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-Wan Ha Lee, Eun Seok Park, Ung Kil Jee, and Byung Tae Rhyu
(Recieved May 31, 1983)

Ketoprofen, 2-(3-benzoyl phenyl) propionic acid, has many advantages over
the other antiinflammatory drugs, such as salicylates, phenylbutazone, and
indomethacin. According to the reports, ketoprofen is well tolerated by paf-
ients and has very low incidence of side effects and toxic reactions.

Although ketoprofen is widely used as an antiinflammatory agent, it shows
poor solubility in water. In order to enhance water solubility, ketoprofen
was made as lysine salt, such as acetylsalicylate lysine salt, ibuprofen lysine
salt and amino acid salt of phenylbuatzone.

The purpose of this study was to compare with ketoprofen lysinate in asp-
ect of binding to human serum albumin (HSA) were made, and the association
constant and the number of binding site were obtained using difference spect-
rophotometry. ‘

The number of binding site of HSA for ketoprofen and ketoprofen lysinate
appears to be 3.3,3.2 respectively and association constants were found as
follow; HSA-ketoprofen 2.23x10* M, HSA-ketoprofen lysinate 1.02x10* M™

2-(3-benzoyl phenyl) propionic acid®] 38 Tx& Z+ ketoprofen BEHT HIFTH
4 9 HREEFEE A A e SEEARE ] ASsa Y. Bk LD E7

* College of Pharmacy, Sun Kyun Kwan University
** Department of Pharmacy, Chung Nam National University
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indomethacin® v} mouses} ratell 4] AFFoiM 200 Ega®, ratdd 10~12mg/kg
S 40D %t ATFAT Tl KRN, WEEHER] Rkl Jeldx] dedte #5Y
7 gk, e o] e Bl HA%E WALESY 540 en=m F 52 ketoprofen
£ FI{EA 7)1 7] 951 ketoprofend] lysineZ- #E& A1 ketoprofen lysinated #islg o
w o]§ ketoprofenz} wlm3st Ao} SEMIER, WAMEH 2 HBLEH] SA%9&& HEst
Arh. =3 ketoprofen 50mg/kg 1l ketoprofen lysinate 78.8mg/kg (=ketoprofen 50mg/
kgol a3 =)e K|l A TF5e] 308 Fo fiEst ketoprofen B ketoprofen lysinates]
5527t 42 16pg/miet 150pg/mio|a, 2 F F%3] 4std 642 Folt 44
24pg/ml % 19pg/mio]gl o] RepEkitESs 3-8 1047} 71x]% ketoprofen lysinater} &
A3 Botot 10~484 7k Afole] W Asl oF-2 ketoprofennvl HA3 AHlek Aol ¥
50| ketoprofen lysinater} ketoprofeny c} < g4 & HEESI % tt.

ole Rl R, AWAAEE, ml, R Y Hhkal =24 d3E WA= BTRA o4
A e MR BEeEA AsdRAde]l £33 welu®. 53 Rl EL MK
ol A EEERRER ZA S el (ERMMIAA EHERE RS JdaHn. w
2hAl 49| bioequivalence % A& HEESHE WENQ WERA MWEES 2 TI4=
albuminz} & ke #PIste Aol TL3 WEBER FHo ™.

o]l kL 2-(4’-hydroxy benzeneazo) benzoic acid (¢]§} HBAB=z} 3 glt}h)E probex.
Ab&-8Lo] ketoprofen 2 o] & WI¥E{L3t ketoprofen lysinates} human serum albumin(e)
o HSA=: J3a) He Mamy 2 BERLe] BE  difference spectra® ©]-§3 Wy o
2 st on] 2 ARE o) #ikstuxt k.

ERAE

AEHE—0.05M ¢ phosphate buffer solution(pH 7.4)(e]st PBS= Hgieh) o= FHisH
L5x10*M B#%S HEE HSAEK ez st1, 2.98x107° BkS EEE HSARKe=R A
Sagvh. BBE HSABKL Finsl probeR el HSAS &A&T 4 & BER Zia'%
o whygel Fsted AA A

HEE ¢ [KEEY HSAWK 4mld] 1x1072Me] HBAB methanol¥A#-S microsyringe®
104140 10,20, 30, -+, 100pl7tx] JE A f90 = sheke] HHFA 2T 57°Col A 15 Mo
PBSsl HSA%®-S- f@ald] €-2 27419 tandem cell$- 747 reference beam} sample beam
o s3g)3LA T2 base lined =8 Fd] reference celle] PBS2} sample celle] HSA¥R
] Aol probez A A gk PBS¢l probez A A gk HSAVK-T 92 vh-& 485nmel A difference
absorbance® J&Est ).

