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Study on the determination of oseltamivir carboxylate by using

revers phase high-performance liquid chromatography-ultraviolet detection
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PR SR/ X — F )b 7 8L (pharmaceuticals and personal care products, PPCPs) D&k
G RO EAGT K BKREREG G & £ NITERT 2 8EK DG4, et [E 2 i 2000 4400 &
HERHEIh TS [1-7, £ b, Hif v 7NV U HFEOERS & UTHEH ST % oseltamivir
phosphate (OP) &, DG TH % oseltamivir carboxylate (OC) A375/KULEL Jiti 3% D i 7k
&, Z ORI ALFIIK D S, Bl & hic 2 EEEREH & [8-13], OP & OC @43
FHEEXZK 11ZR7,

OP %t FMIRA L 72, BOES5EDOK 60 ~ 80% WG TH 5 OC ~ELfxn, Eh%x
Ric Uk, IREFECEGT RN s NS 2 EBFIo N TS [14], HiKicaEhz OC IEFEITHK
WSO R TIVEE 2 321 B 08, o IT R - BB SO P, MJIDKHICREN TS EEZ 6N T
W5 (15,16l WAENIZB W TS, FRLBEEOHGRAK E. ZhBmhALwIIKP2 S OP & OC H
it s /e 2 ST 5 [8,9,11-13]6
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PR UIA V7NV o H Y 4 VZDOHBIMNBEIHIN TS, £EFETIE, PPCPs O RIS i
TIKPKEKRF NS &, MR TH 20BN TE D, £hoick PRIEERICRE SN 5 algelE
MH B EMRIHENTOS [, 6l - T, 4%d OCITOW TR, Ml U 7cih RSB A L T
H BT TEL, 53R« BREBNICEAT 2 MEBLEEFTZ 5,

UL LA S, OCIT & 2R D TG YL FEREM AL 43 « BrEBNOBHZEICE 3 2 15H03. AR LT
WEONBRTH B, TOERD—>ELT, OCOMEIILD>NTE, WA o< b 574 -5 0 F
LIVE &3 HrEF (Liquid chromatography-tandem mass spectrometry, LC-MS/MS) @ X 5 73, &%i
BAFEGHECHO O THS 2 LIZH 5, BB HTHE: OFEABKE iR TIE, OC Z2MEd
52 EMNTET, BENBTHLRFERAC. 0 « BREBGNCE Y 2 0HFEbiROERISENEFZ 5,
OP &£ OC i3, & bITaHlEEBICRINEZIZEAEHI T, FNFHOBOLE SR EMA SN TS
[15,18]c & D & 5 WHSLEMSE L . DO HOIEIZ OV TIE, —#IZ LC-MS/MS % b 72 llE
ML TNWBEESFZ b, —H EKEMTH S I 7IVEFIF DO OP OHEFHM P, AERENOBRAIZ,
W Zms ot Th 2 mBRk 7 o< b7 5 7 4 — 8GRI 5 (High-performance
liquid chromatography-ultraviolet detector, HPLC-UV) % H W 7 & LR #RET = T 9 .0.05
mg/L FEEE THARERETHNETSE 5 2 EM|mE I TN 5 [20,21], OC 2201 Tid, HPLC-UV
RO REE R UciliEFIRIE & A 780,

Z 2T\ AWFFETIE LC-MS/MS & 0 &2l 78 534 1E T d 5 HPLC-UV 2T, OC ZflET 5
OO HEERFT A EEHNET 5, I 61T, KBFRTPOME OC 2R L THET 572H12,
Al S 2 O 72 BTALBE 0T & A BB EGEER 21T 0 BREGEUEHR £ TV « B EFEBEE T @
OC OWFEIT, RUEENHEILEETH 2 0atd 5 E S HNET 5,

2. EBRAE

2—1. ®E

OC DHEHE L, (purity © >95%) (3. ChemScene fEh SHEA L2 b D&z, £72 OC oYtk T — %
EERLIIRT, A% —IViBg g0 HPLC 2 ne, 7' b= b Y IV, Sigma-Aldrich
8o HPLC Ml % MW7, ZR/KIBEHRLEAE O HPLC M4 Huv 7,

x1. OC DYHET—%

TUPAC name (3R,4R,58)-4-acetamido-5-amino-3-pentan-3-
yloxycyclohexene-1-carboxylicacid

