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6DAHWDN

&LOM LVWIBRALDYPM YHOHQLK DQDOLWLpPpNLK PHWRGD MR& XYLI
SRGUXpMX SRVHELFH X DNWLYQRVWLPD NRQWUROH NYDOLWI
RG YHOLNRJ LQWHWH\DIF KXIANRANHX pPPOOL]H NDNR EL VH |DaWLW
Metode po kojima se ispituju djelatne tvari, dio gotovih lijekova i dr. propisane su farmakopejama,

VWRJD MH FLOM RYRJ LVWUDALYDQMD QD P Ruzeléné&metpdeE UD Q L K

]D RGUHYLYDQMH VDGUADMD L RQHpLAUHQMD WLK WYDUL X (X

Materijal i metode 9UaHQD MH SURFMHQD JHOHQRVWL PHWRGD RSL
RQHPpL&ZaHEHWDN OLMHNRYD L] VNXS Laphosalieildt® BRA4OidHVLYD L
merkaptopuria, mesalazig, sulfasalazia,budesonidi osalazira prema moografijam&uropsle

farmakope 10.3 =HOHQRVW RSLVDQLK PHWRGD RGUHYHQD MH NRU|
AGREE iAMGS 9L&aL $*5(( L QLAL $0*6 JELU ]Qbbiven]tdzDltai@lats X P HW R
]D L]UZIMO&IPHWRGD VX SRMHGLQD ) Q ReRifatath@j@alata D R D DE&WSHRQ H
MH WHVW 6SHDUPDQRYH NRUHODFLMH p6WDW&WWD IWVILNDV LG D DD M

MH QDSUDYOMHQD NRULVWHUL VRIWYHU OHG&DOF YHU]JLMD

Rezultat $*5(( ]JELU ]D PHWRGH RGUHYyLYDQMD VDGU&DMD ELR MH
YL&L ]JELU ]D WLWULPHWULMVNH PHWRGH $*5(( ]D PHWRGH RG
0,43.6 XNODGQR L]JUDpPpXQLPD SUHPD $*5(( PR&H VH |DVPGMXPMBL
aktivne tvari]HOHQLMH RG RQLK ]|D R@GOH§UEDQNB RIQW RIGEH! HRQOMD L
ELR X UDVSRQX RG GR OHWRGD ]D RGUHYLYDQMH VI
AMGS zbir. 3UHPD SURYHGHQRMLVWW B LY \B0hN RN ]REWIDG D |D LV

PHWRGH QLMH SURQDVHQDQ®QDBDMQUDK-E,QHPHFEA2E).D P H X



=DNOMHIB®WDWL RYRJ LVWUDALYDQMD XSXUXMX QD ]DNOMXp
]JD RGUHYLYDQMH VDGUADMD L RQHpLAUHQMD X GMHODWQLP

GRVWXSQLP DODWLPD ]D SURFMHQX HNROR&NH SULKYDWOML®



Summary

Objectives The use of green analytical methods is still limited in the pharmaceutical field,
especially in quality control activities. The greening of analytical methods has become of great
interest in the field of pharmaceutical analysis in order to protect opératdth and the
environment. The methods by which active substances, part of finished medicines, etc. are tested
are given inpharmacopoeias, therefore the aim of this researoh theexamine greenness of
methods for determination of assay and impuwgitreEuropean Pharmacopoeia amodel of

selected active substances.

Materialand MethodsAn assessment of the greenness of the methods for deterrmagsiagnd
impurities of six drugs from the group of immunosuppressants andnbnosalicylates was
performed azathioprine, mercaptopurine, mesalazine, sulfasalazine budesonide and osalazine,
according to the European Pharmacopddl88 monographs. The greenness of the described
methods was determined using two freely available tools AGREE and AMGS. A higher AGREE
and a lower AMGScoremean a greener method. The obtained results of the method's greenness
are described individually, and the Spearmark correlation test was used to compéneresults

of thetwo tools Statistical significance was setmk 0.05. Statistical analysis was performed

using MedCalc software version 19.1.2 (MedCalc Software, Ostend, Belgium).

Results The AGREE score foassaymethods ranged from 0.38 to 0.54 and achieved a higher
score for titrimetric methods. AGREE fionpuritiesmethods ranged from 0.33 to 0.43. According
to the calculation®f AGREE, it can be concluded that the methodsdietermination ofissay
active substanceasre greener than those fdetection of impuritiesThe AMGS totalscorefor
impurities methods ranged from 58.63 to 312.07. The budesasdaydetermination method

achieved 837.93 AMGS totatore According to the performed statistieadalysisof AGREE and

Vi



AMGS results for thanvestigatedmethods, no significant correlation was found between the

results of théwo calculatons (r =-0.421;P = 0.226).

Conclusion The results of this research point to the conclusion that the existing pharmacopoeial
methods for determining tlessay and impuritiga active substances cannot be considered green

according to the available tools for assessing the ecological acceptability of analytical methods.
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1.Uvod L SUHJOHG SRGUXpMD LVWUDALYDQMD

8 SURWHNOLP BB RUHEMUIRH SIRROIDVWD VYMHWVNH SRSXODFL
I zajedno s brzim i kontinuiranim razvojem farmaskatLQ GXVWULMH VXYUHPHQL VH
QHYLYHQLP VWRSD P DpldiVedij©kadis R\ BIiREOQAVIMH 3RVOMHGLPQR NI
RQHpLERGGHYMB YHUHJ LQWHUHYV DGIPWRPLIDMFHHKIMWMAN X RUIWRIGY &R G X W
LOL LQGXVWULMVNLK RWSDGQLK Y RZp BothvoS10 HHEVANhEaKiIO M D M X
farmaceutika se trenutno koristiD SURL]YRGH VH X NROLPpLQDPD NRMH SUHC
3. aWRYLa&H WLVXuUH IDUPDNRORANL DNWLYQLK VSRMHYD MH

UDVWXostusnthRMMHNRYD UH GRYHVWL GR VYH YHU@J EURMD ID

SURL]YRGQMD L SRYHUDQD XSRUDED KXPDQLK L YHWHULC
WLMHNRP YUHPHQD 3URFHVL SURL]YRGQMH OLMHNRYD LPDM.
XWMHFDOR QD 1QDpDM NHPLMH ]D GUKEDYRN RDWU B DNRUHRXWX\I XD |
koji zaostaje tijekom proizvodnje kontrole kvalitetefarmaceutskih proizvod#e kroz lanac
opskbH a8WR X NRQDpPQLFL PRaAH YRGUW2ZUGR DN ® HFEVRWN VKV XSG RN
RWLVDN IDUPDFHXWVNH LQGXVWU L MHusgorgdbiLsvaDt¥maebiskorl M D M+
industrijom.U 2015 godini procijenjena je globalna emisija farmaceutske industrije na oko 52
PLOLMXQD PHWULPNLK WRQD HNYLYDOHQWD XJOMLPQRJ GLRI

PLOLMXQD PHWULPNLK WRQD GNYI YHD@LH/ORYDO¥IE0MEa0 QLR J G L |
globalnog zdravstvenog sustava iznosi 4,4 % globalnih neto emisija. Prema apsolutnim
YULMHGQRVWLPD HPLVLMD JGUDYVWYHQRJ VXVWDYD X VDP Y

(27 %), a slijede ih Kina (17 %) i Europa (5 %4).

SURFMHQM X NMidloMHL GFDH yi M .1 2050 ELW L GRGDWQLK VPUW

uzrokovanih klimatskim promjenama. Klimatske promjene mogu izazvati fenomene poput
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ekstemnih vremenskih uvjeta, porasta razine mora i temperatura i porasta razine ugljikovog

dioksida. % ROHVWL L VWDQMD NRMD UH QDVWDWL NDR SRVOMHG
SRWUDAQMX X |GUDYVWYHQRP VXVWDYX L IDUPDFHXWVNRM L
RpHNLYDWL SRYHUDQD SRWUDAaQMD ]D OLMPMNRYAIPLRL SURIRI

IDUPDFHXWVNH LQGXVWULMH GD QRYH JHQHUDFLMH OLMHNR
(4).

2QHpLAUHQMH OLMHNRYLPD L IDUPDFHXWVNR RQHpPL&UHQ
MHGDQ RG QDMYHULK@D]LNDHEHG@MRVKWWRYX LPSOHPHQWLULIL
QHJR OLMHNRYL L PHYyXSURL]YRGL GRVSLMX X RNROL& UD]E
HNRORANL SULKYDWOMLYLMLK ]J]HOHQLMLK OLMHNRYD LOL Gl
utH ELWMH&EDYDWL SRVWRMHUH SUREOHPH SULPMHULFH UD]Y
RWSDGQLK YRGD 8 NRQDpPpQLFIlaWHGEXNDDIF IGWX § YD YL WX BDE K M
biti potrebna(6) 3ULOLNRP LPSOHPHQWDFLMH UD]OLPpLWLK UMH&EHQ
REUDWLWL QD WR GD VH QH GRYHGH X SLWDQMH SULVWXS

ALYRWLQMH

5HIXOWDW SURL]JYRGQMH L SRWUR&AQMH IDUPDFHXWYVN
farmaceutskih supstancija (endictive Pharmaceuticallngredient $3, X RNROLaX RGQ
ekosustavfd4). 'DQDV VH GLOMHP V NjibdwdHS\RIM PN YD WKR SELLQNRHEEQ R P RN U
YUVWD ELRORANL DNWLYQLK VSRMHYD SRVHEQR GL]DMQLUD
UD]JLQDPD IDUPDFHXWVNL SURL]JYRGL X RNROL&X PRJX LPDV
drugh ne<ciljnih organiama]ERJ GXJRWUDM.HLMEBR&ENYQRPRUX GRVSMHWL
IDJL UD]JYRMD NDR SROD]QL PDWHULMDOL WIMBNRPMSURL]YR

QD WR GD VH WHN ULMHWNL OLMHNRYL SRWSXQR PHWDEROL]



API-ji i njihovi metaboliti(10). $NWLYQH WYDUL SURQDOD]H VYRM SXW GR
]JERJ QMLKRYRJ SXaWDQMD L] SURL]JYRGQLK SRJRQD L] RWSD
kao rezultat neprikladnog zbrinjavanja lijekova kojima je istekao rok valjanosti ili su ostali

neisN R U L(@&1AL#.Q\aki dionik unutar lanca opskrbe lijekovima, od farmaceutske industrije do
SDFLMHQWD LPD YDAQX XORJX X VPDQMHQMX aWHWQLK XpLQL

GLRQLN X XWMHFDMX OLMHNRYD L IDUPDFH XaindostrifgfBP NWLY QR

Nedavne VW XGLMH SRND]J]XMX GD VH RGUHYHQANM®LMHNRY
organizmma L SRVWLAX WNLYQH NRQFHQWU D FISMPrerh® Pdnbrivi QR Y L £
L V W U D divdjibn @ Moyskimribamaza nekoliko su lijekova izmjerenajihove koncentracije
koje prelaze humane terapeutske plazmatske koncentrac{igp). 9DAQR MH QDJODVLV
ELRDNXPXODFLMD QLMH RJUDQLpPpHQD VDPR QD YRGHQH RUJD
organizamakao i u biljaka6,7). 1IDGDOMH OMXGL PRJX RYLP OLMHNRYLPD
17. 3ULPMHUL NRQNUHWQLK RQHpLAUHQMD VX SRUDVW RWSRU

RNROLAX L XWMHFDM HWLQLO HW3WUDGLROD QD UD]PQRA&DYDQ

1.1.Ekofarmakovigilancija

Diklofenak se 1996h i 2000 LK QD&A&LURNR NRULVWLR X YHWHULQDUVN
2QR 4WR VH X WR YULMH® H aiDdtiveddEFLOR MREQ@HG® OHALQDU
konzumirali Tek 2003godineVX J|QDQVWYHQLFL RWNULOL GD MH GLNORIE
QR WDGD VH YHU GRIJRGLOD HNRORAGND NDWDVWURID .RQ]XPI
je do kolapsa cijele populacije supova u Indiji, Pakistanu i Nepalu. Procjene su da sesethkad
godina zatrovano i uginulpreko 60 milijuna ptic#6,199 2YR MH YDAaDQ SULPMHU NRNM
VH aWHWQL XpL QFLOMORK YQURYRDDPEHR 8 UHY PR &H SUHGYLGMH)

3



LVNXVWYD V KXPDQRP WHUDSLMRP D MR& POQRHAWRYQBHL R
pbLQL MirhaCeDisa RQHpL&EGUBXQMDPLMH @&WHWQR GMHOXMX QD ELROR
S R M H G 2R PomakhRto ovom katastrofom, i iz potrebe za razvojem programa koji bi nadzirao

VYH DVSHNWH QHQDPMHUQLK L awHWQLK SRVOMHGLFD Ol
HNRIDUPDNRYLJLODQFLMH X®&IWHRZNWD LCQY H/ 6 FORN@IDe @dipueail W Q Wa
GD VH |QDpDMQL HNRORANL SUREOHPL SRYH]DQL V IDUPDFH X
QD YULMHPH L GD VH QMLPD X 21D EkofairakQuigildhcya seBfiniM X UL C
NDR VNXS DNWLYQRVWL YH]DQLK X] RWNULYDQMH SURFMHQ>
XWMHFDMD OLMHNBRYDVYXSRNROREDUPDNRYLJLODQFLMH XNONM
zelenu kemiju u razvoju, razvoj biorazgradivih proizvoda, minimizaciju proizvodnih emisija,
HGXNDFLMX R UDFLRQDOQRM XSRUDEL OLMHNRYD SRERO
QHLVNRULAWHQLP (DL ebRrNY hd O da j& W biti kontinuirano antropogeno
LVSXawDQMH OLMHNRYD X RNKREOR@HWPH HDWHMIIR X RIRWLIDN D OBF
HNRIDUPDNRYLJLODQFLMD QDJODabDYD XSUDYOMDQMH L UH

farmaceutskim proizvodimg).