= ketoprofen =l ketoprofen lysinate® Z7r 1x10-*M# Ff3le KEE HSABR
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probe& 10pl4 10,20,30,--- L100pd 7R MEREG 0.2 Shste] RISt Fagr- gy o 2 differ-
ence absorbance® HiEs g c}.

Datagf B —JEE o KBRS HSAWK o ketoprofen ' ketoprofen lysinate® 23
1x10M94 &b E#E HSAWWE W3 probed] WEE HXHo S BLA A4
t9-¢«] HBABsL HSAS & o= JehvdE difference absorbancest ketoprofen
ketoprofen lysinated] Ffeel &3 BXEY Hid =] HBAB 1 ketoprofen X ik
ketoprofen lysinated]  {&&HEHS sHEskg ).

wA Brand'®%¢] Wl whet HBABol HSASH] #&AHRME o Row FtEsl
gt

-

A4, =K HSAER f4o]44 HBABY difference absorbance

A4, =FEEE HSABKA 9ol A4 HBABY difference absorbance

58 44 AAT BEY probesd] W sle] ¥R A=z o ] HSAWWS differ-
ence absorbance®d HiEst 1/44 # 1/(P)] plote] interceptE EJé zﬂ-(ﬁ —T’-s]—ﬁoui o]
o (Pl HSAY #BEE Jebidct.

2E AR TAY F Aol AY probed] #EA4E(x)E Scatchard 7‘5@5&‘“"’“ ohel REE
Hek.

‘ —Z—=nK¢—VKa

V=HSA 163‘?"?'&? #&d HBABY 4FM(d, Ve 443 HBABY el a5 (x)
% BT o A% Sk HSABES BEZ ol Tas.) |

A= HBABY #% (&, Ax 433 HBABY EREH (1-2)3e F8d 3.}

n=HSA 157F4¢ HBAB-7} #&8 & & HAWMMY B

K,=HBABY| #&%K ‘ |

HBABS AA o= dolx #aEdl A3 data®$ Scatchard plotshe] H4ne] regression
parametersq] K, R #2{HE FhAFkez T ERY 7127 2 x5 A4 g+

Al A d& KfES) nES Klotgjﬁ_%ﬁ‘”(ﬂ] BAAAA ketoprofen} ketoprofen lysi-

nates] F&HME Fo 0. .
K= PPJK[A)~ K,[A)(PA] - [PA) Kl A)
(BK,(A) ~n(P.JK.[A) + K, (AT PA) + (PA] ~PA]

Ky= HBAB&]- WP B WHATE B BARK

K.=HBABS| 4 % (Al=ifi# HBABS B

(PA)=fi& HBABS| i (P)={ElE HSAW®S Z@E

n=HSA 14F¢ HBAB-} &&% 49 (B:]=HBABs| BB 2 #HstE Byl
EewaY B R |
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REBEER % 28

R R F7est = HBABS] UV absorption spectrums} HSA«| #4&3 HBABe UV
absorption spectrum$ Fig.13} zvh. HBABZ HSAd #4804 A&sie] mmel m|%
B4 wstst FsiA vdebdel. o] F mkEe] ERE Jlehdl difference épectra*“‘é Fig.2
oﬁ] ER gl EL. o] spectra 278nmé) 485nmel A 271 2] positive peake} 360nmeil 4] 1414
negative peakd Eb 4] o] EEgol A 485nmell A BIEE BESIY datal s
v}. =3t Fig.32 HBAB$} ketoprofen, HBABS} ketoprofen lysinate® 718t 4" Ao
o]l HSAd] #&3 HBABS UV absorption spectrumeo]t}. o] spectras] 4] ketoprofen %l
ketoprofen lysinatez} HBA9) #iS o 2 HSAd fkaste WrHiiEES HBABY EEE =
AAREE ¢ & oduh

Fig.4= HBAB-HSA$] difference absorbance® HBAB®| &pfe] ulz} plotgk A o]}t
B B 2 B 3 1/44 ¥ 1/(P)9] plotd] intorcept® RAF e & Zlolt}.

