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Physicochemical properties of /V-stearoyltyrosine

YIN Sha, TANG Shuang-qi, LE Ke-jia, LIU Jian-hua, YANG Ruo-lin, SHEN Zheng-wu, XIE Yi-fan, LU Yang
Department of Pharmacy, Shanghai Jiao Tong University School of Medicine, Shanghai 200025, China

Abstract: Objective To characterize the physicochemical parameters and plasma binding ratio of N-stearoyltyrosine and its salts.
Methods The solubility, the apparent partition coefficient of N-stearoyltyrosine and its salts in various media, and different pH
values were measured via a shake flask method and high performance liquid chromatography with ultraviolet detection (HPLC-UV)
method. The plasma protein binding ratio was conducted under dialysis equilibrium method. Results The solubility and plasma
binding ratio of N-stearoyltyrosinates were better than those of N-stearoyltyrosine. The solubility of N-stearoyltyrosine was (27.62 +
0.43) mg/L while that of dipotassium N-stearoyltyrosine (NsTyr-2K) (51.70 + 0.29) mg/L. The plasma protein binding ratios were
20.96% — 23.11% and 35.41% — 40.38% for N-stearoyltyrosinate and NsTyr-2K, respectively. Conclusion It has the significant
improvement of physicochemical properties of N-stearoyltyrosine after formation of salt.
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1.1 ZAm5iH

N-F T 19 7% 24 R S L Eh (NsTyr-2K. NsTyr-
2Na)\ BRI LA IR 20 Hh AN S 36 & i) 2%, fik '
4394 20131021, 20130322, 20130426+ 20130912,
iR 4 NMR ¢ ESI-MS #fiiE, H e nHs
HPLC VA5 E KT 98%.

SR, B A, BRRAE . oK
R AU, WA ET3H0. SUALEN. IR ERERYY
Jorral, WA AR R A FHE L. IR
(HCOOH, #if% 500 mL) A faifZ (ROE, [,
18.2 MQ-cm E#i4li/K i NANOpure R4l 4% BT
i 24 3 [F Spectrumlabs 1] #ilfi, 43 mm, MywCO
8 000~14 000, M H gLt SR AR AT .

1.2 48§

AR 1100 =8OR ARt R 40 CGE e e A
] ), ESA Coulochem IIT 2 FLAL 22l #% , Nanopure
4K 248 (Thermo), AA—200 AUHL T RF (5
Denver 1X#5 /A A]), 3KI18 H a4 & 0ol
(Sigma AH]), DW—862626 HHILIKFE GfF/REE
M), G—560E i Jieds s (32 [F Scientific Industries),
HGC—24 BIE WAL (HA), CHA—SA BUZ" 554k
IR Catm i ERESERA AR s
1.3 SEIEEn4)

SD K, 150~180g, #EtE, h FAsE K%
= 22 B s g s o g4k, B P2 FRlE S SCXK
(P 2008-0016, ff FVF AT UE S SYXK (37)
2008-0050,SD K L 7E S50 % N )77 3~5 d JE Al .
2 HESHR
2.1 REBIECH
211 BERRERGEMMEIMECE] % (P EZi) 2010
SRR R B S e 2 7 VB pH 2,04 3.0, 4.04 5.0
6.0, 7.05 7.4 8.0~ 9.0 FIRFIZE I, LA 0.1 mol/L
HCI1 }2 NaOH % vE .

2.1.2  N-fIRTHERR 2 R A G 5 1 1E == s v 1 T 1
I3 VR PR EC N- T R K 2 R . NsTyr-2K &
NsTyr-2Na % 20 mg, E4 T 10 mL TGl &K1

R IE R, RIS 2.000 mg/mL %R, .
2.1.3 AR EIECE] A R R AR N-il T
BEFR R« NsTyr-2K K& NsTyr-2Na £% 200 mg,
T 100 mL fEjfEH, InHEE R ZIE, 15 2.000 mg/mL
fiti W

R SRR A7 I 2R 200 mg, BT 10 mL &
i, INHEE R ZIE, RIS 20 mg/mL A brfi A5
KR — e B &, DLFREER T 10 mL
HT, £33 mg/mL A FRAT A, iR A A
SEA R E
2.1.4  ENTINBCRE T RO ECH] BTSN
pH 7.4 [AEIR ER 2 o R PR E 14.11 g BFIRA —
B 2.59 g BERR AVETRT 1.99 g Atkih, LLEE T
HKERZE 1L G, WY pHIEE 7.4, 'H 4 CUKFATR
£, R

TN KRR, B SD K FR20N Ik B AL,
&80 HTEE, 4 500 r/min B0 15 min J5 20 5 1ML,
GLEE
22 EMRAEYALE

BUENTAME (pH 7.4 EhD 0.5 mL, JIAXS
WA 300 pl & 3 mg/mL ARV 200 pL, ¥
P 30s, T 60 CIKAFET, LL 500 pL #iahAH
SRR, TALEMEERE, HEFE 10 pL 3E4T HPLC
I3 .