SULMH QHJR VH SRAXKAW XSDINSHODMPAGQWHLMH OLMHNRYD L]
UD]XPQR MH SRNXAaDW L6)GWIIKIQIR pdirékd. z&)ddlagdrjem Njxka na prvom
PMHVWX PRJDR EL VH HOLPLQLUDWL XVUHGRWRpPXMXUL VH QL
akumulacije liekovaGL]DMQLUDQMHP L LPSOHPHQWDFLMRROPMHUD ]
Racionalna uporaba lijekova je ternpastavljenod V W U X [S@QdtskeNdavstvene organizacije
MRa JRGLQH =QDpHQMH L]D RYRJ SRMPD MH SDFLMHQW
NOLQLpNH SRWUHEH X GR]DPD NRMH RGJRYDpiDsetoQMLKRY

vremensko razdoblje i pnhajmanjoj cijeni za njih izajednicu 2YDM MH SRMDP VOXal



koncep XDOQL RNYLU |]D SREROMADQMH SURSLVLYDpPNLK SUDNVL
OHYyXWLP RQ VH PRA&H SURA&ALULWL NDNR EL VH X RE]JLU X]HR F
ALYRWHhEPB aAHI RZARQAYDM VH SULVWXS GRQHNOH L NRULVWL >
DQWLPLNUREQLK OLMHNRYD 2 IH X LviamRekdXnapkkiadnBpdrBbeQ D RN R (
lijekovasmanijilonjihov ulazak u ekosustaveGRYHOR GR SREROVM@MAMIDMEPOGL L RN

23).

&KULVWLDQ 'DXJKWRQ ELYAL UDYQDWHOM $PHULPpNH DJF
SURSLVLYDQMH LOL |JHOHQR SURSLVLYDQMH 2YR EL SRGUD]XI
L RNROLAQR SRQD&A&DQMH OLMHNRYD NDj&iBvofenrsR 2azo8 JdrRSLV XM
RGUHYHQL OLMHNRYL NRML VX pHVWR NRULAWHQL VH PRJX L]
(6,24). 'R]ID RGUHYXMAI-AREMHH K NRQWLQXLUDQR LVSXaWDMX X
NXSDQMD NDR UH]XOWDW ORNDOQH SULPMHQHL Y NIR O X3P\ ¥
YLANRMDD]ERULWR LOL QHSULNODGQR SURSLVLYDQMH XNOM
propisivanjepff-label SULPMHQD SULPMHQD YL4ALK GR]D RG SRWUHEQLI

PRAH GRISSWLIQQDNXSOMDQMX (BBHLVNRULAWHQLK OLMHNRYD

'YLMH VX VWUDWHIJLMH GDYQR RGEDpPHQH NDR QHL]JYHGL
dozaiodabiAPlla WHPHOMHQ QD GRND]JLPD YRGHUL VH QMLKRYLP SU
onih APl-ja koji SRND]XMX PLQLPDOQR L]OXpLYDQMH PDWLpPQRJ Ol
UHYHU]JLELOQLK PHW.PiHRWwaeNijekovhl RdeMtKithVAfibha koje se potpuno
PHWDEROL]JLUDMX EL LPDOR PDQML XpLQDN QD RNROL& PHY
XWMHFDMD QD RNROL& X RE]JLU SULOLNRP SURSLVLYDQMD Mt
vremenon (25. ,VWUDALYDQMD L SRWYUYyXMX GD OLMHpPQLFL QH X

prilikom propisivanja lijekova7). 6D VYDNLP SURSLVDQLP OLMHNRP SURSL



GUXJH RVREH NRMH QLVX QMHJRY SDFLMHQW UD3to@DPD IDU
GR]D OLMHND ]QDpDMDQ IDNWRU X RQHpLAUHQMX OLMHNRYLF
]D NRQWUR O XPRshiniea dbzpaxid® lijekova danas je po princgmesize fits all

1HNL DXWRUL L] RYRJ UD]JORJD SUHGODax L UD]PDWUDQMH
SURQDOD]JHUL SRWYUGX |]D VYRMH VWDYRYH X pLQMHQLFL C
peWMHUDQH GR]H L WXPDpHUL WR pLQMHQLFRP GD MH SURSI
pojedince(25). Prilagodba doze je zapravo korak prema personaliziranoj me(i@ni9 DaQR MH
naglasiti da se zabrinutost ok®l-la RGQRVL L QD QMLKRYH DNWLYQH PHWDE
WUDQVIRUPDFLMH X RNROL&X L V2R NWOVMDPBYGNJIR DIG CSRJLLND YA NN H!
GMHODWQLK WYDUL SUHPD IDUPDNRJHQRPVNLP VSHFLILpPQRYV
NRML O0H VH X SRMHGLQRJ SDFLKHAH.QWW DNM. B R QR WG MMH & D EoF
RGUHYyHQL OLMHN SRVMHGXMH HNROR&GNL SULKYDWOMLY SUR
ELWL ]1QDpDMQR 3ULPMHU ]D RYR WHOWRIG L P DI NNHR NRK5J Y UL
QHSURPLMHQMHQ OHYyXWLP WHPHOMHP MDYQH SRWURaAQMH |

QDM]DVWXSOMHQLMLK IRWPDFHXWVNLK RQHpLAUHQMD

U cilju procjene utjecajaPl-ja QD RNROLA MH X aYHGVNRM XYHGHQ
koji je u obzir uzeo tri faktora, otpornost na mikrobnu degradaciju, potencijal za bioakumulaciju i
HNRWRN26LDOQ'RVWDNWRUD NRMD QH X]JLPD X RE]JLU VX SRWHQF
X RNROL& NRMD RYLVL R IDUPDNRNLQHWLFL L VPDQMHQMH XC

6QLADGIRQWMKDUDYQR VH QH PRaH UD]JPRW2HLWL ]D VYH LQGLN

-HGDQ RG SRWHQFLMDOQLK SULVWXSD ]|D SREROM&aDYD
IDUPHNRNLQHWLPpNLK IDNWRUD X RE]JLU SULPMHULFH L]DELU

ALYRWD LOL V PDQMLP SRWH®EHED A RRQIUE BRRBHXTX® D F L M X



kao dopunu&edskom ekoR]QDpPDYDQMX X RE]JLU X]JLPD IDUPDNRNLQHWL
SRWHQFLMDO GD XRSuUuH GRVSLMX X RNROL&a QHSURPLMHQM
raspodjelelijekova (engl. Biopharmaceutics Drug Disposition Classification Syst&RDCS,

Slikal (24). %LRIDUPDFHXWVNL VXVWDY NODVLILNDFLMH UDVSRGN
SUHGYLYDQMH YDaQRVWL WUDQVSRUWHUD X RGUHYLYDQMX E
PRAaH ELWL NRULVWDQ X SUHGY lGdbpptelisiKasjR2abjekb@elkRseQ D FL M |
1 i klase 2 visoke grmeabilnosti djudi je metabolizam, dok je glavni put eliminacije za lijekove

klase 3 i klase 4 niskeepmeabilnostu OMXGL L]OXpLYDQMH QHSURPLMHQMHQ
8 X {2B). Usprkosbrojm RJUDQLPpHQMLPD RYRJ L \iputili Bedtt ¥aBQljgkdvi UH] X O W
%''&6 NODVH ,9 JRWRYR GYRVWUXNR pHaAQHAHPDD]L QR YOIAM I M RL
NODVH VH L RpHNXMX QH VDPR JERHU]DJHRD WILYWRNIH PFHRANDHE@ FOLL
SRWUHEH ]|D SULPMRQRIHEQRLKN K> RIDIJODVLWL GD ]|D RGUHYHQF
LVNOM XopkafrR JDLPMHQX XRSUH QH PRUD GROD]JLWL GR IDUPDN

QHSURPLMHQMHQL NXSPHMHP GROD]H X RNROLA



Topljivost

Klasa | Klasa ll
Visoka topljivost Niska topljivost
Ekstenzivni metabolizam Ekstenzivni metabolizam
&
N
Is)
®
g Klasa Ill Klasa IV
Visoka topljivost Niska topljivost
Slab metabolizam Slab metabolizam

Slika 1.Biofarmaceutski sustav klasifikacije raspodjele lijekova

1.2.Zelena kemija

Moderna farmaceutska i kemijska industrija razvile su sesgaeoff LQGXVWULMH VLQW
ERMLOD 3UYL VLQWHWLpPNL OLMHNRYL VX ELOL UHODWLYQR
GHVHWOM HigBVA\XORRMWYDMHSULPMHU PRAHPR QD-MKandke SROXV
antibiotike i steroidne hormone 1940 i antitumorski lijek taksol 199¢h. Doista, moderna
IDUPDFHXWVND LQGXVWULMD XVSMHK XYHOLNH GXJXMH L]Y
SURAORP VWROMHUX OHYXWLP PQRJH RG RYLK KYDOMHQLK L
vrijeme kadatNVLpQD VYRMVWYD PQRJLK UHDJHQVD L RWDSDOD Ql
L RGUALY RistaknQikagptollean@ BUREOHP RWSDGD X NHPLMVN-RM LQGX
ih IDWYDUDQMHP WYRUQLFH 2FH $QGHQR X 1L]R]JHPVNRM NR

WRQD IDUPDFHXWVNRJ PHYyXSURL]JYRGD IORURJOXFLQROD T7°



JEULQMDYDQMD RWSDGD SULEO 23 Od sr&dihk GIBM, xejskFIL MH QL S
farmaceutski intermedijefloroglucinol (1,3,5benzen triol) uglavhom se proizvodio iz 2/4,6
WULQLWURWROXHQD 717 UYL NRUDN XNOMXpXMH RNVLGD
floroJOXFLQRO X XNXSQRP SULQRVX RG YL&H RG X WUL NR
XPpLQNRYLWRVWL UHDNFLMH RSUHQLWR HEILX WH\PY P W O MR XR 1L
SURL]JYRGD SURFHV VWYDUD NASCh)e! NWUER, JFRW 8iBS®DzaN RML VL
svaki dobiveni kilogranloro JOXFLQROD 1D NUDMX MH RYDM SRVWXSDN X
SRYH]DQLK V RGODJDQMHP RanguziGoDizhbB EamovaDY6 ikddne Midse P
proizvoda nastalihu steRPHWULMVNRM MHGQDGAEL RVWDWDN VH VDVYV
5HDNFLMD VWHKLRPHWULMVNL SUHGYLYD VWordgludh@aMH RNR
OHYyXWLP RYR RGJRYDUD LGHDOQRM VLWXDFLML X NRMRM VH
i kemijski prinosje 100% 8 SUDNVL YL&DN RN WHCODLQWDYIL AIHNGX KR QR D QK
koji se naknadno mora neutralizirati bazom dovode do izoliranog priloosglucinola od 90 %.

Ovo lako objaBQMDYD XRpHQR VWYDUDQMH NJ RWSDGD SR NLORJL
NJ NROLNR VH PRAH RpHNLYDWL QD WHPHOMX VWHKLRPHWUL
generira ovim procesole dovela do analize i drugih procesa u proizvodniji lijekova i kemikalija

L RWNULOD GD RYR QL SR aWded3tawicbsnoyXd+ &y \ojNonZapiEdktbrdl DV QL M I
]D SURFMHQX XWMHFDMD SURFHVD NHPLMVNH SURL]JYRGQMH
SURPMHQD SDUDGLJPH LQGXVWULMVNH RUJDQVNH VLQWHI]H
VHOHNWLYQRVWL UHDNFLMH NRML VikbsH, RipLodiD kb pBFs@GD MY L& H
YULMHG QR V YoviNaRuklarg§an|tHaQold i hjegavanju uporabe otrovnih i/ili opasnih tvari.
.HPLpDUL NRML VX VH EDYLOL RUJDQVNRP VLQWH]RP VX GREU

reakcije(prinos podijelj@ s konverzijom) i kemg regio, stereei enantioselektivnost. Nasuprot



tome, do sredine 1990, nisu bili navikli razmatrati selektivhost atomaigiNRULaAaWHQMH DW
reakcije, ftk ROLNL GLR PDVH UHDNWDQDWD ]J]DSUDYR ]JDYU&aL X SUR
OvD MH VHOHNWLYQRVW RG QDMYHUH YDAQRVWL X NRQWHNYV

VLQWH]D @pP RNROLEZ

'D NHPLNDOLMH PRJXarRa@\HH LG/RAELUMRRL SSRNRDWER OHYyXWLP D
s takozvanmRQHpLAUR@WYYHD YHUHJ LQWHUHVD UDVWH V OLMHNR
SURL]JYRGL LPDMX GYLMH YDaQH NDUDNWHULVWLNH NRMH
IDUPDNROR&GNH XpLQNH X QLVNLP NRQFHQWUDFLMDPD SRSX\

umustak OQRVW WDNR SRVWRML YMHURMDWQRVW GDB)UH VWXSL

OsimAPI-MD RQHpPpLAUHQMX GRSULQRVH L SRPRUQH WYDUL N
u proizvodnji (17). Znanstvenici su pratliXWMHFDM IDUPDFHXWVNLK SURL]YRC
SRVOMHGQMLK JRGLQD D WLMHNRP SRVOMHGQMK4) GHVHW
32. 3BRYHUDQD VYLMHVW R XWMHF DR XR eRiaweEF b pojawe MetodaU RL]Y R

zelene sintez&).