HSA¢l #Eipol EEE RS =3, HBABY EEES w3479 4 difference absorb-
ance® FIET BikiiRE-E Fig. 5o el glel. o] Blihizel A HilrE HSAKR S BEY
AW FFEEst e s HBABS JEsL S71¢oll whe} difference absorbancert Egfyo.
& SUbska, EiRE HSAB®RAAE HBABREZ 37t o=t &A%t tafnslnzs
AAFAe] FHoAA b, 53] 5x107°M, 10x10-°M, 15x10-°M, 15x10-5M, 20x 10-5M
BEe HBAB-; HSAd @50z #A&SIH-&n Jelt: difference absorbance: 747}

250 200 350 an 450 500 550 606 nen

Wavelengtt

Figure 1-—Spectral change of HBAB bo- Figure 2—Difference spectra of HBAB (1%

und to human serum glbgmin. 107*M) and human serum album-
Key:—,1x10™*M HBAB;--, in (2.98%x107°M) in 0.05M phos-
1x10*M HBAB and 2.98%x phate buffer, pH 7.4 at 37°C.

10"SM human serum albumin
in 0.05M phosphate buffer,
pH 7.4 at 37°C.
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Figure 3—Spectral change of HBAB, keto- Figure 4—Absorbances differences as a
profen, and ketoprofen lysinate function of the 2-(4’-hydro-
bound to human serum albumin. xybenzeneazo) benzoic acid
Key : —, 1X10™*M HBAB;---- , concentration, at various hu-
1x107*M HBAB and 2.98x10™5M man serum albumin concentr-
HSA*-**, 1x10™*M HBAB and ations. Key: A, 2.98x1075M;
2.98x107°M HSA and 1x10™*M B,3.45x107°M; C, 4.6x10°°M,
ketoprofen; -+[J---[J-++, 1Xx107*M D,6.9x1075M. The theoretical
HBAB and 2.98x10"M HSA and line (E) is based on calculated
1x107*M ketoprofen lysinate in values of absorbance differe-
0.05M phosphate buffer, pH 7.4 nce for high concentrations of
at 37°C. human serum albumin.

0.151, 0.235, 0.301, 0.3520]w], ketoprofen lysinate’} H }=gl-& =& 0.138, 0.207,
0.254, 0.2930. % =g 32 ketoprofenc] - t=¢l-¢ o= 0.112, 0.177, 0.223, 02522 Z}4
B 2olFz Qe ole T o) HSAL TS fEaiffidl4 HBABS HiFo = &
8l =3 ketoprofens] ketoprofen lysinaten.t} BRES ©f Bol 3taAlJ g HSASH
Al 2ohe A4 d49lok(Table 1). -

o] data§ Scatchard plots}e] Fig.6ell Jebuigich. d7lel4 HBABuE ©t5 o 2 HSAe #
8L WY 25 AR 4,092 o]k HAWLY BoF HSA6 glo]A 4.099 -8 Jehivh
=3t ketoprofen lysinate '@ ketoprofen-& 71552 W8 23 AL 3.24, 3.300.% 9]
= HSAd 4§ &AW #or 3.24, 3.302. 24 HBABe} F o] AT &L
A BENOE Eade Jehid.

HSA<} %%“'ﬂ: HBAB7} el & ERY 71871 BEHEE vehis o A87E 5
F3EH0) ketoprofen % ketoprofen lysinates} 7}gel wreh WAk Qvh. o Bkl
Al Al HSAsL HBABS| #A&HME 1.02x10Mo|gl o, o] MIES Klotzjizskd s
o T3 HSAs} ketoprofens] #aR#E 2.23x 10M, HSA. ketoprofen lysinates] #
ﬁ'ﬁ’ﬁ% L 02X 10°M o] g e}, olw] o] FEAMME BF i%ﬁ%ﬂ&-ﬂi’ A7 v 2% El
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Table 1 —The Data were Treated According to the Scatchard.Equation in Selution of
2.98%1075M Protein Cocentration, The Protein Solution of Low Protein
"1%107*M Ketoprofen and The Protein Solution with 1x10™*M Ketoprofen
Lysinate with successive Increments of 2-(4’-hydroxy benzeneazo) Benzoic

Acid(=HBAB)