CAS No. 187227-45-8

LR C.,.H,,N,0,

Sy 284.35 g/mol

s 508.7°C at 760 mmHg

g 1.15g/cm’®

KR Y >500 mg/L

pKa"” 3.6

LogD @H7.4HY  -15

a) Xk [22]

b) SCHRF 7 [23]
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2—2. AeloFAH
OC HEHEZSHR (3. 2FEDY 100 mg/L IZ78 5 &5 OC A2 A% ) — VTR URAB L., 2 ofEERk %=
R L T, OC OEEH 0.1, 0.3, 0.5, 1.0, 1.5, 2.0 mg/L @ik Z7#% L, HPLC-UV THll&E L7z,

2—-3. #E
AHETHOIETOH F 243813, 500 °C T 2 KEMBAT 20, /I A Y ) — IV THRIFLTDS
%%L:@Fﬁ L/f:.o

2—4, ¥E

REBRTIE, OC O AIHENABINA R 7 MIVERIEST 5 FI12, HAANA 77 7 vy — X Blo [k
Mo RERE R UHB300) 207z, A5 ) =% 20% & AET £ M= kYL K (70:30, viv)
DRETEBIZ OC DL 20 mg/L 725 L5 ML, JEHEE 1 cm OAELIVITERER L, 500
JERFTIIAE U7z JE D B AEIR 13 200 5 5 400 nm & U, 2 ¥ + » #¥ 13 400 nm/min, 7 — & BFEZ 2.0
nm IZFEE L7,

AR TIZ OC oI HPLC (K> 7 : LC-10AD ; #iligs: SPD-10A VP ; L 3 —4% —: C-R6A ;
EEERUERREL, A — YT T — 1 851-As s HASHEHED 2, KME TR HEA S L EL T,
Wit ODS #7 5 4 (inertsil C18, 150 X 4.6 mm I.D., P.S. 5 ¢ m, ¥ — T )b# 1 > 248D &7,
BEMHIE. 72 b= P YL 1K (B0:70, viv) DREGHEEEE U, BEMHMREZ Z 3 lE Ui, ik
13 0.8 ml/min. AFHEARIZ 10 £ L & U, BT 220 nm 123%E Ui,

2 — 5., RMEYXEER

AREBRTE. KEBRPDOC O« EHiHic, BAAHA — b Y v 2 OasisPlus HLB (225 mg,
Waters tH8) 2 7o, F72BEIMA— MY v VOB oMk Lt (B~ =&k =L F (Y —
IVHA T 28 RO, BIMEA— MY v Vid. AF /=S mL @R LThoH LI, &
s E FECEHZ. OC BEAY 0.01 mg/L @ 100 mL /KiEHK & Uic, & OoalkBHIERKE#K (1+100)
ZHWT, pH Z 3L TFICHRB Utk ==K —)IV FZH 0T, @/KEER 5 mL/min THEMAZ—FY v
DITlK Utco k2K U7z k0 30 [ — b U » D &FeR LA 5/ —)V 5 mL THlIE U7z,
AR 2 ER KR F TR0 mL £ TR L. 72 b= YLk 30:70, viv) DREEHET, 1
mL IZARRE A FE L7 & D% HPLC-UV THIE U7z, BUERIL, 3 MO DR LR, S8 6 i EY
il o U7z,
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3. BREER folt
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3—1. OC DFRESNFEIRZ <Y b 20, %
OC ZEEMNEW IR i gs THIE S 2 D DIk EE K E
a9 5512, OC O[NNI DOWIL AR T NIV &4 02;)0 250 300 350 400
%%Tﬁﬁf{ﬁﬂﬁ bf:o %@%%%\ 2 a:ﬁ_\"ﬂ_o hn Wave length [nm]

£ 0, 0CF 250 nm & O RIERMBIZRINEZIZEA 2. OCHR%ER (RE 20mg/L) DFIMRIRZARY MV
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EHSF. 250 nm 25 200 nm ORIZBOTEENFE S5 EWOCENE K5 2 ENERI N,
ZOERM 5 HPLC-UV TOC 2MET B2, X OBRMREL S T 500123, BRligokE%:
A[REZE IR O M RICRAE T B0 E N H 5 2 Lo APFFETIE HPLC-UV DR & (3 220 nm IZ3RE
L. OC 2 U7z,