1.2.1. 1 D p H&eDe kemije

Pojam zelena kemija uveo je Paul Anastasa 1@&dine(33,34). = HOHQD VH NHPLMD W
QD]JLYD RGUALYRP NHPLMRP pLVWRP NHPLMRP (3GRBEH.LMRP RN
=HOHQD NHPLMD GHILQLUDQD MH NDR SULPMHQD VNXSD QDpl
stvaranje opasnih tvari u dizajnu, proizvodniji i primjeni kemijskih proizdla 1HaAWR NDVQLM
1998.godine 3DXO $QDVWDV MH V -RKQRP :DUQHURP UD]YLR GYDQ!
NDR YRGLpPp NHPLpDULPD X UD]Y RMDXpHMH PHMH G HV N & W IHNMH NDLKN
GD VH WUHED VSULMHpLWL LOL VPDQMLWL SURL]JYRGQMD RV
NRULAWHQ@aAMHP SWINRODWOMLYLMLK L XpLQNRYLWLMLK NHPLN
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planiranjem unaprijed prilikom dizajna procegh 33). 2Y LK QDpHOD XNOMXpXMH
RWSDGD XPMHVWR XNODQMDQMD DWRPVNX XpLQ@N&VYLWRVW
VLIXUQLMLK SURL]JYRGD QH&ANRGBGVYWDL DR WDEDWIH WYV S R PR{IL
SUHIHULUDQMH REQRYOMLYLK VLURYLK PDWHULMDOD NUDuUD
UHDNFLMH GL]DMQ SURL]YRGD ]D GHIJUDGDFLMX DQDOLWLpPNLI
sigurnije proces (Tablica 1) (30). Nakon ovoga su Paul Anastas i Julie Zimmerman razvili

GYDQDHVW SULQFLSD ]J]HOHQRJ Li@aitH @ekbrhUdz@DproizRoddi VH PR.

procesd36). SROLDNRII L VXUDGQLFL VX SUHGORALOL PQHPRWHKQ

zelene kemg (Slika 2).

PRODUCTIVELY

P — prevent wastes

R — renewable materials

O — omit derivatisation steps

D — degradable chemical products
U — use of safe synthetic methods

C — catalytic reagents

T — temperature, pressure ambient

I — In-Process monitoring

V —very few auxiliary substrates

E — E-factor, maximase feed in product
L — low toxicity of chemical products
Y — ves, it is safe

Slika 2. Mnemotehnikd2 principa zelene kemije

SOWHUQDWLYQR ELW |HNSHQD GIHIRIQMIFLRMXAKX WMHGQRM Ul
NHPLMD XpLQNRYLWR LVNRULAWDYD SR PRJIXdi@BRagavé REQRY
XSRWUHEX WRNVLPpQLK WYDUL L LOL RSDVQLK UHDJHQVD L
SURL]YRGD =HOHQD NHPLMD HOLPLQLUD RWSDG QD L]JYRUX

ne sanacija otpadé30). 1DpHOR YRGLOMD MH EHQLJQR SR GL]IDMQX F

11



proizvoda i proces@9). .DGD VH UD]JYLMD VLQWHWVNL SXW SRWUHEQR
GDMH SURL]JYRG X YLVRNRP SULQRVX L] PLQLPDOQX NROLpPLQ
GUXJH pLPEHQLNH NDR 8WR VX WRNVLpPpQRYV®lenitBY38)H VPDWU
-R4a MHGDQ FLOM JHOHQH NHPLMH MH UD]JYRM HNRORA&GNL SUL
QHWRNVLpQL ELRUD]JUDGLYL L SURL]JYHGHQL JHOHQLP NDW

awRYL&H WDNDY SURL]JYRG QH EL WUHEDRe@®B.&WDWL YLaAH RC

1.2.2.Biokataliza u zelenoj kemiji

2WSDG X NHPLMVNRM LQGXVWULML QDVWDMH SULPMHQI
NRULAWHQMH VWHKLRPHWULMVNLK NROLPLQD XJODYQRP D
UHGXFHQVD NLVHOLQD L ED]D 5MHaAHQMH M topblegih$&® D RY LK
JHOHQLMLP NDWDOLWLpPNLP DOW H UBQRD\WM BrEiBuBEmijske Yedk@é. ]|DW R U

EH] GD MH NRQ]XPLUDQ L SRVOMHGLpR® WHRUHWVNL QH VWY

SRMDP ELRNDWDOL]D VH RGQRVL QD XSRUDEX HQ]JLPD N
VWDQLFD GD NDWDOL]JLUDMX SUHWYRUEX VXSVWUDWD X aHO
zelene kemije,ELRNDWDOL]DWRUL VX SRVWDOL SRSXODUQD WHPD
JHOHQLMLP L RGUALYLP RELOMHAMLPD ]DGRY®ROMBYDMX |
RUJDQVNLK NHPLpDUD XSR]QDWD MH V PQRJLP SUHGQRVWLPL
RGUALYLPD YLVRND NWHWRGHNWILLYR) R\HY XQBMUIRILP XYMHWLPD |
L WODN RNROLQH GDMXiL SURMUFB G\HR M L WRN M b IOWNNRR LAV XMI U |
energije i resursa i generiraju manje otpada od konvencionalnih ruta. Enzimi su biokompatibilni
SRQHNDG pDN L MHVWLYL ELRUD]JUDGLYL L X ELWL EH]RS

obnovljivih izvoUD NRML VX ODNR GRVWXSQL L QLVX SRGORAQL

12



SRWNRSDYDMX GXJRURpPQX NRPHUFLMDOQX RGUALYRVW NDW
metala(40)) 9HU MH GRND]DQR GD VH LPRELOL]DFLMRP HQ]LPD SI
HQJLPD D NRQWLQXLUDQL SURWRpPQL VXVWDYL PRIJX SRMHGQ
]JDGUADYDMXiUL HQJLPH 2VLP WRJD NRQWLQXLUDQR XNODQMLE
LQKLELFLMX HQ]JLPD SREROMADYDMXUL EUJLQX UHDNFLMH %
SULVWXS QRYLP JHOHQLML P(3B). BipkatalaroYi sa\ibBéju iz abhalveH ] D P D

ELRPDVH L ELRUD]JUDGLYL VX 3URFHVL VH L]JYRGH X EODJLP
L HQHUJHWVNL VX XpLQNRYLWLML RG NRQYHQFLRQDOQLK

ELRWHKQRORJLML HQJLPL ASR Pditvetenru ReRkbXmEI28.L HNRQRPLpC

2GUALYH VLURYLQH

lako je pozornost i dalje usmjerena na minimiziranje otpada i izbjegavao@be
RWURYQLK L LOL RSDVQLK PDWHULMDOD X SURL]YRGQML NHP
jednom elementu zelene kemije, supstituciji neobnovljivin fosilnih resursa biomasom kao
RGUALYRP VLURYLQRP ]D SURL]Y R G Q Naxakha dbhavIpvO hidiasl. W H N X
NDR VLURYLQX RPRJXuULW UH HNRORANL NRULVQR VPDQMHQME
'DOMH NRULVW EL PRJOD ELWL ]DPMHQD SRVWRMHULK SUR

XWMHFDMHP QD RNR O héii IBdRaSgrativElRINEIP SDW LEL O

UKXQDF XpLQNRYLWH RUJDQVNH VLQWH]H VLIXUQR MH 1
JRULYD L NHPLNDOLMD L] XJOMLNRYRJ GLRNVLGD L YRGH QD
UDGL QDUDYQR DOL MH SRWUHEQR SDR G&XJRLNHRVROICHL QH M
PQRJR JRGLQD WURA&H VH PQRJR EU&H QHJR VH PRJX REQRYI
SULMH LOL NDVQLMH UH SRQHVWDWL 'RLVWD SULMHOD] L]

13



QHREQRYOMLYLP IRVLOQLP JRULYLPD X RGUALYLMX ELRHNF
LIYRULPD MHGDQ MH RG YHOLNLK L]D]JRYD V NRMLPD VH GUX
RGUALYLP RSFLMDPD HQHUJLMH VRODUQD idligsivall JHRWI
NHPLNDOLMD QD ED]JL XJOMLND &LOM MH JHOHQH NHPLMH L R!
L SULURGQRJ SOLQD ELRPDVRP NDR SULPDUQRP VLURYLQRP

NHPLNDOLMH VX SRVWD QiarddddprézZigi3S0 ULRULWHW QD PHY

124 =HOHQD DQDOLWLpPND NHPLMD

ZeOHQD DQDOLWLPND NHPLMD QDVWDMH NDR QRYL WUHC
DQDOLWLPpNH WHKQLNH NRMH |IDKWLMHYDMX PLQLPDOQX SRW
]D RNROL&A L OMXGH 7UHQXWDpPQR VH NR @njpaiu@zatamiWis DGD PR.
WHKQLNDPD SRWSRPRJQXWH HNVWUDNFLMH LOUIMBMGQRVWDY
novi zeleni pristup se ponekad opiskao tri Ryeplaceili zamijeniti, reduceili smanijiti i recycle
LOL UHFLNOLUDWL RGQRVQR |DPMHQD WRNVLPpQLK RWDSDOD

i proizvodnje otpada i recikliranje otapd#, 43).

14



7TDEOLFD BULQFLSL |HOHQH NH®B4YMH L |[HOHQH DQDOLWLpPNH

Princip Zelena kemija =HOHQD DQDOLWLpI

1 6SULMHpPpLWL VWYDUD Koristiti direktnu analizu

2 5HDNFLMH VX GLIDMQ 9HOLPLQD X]J]RUND L QMLE
XPpLQNRYLWLMH L DWF minimalni
Metode su modificirane da koriste

3 manjematerijala i manje opasne .DGD MH PRJXUH NrRsituL VW
materijale

4 Finalni produkti su siguniRGUAaL 2SHUDFLMH L DQDOLWLDpN

NROLNR MH WR JRG P LQWHJULUDQL NDNR EL \

Metode su modificirane kako bi

5 NRULVWLOH aWR MH F
osobito otapala

OHWRGH VX HQHUJHW
6 NDGD MH PRJXUH SUR lzbjegavati derivatizaciju
temperaturi i tlaku

ODWHULMDOL WUHED N Proizvodnja otpada treba biti minimizirana

.DGD MH PRJXUH DQDOL]
automatizirane

! obnovljivih izvora SUDYLOQR XSUDYOMDQMI
.DGD MH PRJXUH PHWRGI
8 .DGD MH PRJXUH GHU RSWLPL]JLUDQD ]D NRULA\
izbjegnuta ili svedena na minimum kako biseRJUDQLPLR SRWUHE
ispitivanja
6 HOHNWLY Q ttakti\Webajul
9 zamijeniti ekvivalentne 8WURA&ADN HQHUJLMH WUH
stehiometrijske
=D Y UdQukt t&ba biti dizajniran o
10 GD VH VLIXUQR UI:)]JUBUHIHULUDMX VH RGUalLY
11 Proizvodnja otpada treba biti Preferiraju se sigurniji reagengmanje
prikladnonadzirana RSDVQL L LOL WRNVLpQL
12 Procedure minimiziraju opasnost i 6LIJXUQRVW RSHUDWHUD

NHPLMVNH QHVUHGH
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1.2.4.1. Kromatografske tehnike

Kromatografske tehnike imaju potencijal biti zelenije u sviazama analize, od
SULNXSOMDQMD L SULSUHPH X]RUND GR RGYDMDQMD L NRQD
SULSUHPH X]JRUND ELOD LGHDODQ SULVWXS WR QLMH XYLMHN!
vrlo dobru alternativua kadase moraju koristiti otapala, fokus mora biti na smanjenju njihove
SRWURBQYMMNXILQVNRM NURPDWRJUDILML IRNXV EL WUHEDR E|
HNRORANL RSDVQLK RWDSDOD V EHQLJQLMLP DOWHUQDWLYD
moaH JHQHULUDWL GR /| WHNXUHJ RWSDGD GQHYQR 1H VP
WUR&GH WLMHNRP NURPDWRJUDIVNLK RGUHYLYDQMD QD RNROL
je prisustvo ili odsustvo koraka pripreme uzorka, koji je neNj@ QD R Q@ H p L & iciielod p
SRVWXSNX NURPDWRJUDIVNH DQDOL]H ,] SHUVSHNWLYH JHOF
LIUDYQX NURPDWRJUDILMX NRMD QH ]DKWLMHYD SULSUHPX
RJUDQLpHQMH WDNY LK MHYRIGDH WD B X $JRUNH V UHODWL"
EL VH X SURWLYQRP NURPDWRJUDIVNH N R&tRWQithsRalojel EU]JR R
VH QH HOXLUDMX L] NRORQH 7HNXULQVND VH NURPDWRJUDIL
NURPDWRJUDILMH MHU ]DKWLMHYD RWDSDOD ]|D RGYDMDQMt}
ozelenjavanje. U teoriji, jedan konvencionalni aNdIL p NL W H N X 0 L Qprozied¢dd R DWRJIULC
/| RWSDGQD GQHYQR &aWR ]QDpL RNR OLWDUD RWSDGD JR(
XVSRUHGEL V NROLpPLQRP RWSDGQLK YRGD L RWSDGD NRWM
kompanije, neke velike ko @DQLMH NRULVWH VWRWLQH WHNXULQVNLK NU
ODERUDWRULMLPD X SURFHVX NRQWUROD &WR UH]XOWLUD
VYDNL GDQ 3RVOMHGLpPQR VPDQVWMIHIQWMH]RRWOHDPDQBEFRW B SWHD C