BOBEHNT I (S I3E) 0.5 mL. RN
H 300 pL & 3 mg/mL AREE I 200 pL, JIA 3 mL
L MR A 1, WWHER S 30's, 3 000 r/min
> 10 min, WHEL IS, 60 C/KBIET - LL 500 uL
IBAHSTEERE R, TALIEREIERL, HERE 10 uL HEAT
HPLC 3 #7 .
2.3 RRERRIBEKSEREBINE
231 @i wHES Eclipse XCD-Cy oA
(150 mmX4.6 mm, 5 um), VahHN FEE - K
(0.2%FFR) (82 :18) CIiL3¢ 8 45 A F 5L b il
80 1200, KK 220 nm (V- g TS 22 R ) «
225 nm (NsTyr-2K). 224 nm (NsTyr-2Na), A&
A 1.0 mL/min, A 25 °C, #FAEE 10 pL.
232 BRAEMIZRAGHIE 0k A AV A AR R
BTEIR S A 25, 50, 75, 100, 200, 250.
300. 400. 500. 600. 800. 1000 pg/mL X 5
T, HEREON T o DAV RN R R S A T 2 IR,
RN TTRE . N-TE IR IE P 24 1R : 4 =8.537 2 C+
130.04, r=0.999 2; NsTyr-2K: 4=9.674 5 C+
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162.55, r=0.999 7; NsTyr-2Na: 4=9.323 0 C+
280.26, r=0.999 4. SEHLEKW], N-f LA 2 R AL
25~1 000 pg/mL, NsTyr-2K 7£ 25~2 000 pg/mL,
NsTyr-2Na 7E 50~2 000 pg/mL 55U i AR 2k 1
RRIUF.

233 R BUE. P mITEIKE (200,
400, 1 000 pg/mL) R FE S R R ERE 6 1K,
FER 10 pL, JESNE 3 d, RIS RSD
i, Z5RWAE 1. H AR S AR % 1)/ T
2%, AR INZ TR % R AT

234 [FICRRE BUG. P mERE (200,
400, 1 000 pg/mL) [IFESEW, RRGEFE 10 pL
SIS TR IS DA 5 R 4T S AH B o R
S 4 [ A 246 = S o Ak R AL/ B 8 U o A R A X
100% 1A% oy SRR AR EDR, 45
WA 2.

235 WAERERIIE K Id e N-RE TR I R
NsTyr-2K Fil NsTyr-2Na 435l # T- 25 mL HZEHE TN
FOL N 5 mL 25 85 7K B pH 2.0~9.0 (K220 »
il NEAEY 1h, R (3711 C MERR

F1 NEEMEIBRREDENBEEEREER

Table 1 Precision test of N-stearoyltyrosinate and its salts

AR/ - T T i 2 NsTyr-2K NsTyr-2Na
(ugmL ™) H N RSD/% H 7] RSD/% H N RSD/% H 7] RSD/% H N RSD/% H i RSD/%
200 0.960 0.037 0.827 1.162 1.838 1.632
400 0.486 0.112 1.356 1.277 1.387 1.337
1000 0.235 0.233 0.921 1.512 1.226 1.438
F2 N-EREBMESREEBEMNEKWERIRIGLE
Table 2 Recovery of N-stearoyltyrosinate and its salts
PR T RLIR A/ N-Hf T T i 2 NsTyr-2K NsTyr-2Na
(ngmL™) SMME/(ugmL ™) PR SEE(ugmL ™ FRCR% SEE (g mL T FIRR%
200 184.324 92.162 182.499 91.250 184.956 92.478
400 412.177 103.044 388.652 97.163 412713 103.178
1000 963.587 96.359 1022.365 102.237 1023217 102.322

% 24 h, Ll 12 000 r/min Z5.0, WL BiEWR, S0
LU IS, SREOHRE 10 pL, 3P fs iz
T N-RE TR TR P 2 P S L ER SS TR A 82 o -l g 1k s
ZIR+ NsTyr-2K. NsTyr-2Na 7E/K #5570 4
(27.62£0.43). (51.70%£0.29). (92.65+0.52)mg/L.
7% pH fH N IR EE AR LR 3, 45 R WA 7
W pH A B Fb,  N-RU TR PR P 21 R S A S 1
. 4 pH f <4, NsTyr-2K. NsTyr-2Na % fi# /%
bE pH (3G hnfEasia TAa0e, Y pH >4 i,