3—2. HPLC-UV IZ & % OC fZ#EZ DAITE

B E % 220 nm 123 5E U7z HPLC-UV 2 W T, OC ¥ 0.5 mg/L HE#E#k & 75 7 3k &l
ELl, TOfRRBONI 7~ b7 I LEK3IIRT, ThiD, OC EEZ 6N 5 E— 7 3RFFk
2.1 min IZA S N7, REFFERTH 1.3 min IKHERR SN A E—27 13, 77 v 7B o bkiiah T
WBIEMS, BRIIKRET LI ENPRNEERAMMEEZOoNSE, COMINEZZ oNEE—7 T,
R 21 min DE— 27 E 0SSN TH B 2 o, AEMITEB LW EHW L, £/,
DE—7MOCTHBI EEMRTBHIZ.ZDOE—7 Z4H U, i HENRILZ R 7 M IVERIE LT,
ZORREK 41TRT, Th&b, K21ZR U7 OC HEEER OJE M SBA S /e A7 MV E—B L
722 &M S HPLC-UVIZ & » THOMWME N/ RFFFFR] 2.1 min D E—713,0C TH 5 Z EMfER I N,

02
(=]
o
© 0.15 1%
. 2 2
[ So01d 9
i} o o
] (a) 0 o
E Zo05] %
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3. HPLC-UV #H W I-RIEhbEbnizs O 4, HPLCIZ &K » THE L 1= R#EFER 2.1
=4 74PN min D E—27 DENRIXZRYT bV
(a) OC 2/ 0.5 mg/L FEHEW
b 7357

RITAPEFMIT X > T OCEE 0.1 ~ 2.0 mg/L OEEHER A 6 MIFR VR LIE L, Fonicr—%
M OREMEIER L7, OC DMEREN 5128 T, THL D, MREHOMHBAREI 0.999 & mER
PEZ/R U2 0.1 mg/L AEHEEIR D 6 [mlD#k 0 = LHIE D S FH S N Z TR (CV%) & 5% LI T TH -
el EMS, Bo o2& /NS K MEBIEKEEHPIICE T, OC OERICAMEFRAEZH NS Z &N
THAREE T A 50 AMEFRMITE S OC DERNMEE S SICFEHIIT 5 %12, Eurachem D5 [21] %
£Z17, OC O E & FIRAE (LOQ : limit of quantification, 10 o /slope) K U, #H FHRfE (LOD :
limit of detection, 3.3 0 /slope) ZH.H L7z, £ DR, APEFMFITE TS OC O LOQ & LOD iF%
e 0.1, 0.03 mg/LL TH - 72, LC-MS/MS %2 M T OC ZllE L 7zBEER Tix, OC ® LOQ & LOD
FZThTh 3.6 & 1.2ng/LThO, RWE & LIKT 5 &5 104 F5k HIREE &0 [8,9,11], LC-MS/MS
KX MURMEOKM AEIE, LCITX > THlEL7cWBEAE RS TA A ML THRIET 2720,
OC D &5 BWINEMNELS, MO HOHEORIBITEL TS EEZ 5, —h. AWETHWE
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HPLC-UV iZ & 2 IR R, AIRWHEDOWBIELIZKE {MKAFET 50 OC DEIMTOMIN AT ML %
BE U 7cks R € OBICEE R I KD - 72 2 & 6 HPLC-UV IZ 8B 1T 2R HERED, LC-MS/MS
EHEBELUTEWERESTZ 5,
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X 5. HPLC-UV BIE & YB{ oz OC DIEERR
PAFEHIPH ¢ 0.1-2.0 mg/L

X : 15298

Y/ :-52

FHBARREL () © 0.999

LOD : 0.03 mg/L

LOQ : 0.10 mg/L

peak area

3 — 3. ANMEYNEER

IKIEIE PO OC ZHiH « ##HE L 7<%, HPLC-UV THIE LA A O TERT 5 2 & T, KFKEH
M5O 0C ORYCRAZFEAM U 7c, ZOfEHE, BICRIE 96.1 £ 8.0% TH O, @mOREIIGENHE S, 5
DELNEM T, Th& D, AR E HPLC-UV IEZ AN 5 2 & T, OC O#EED 0.01 mg/L
DKHFHI B TIE, BOERETOC ZHE « EmT 5 ENA[RER EEZZ 5N 5,