(45. 1D WHPHOMX QDpHOD JHOHQH NHPLMH QHNH VH VWUD)
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HNRORAGNL SULKYDWOMLYLK PHWRGDDNVMWXDM)N NHV D UMRHP D/W R
RWDSDOD NUR] VPDQMHQMH GXOMLQH XQXWDlaicdHd) SURPM
6PDQMHQMH SRWURAQMH RWDSDOD Ré&kéetheVDI] K5 R¥WR UM HV PR QX
kada se smanji unutarnji promjerl®@QH 6PDQMHQMH SRWURAQMH RWDSDOI
SRYHUDQMHP NURPDWRJUDIVNH SURGXNWLYQRVWL awR VH
VNUDULYDQMHP GXOMLQH NRORQH 6PDQMHQ®HHy X5\W ORI LRHDMWMR
pristuS pHVWR SRGUD]XPLMHYD XSRWUHEX VNXSLK LQVWUXPHQ|
XpLQNRYLWRtkaWdh-pad@ragnce liquid chromatography 8+3/& &@WR RJUDQLDpI

QMLKRY SULVWXS X ODERUDWRULMLPPI5SX [HPOMDPD V RJUDQL

THKQRORAGNL QDSUHGDN SRVWLIJIQXW WLMHNRP SRVOMHG!
X WHNXULQVNRM NURPDWRJUDILML NDSUL4®DG&QM: gredp@&®R WHN
VPDQMHQMD YHOLPLQH pHVWLFD L SURPMHUD NRORQH VX P

pokretninID]D WH PDQMD GLVSHU]LMD D GQRP XV DQARNRORDW 3 W R

'UXJL QDpLQ GD VH WHNXULQVND NURPDWRJUDILMD XplL
NODVLPQR NRULAWHQLK RUJDQVNLK RWDSDO Doriklddn@m.Y QRP DF
Etanol je primjerice jedno od najboljih zelenih alternativnih otapala zbog svog izvora i sigurnosti
rukovanja od stane operatéd8). 3SUHP D Y R G L ppoki@ndfi&z€ MoQd; aceton, metanol i
HWDQRO VH PRJX VPDWUDWL HNRORANL SULKYDWOMLYLP ID]
SRVHEQR SRAHOMQR RWDSDOR ]D JHOHQX WHNXULQVNX NUF
acetonitril i metanol, ali je manje hlapy PDQMH WRNVLpPpDQ L LPD QLAH WL
6XSHUNULWLpPQL 10OXLGL VH VPDWUDMX JHOHQLP SRNUHWQLP
RNROL& QLVNLK WUR&ANRYD JEULQMDYDQMD VPDQMHQH SRW

WRNVLEKQRMWOL VOXpDMHYD L VSRVREQRVWL JRWRYR SRWSX
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SRYHUDQH 10XLG QR V \pdkrétrifdtéiza/ddvajeRje urverehb pbRRih do polarnih

VSRMHYD X WHNXULQVNRM NURPDWRJUDILM45MR& VX MHGDQ |

-R4a MHGDQ SDUDPHWDU NRML PR&aH ELWL NRUL&AWHQ N
NURPDWRJUDILML MH WHPSHUDWXUD =DWR aWR MH ODNA&H Sl
usporedbi s drugim parametrima poput sasppkaetnel D]H LOL S+ SXIHUD SRYLAHQI

MH SRVWDOD SRSXODUQR NRUL&G&WHQL SDM3PPHWDU NDNR EL V

Nekoliko je pristupa ozelenjavanju pripreme uzorka, uklanjanjeb&lem smanjenje)
NROLpLQH RWDSDOD L UHDJHQVD NRML VH NRULVWH X DQDC
RSVHJD DQDOLWLpNLK RSHUDFLMD LQWHJUDFLMD UD]JOLpPLWL
uzorka, ispravno brtvljenje svih posudad 8WHQLK WLMHNRP SULSUHPH X]RU
XSRUDED RWDSDOD SULPMHQD |JHOHQLK PHGLMD QSU LRQVN
PLPEHQLND NRML SRYWHRVWDMMX. XPWHONRXY]RUND QSU SRYLAaHC
PLNURYDOQD L XOW #5.]¥Xxdalfe,DrekdliRdHjeg Jredridsti minijaturizacije i
DXWRPDWL]DFLMH NDR aWR VX MHGQRVWDYQLML SRVWXSDN
VPDQMHQD NROLPLQD X]JRUND -Ra MHGDQ UHOHYDQWDQ GRSL
XN O M X p X MbprédBk@G Bint€xinovin materijala soken L NRULAWHQMH HNRORAN
ekstrakcijskih otapala. Oba pristupa predstavljaju dodatne strategije s ciljem postizanja boljeg

DQDOLWLpPpN&Y UH]XOWDWD

=HOHQL SULVWXSL SULSUHPL X]J]RUDND JDKWLMHYDMX GL
PLQLPL]JLUD LOL pDN HOLPLQLUD X DQDOLWLpPpNRP SURFHVX
QDMSULKYDWOMLYLML SULVWXS ]D RNRYOLMH N BW B X QR pXNRO D8Q
VOXpDMHYNADHWHRMKUDNFLMH NRMH NRULVWH PDOH NROLpPLQ
VPDWUDMX LGHDOQLP DOWHUQDWLYDPD =HOHQD VH DQDOLMW
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QD QMHQD QDpHOD |D DRDHILD/MMEQWHIEM B RYRW.UREZQMH HQ
XSUbyoMbQMH RWSDGRP VPDQMHQMH LOL pDN XNODQMDQ
EHQLJQLPD NDG JRG® I8H DARfakdalipitipljanje uzorka, priprema uzorka,
UHDJHQVL L LQVWUXPHQWL VPDWUDMX VH ]QDpDMQLPD X F
X]JRUND SULMH DQDOL]H WHPHOMQL MH GLR PQRJLK DQDOLWL
ovaj korak napraviti zeleMLP RVRELWR DNR VH X]J]RUFL SULSUHPDMX L
naprelci u tehnikama uzorkovanja usmjereni su na automatizaciju, minijaturizaciju i
pojednostavljenje postupke ekstrakcije. Primjeri zelenih pristupa u analizi uzorigka o vrsti

uzorkaVX GLUHNWQD DQDOL]D EH] SULSUH P H(exglFidNBhasel N VW UD |
Extracton 63( PLNURHNVWUD N Fehd¥ ®lidh PhidseMidRoexttaa{jét) SSPME)
mikroekstrakcija pakiranim sorbentorfengl. Microextraction by Packed Sorbent MEPS),
ekstrakcijaV RUEHQWRP VP MH & W H Q@Ryl.StDBarSoptieExt s dtioFSBSES
QDQRHNVWUDN F L Mebgl.[591ld WPiiase NanbgxR &ctioisPNE) mikroekstrakcija u

jednoj kapi éngl. Single Drop MicroextractionSDME), PLNURHNVWUDNFLMD WHNXi
a X S OWakhie Eengl. Hollow Fiber LiquidPhase MicroextractionHF-LPME), disperzivna
PLNURHNVWUDBWH NMMyH Dispéisivé HoiquieLiquid Microextraction DLLME),
SRWSRPRJQXWD WHNXUD Peth§.SUMpap&aN_iuibd Nighvirde NErladlidn

SLME), PLNURSRUR]QD PHPEUDQ WM NNjHMitkapbréus \ViembkaHeN X G H
Liquid .iquid Extraction MMLLE), PHPEUDQVND HNVW UD N Bdréma ghgP Hy X VN O
Membrane Extraction with a Sorbent InterfaddESI), ekstrakcija otapalom potpomognuta
membranomédngl.Membrane Assisted Solvent ExtractidASE), mikrodijalizno uzorkovanje
mikroefstrakcija na tankom filmu (engrhin-Film Microextraction TFME). Primjeri zelenih

alternativa ekstrakcijskim otapalima SUXENULWLPpQD Y R éngl@ibcitidh/WaweD NFL M D
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Extraction SWE), VXSHUNULWLpQD | engILSap@ritidal Ml [ERrbdEbnSRE),

LRQVNH WehgN Wit Qiddids, ILs) L GXERND HXW H Kyl LIeNDERSO S D O D
SolventsDES) (50, 51). 7THKQLNH JHOHQH PLNURHNVWUDNFLMH LPDMX
WHKQLNH XNOMXpXMXiL NRULAWHQMH PDQMH RWDSDOD L PL
REUDGH SRWURZQMH RSDVQLK UHDJHQVD L HQHUZLMH PD

DQDOUWRKNBOD& WH SURL]Y®2GQMX PDQMH RWSDGD

1.25. =HOHQD NHPLMD X VOXAaEL IDUPDFLMH

.RQFHSW ]JHOHQH IDUPDFLMH VH PRaAH GHILQLUDWL NDR V
NDNR EL VH XWMHFDM IDUPDFH X Vv&Ndmigie tikbdald mplémgntitdtR QD P |
u svefarmaceutske aktivnosti, od dizajna novih molekula, do proizvodnje, distribucije, izdavanja
i odlaganja. )DUPDFHXWVND MH LQGXVWULMD XNOMXpHQD X GL]DM
GLIDMQ QRYLK ELRDNWLYQLK VXSVWDQFLMD XNOMXpXMH NH
RQHpLAUHQMH RNROLAD JERJ XSRUDEH UKakOHi seuR&hjidO@V NLK L C
QHJDWLYDQ XWMHFDM QD RNROL& X SRVOMHGQMLK QHNROL
NHPLMH NRMD VH PHRNRIOR 8NV DS\WEMDIRWQ PMIMHIUMBH NRULAWHC
sinteze VLQWH]H EH] RWDSDOD L HQJLPD SUHGVWDYOMDMX PHYV
MHGDQ RG QDpLQD HNRORA&NRJ GL]DMQD QRYLK OLMHNRYD 7
EURM PROHNXOD UD]JYLMH SULMH QHWL \QHD PRAKHL EWBRIMD W RGE B
smanijiti broj sintetiziranih lijekova jevantitativnaSURFMHQD L]PHy X ¥ &kivxostWw X UH L
novodizajniranih molekula prije nego $¢LQWHWL]LUDMX -R& MHGDQ L]D]JRY ]D
MH SURL]YRGQMD OLMHNRYD NRML VX ODNR ELRUDBI)UDGLYL |

Stoga su potrebni novi pristuglizajniranju zelenijin farmaceutikabolje biorazgradivost u
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RNROLAX 7DNDY SULVWXS PRAaH SRPRUL X GL]IDMQLUDQMX NH
L UDV S D G D Mdjivé ok rikba hjihove primjet®4). $WUDNWLYQD LGHMD |D
MH GLIDMQLUDWL OLMHNRYH NRML VX YL&H iflkeodptjJUDGLY
GREURUXGQRJ GLIDMQD aWR X NRQDpPQLFL L QDMYL&H REHUD®
JHOHQH L RGUALYH (b5 Prorfdoid kanchiptlP mafeHoromjene u kemijskoj

strukturi APl-ja mogu imat ]QDpDMDQ XWMHFDM QD QMH]LQX DNWLYQRV'
strane i biorazgradivost s druge stran@ M Xp ]|D RYR QRYR VKYDUDQMH MH GD |
moraju biti stabilni u svim uvjetima i okolnosta YHU VDPR JGMH MH WR SRWUF
WLMHNRP VND®IG QHNH XMN R O L & >kemifsi i@eti(ihpw pH,| prisufdd30 Q R
RGVXWQRVW UD]OLpLWLK YUVWD EDNWHULMD VYMHWOD YOL
(55. 9HU L SRVWRMH SULPMHUL U DAPIRAVZBlerij}X Rdzimib dbiks @@L KY D W (

por HEQR MH SURPLFDWL L HNRORAMB455RGUALYR SDNLUDQMH (

Primjena zelenih principa tijekom sintea®I-ja i proizvodnje gotovog dozirnog oblika
PRaH SRPRUL X VPDQMHQMX XW M(4FNEM DozRnY atfici SodRjérileV D QD F

WUDQVGHUPDOQL IODVWHUL PRJX QDNRQ NRWSAEWHQMD VDGU

.ODVLPQL SXW VLQWH]H LEXSURIHQD NRML MH UD]YLOD
koraka, relativno niskolKpLQNRYLWRVWL DWRPD L |QDpDMQLP VWYDUD
tome, elegantna alternativa koju je razvila tvrtka Boots HoeBlstODQHVH XNOMXpXMH
NDWDOLWLPND NRUDND 3UYL NRUDN XNOMXpXMH XS®RWUHEX
i otapalau FriedeL,UDIWYV DFLODFLML 9RGLNRY IOXRULG VH UHFLNOL
biti neznatan 1DNRQ WRJD VOLMHGH GYD NDWDOLWLPND NRUDND K

DWRPVNL XpLQNRYLWL 2Y Dddbi® tbBr&dd \Grédm Chemistry K aleRde

$zDUG L SUHGVWDYOMD PMHULOR X HNRORA&ANRM L]JYUVQRV
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UHYROXFLRQLUDOD SURL]JYRGQMX IDUPDFHXWLND L SRVWDO

lijekova (30).