W FEREAE pH (G Nt a3 S8 T W

23.6 RUIRAKDEREGNE  KEEBI N
JIG B9 % R S L SR TR RN IE S B 1 mL T-ilA
o M RMARREE I = B AN R KBRS Misii,  1E
(37£1) °C, 100 r/min fHARHR Y 24 h, F#E, 12 000
r/min B§Ly, HUT JZKE, MALIEI IS, S8

x3 NHEEMEIERHEZBERE pH EEMRDIARE
Table 3 Solubility of /V-stearoyltyrosinate and its salts

in various pH buffer solution systems

R (gL )

pH fH - :
NsTyr-2K ~ NsTyr-2Na  N-fififlg B ms 5 1%
2.0 49.290 66.939 27.633
3.0 58.504 66.335 31.854
4.0 188.156 195.372 74.536
5.0 220.693 232.102 129.237
6.0 243.482 274.630 168.943
7.0 251.430 318.016 194.189
7.4 270.414 374.484 211.891
8.0 285.935 463.903 247.469
9.0 369.807 512.645 305.942
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G MR RUNK I RE (gP). 459K, N-fif
NETHERES 2R « NsTyr-2K FlIl NsTyr-2Na [1] 1gP 43 4
1.573. 1.512. 1.477. £ pH HZZMVEW I 1gP
ALK 4. NsTyr-2K A NsTyr-2Na 7EFR I
oh P R 2R R 2OM R K 23 TIE 2R E TS W) i AR AL
(1gP>1.2). VLN 2454 52 LU Y N-fifi I 1 Pt 2 iR
TWAAFAE, RIH—m KM, EZ T IR
oy fEEr pH (EARRT, N-E IR 2R Eh R LT
e SRk M, N-RE IR I 2 R #h VA T K b
HigP T (1<1gP<1.2).

24 MBEEAHFESEHNE

241 LEMRE  ER OIS0 T, NsTyr-2K &
PR L It I 2 1 1) £ B IS 1) 431 4 23132 miin,
WISTED O LR T, B R 458N
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Table 4 Apparent partition coefficient of N-stearoyltyrosinate

and its salts in various pH buffer solution systems

o g P
pH1H " "
NsTyr-2K ~ NsTyr-2Na  N-fifl i5 I9E s 2 %
2.0 1.881 1.698 2.140
3.0 1.485 1.462 2.077
4.0 1.205 1.183 1.923
5.0 1.341 1.272 2.103
6.0 1.461 1.300 2.043
7.0 1.578 1.497 2.054
7.4 1.222 1.467 2.005
8.0 1.140 1.458 1.999
9.0 1.119 1.340 1.936
C
1 2, 1
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A-ZFFENTAMNE B-Z FENTAME +600 pg/mL WHRE  C-2F FIENTAME 4600 pg/mL FEHTHE S 1600 pg/mL WARATR  D-75 HIENT N

W E-FHENT N+ 600 pg/mL WARE  F-28 FUENT N +600 pg/mL EHTHE S +600 pg/mL BRI

2-NsTyr-2K

1- A B 1L I 2 PR

A-buffer B-buffer + 600 pg/mL internal standard solution ~C-buffer + 600 pg/mL sample solution + 600 pg/mL internal standard solution D- plasma

E-plasma + 600 pg/mL internal standard solution F-plasma + 600 pg/mL sample solution + 600 pg/mL internal standard solution 1-NnTyr 2-NsTyr-2K

E1

ERSNRINA & S NsTyr-2K B &1L E

Fig. 1 HPLC chromatograms of NsTyr-2K in buffer and plasma samples

242 ARAEMIZRHI R NsTyr-2K 56 JE
HEATENT AL EE, il 7.5. 15, 304 40, 60+ 120.
160, 200. 400. 600 pg/mL ik, FEREHT. LA
Tt 5 DA e v 0 T R L 5 o R R AT R [
=, 3 REJ R EHTAMNE: Y=0.001 5 X+0.036 2,
r=0.996; B HT N Y=0.002 6 X+0.020 7, 7=0.995.
2E LRI NsTyr-2K ££ 7.5~600 pg/mL £8Pk [ 47,

2.4.3 B ROTERICRRE A BIEUE T SME
R 0.5 mL, JINAH Y. % L o o0 S PN b i
W, WAl 404 160 400 pg/mL BESIRW, BEATIENT
WAL, REANEEMEARE 3 WK, HE4k3d)E, AT 6
ANFEG, ISRETAR, %[RRI RSD {H, JF
Fo 5 v IR AL R = Sz o o Ak PR/ B o R X
100% 115, 453 W3R 5.
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x5 BRABRMINEHFROBEERTERLKRIKLIEER (n=6)

Table 5 Precision and recovery of sample inside and outside dialysis membrane (7=6)

. B T W S R R JiVE AR
" (ngmL™") HW RSD/%  HIa RSD/% S T P A(ng-mL ") m%R/%  RSD/%