Azuma 53, 1 VIV UHREBENSEIM U7 201141 A6 4 HORIZ, 5EBTTNO T 7KALEES;
B SRR D OC ZRI5E U7k Rk & e T 827 ng/L kil S h e & & & LT 3 [11].
CoBEETHINIE, KBRETHOEMMEEICIEL > TL2 LEEOKR 2 EH#ET2 2 & T, OC 2
HTEsEEZLoN5, L L. FPRLEGKIKTICIKRED G EEN TSI EnS, ZaN
EE—27 L7000 OC E—7 O ERENREICE 2 2 &M TPHEINE, T, WIKTRE, 17
W U HFREBENR G ZORITH.0C O HIEEIZH 288 ng/L. TH » 72 Z MBI h T3 [11],
COWRED OC ZARWESFMTHRIET 2720113, 3.5 LIEEOKREI Z BT 20T 0H 0 il
KA 2, 610, 4 v 7V VFREFHODILORIHOEEN 2% 0 OC DR R R D
AEHZ DUV T, 10 LY Eokalk 2 Lizhid, E—7 2Kl 2 2 LRNELEEZ SN
e, ARBREABRERE PO OC OWEICHEIGT 52 LFHLWES L%, —H. KMEEMET
X, 0.l mg/LOBEETHNIE, o E—7 2T, ERELHEREINTHEI NS, EBREN
TO OC D43 « LT TIVIERZEITIRIZ, OC OREZMNEZBNT 22 L2 HWE LR+
AL E A %,
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4. £&H

ARWFFETIZ, EEH 72 SOKBREGEME & LTI TS, Hif v 7V v FEOHRES TH
% OP OIEHERHMWTH 5 OC xR & U, WKL 720 #%iE T H 5 HPLC-UV &= HL 7o llE %
EMGE Lico T OB ANMESREEH NS ETOCEGHLZOE -7 2KRNdT 5 I EMTE T,
ARREZMITEB TS OC O LOD & LOQ #H M L7ckR, £h <41 0.03, 0.1 mg/L THH, +4 OC
DBEAZFERT B ENRETH 5 EMMERSNI, & oIz, FEHMHEC X 2 KER- D OC O
SUER PR BRat U 2c k. ARTLEEIZ B 1 5 OC OAMENNHR L 96.1 = 8.0% TH | EHEURT
OC ZHitid 5 Z EMmTE T/,

U U, BREEEH @ OC B % LC-MS/MS TR LA B 1c, AELE 072 0C O
ERMDATFET H 5 et Lok R, Bl ofEs OC 2 &/ T % 72 I2id. HPLC-UV OIRE
FaTidE . KMEREEZHOTDS OC OBHIIREETH 2 LS iz, —A. 0.1 mg/L O¥EE
FTThNEI o EREPHERINLI Eh o, BENERETINVICEIT 5 OC D5 FEE DRI « 22
L B O A OB FE RIS . ARE HIER P EIS R EB R 6N B, ARIE. IETEGIRIEPEFRMN
FREOKMEEFRIZ B 5 OC OZBFEM BT 2 TP, SRR LBk FK 72 & & L 7R L
HEIZ & B OC OYHEALFI T MR EOBRICHT kA2 2 k12, AMEHEEH NS Z &
ZEIE LT 5,

(5]
AWFTELPRE 25 FEBEH FER A

=

Eo—EELTHED SN E L,

(51 A3C#EK]

[1] Kimmerer K. (2001) “Drugs in the environment: emission of drugs, diagnostic aids and
disinfectants into wastewater by hospitals in relation to other sources--a review Chemosphere,
Vol. 45, pp. 957-969

[2] Kolpin DW., Furlong ET., Meyer MT., Thurman EM., Zaugg SD., Barber LB., Buxton HT.
(2002) “Pharmaceuticals, hormones, and other organic wastewater contaminants in U.S.
streams, 1999-2000: a national reconnaissance” Environmental Sciences and Technology, Vol. 36(6),
pp. 1202-1211

[3] Nakada N., Tanishima T., Shinohara H., Kiri K., Takada H. (2006) “Pharmaceutical
chemicals and endocrine disrupters in municipal wastewater in Tokyo and their removal
during activated sludge treatment” Water Research, Vol. 40, pp. 3297-3303

[4] Benotti MJ., Trenholm RA., Vanderford BJ., Holady JC., Stanford BD., Snyder SA. (2009)
“Pharmaceuticals and endocrine disrupting compounds in U.S. drinking water” Environmental
Sciences and Technology, Vol. 43(3), pp. 597-603

[5] World Health Organization (2012) “Pharmaceuticals in drinking-water” (http://www.who.int/
water_sanitation_health/publications/2011/pharmaceuticals/en/, 2014 4£ 9 A 5 H B )

[6] Kuroda K., Murakami M., Oguma K., Muramatsu Y., Takada H., Takizawa S.. (2012)



WA 7 < b7 5T 4 =SB 2 0 Tc s 3 T OVEEIE O RE GLHED

“Assessment of groundwater pollution in Tokyo using PPCPs as sewage markers” Environmental
Sciences and Technology, Vol. 46(3), pp. 1455-1464