1.25.1. Biokataliza u sitnezi

Suvremeni napredak u biotehnologiji, tehnike imobilizacije, noviji razvoj proteinskog
LQAHQMHUVWYD L LJ]UDYQD HYROXFLMD SRPRJOL VX SREF
RPRIJXUDYDQMHP MHIWLQLMH SURL]JYRGQMH HQ]JLPD L RPRJ
svestranih biokatalizatoi®9). 5D]YRM VSHFLILPQR GL]DMQLUDQLK HQ]LPD
SHUIRUPDQVDPD XWUOR MH SXW ]D 4aLURNX SULPMHQX ELR
posebice u sintezAPl-ja (39). Biokataliza nudi mnoge prednosti u kontekstu zelene kemije.
5HDNFLMH VH L]YRGH X EODJLP XYMHWLPD IL]JLRORANL S+ WH
NDWDOL]DWRURP HQ]JLPRP NRML VH GRELYD L] REQRYOMLYL:
YRGL .DR L]JUDYQD SRVOMHGLFD YLVRNH UHJLR L VWHUHF
UHDNFLMH RQL pHVWR SULX&WH SURL]JYRGH YLaAH NYDOLWI
NHPRNDWDOLWLPpNLP SURFHVLPD 1D S Urntdhihacle tr&gQimeP RJI X L]
SOHPHQLWRJ PHWDOD @4WR MH pHVWR R]HB0D Bldx&@aligdJREOHP X
XV S M H aggRera W Llsktezhipolipemika atorvastatina i industrijskoj sinteantidijabetika
sitagliptina kao i brojnih drugiAPl-ja (30, 40,57). SURWRpPQD ELRNDWDOL]D MH SU
antitrombotika tikagrelola melatonina, antivirotika vidarabina, anestetika prokaina,

antihipertenzivkaptoprilaL |D UD]J]GYDMDQMH UD HHBJIHWARIRI(BBOD XUELSURIHC
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1.25.2. Zeleno oblikovanije lijekova

SUHGORAHQD MH L |DPMHQD NRQYHQFLRQDOQLK PHWRGD
komprimiranje, zelenijim metodama. Primjer takve metodez@tena granulacijazelena

granulacija fluidiziranog slojéengl. GreenFluidizedBed Granulation, GFBG) (58).

1.25.3. Biosurfaktanti

Nadalle, sRE]JLURP QD VD]QDQMD GD a@aLURNR NRULAWHQL N
QHIJDWLYQH SRVOMHRGLHKMOQR NRROEANR GHVHWOMHUD MH X(
razvili zeleni biosurfaktanti koje proizvode mikroorganizmi (kvasci, bakterleG UHYHQH JOMLY

Razne obnovljive sirovine, posebnice trigliceridi, izvori ugljikohidrata i organske kiseline

SURL]YHGHQH IHUPHQWDFLMRP VOXaH NDR SROD]QL PDWHL

trigliceridi/steroli doprinose hidrofobnomiijelu. S druge strane @aHUHUL DPLQRNLVHOLQH
KLGURILOQRP GLMHOX RYLK VIXULDRW DPQRIDW D X DYHH PIRLIKO\RR M @I V
QDSHWRVW NRULVWHGOL LVWH PHKDQL]PH NDR NHPLMVNL VXU
LK pLQL VXSHULRUQLMLPD XNOMXpXMXuL YHUX ELRUD]JUDG
PHYXID]QX DNMWIKXY @ROWNGDINN@QHR WA iIX VLIXUQRVW L ELRNRPS
HNRORAGNX SULKYDWOMLYRVW L VWD ELO Q RRoBhimAsultamal I DNW D ¢
Bakterije rodovaPseudomonasBacillus VX GREUL SURL]YRYyDpL ElarRidXUIDNWD

bombicolai Candida lipolyticaQDMYLAH NRULAWHQH NYDVQLF@ID SURL]YR
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1.25 %LRVLQWHWL]LUDQH QDQRpPHVWLFH

2GUHYHQL DXWRUL SUHGOD & X (dieNeRd) zadr@leQsiitelz IEzZIaRi® R AN R J
srebrnihi drugih QDQRpHVWLFD NRMH PRJX ELWL WtHUdD&pMVNL N
VLQWHWL]LUDQMD QDQRpHVWLFD L] PHWDOQLK VROL LVNRUL:
spojeva(60-64). =HOHQH QDQRpHVWLFH VH VLQWHWL]JLUDMX X SRVW
]D PDQLSXOLUDQMH VWDELOL]DFLMRP YHOLPLQRP L REOLNR
]JDKWLMHYD PDQMX NROLPLQX HQHUJLM Hediklirafi iz@tadd Xoji D SOHP
QDVWDMH &dWR VOLMHG@D). GBPHMD WIOQVDHH] DN HOARQSkER V W L F D
ELRORANLK UHVXUVD MH HNRQRPLpQD EU]D L HNRORA&NL SU
NHPLMVNH L ILILNDOQH PHWRGH 5D]QL ELROR&ANL UHVXUVL
bakterije, gljive i alge se mogu koristiti za zelen@3WH]X ELRDNWLYQLKIAQghQRpHVW
QDQRpHWWR¥DQWHWL]LUDQH QDQRPpHVWLFH VUHEUD VX SULY
VYRMH SRWHQFLMDOQH SULPMHQH X UD]J]OLPpLWLP SRGUXpMLP
QRVL QMLKRYD EDNWHULFLG Q D -poaitvmnlh Y @&mhegad/biRbakieyijau D] O L p L
(63, 6567. 1DGDOMH L QDQRpHVWLFH J]ODWD SRVMHGXMX EDNW
LID]YDOH L ]JERJ VYRMH QHRELPpQH LQHUWQRVWL SUHPD YDQ
iskoristiti za cijanu LVSRUXNX OLMHNRYD &WRYL&H FLOMDQD LVSRU
QDQRPpHVWLFD FLQNRYRJ RNVLGD NRMH VLQHUJLVWLPNL GMFE
RQNROR&ANRP OLMHPHQMX NRMH VX VLIXUQLMH L a&peQNRYLW
fungicidnu aktivnost D SRWHQFLMDO ]D SULPMHQX X ELRPHGLFLQL |
Q D Q ficp Bk titanijg63,64,6871). 1DGDOMH NRPELQLUDMXiUL SUHGQRV\
X JHOHQRM VLQWH]L QDQRpHVWLFD L WHUDSLMVNLK SRWHQ

DQWLRNVLGDWLYQD DQWLPLNUREQD VYRMAQDOQWRD H VIAWLRNHV MPY
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YLVRNL SRWHQFLMDO ]D SULPMHQX X @B.Recertbose efehdvhl L VY H
WHKQRORJLMRP VLQWHWL]LUDQL QDQRQRVDpL EDJLUDQL QD
DQWLUHXPDWLND W]Y WUHKDORVRPL V NRQDPQLP FLOMHP
crijeva jer trehaloza osim otpornostindAkH OLQX GRND]DQR XEODADYD XSDOX L
stres(73. 5D]YLMHQD MH L HNRORA&ANL SULKYDWOMLYD VLQWH]D
sistema za potencijalnu isporuku linezol{d@d). Nadalje, zelenometnologijom je formuliran i
QDQRYODNQDVWL EXNDOQL ILOP NDR DODWD ]D SRREROMAaDQ
Dodajmo ovdje da skao potencijalni zeleni izvor u farmaciji se koriste se mikroalge, odnosno

proizvodi na bazi mikroalg76).

1.25.5. Problem otpada

,ZURQLPQR RWSDG NRML QDVWDMH X SURL]JYRGQML RUJCLC
anorganskih soli. Ovo je izravna posljedica uporaberganskih reagensa u stehiometrijskom
omjeru u sintezi kemikalija i proizvodnji lijekova. Primjerice stehiometrijske redukcije s metalima,
RNVLGDFLMH V SHUPDQJDQDWRP L NURP 9, UHDJHQVL O5MHA
sebi, zamjena zastarelk VWHKLRPHWULMVNLK PHWRGD VD |JHOHQLP ND\
PDQMH NRUDND XpLQNRYLWLMH L HNRQRPLPQLMH VX SD SRV
NDWDOLWLpPND KLGURJHQDFLMD RNVLGDFLMDs imaldlBdi.ERQLOD
7UDGLFLRQDOQR NDWDOL]DWiRkhtegojX hstBr@ykend,H Gahepene, X pt

organokatalizatore i biokatalizatof&0).

'UXJL YHOLNL L]YRU RWSDGD MH JXELWDN RWDSDOD NR
vodama(30) 8 RELpDMHQR MH PDVD RWDSDOD NRIiBDaNKQEe WLMHN
mase(37, 77). Otapala se smatraju glavhiRQH p L a U XY MPpULPDFHXWVNRM LQGXVWU
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RWDSDOD X RNROL& PRaAaH GRYHVWL GR GO&NX@HMmDOMD RYL
zabrinutosti oko sigurnosnih razlogagulatorna tijelasu razviak VP MHUQLFH ]D NRULAaAWHC
u farmaceutskoj industrifis0)) 2GUHYHQH IDUPDFHXWVNH NRPSDQLMH VX L
RGDELUX HNRORA&GNL SULKYDWO ML Y 9. AKeRcAnZBam@dD SpbietyD UP D F +
Green Chemistry Institute Pharmaceutical Roundtable, osnovan §00me okuplja skupinu
farmaceutskih kompanija koje su prigrlile zelen principe i implementirale zelene prekssgnu

i proizvodnji farmaceutskih proizvodg80). Mnoge farmaceutske kompanije usmjeravaju
pozornost namanjenje uporabe otapala i zamjenu mnogih tradicionalnih organskih otapala, kao
AWR VX NORULUDQLOGIDFRURFD®WH NINROBMNNRBYLKYDWOMLYLP D
alkoholi, ester i neki eteri, primjerice metdrcbutil eter (MTBE). Znanstvenici farmaceutskih
NRPSDQLMD VX UD]YLOL YRGLp ]D RGDELU RWDSDOD ]D PHC(
NDWHJRULMH QHSRAHOMQR FUYHQR @EBRWXGEODMGDRVXXWOE
LIYRUL RWSDGD X SURL]YRGQML NHPLNDOLMD VWHKLRPHWU
SUREOHP RWSDGD MH HYLGHQWQR NRUL&A&WHQMH NDWDOLWLD
(8283 AWR VH WLpH SRWR Q Mésdtaaia MiER @ Mtabafbvireb8d) eeRalt H

EL ELWL VLIXUQR |]D XSRWUHEX L WUHEDOH EL SRVWRMDWL
proizvoda i ponovnu upotrebu. Razni nekonvencionalni reakcijski mediji se intenzivno
SURXpPDYDMX XNOMXpXMXibL IN6R GO PWX 8§ B U NKHIMMINQEH &R L P Q|
kombinacijamg30,84,85 8SRUDED YRGH L \Ka rebkiijskod\nhiepif@a Babré.se
XNODSD X WUHQG NRUL&AWHQMD REQRYOMLYLK VLURYLQD WHI

L] XJOMLPQRJ GBRNVLGD L YRGH
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1.25.6. Zelene metode u farmaceutskoj analizi

BULQFLSL JHOHQH DQDOLW LPMHQ N HBLLMPDVR GXME/NL M B QR H L
IDUPDFHXWVNLK VSRMHYD L] PDWULFD UD]JOLpLWH SULURGH
IDUPDFHXWYVND D Qse@dz¢Dazxdib@RdrplellepkovANDR L VWXGLMH RNROL
LIPHYyX RVWDORJ WH GD MH VWRJD NDR UH]XOWDW YDAaQRJ
metoda vrlo potrebnaQ UOR VH pHVWR SR]JRUQRVW VNUHUH QD WR GD
QHWRNVLPpQD R4V RS D @rinjeba Vidhohiatdi@ala ili sorksanvisokogkapaciteta
HNVWUDNFLMH X NRMLPD MH NROLpPLQD GUXJLK RWDSDOD L L
SUHGQRVWLPD X SRPnjedcé IRGENAXWBWMAKLQR NRULAWHQH X
antidepraiva, psihotropnih lijekova, antibiotikainhibitora acetilkolinesterazée nesteroidnih
SURWXXSDOQLK DQWLUHXBPDMWE jprini MUDIMH QIDWA R & D MULLYHDQ M
blokatora iz uzoraka humane krvi, a magndld ME X RGUHYLYDQMX GLNORIHQDN
urina. Razvijene su metode mikrostkakcie NRULGWHRND HXWHNAWRGUNDBYRWDEGW O
antidepresiva, opijata, salbutamola, paracetamola, antibiotika, sulfonamida, antiaritmika i
nestertGQLK SURWXXSDOQLK DQWL U HSGpramslekand ptapaleir@lL p L W L K
Supramolecula&olvents SUPRAS3 VX LPSOHPHQWLUDQD |]D RGUHYLYDQMH 'V
nesteroidnih protuupalnih antireumatika, metotreksata, metadona, sulfonamidaOiR 8 H Q L K
matrica.Promjenjiva hidrofilna otagla (engl.SwitchableHydrophilicity SolventsSHSs NRUL&AWHQD
suX RGUHYLYDQMX QHVWHURLG Q kistadferikuleX iebadddd ) tratndd@ay L U H X
DOQWLGHSUHVLYD QLWUD]HSDPD PHWDPIHWDPLQD L DQWLE
IDUPDFHXWLND WHPHOMHP SRVWXSDND PLNURHNVWUDNFLMH

vodeni dvofazni sistemi 2SUHQLWR O InlV et ApERAD 2 QHDHIPW Q EURM SUL
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nanomaterijala, prirodnih sorbeBb L JHOHQLK RWDSDOD X SRGUXpMX IDI