T IR 40 1.1 2.7 36.746 91.9 3.8
160 1.8 2.6 163.736 102.3 0.6
400 1.7 2.4 413.948 103.5 1.5

VLT AN 40 0.8 3.6 32.927 82.3 1.9
160 0.7 1.9 144.414 90.3 1.9
400 0.4 1.9 382.996 95.7 1.6

2.4.4  FROEMERARI R AL Al 40,
160+ 400 pg/mL ZEHT ABAIINEAE G, 73 0E T 4
CORAE 24 h J2—20 CLRAF 5 d, F552dL00 I K
FREME, AiRWE 6. LW N-Al RIS 2% S ILER
RAEEYIRE S R e LT

23 IVEL 40, 160 400 pg/mL £k, HHATENTR
(AL EE, N-HEJIGIERS 208 & NsTyr-2K [ AR &
AELIVE T 5 AR 55 0T Rt s R A 20 R P A P U T
FULbAs, TRERE IR S5 R IER 6, RWIZTT
RS DR BT K

&6 ERARMINERITEE M RIBIE Y R L5

Table 6 Stability and extractive recovery of sample inside and outside dialysis membrane

R R e MR AL &S
FE A (ng'mL™) IR K RE P S ST/
. [l¥#%/%  RSD/%
RSD/% RSD/% (ng'mL )
BT 40 5.8 9.7 33.748 84.3 3.1
160 5.8 2.0 131.915 82.4 6.7
400 6.0 1.6 371.036 92.8 1.1
TN 40 5.9 6.5 37.800 94.5 1.9
160 33 0.9 149.794 93.6 2.6
400 2.6 1.7 374.004 93.5 22
245 MIREALEGRE MKREALSGHERM

SPATERTENE FEHTAS 2, A 1 mL
25 K BRI, B % T 10 mL 75 40 160,400 pg/mL
HPINENTI, CE T 37 CHEEM T 28 h HE
P HCP T DL 10% m AR R & & AT AR
I3 DU ST 48 N AR R, R R A G =
(Cw—Cw) ICwX100% 1T H T3 LK 455 % .
BEA 4 APATHES . SRR 7. N- IR TR 2R
(I3 R A 45 A% 20.96%~23.11%, NsTyr-2K
(RIM3% 2R 45 %0 35.41%~40.38%. KJ1] SPSS
20.0 BAEHR T, G F AR B 7 2550 5 O 2
Oyt ZE 0 WA, R N-RE IR 2R S H #h 2k
JE AR 8 A 4G 258, HH MR E A 456 %
AR AT

*7 NEREBEAERE NsTyr2K BIREQHESE
Table 7 Plasma protein binding ratio of NsTyr and NsTyr-2K

FE X IR, MR E AL
(ugmL™h EH%
IR i 2 R 40 20.96
160 22.83
400 23.11
IR A 2 R — 40 35.41
BREh 160 39.60
400 40.38
3 itie

N-T RIS 2R H AT R /a1, B
TR AR B 2 RXE . ZEPR T A 3L



* 864 ERE-E 1Y 3 Drugs & Clinic

FE2% HeW

201458 A

JIHR A RO R L e L A i I 2 PR
ARG, ORI AR N A AL Bttt
RS ) BA 25 5 8 .
ARSI RSN 2 R 2R HPLC-UV 3, AL
AL SR H P 45 R AGT I IR DAy 36 G A UEEPE TR A
%%, IR BAR Ee i LUk s B RUR . WF9E4s
REW], N-BEE WIS BRI LA, R n B
HEAF UGS . /2 H WK pH A5, N-ERE
P g I T2 2 DL s Y 0 1 R SN s e ds il e
J B pH AR N N-E IR AR 2 IR Bk, HE LA
LN AR ANARAS AL pH BB pKa
(AL AT R 5 N-R I 1L Pt 2l R 2 2 k) 2 v vk
JRBM . PRI 9KRL. Tl e RS 2D
LIRS E
AUEAFTIIWT TR NsTyr-2K J5URk 25 50E
PER AL T NsTyr-2Na, #ASESS R H NsTyr-2K
VRIS VE AR, LUK ER 20 5 S M 25 V-
O I DL Pt 2R 14 ML A 1 45 5 3 DXl o V- P
IR YHE &5 b, B L A1,
FRR YL 1Y N 25 ) A 3 W RSO B AT i g
], AEAAE AU 253K EEAG LR T, 29 51 B
GiEAE ) “ARAFI PR YERPR AT Y - A2y
Yok B, RIS 1A R I ], JF Hatk 2k
Y E TR R A A 5 R4, MR aRy
PiikE 25t , Tk At sE 4 PEm ] 3 20r s
SR, SN 2 At
SE 3k
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