[7] Liu JL. and Wong MH. (2013) “Pharmaceuticals and personal care products (PPCPs): a
review on environmental contamination in China” Environment International, Vol. 59, pp. 208-224

[8] Ghosh GC., Nakada N., Yamashita N., Tanaka H. “Oseltamivir carboxylate, the active
metabolite of oseltamivir phosphate (Tamiflu), detected in sewage discharge and river water in
Japan” Environmental Health Perspective, Vol. 118, No. 1, pp 103-107

[9] Ghosh GC., Nakada N., Yamashita N., Tanaka H. (2010) “Occurrence and fate of oseltamivir
carboxylate (Tamiflu) and amantadine in sewage treatment plants” Chemosphere, Vol. 81(1), pp.
13-7

[10] Leknes H., Sturtzel IE., Dye C. (2012) “Environmental release of oseltamivir from a
Norwegian sewage treatment plant during the 2009 influenza A (HIN1) pandemic” Science of
The Total Environment, Vol. 414, pp. 632-638

[11] Azuma T, Nakada N., Yamashita N., Tanaka H. (2012) “Synchronous dynamics of observed
and predicted values of anti-influenza drugs in environmental waters during a seasonal
influenza outbreak” Environmental Sciences and Technology, Vol. 46(23), pp. 12873-12881

[12]  BAY A, PhE8F ESE, aEN B, =8 -, KRB —K, Q20100 “% 3 7 VORISR
IKHIZB 1 550407 BREIALE, Vol. 2013), pp. 269-272

(18] /NEEESR, FEh & 2, FEERE  hREE (201D “WRTHNEINCE T35 2 7V X2 D
TR D FEREF A" 11k 23 A HE A6 Bl i PRAEERBERFJEAT#R, Vol. 37, pp. 41-44

[14] He G, Massarella J, Ward P. (1999) “Clinical pharmacokinetics of the prodrug oseltamivir
and its active metabolite Ro 64-0802.” Clinical Pharmacokinetics, Vol. 37(6), pp. 471-484

[15] Fick J, Lindberg RH, Tysklind M, Haemig PD, Waldenstrém J, Wallensten A. (2007) “Antiviral
oseltamivir is not removed or degraded in normal sewage water treatment: implications for
development of resistance by influenza A virus” PLoS ONE, Vol. 2(10), 986

[16] Okuda T., Kobayashi Y., Nagao R., Yamashita N., Tanaka H., Tanaka S., Fujii S., Konishi C.
and Houwa 1. (2008) “Removal efficiency of 66 pharmaceuticals during wastewater treatment
process in Japan” Water Science & Technology, Vol. 57(1), pp. 65-71

[17] Bartels P. and von Tiimpling W Jr. (2008) “The environmental fate of the antiviral drug
oseltamivir carboxylate in different waters” Science of The Total Environment, Vol. 405, pp. 215-225

[18] Goncalves C, Pérez S, Osorio V, Petrovic M, Alpendurada MF, Barcel$ D. (2011) “Photofate of
oseltamivir (Tamiflu) and oseltamivir carboxylate under natural and simulated solar
irradiation: kinetics, identification of the transformation products, and environmental
occurrence” Environmental Science and Technology, Vol. 45(10), pp. 4307-4314

[19] Malipatil S.M. Jahan Kishwar, Patil S.K. (2011) Development and validation of RP-HPLC
method for the determination of oseltamivir phosphate in bulk drug and in dose, Indo-Global
Journal of Pharmaceutical Sciences, Vol.1(1), pp. 57-62

[20] Agim A., Jasmina S., Katerina S., Zorica AS. (2012) “ A simple isocratic RP-HPLC method for



WA RBRE IR B2

quality control of oseltamivir capsules” Macedonian Journal of Chemistry and Chemical Engineering,
Vol. 31(2), pp. 205-215

[21] Ellison SLR. and Williams A. (2012) “Eurachem/CITAC guide quantifying uncertainty in
analytical measurement” Third Edition, EURACHEM/CITAC Measurement Uncertainty
Working Group (http://www.eurachem.org/images/stories/Guides/pdf/QUAM2012_P1.pdf, 2014
9 H 5 HEYEE)

[22] ChemNet (http://www.chemnet.com/cas/en/187227-45-8/Oseltamivir-Acid.html, 2014 45 9 A 5
HBE%E)

[23] Straub JO. (2009) “An environmental risk assessment for oseltamivir (Tamiflu) for sewage

works and surface waters under seasonal-influenza- and pandemic-use conditions” Ecotoxicology

and Environmental Safety, Vol. 72, pp. 1625-1634