QDMEURMQLMH VX RQH SRV¥BBUHQH DQDOL]L X]JRUDND YRGH

$QDOLWLPNL VX SRVWXSFL WHPHOM X UD]YRMX IDUPDFH
ID]JH IDUPDFHXWVNH SURL]YRQ®@BH4H#AH REGDR y&WRQMH PIQDOR {B
HQDQWLRPHUD L RGUHYLYDQ8NH TE&URQ@¥NDW N U B P PIW B BUIM HM
X p L Q N RobinWweraxe(éhgl. Reverse Phase HigRerformance Liquid Chromatographir P
+3/& QDMUDALUHQLML MH DQDOLWLpPpNL DODW ]D IDUPDFHXMW
XNOMXpHQD X NRQWUROX N YAPIGd WRHANHH yOLYNDIDNWRHY B Q WV & DN
UD]JUDGQMH ]D LVSLWLYDQMH VWDELOQRVWL SURL]JYRGD L

RGUHYLYDQMX OLMHNRYD L PHWDEROLWD X ELRORANLP X]RUF

awR VHGWDNVNWYHQLK L HNRORANLK SUREOHPD RUJDQVNL
RP-HPLC tehnici ozelenjavanjeRP-HPLC PHWRGD L]D]JYDOR MH YHOLNR ]DQ
]DMHGQLFH pLML MH FLOM SRWUDJD |]D QRYLP DOWHUQDWLYL
pLAULRRIODQVND RWDSDOD NRMD VX RSUHRQdgwWd kBridtitii RPUHQD N
HPLC, su etanol, izopropanioh-propanol 1DYHOLNR VX LVWUD aLEHRQKdjeP HWR GH
koriste pokretnefaze na bazi etanola za analizu lijekovéatmaceutskinproizvodima kao i u
ELRORANLP X]J]RUFLPD 2YH VX PHWRGH UD]JYLMHQH ]D SUL
fenilefrina, paracetamola i gvaifenezina, prednizolona, ddtiza, ampicilina, daptomicina,
dekstrometorfana, telmisartana, hidroklorotiazida i amlodipina, kapecitabina, kvetiapina i drugih
farmaceutskihaktivnih tvari Nadalje razvijene su metode za analizu paracetamola, kofeina i
DFHWLOVDOLFLODWQH NL VpakeeltnQfezuN Redddd ¥ HnalizuHndm@taGriaN W D W
koristHUL HW L&3). YDHNWVRPMU QHGDYQR MH UD]Y Lobin@PazbH® HQD Pt

NYDQWLWDWLYQX DQDOL]X RGUHYHQLK RQHpLAGUHQMD ]JDPMH
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N DR aagdRonirki metanol, etanoloif@8). Opisana je i uporab HN XULQVNH NURPDWR
vodom pri visokoj temperaturkao pokretnom fazom (engl. SuperHeated Water Liquid
ChromatographySHWLC) ]D XVSMH&QX DQDOL]X WHVWRVWHURQD L QH!
protiv prehlade, kao i nekoliko antitumorskih lijekovalD GD O M H PLFHODUQD W
NURPDWRJUDILMD MH NRUL&AWHQD ]D DQ hlodajoxa, \&plcHinaN OLp N L
sildenafila, nikotina, tamoksifena, piroksikama, tenoksikama i lornoksikama, kodeina i niz drugih
APlja. ILs XVSMHAEAQR VX NRU L &hoka@id, AlidBp@eEa,LIdRtarEskiMibivtika,

efedrinai nekih vitaming88). 5D]YLMHQH VX PHWRGH |D RGUHYLYDQMH IDY
WHNXULQVNX NURPDWRJUDILMX EH] RWDSDOD L VSHNWURIO:
HNROR&NH MHU VH WHPHOMH QD ELRUD]JUDGLYLP UHDJHQVI
potvry HQNNRULAWH QMH P (BB).ONeidaljd, PMIMGHINHSULQFLSH JHOHQH NHP
zelena UPLCPHWRGD ]D RGUHYLYDQMH L]RVRUELWL GR&UANWULDYWQ M
IDUPDFHXWLND X SRYUA&LQUINWP (W RBRYBO G/HL R WRVpakFEIR NRULAV
faza za tankoslojnu kromatografiphbrnutefaze engl.reversephase higkperformance thin layer
chromatographyRP-HPTLC) X RGUHYLYDQMX VLOGHQDILOD L(QMHJIRY LK
5D]YLMHQD MH L |HOHQD PHWRGD PLFHODUQH HOHNWURNLQH

fOXRURNLQRORQD L JOXNRNRUWLNRLGD RUWDXOW Q [ 1 @3X SUD|JFONL H

'YLMH HNROR&ANL SULKYDWOMLYH 89 VSHNWURIRWRPHWL
moksifloksacin klorida i flavoksalat klorida iZTRUPXODFLMD NRULVWHAI2L YRGX I
O9DOLGLUDQH VX WUL EUJH WRPQH L HNROR aisto&éhteY DW O ML
R G U H y tevhbDgllbkztha i vildagliptina iz formulaciasNRULVWH UL Y R(G4X Nddalke, RWD S D C

SUHGORAHQD MH JHOHQD VSHNWURIOXRULP HWupatadivaNiD P HW F
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montelukastakao i zaRGUHYLYDQMH GD QW UR O H tpantadold & ibipiofeKorhR U P X O |

ili klorzoksazonon(95-98).

1.25.7. Obrada otpadnih voda

SRVWRMH UD]OLpLWL SULVWXSL NDNR SRVWLUL |JHOHQLMt
SULQFLSD L XS RUDERWERSOLDD |[MRYDWLYQH VH PHWRGH NRQ\
VH UD]JYLOL SURFHVL NRML VX XpLQNRY@WekelmetodeRadyelseL P D M X
PRJX NRULVWLWL NDNR EL VH SURFHV XpLQLR HNRORA&GNL SL
ORQFX3 NRMH VPDQMXMX EURM NRUDND SURpLaAUDYDQMD L NF
proizvodnja(99-101). Druge mjere koje se mogu provesti za smanjenje utjecaja farmaceutske
SURL]YRGQMH QD eébhM@Qridastydkil ivkgrpuddinkh otpadnih vogaLMLP EL VH

SURPpPLEUBNDRMRO H p LERIHQWIRYI L YR GAPGRA(BNROLED

SRVWRMHUL VXVWDYL |]D SURpLAUDYDQMH RWSDGQLK YRC
lijekove. Neki se eliminiraju, ali neki zaostaju. lako se farmaceutici u postrojenjima za
SURpLAUDYDQMH RWSDGQLK YRGD YHULQRP badRr&gag@amdH X NR
WR PLNURJUDPD SR OLWUL aWR VX SUHQLVNH NRQFHQWUDF
ELRORANL DNWLYQH VXSVWDQFLMH NRMH LPDMX SRIHQFLMD
SUHPD LVWUDALYDQMX X 8MHGLQMHQRM .UDOMHYLQL RNR
NRQFHQWUDFLMH (& DOBO LhH WD K. \OW MBIAIRYIMQMD SURFMHQMXMX

YRGD XRSUH QH SURpL&UDYD D RYD SUREOHPDWI1D MH X ]HF

Zbog nepotpune eliminacije tijekonX R E L p DiMddeédtpadnih voda i potencijalnog

ULJLND ]D RNROL& L]JUDAHQ MH LQWHUHV ]D UD]JYRMHP D
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transformacije ovih polutanata kao zelene tehnolddis, 106). Primjerice, karbamazepin, koji

VH QHSRWSXQR XNODQMD L VWRJD MH pHVW RraditHgjwbhiN WL U D Q
Trametesversicolori do 94 %, a ofloksacin do 99 ¥407-109. Nadalje,gljiva Phanerochaete
chrysosporiunu nekoliko dana uklanja i do 99 % paracetam(@B0)). Pokazalo se dgljivica

Penicillium oxalicumP R4H SRWSXQR UD]J]JUDGLWL RGUHYHQH NRQFHQW
(111). P. oxacilum S R V Wotpariidegradaciju kombinacijijekova paracetamola, diklofenaka,
ibuprofena, ketoprofena i naproksena u bioreaktoru uz dodatak glukoze asartatana(112).

-HGDQ RG QDMYHUuULK L]DJRYD ]D LPSOHPHQWDFLMX RYLK PH
primjerice pH(110 8 WX VYUKX VH LVWUDA&XMX PLMHADQH EDNWHUL
mikroorganizama10). Gljive Imleria badiai Lentinula Edodesunutar sedamdana potpuno

uklanjaju cefalosporinski antibiotik cefuroksim aksétil3). Gljiva Leptosphaerulina spunutar

a Hdaké uklanja oxcailifil14) 7 D N RyjivhWpex lacteusuklanjafluorokinolone flumekvin,
FLSURIORNVDFLQ L RI0ORNY D6 LEMQukahRbja attiMatikaGZn@ainih

voda, JOMLYH EL PROHVSRRIQD&P XQDRWR GD EDNWHULMH PRJX

DOQWLELRWLNH L iQIHWD ¥ LQDBIQMIRSWHGROSRUQRV WL

% LRDSVRUSF L ptdzesddibmAgve Rpdiilbiklanjati aktivne supstancije, tako,
primjerice,L. edodesandAgaricus bisporusiklanjajul00% 17aetinilestradiod u 20 i 30 minuta
apsorpcijom(117 6RUSFLMD IDUPDFHXWLND VH PRa@H SREROMADWL
SRYHUDYDMXUL YULMHPH NRMH RWSD Gepgl. HydRalid R&tehBo®@ D ]H N U F
Time +57 L SURGXOMHQMHP UD]GR&£0OWM B X0 M RNOH. P E DI VID HI WLV K
sustavu €ngl Solids RetentionTime 657 SRYHUDQMH ELRPDVH UH VWYRUI
VRUSFLMX DNWLYQLK WYDUL GXOML +1/ SRYHUDW UH NRQV

IDUPDFHXWLND SRYHUDYDMXuL XpLQNRYLWRVW WUHWPDQD
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VSRULMH UDVWXuULK PLNURRUJDQL]DPD NRML VX SULNODGQL!
FLSURIORNVDFLQ L JHPILEUR]JLO , S+ L WHPSHUDWXUD GRGDYV
voda. Karakteristike aktivnihtvde NRMH XWMHpX QD WRSOMLYRVW KLGUR
prisutnim uvjetima. Kemijska modifikacija farmaceutika putem biotransformacije je visoko ovisna

RS+ L WHPSHUDWXUL WLMHNRP WUHWPDQD L PLNUWRBMHPFMNM L]X

QD XpLQNRNMANABY W XNOD

.RULAWHQMH L]JROLUDQLK JOMLYLpQLK HQJLPD PRJOR EL
PLNRUHPHGLMDFLMRP OHYyXWLP SRWHANRUH X X]JJRMX JOML)
SURFHVLPD LQNXEDFLMH HNVWHQ]LYQRP KBtidRd{u SidWhW D SRW L
izoliranih enzimg118. ,SDN GR GDQDV MH J®DF B i§BkAdiBre@ phsupka M X ii L
SURpL&UDY D QU SHiQupk BtiaReDiakdd RULAWHQMH L]JROLUDQLK HQ]JLP
UHPHGLMDFLMH RQR PR&H LPDWL PDQMX XpLQNRYLWRVW &V

drugih enzimg119.

1.26. Zelena metrika

1DNRQ &@WR VPR GHILQLUDOL &WR MH JHOHQD NHPLMD I
proizvode) na temeljajihove zelenosti. Ne postoji apsolutno zelenilo, jedan je proces zeleniji od
drugog procesa(30). Farmaceutske kompanije mogu procijeniti koliko je zelen proces
implementacijom zelenmetrike(120. 1DMEWIHKYDUIHQH PMHUH kBmigkliRFMHQ X
SURFHVD QD RNROLa&a VX YMHURMDW Q Rfakidl (evig. Krjvibbh@@iRalL GYL M F
Facto) GHILQLUDQ NDR RPMHU PDVH RaithskeGRonbima@IRWYH QRJ S U

Atom Economy AE) GHILQLUDQ NDR PROHNXODUQD PDVD a4HOMHQR
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PROHNXODUQLK PDVD VYLK SURL]JYHGHQLK WYDUL X VWHKLR

(29, 30).