Concentr- 4 7 o v o5 v
ation ) VA 44, VA 44 v 2
of HBAB * ! x ! *
- . keto-ly. X 104
(x1075M) 44, 44, ( )1<0_4) keto >1<04) eto-ly ( )
2.5 0.158 0.092 0.58 0.48 4.5 0.060 0.37 0.30 1.90 0.081 0.51 0.42 3.40
5 0.303 0.151 0.49 0.82 3.2 0.112 0.36 0.06 1.80 0.138 0.45 0.75 2.72
7.5 0.434 -0.201 0.46 1.15 2.8 0.149 0.34 0.85 1.71 0.180 0.41 1.04 2.30
10 0.567 0.235 0.41 1.37 2.3 0.177 0.31 1,04 1.50 0.207 0.36 1.20 1.87
12.5 0.668 9.267 0.39 1.63 2.1 0.201 0.30 1.25 1.42 0.234 0.35 1.46 1.80
15 0.778 0.301 0.38 1.91 2.0 0.223 0.28 1.40 1.29 0.254 0.32 1.61 1.57
17.5 0.888 0.335 0.37 2.17 1.9 0.239 0.26 1.52 1.17 0.278 0.31 1.81 1.50
20 0.987 0,532 0.35 2.3¢4 1.8 0.252 0.25 1.67 1.1i1 0.293 0.29 1.94 1.36
22.5 1.080 0.371 0.34 2.56 1.7 0.264 0.24 1.81 1.05 0.311 0.28 2.11 1.30
25 1.143 0,393 0.34 2.8 1.7 0.270 0.24 1.92 0.90 0.323 0.08 2.34 1.30
a) : Difference absorbance in solutlon of high protein concentration

absorbance

b) :
<)
d)
lysinate
1.13 /'
1.0
i | /
0.9- .
0.84 g/

/

Probe concentration w 105 M

Figure 5—Absorbance differences as a fun-
ction of HBAB cocentration at
higher (—@—) and lower (O
—) human serum albumin conce-
ntration. Curves,—[]—and —Q
—, are the titration curves .of
lower albumin concentration with
HBAB in the presence of ketopro-
fen and ketoprofen lysinate resp-
ectively.

Difference absorbance in solution of low protein concentration
: Difference absorbance in solution of low protein concentration+10"*M ketoprofen
Difference absorbance in solution of low protein concentration+107*M ketoprofen

<i

Figure 6—Scatchard plots of HBAB bin-
ding to human serum albu-
min in 0.05M phosphate buf-
fer, pH 7.4 at 37°C. Key: A,
in absence of drugs; @, in
presence of 1X1074M. ketopr-
ofen; OO, in presence of 1x
10-4M ketoprofen lysinate.
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RBAMES HEEEE IXIOM S delth, = o] MBS R Scatchard poltol 4 A9
Bfe 2 Yrhle Ho= no} o] & HANIE BT 4% #ae ML gtz 4%
A,

] ]

Difference spectrophotmetry® Fifisle] ketoprofen &l ketoprofen lysinates} ifiiiE%R
Bl fadl ¢ HEE B ,

1. Probe= 423 HBABS} ketoprofen @ ketoprofen lysinatet human serum alb-
umine] QoA FAT EAHE YL A4 4.1, 3.3, 3.2¢] HAWMLE AL At

2. & ﬁ@{%ﬁmﬂﬂ ketoprofen lysinate ketoprofenx®} human serum albuminel]

93 giAhel Agen BAREE 474 53 2.
HSA-ketoprofen lysinate ; 1. 02 10*M™?
HSA-ketoprofen : 2.23x 10°M™?

X S

1) A.N. Gyory, M. Bloch, H.C. Burry, R. Grahme, Brit. Med. J. 18, 398(1972)

2) H. Fujimura, K. Tsurum, 3g3k, 70, 801(1974)

3) A. Mukaide, T.Kameyama, ZEBEZE, 77, 553 (1975)

4) H. Fujimura, K. T. Tsurumi, FEFI%E®E, 8, 1285(1974)

5) W.H. Lee, J.B. Kim, U.K. Jee, and B.T. Rhyu, J. Korean Pharm. Sci.,12(2), 37—34
(1982) ' ' :

6) S.1I. Oraszlam and, G.D. Davis, Biochem. Pharmacol., 11, 1203 (1962)

7) M. Gibaldi, “Biopharmaceutics and Clinical Pharmacokinetics” 2nd Ed., Lea & Fetiger
P.89(1977)

8) J. J. Vallener, J. Pharm. Sci., 66,447(1977)

9) M.C. Meyer, and D.E. Guttman, J. Pharm. Sci.,57, 895(1968)

10) H. Zia, and James C. Price, J. Pharm. Sci., 64, 1177(1975)

11) L. Brand, J.R. Gohlek, and D.S. Rao, Biochem., 6, 3510(1967)

12)'G. Scatchard, Ann. N.Y. ,Acad. Sci., 51. 660(1949)

13) I.M. Klotz, T.H. Triwush, and H.M. Walker, J. Ame. Chem. Soc., 70, 2935, (1948)



