAeT co Hacnos ‘Software-assisted analytical Quality by Design for stability-indicating method
development: integration of Dok and predictive retention modeling uging MODDE® and
DryLab®'. M osoj TpyA & |aBHO AOCTAnEH BO PENOIMTORMYMOT HA YHYBERIMTETOT Joue
ferves” — Wi, TpyaoT e ofjased 8o Macedonian pharmaceutical bulletin, 72 (2} 3 - 15
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(2026) ISSN: 1857-8969, DOI: 10.33320/maced pham.bull, 2026.72.02.001, Review paper. Cva
& NpernegeH ToyA, KaKo LWTO € 1 HABEAEHO.

KaHaMaaToT ro KOpMCTW 0BOj Mperneged Tpy4 33 TEOpeTed fa objacan codTeepuTe
(MODDE w DryLab), wako 80 HEroBMTE MPETXOAHN EHCMEPHMERTANHY TPYO0BW HEMA [0Ka3
fieka Taj HEBNCTHHA 3HAE A MW KOPUCTA THE anaTki 3a 43 nofive sanugHk peayntaTi. TpyaoT
& HayuHa CTaTHja Koja He NPE3IeHTHpa HOBM eKCNEPUMEHTANHI PEsyNTATH (OpUrMHANHU

NodaToLw).

Bo oBoj TpyA. KaHAWAATOT AETanHo rv objacHysa NpepHocTMTE Ha DryLab® 3a npepukupja Ha
perenipjata u pofyckocta. Drylab e codieep ko) MpMMapHo cnyki 3a fd ce waberxe
enywpare Ha CyNCTaHUMWMTE BO MPAsHUOT (MpTOB) BOMymMeH. AKD KEHLWAATOT HABWCTWHA TO
pasbupa W kopuctv Drylab (kako WTo WMNAKUMPE BO NPETNEaRnaT TPYA), KAKD & MOXHO BO
HEroBMOT eKkcriepuMedTaned TpyA MenokcMKAaMoT Aa My enydpa BO MPTEO BpEME (k'=2)?
CoghTeepoT BegHaL Bu ro 03Ha4MN HEroBMOT METOA 33 MenokcuKkam KaKko HepanugeH nopagu
HICKMOT thakTop Ha kanauuTeT (k'<2).

Osoj Tpya & camo TEOPeTCKD UMTMpae Ha APYrH aBTOpH Kako pabotene. PesynTatiTe Ha
KEGMOMATOT AOKAXYBAAT feKa TOj HEe 1o KopucTen cofTeepoT. CaMHOT KAHAMAAT BO CBOWTE
ojaBeHi TPYAOB NPM3HARA NOCTOSHE HA CTATUCTUMKN JHaYajHa CHCTEMCKa rpelia.

Bo TpynoT ce anckytupa 3a MODDE® w werosara ynora 8o peduHvparce Ha Design Space.
MODDE cny#w 3a NpecMeTyBate Ha WHTEPAKLMANTE romefy gaxtopute (pH W Temnepartypa).
Ho, B0 HEroBqoT Tpy4 38 MepHa HECWryPHOCT, KaHAWAaToT NpWjaByBa OrpoMHE CHCTEMCKA
rpeluka (systemic bias) og 1.26% W HecHrypHocT OR 4,32%. MODDE u AQHD npuHUmnuTe
CIYWAT TOKMY 33 [3 C8 MUHAMKHIKRA HECWPYPHOCTE W A8 Ce eNMWHWPE CUCTeMCKaTa rPELLES.
GaKTeT WTO HETOBMTE PE3YNTaTH C& HARBOP Of CHTE A03BONGHA PAHMUN AOKEA)YEA feta
KEHOWOATOT ja KOPUCTU CAMO CTATUCTMHKATA TEPMUHONOMM/A Ha MODDE camo kako ykpac” B0

pesjanHuoT TpyA, 683 BOONWTO Ja ja NPUMEHI BO PRANHOCTA.

KaHguaaToT nWyea Aeka ©0BOj NpMCTan OBOIMOXYBA MOAAPWKE Ha peryfaropHartd
dnekcubunuoct’. Perynatoprara gnekcudunHocT (cnopes ICH Q14) ce gofvea camo axo uMa
noxawana w pofycHa paBotka oBnact (MODR), MeToaoT Ha KaHAWAATOT, Koj Bapupa BO
wmacwkre (10mg vs 20mg) u cagosute (50ml vs 100ml) nomery 4ea ofjapeHn Tpyda, @ aHTuTe3a
Ha pobycHocTa, He moweTe fa Gapare ,perynaropHa (nexcuBnHOCT' 33 METOA ko] HE & BO
cocToja Aa ja 3aApwM MCTaTa npolenypa.

Ha kpajoT camo ke AOQAAAM COMMAcHD CHT@ WSHECEHW HEYCOMMAceHocTH nponagsara
BanNAaLMa Ha K30KpaTCka METoAA 3a Danauc Ha Maca @ HeS0IMOMONHD Aa Ce nobue ToueH
pe3ynTat. Bo aHANWTVKATa Ha NexoBn BUnaHcoT Ha Maca & KoMnapaTHBHa paBeHka. AKD 0
BOHaTa CTpaHa Ha paBeHKaTa WME HeyCnaweH METOL TOMEW UenWoT FIEE'y'J'lHT 2 HE}“-IHD
HesameukM, Oagejfd MIOKPATCKMOT METOA He M WCNOMHW OCHOBHUTE napameTpn 3a
BANMIauMja. 30WTC KAHQWQATOT BANWAMpAn TPAnWeHTHa MeTOAa &Ko TEpAEN Aera
WIDKDATCKATA @ NDEQHOCTABHA 3a paboTa W 3a NOKpaTHo Bpeme.




Cromesatata onTMMM3aLMja B0 peueHanjata Tpebano pa ce Hanpasu Npea BanujaLmata Ha
wetogoT. [ann @ Hanpasesa onTUMRzaLMja Ha meTogoT? Cure ykamaHu HEJACMEOHOCTH He
yNaTyBaaT KoH TOA. TpaHcchep HA METOLOT & HENOCTOMKA MOMHOST COMNACHD CHTE WIHECEHM

HEQOCNEAHOCTH.

Gapam 0f PELEHTCKATA KOMMCUja Aa Hanpagi ysua W peausvja B0 KOMneTHaTa pabora Ha
KAHAMOATOT M PEBU3U]A HA M3BOPHWTE CYPOBK NOAATOLM

CriexyBam NMCMEH W Hay4HO APryMEHTUPaH QArOBOP HA BRYTHO CHTE YKEMAHW HEAOCNEAHOCTH
0 pEUS3EHTCKATa KoMUCH]A, McTo Taka ouexyBam MpaERHAKOT 38 TPET LMKNYC Ha CTYMM Ha
YuusepauTet Moue [enyes =Litvn fa Guge WCnouuTyBaH u Npurosopor 3a8QHO CO OATOBOpOT
na Gupar ofjaseHy co BunTexoT Ha Yeneepautet foue [lenyes =lun.

Co MovwT

Codpuja MeTrkoecka

[

[lokTop Ha aHANUTHKA Ha NEKOBK
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