( IDNWRU MH VWYDUQD NROLpLQD RWSDGD SURL]JYHGHQD
SURL]JYRGD 8]LPD X REJLU NHPLMVNL SULQRV L XNOMXpXMH \
VUHGVWYD X SURFHVX L X QDpHOX b Dohpad uDHikuWidjikapog HQHUJ
dioksida.Vodase RS i H QUMRNLX R Dp X QD ( jepMaieRj¢hbDGIMHUMHQR XNOMXpL
dowdi GR L]QLPQR YLVRNLK ( IDNWR UL liseQeRushdPedbeOpidre&sM HY L P I
WHANLPD 1D SULPMH Ur tok\DbDogwhpard, BainoseRaBdrganske soli i organski
VSRMHYL VDGUADQL X YRGL X]JLPDMX X UDpXQ GRN MH YRGD I
EDUHP X IDUPDFHXWVNRM LQGXVWULML SUHPD XNOMXpLYDQ
otpaGD L SRVOMHGLpPpQR YHUOUL QHIJDWLYQL XWMHFDM QD RNROL
WR VX NLORJUDPL VLURYLQD NRMH XOD]H X SURFHV PLQXV |
NLORJUDPLPD NRML VX L]DAOL L] $brzRavah}ém brojRkupliewikitodD NR L]
VLURYLK PDWHULMDOD L EURMD WRQD SURGDQRJ SURL]YRGLEL
PbDN FLMHOBXSWPUQYMMN VH GD RYD PHW RGN EMRIED) NRX) IDEIWHRFP
SURFHVX DOL QH L YRGX NRMD MH QDVWDOD ( IDNWRU MH
osobito u farmaceutskoj industriji kao korisna metrikgpmacjenu utjecaja procesa proizvodnje
QD RIBAOLEGHDOQRP SURFHVX VYL DWRPL |[JDYU&H X SURL]YRC
i teorijskim E faktorom nula. U praksi naravno, E fakige Q XOD MHU VH NRULVWH SRPF

SULQRV SURL]JYRGD QLMH D pPHVWR VH@)RULVWH SUHNRP

SR]IQDYDQMH VWHKLRPHWULMVNH MHGQDGAEH RPRJXUXN
SUHGYLGLPR WHRUHWVNX NROLPLQX RWSD G DflNRIntDosH PRAH

GRYHOR MH GR XSRUDEH RQRJD 4a4WR VPR QD]YDOL NRULAWHC
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RNROL& D OprtebAR eYedridkplre] koji se temelji na kemijskom prinosu od 100 % od
teorijskogi SUHWSRVWDYOMD GD VH UHDNWDQWL NRULVWH X WRpC
tvari, poput otapala i kiselina ili baza koje se koriste u obradi, a ne pojavljuju se u stehiometrijskoj

MHG Q@G5 &E L

SUHGOR&HQH VX L GUXJH PHWULNH ]D PMHUHQMH SULKYL
kategorizirati u dvije vrste, metriku koja predstavlja doradu AE konceptailj.koje se temelje
QD VWHKLRPHWULMVNRM MHGQDGAEL UHDNFLMD bavePsd WULNH
VWYDUQRP NROLPLQRP RWSDGD NRML MH QDVWDR X SURFHYVX
reakcijske maseefgl. Reaction Mass Efficiency50( L XpPpLQNRY L \&RIVO&rbodhJOMLND
Efficiency CE). RME se definira kao rsa dobivenih proizvoda podijeljena s masom reaktanata
X VWHKLRPHWULMVNRM MHGQDGAEL L]JUDAaHQD NDR SRVWRWI|
SULQRV SURL]JYRGD L VWYDUQH NRULAWHQH NROLPLQH UHDN
da se RMEQH PRaH NRULVWLWL ]D EU]JH DQDOL]JH UD]JOLpPLWLK €
eksperimentalnog rada& ( MH VOLPO Q@ GBIO(X]JLPD X UDpXQ VDPR XJOMLN
dobivenom proizvodu, podijeljeno s ukupnom masom ugljika prisutnog u reaktaRtimger
druge kategorije je intenzitet masen(@l. Mass IntensityMI). Definiran je kao ukupna masa
PDWHULMDOD NRUL&AWHQLK X SURFHVX SRGLMHOMHQ®D PDVRP
idealni Ml jejedanu usporedbi s nulom za E faktof. ODQLFH IDUPDFHXWVNH LQGXYV
definiratiMl SURFHV D XN @Madp uth3kilkorist®dvu metriku za svrhe usporedbe. Ovo
LLPD VPLVOD MHU IDUPDFHXWVND LQGXVWULMD NRULVWL YL
ciklus SRYH]DQL V NHPLNDOLMDPD L RSUHPRP NRMD VH NRULVW
PLMH&ADQLKRWIRDAQHVIRK WRNRYD RWSDGD |JD NRMH VX PRAaGD

odvajanje toka vode prije obrade otpadnih yodakadaWR QLMH PRJXUHIitPRAaH VH
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VSDOMLYDQMHP VPMHVD VD ]QDPDMQRP NROLPLQDPD YRGH |
.RQDpPQR X PQRJIJLP GLMHORYLPD VYLMHWD QDWMHFDQMH ]D
VYH YHUL SUREOHP X EXGXUQRVWL 3R VkorMdtel Sutopi Gdi sP HW U L N |
SUHGMIRASWHGORALOL VX URGRKMNVEMWHERWMW WPDVH dWR MH UHF
3UHGOR&AHQD MH L DQDORJQD PHW U EffeEtivéMasd\viglt, \EQIY), PDVH QL
GHILQLUDQ NDR PDVD adij€jénd idpndro RadorrRBI2ni§nih reaktanata

NRULAWHQLK X SULSUHPLeNPORIMN XEE R XPIMW S\RMHYH NDR :
NLVHOLQD L GU 2YR MH XSLWQR MHU XWMHFDM WDNYLK W

'"HILQLUDQMH QHEHQLJQRJ MH WHANR L SURL]JYRG®MQR SD VH "

6YH VSRPHQXWH PHWULNH X RE]JLU X]LPDMX VDPR PDVX J
RWSDGD QD RNROL4A QLMH RGUHYVHQ VDPR QMHJRYRP NROLF
NLORJUDP QDWULMHYRJ NORULGD RPpLWR QLMH biseYev DOHQW! I
X]JHOR X RE]JLU UD]YLM H&gMHRviRNRM@aQEQiENtN ¥R FIGNREQWHQ QD QD
GD VH ( IDNWRU P Qd®dijeljghiBrig foLdiviiONMMYQRELMHQWRP 4 1D SULPN
se proizvoljno dodijeliti Q vrijednost 1 za NaCl i, recimo, 180 ]D VRO WHANLK PHWDO
MH UHFLPR NURP RYLVQR R QMHJRYRM WRNVLPpQRVWL ODI
GLVNXWDELOQD RQWHENR WMDWMHDOYL. &dWR MH MR& YDaQLMH
NHPLMVNLK SURFHVD QD RNROL& X QDpHOX MARARIEKLMW IGBRG
utjecajem obujma proizvodnje i lokacije proizvodnih pogdte primjer, generiranje 1061000
WRQD QDWULMHYRJ NORULGD JRGLAQMH PDOR YMHURMDWQR
QDVXSURW WRPH PR&aH SUHGVWD YWVOWRIWL RYHUD YSSDR/EDO R YRIG O
NDGD QDVWDMX YUOR YHOLNH NROLpLQH QDWULMHYRJ NORUL

UHFLNOLUDQMH HOHNWUROL]RP SRVWDMH RGUALY SULMHGOR
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RWSDGD uH ELWL RGUHYHQD ODNRURP RGODJDQMD LOL UHFL
ODN&H JEULQXWL QHJR DQRUJDQVNL RWSDG D WR MH YDal

ELRNDWDOLWOPNLK SURFHVD

A + B otapaloD C

Slika 3. Primjer kemijske reakcije

8 JRUQMRM UHDNFLML VWYDUQL XWMHFDM QD RNROL& QH
i obradu i odlaganje bilo kakvog povezanog otpada, nego i utjecaje materijala i energije koja se
koristi za proizvodnju A, B i OSlika 3) (12)). PULVW XS SURFMHQL XWMHFDMD Q
SURL]JYRGD L SURFHVD RSUHQLW RNV Hfe £YLR RddedsBntaDAY RW QR J |
2YR XNOMXpXMH SURFMHQX SURL]JYRGD L SURFHVD XQXWDU C
RVQRYX PMHUOMLYLK SRND]DWHOMD XWMHFDMD QD RNROLA
RAWHUOHQMD R]JRQD DFLGLIDNQIVAL MR R BHDX W UHRN RNVERANLWLH QWRW W/D L
8 ELWL /&% MH LQWHJUDFLMD NROLPpLQH RWSDGD V PMHUOML

stvaranje smoga, i stoga nalikuje EXD).

BNOMXpLYDQMH NRQFHSWD RGUALYRVWL X GL]IDMQ SURFH
OMXGL X LQGXVWULML L DNDGHPVNH |[DMHGQLFH L XVSMHK |
QDSUHGDN NRML MH SRVWLJQXW X UD]Y M Xapreti@a dayeéldje K SURI
GR PQRJR UD]OLpPpLWLK SULMHGORRFRVWRPH Q DN R HPRMLHUANAAL LT
SHUVSHNWLYH .DNR VYH YLa4H JQDQVWYHQLND L LQaHQMHUI
SURFHVD WDNRYyHU KINONXEDOMHUHOG RYH IPMWULNH SUL GL]
XNOMXpXMX HNRQRPVNH WHKQLpPpNH L GUXaWYHQH PHWULNH
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QH RGQRVL VDPR QD RGUHYLYDQMH NROLPLQH RWSDGD YHU |

JRUH QDYHGH®D. aLUL IRNXV

Jedan od glavniL ]D]JRYD MH SURFMHQD JHOHQRVWL NHPLMVNLK
NRQWHNVW DQDOL]JH ALYRWQRJ FLNOXVD ]D NRMH SRVWRML
YUVWD NRULVWH VH |]D NYDQWLILFLUDQMH ¢$NRpoHRetidd K HNR
kemikalija u procesimgl22). Ne postoji jedna jedina ili jednostavna metrika koja mjeri ukupnu
XpLOQNRYLWRVW SURFHVD WDNR GD MH SRWUHEDQ PXOWLYDU|

QDMYDAQLML |D(ROR NRML SURFHV

, JERU PHWULNH QDMYLAH RYLVL R RVREQLP SUHIHUHQFLI
je univerzalni skup metrika prikladan za primjerice farmaceutske tvrtke, trenutno ne postoji.
OHYyXWLP GRVWXSQR MH QHNROLNR PHW &bhé korisnikaNOvEseYD DOL
DODWL RVODQMDMX QD GREUR SR]QDWH PHWULNH NDR awWR
IDNWRU SULQRVY LWG |]D SURFMHQX MH OL NHPLMVNL SURF
uporaba opasnih kemikalija mininmana. Nadalje, uvedene su nove metrike, primjerice u
DQDOLWLpN RS8tall, GARIMdnglGreéh Analytical Procedurelnde®y, AGREE (engl.

Analytical GreennessCalculator) ili u farmaceutskoj kemiji IGAL (engllnnovation Green

AspirationLeve), AMGS (engl.Analytical Method Greenness Scprecclabel i dr. (122).
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2.&LOM LVWUDALYDQMD
DREUD SURL]YRY[ZpDSddd $1ahDfACYBNg Practice, GMP) u farmaciji

]IDKWLMHYRBPISUOQKWMHYH ODERUDWRULMD |]D NRQWUROX NYDOL
2YL NRUDFL XNO MMEXNWDXR SWWIRYRWHIQX NDR PHYyXSURGXNWD W|
procesa, nakon pakiranja i za ispitivanje stabilnosti tijekom vremena trajanja proifala.
PLQMHQLFD PHYyX RVWDOLP GRYRGL GR SRQRYOMHQRJ WHYV
farmaceutske proizvode. Ovaj pristup je skup i dugotrajap,taViijl¢ Ri HNRORANL SULKYD\
1DADORVW XSRUDED JHOHQLK DQDDQWIHQDKXPIBDWRGBHMRY XR
SRVHELFH X DNWLYQRVWLPD NRQWUROH NYDOLWHWH 2]J]HOHC
LQWHUHVD X SRGUXpMX IDUPDFHXWYV NB QD@DLOVR]|HBTDRIE R EL VH
po kojima se ispituju djelatne tvari, dio gotovih lijekova i dr. propisane su farmakopejama,

MH FLOM RYRJ LVW lizabadilty de@aivib tvaxispitaRk kKolk® 30 zelene metode za

RGUHYVIMDIGIMIBMD L R Q H{Hubpska) ferdakbdek WY D UL
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3. Materijal i metode

SURFMHQD HNROR&NH SULKYDWOMLYRVWL DQDOLWLpPNLK |

Kako biseispitaldHNRORAND SULKYDWOMLYRVW DQDOLWLPNLK Pl
VDGUADMD L RQHpLAUHQMD OLMHNRYD SUHPD (XURSVNRM IDU
koristi u terapiji upalne bolesti crijeva.aBmatane su PR Q RJ U D | lijdkdva azHsKpine
imunosupresiva i‘aminosalicilataazatioprinmerkaptopurin, mesalazisylfasalazinbudesonid
i RVDOD]LQ D SUHWUDALYDQD M®U exepsenalxeleDdstPrbdibBaS H M D
RSLVDQLK ]D RGUHYLYDQMH VDGUADMD LM&hQuafije aerif¢®M D QDY
LPDMX RSLPBIQMR YHAH UD]OListby\API-R G B pM&i XKQRMODDNYLP VOXDp|
procjenanapravljem za svaku metodu posebneHOHQRVW RSLVDQLK PHWRGD RG
dvaslobodnodostupna alata AGREEAMGS (80, 123). Programi su dostupni na poveznicama

https://mostwiedzy.pl/en/wojcieelvojnowski, 1742351/ AGREE odnosno

https://www.acsqcipr.org/amgs/

=D SURFM H QihuathiRi méatddidukladno AGREE alatN RULAWBBELYXp QL
ulazni podaciprikazani u Tablici 2 3ULPMHULFH ]D PHWRGX RGUHYyLYDQM
SURFLMHQMHQR MH GD MH SRWUHEQD PLQLPDOQD NROLpPLQD
manje koraka i da nastaje barem 35 ml otpa@@® D]QL SRGDFL NRULAWHQL ]D Sl
prihvatljivosti metoda preko AMGS alata su navedeni u tadeada SRMHGLQDPQR V RE]LL

APl i metodu(9.1.3.,9.2.2,,9.2.4,,9.3.3,,9.4.3,,9.4.5,,95.7399.6.3., 9.6.5.
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7TDEOLFD 80D]QL SRGDFL |D SURFMHQX HNRORA&NH SULKYDWOMLYRVWL LVSLWLY
Broj Broj .ROLD
Aktivha .ROLD| Broj .ROLp| analita uzoraka Energetski otrovnog
farmaceutska uzorka (g| koraka u otpada (g| koji se analiziranih | najintenzivnija | reagensa
supatancija Metoda ili ml) postupku | ili ml) RGUH] po satu tehnika (giliml) | Priroda otapala
zapaljivo i
azatioprin VDGUAaDM]| 0,25 3ilimanje | 35 1 6 potenciometrija | 35 QDGUDAXMX
WHNXULQV zapaljivo i
onelp aénje 0,01 8LOL Y| 1407 7 0,74 kromatografija | 137,55 QDGUDAXMX
WHNXULQV
budesonid VDGUAaDM | 0,025 6 1101.5 1 0,49 kromatografija | 4515 zapaljivo
WHNXULQV
onefp dénje 0,025 7 1164 12 0,25 kromatografija | 4627 zapaljivo
zapaljivo i
merkaptopurin | VDGU&DM | 0,1 3ili manje | 57 1 6 potenciometrija | 57 QDGUDAaXMX
WHNXULQW zapaljivo i
onep dénje 0,012 8LOL Y| 1898 0,48 kromatografija | 1898 QDGUDAaXMX
mesalazin VDGUADM | 0,05 3ili manje | 104 1 6 potenciometrija | 4 QDGUDA&aXMX
WHNXULQV zapaljivo i
onefp aenje () | 0,05 8 LOL Y| 2000 2 0,48 kromatografija | 2000 QDGUDAXMX
WHNXULQW
onelp &enje (I) | 0,04 8 LOL Y| 1000 1 0,95 kromatografija | 150 zapaljivo
WHNXULQV zapaljivo i
onelp aenje (111) | 0.01 LOL Y| 1976 10 0,25 kromatografija | 676 QDGUDAXMX
zapaljivo i
osalazin VDGUADM]|01 3ilimanje | 122.4 1 3 potenciometrija | 92 QDGUDAXMX
WHNXULQW zapaljivo i
onelp 4énje 0,02 7 3075 9 0,31 kromatografija | 950 QDGUDAXMX
zapaljivo i
sulfasalazin VDGUA&DM | 0,15 8 LOL Y| 2190 1 3 UV/Vis 240 QDGUDAXMX
WHNXULQV zapaljivo i
onelp denje (1) | 0,025 4 1624 8 0,31 kromatografija | 324 QDGUDA&XMX
WHNXULQV zapaljivo i
onelp aenje (1) | 0,025 6 1633 2 2 kromatografija | 333 QDGUDA&XMX
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6WDWLVWLpND REUDGD SRGDWDND

Dobiveni rezultatiD ODW D ]PHIOHQRX&'L PHWRGD VX SRMHGLQDpQR
dvajui ]JUDpK@DLEAWHQ MH WHVW 66W D WRN QR ¥ N DN RUDHDIFQRN\HW M
< 0,05 6WDWLVWLpPpND DQDOL]D MH QDSUDYOMHQD NRULVWHIL

Software, Ostend, Belgija).
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4. Rezultati

41.3URFMHQD HNROR&NH SULK WbnetcdaV] DY R @ WH yILDYDREMHR ¥ DG WM C
R Q H p L Zddtiaiih B

$*5(( ]JELU ]D PHWRGX R G bzdtioprnin®zQddide 0,6 (SlikadR MrBma
indikatoru boja,nDMYHUL GRSULQRYV i@y QRPHIERDUX QRV L RGQ
SRJLFLRQLUDQMH LQVWUXPHQWD P DjQuiir&he® DiptemMeHIDED L QH I
NDR L SULURGD NR,JU®WX@ ISKU H Pl D MYDV\DBobatiGiRad49 Q.1). eH GDQ X

RYX PHWRGX QLMH ELOR PRJXUH L]JUDpXQDWL $0*6 JELU

<=

¥

Slika4. AGREE zbirfarmakopejskmetoce ]D RGUHYLYDQMdpriveD GUADMD D]D

ZaPHWRGX RGUHYLYDQMDaR Q@HpBE®HGDWXI D 1 DWDL BEYDYL $*!
QLAL X RGQRVX QD PHWRGX ]D R G Uz2igsioYO36 (Kb SukiatRor D VD G L
SLNWRJUDPX RVLP SR ]defokipidy pdstQokpbprntg bizpiai biereagensa,
SUREOHPDWLPDQ D®DD LWHRINND EVIRMLPLED RWSDGD NRMD

WRNVLPQRVW NRULEDpK@QL & UHPIDI N @ U N BodlatkuRad#9.Q1). MH GDQ X
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Slika5. AGREE zbirffarmakopejske metodeD RGUHYLYDQMH RQHpLAUHQMD

B3UHPD $0*6 L]JUDPX@ONBRSHMVNX PHWRGXRKQRMRPIHNHM B
azatioprinazbir iznoso je , ] U D [zKiQeDangiie instrumentiaio je 24,53 zbir energije
otapala6,88 L RNROLAQL [GUDY VWY HQ R7,21.\Preinég pr@tpostevkariita U RWD S
RYDNYD UD]J]GLRED GRSULQRVD GRQHNOH ]DGRYROMDYD pLF
pridonosi sa svega 11,74 %, zbir energije instrumenta41,84RN&KR OLAQL JGUDYVWYHQL
zbir otapalaV 'HWDOMDQ $0f8U PPNRSHOMMMNX PHWRGX NRMRF

R Q H p L azaHoRrivh 2 prikazan u dodatku rad8.1.3).

42.3URFMHQD HNRORAGNH SULKYDWOMLYRVWL IDUPDNRSHMVNL
R QH p L didepMB

AGREE zbir zdarmakopejsku metodu zZRGUHYLYDQMH V D Ghba8i@}eMBSEXGHV R
(Slika6). PremaLQGLNDWRUX ERMD QLVNRMNQDyMGEDD 8,748 GRSUL!
10i 11, dok SUHPD QDpHOL Pnietoda zadovoljava kriterije. ,]JUDpXQ SUHPD VYD

domeni je dan u dodatkada(9.2.1).
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Slika 6. AGREEZzbir farmakopejske metodfD RGUHYLYDQMH VDGUADMD EXG

3ULSDGDMXuUL $0*6 ]JELU MH L]JUDpXQ D Walatd D Rzdiobi SUHF
GRSULQRVD SRMHGLQLK NRPSRQHQWL Givelenile otap@dRsy ROMD®
49,14 %, dolsuenergija instrumentaRNR O L&A QL ]sgurbosi ¥iily dtaRdidoprinodli s
QHaAWR YL&H RG '"HW D O KD BDINR 6 HWWINPXX B HW RGO G B MIRNP V|

budesonida je prikaan u dodatku rad®.2.2).

ZafarmakopejskunetoduNRMRP Vi RGQHpPYXUHQMD EXGHVRQLGD L]JUL
zbir LVWH YULMHGQRVW LV NG B AID VD, BeESURY)N (g RoGeMithjivo prema
piktogramu,LVWR NDR NRG PHWRGH ]D RGWHYR YSRQWBpPRKMHBRYD VL
odnosnoin-field X][RUNRYDQMH V GLUHNWQRP DQDOL]JRP PDORP NR
GHULYDWL]DFLMH L QHWRNVLpQLP UHDJHQVLPD MH PHWRGI
metodu.,]JUDPpXQ SUHPD VMDRRWRERCRGUHYLYDQMD jRdamHip LAUHQ M

dodatku rad€9.2.3).
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Slika7. AGREE zbirfarmakopejskenetode] D RGUHYLYDQMH RQHpLAUHQMD EXG|

SULSDGDMXUL $0*6 JELU L]QRMURD &#Xljio je s DopBibsbmD
energije instrumenta (27,21 %R N R @,lza@Jstvenn i sigurnosnm zbirom otapala(24,70 %)
dok energija otapala doprinosi s 48,08 i WD OMDQ $0*6 fdrhakofelky metodu

RGUHYVLYD QM budesphidijt frike@ Mdddatku radé9.2.4).

43.3URFMHQD HNRORAGNH SULKYDWOMLYRVWL IDUPDNRSHMVNL
R Q H p L anierkgpMiirin a

Za farmakopejskuPHWRGX RGUHYLYDQMD VDGUADMD PHUNDSWR
AGREE zbir iznosige 0,5 (SlikaB). Kakoje vidljivo iz piktograma, metoda ne zadovoljava prema
QDpHOLPD L JHOHQUDP® DLW ¥ WHPRM K RPHQL N\

rada(9.3.1). Zaovu metoduUQLMH ELOR PRJXUH LJUDpXQDWL $0*6 JELU
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3

Slika 8. AGREE zbirfarmakopejske metodgD RGUHYLYDQMH VDGUA&ADMD PHUNDS

Za farmakopejsku PHWRGX ]D RGUHYLYDQMH RQHpPLAUHQMD PH
AGREE zbir bio je Q L, &dnosno svegd,34 (Slika 9). Iz piktograma je vidljivo da sukladno
QDpHOLPD JHOHQH DQDOLWLDpIHNDNHHRP ERHS BMRRGEBUPDIRRPY R @NY

,JUDpPXQ SUHPD VYD N BodatuRad#93.2). MH GDQ X

<=

B

Slika9. AGREE zbirfarmakopejske metodéD RGUHYLYDQMH RQHPpLAUHQMD PHU!

Sukladno AMG&u, farmakopejskalP HWRGD ]|D RGUHYLYDQMH RQHpLAUHC
zadovoljila u pogledu energije instrumenta i energije otapmhii, nije zadovoljila u pogledu

doprinosa R N Rdg,Lz@vstveng i sigurnosiog zbira otapala 8 NXSQL L]JUDpXQDWL $0
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PHWRGX MH L]JQRVLR 'H W iDefoht Rapn <R GLUIB R Q@ X Q LER H Q M D

merkaptopuriaje prikazan u dodatktada(9.3.3.).

44 3URFMHQD HNROR&GNH SULKYDWOMLYRVWL MDJGPWDANDREMH MV NL
R Q H p L aniesa@iird

Sukladno farmakopejskp PHWRGL ]D RGUHYLYDQMH VDGUA&ADMD Pl
SULSDGDMXIiL $*5((SlKalay R®MYLEL X RGQRVX QD RVWDOH RG
PHWRGH ]D R G U H yQpisBrantdda/ife GaddvBlij® SUHPD QDpHOLPD
(crveno) kaoni8i10 QDUDQ pIWWRQ SUHPD V YdarNuRIbHa&irrBRd®@.0).M H

=D RYX PHWRGX QLMH ELOR PRJXUH LJUDpXQDWL $0*6 JELU

g
¥

Slika 10. AGREE zbirfarmakopejske metodéD R G U H WIDVA@WANDHI D PHVDOD]LQD

=D RGUHYLYDQMH RQHpLAUHQMD PHVDOD]LQED RYLVQR
IDUPDNRSHMVNH PtdiWRGEIL XINW M XPpXDIKB WILPD G DIRNMW XISHO ]EL
opisane metode ja rasponu od),33 do 0,35 (Slika 11). Niti jedna od opisanih metodajen

zadovoliavia SUHPD QDpPHOLPD QL RGBCRVQR ]D
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XIJRUNRYDQMD PDOH NROLPLQH X]JRUND L]JEMHJDYDQMD GHU

,JUDPXQ SUHPD VYD N BodlatuRae49.@.2, IMd., EDEQ X

Slika1l. AGREE zbirfarmakopejske metodéD RGUHYVYLY D Q NMndsda@rdbt+ a8 0 HQ M D

RQHpPpLAUHQMBR GHbLIBEUHQ@RAHPLEIFRQ@MD,L, M, O,P,R

Za SUYX RSLVDQX PHWRGX ]D RGUHYVLYIDSDVGHD R XRQHD 5D B Q K
LIQRVLR MH 8 SRJOHGX GRSULQRVia jaJsarnhe erfetgipimK NRPS
RWDSDOD =D GUXJX RSLVDQX PHWRGX RGUHYLYDQMD RQHDpL
ova metoda. Sukladnta ] U D pzadpyoljjlaje VDPR X SRIJOHGX HQHUJLMH RWDSD
PHWRGD |]D RGUHYLYDQMH RQHpLAUHQMD PHVDOD]LQD MH SL
metoda, premal ] U D p2ad@poljava doprinosom i energijie RNROLaAQRJ JGUDYVWY
sigurnosnog zbira otapatananje od 30 %.HWDOMDQ $0*6PHW B BXQONI®PMLPD VH RC

R Q H p L &néshl@dia 2 prikazan u dodatktada(9.5.3., 9.4.5., 9.4.Y.
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45.3URFMHQD HNRORAGNH SULKYDWOMLYRVWL IDUPDNRSHMVNL
R QH p L 2iath@sl D

Sukladno opisandarmakopejskofPHWRGL ]D RGUHYLYDQMH VDGUA&ADMD
SULSDGDMXuL $*5(( ]JELU RG 2YD PDWHRGDPMH |Ix&& YRQMLC
je vidljivo iz prikazanog piktograma (Slikd2 , JUDpXQ SUHPD VYDNRM GRPHQL

rada(9.5.1). Za ovu 