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Determination of plasma protein binding of peptide drug candidates by dex-

tran-coated charcoal
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Abstract The conventional equilibrium dialysis and ultrafiltration methods cannot be used to determine the pro-
tein binding of some peptides because of their non-specific adsorption on the semipermeable membrane or poor
stability in the plasma. The method of dextran-coated charcoal adsorption combined with LC-MS/MS were used.
Based on the kinetic principle of initial rate of candidate drugs absorbed to dextran-coated charcoal, seven phos-
phorylated peptides with the same amino acid sequence and different configurations in rat plasma were selected
as the study model using; the protein binding in rat plasma were determined; the amino acid distribution rules
affecting the changes in protein binding rates of peptide candidate drugs were summarized. The results suggest
that the dextran charcoal adsorption method, as a supplementary method for the determination of plasma protein
binding, is suitable for peptides or organic drug candidates that cannot be determined by traditional techniques.

Key words peptides; plasma protein binding; dextran-coated charcoal adsorption; druggability evaluation; LC-
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Aib T B A TR 52 0 24 ) A I A AR A
HEE, 25 100 52 0 25 90 2k RN 255807 . A R I
WA 455 RN E IR BT RS
HELODVEFDGCIEESE . HoPaRcR 8y 2V 7 A
N E Y X PR O I R AR S A AIRES TR
A A 2 3 R I R RN 4 S R 25 W gk AT A
SE L AH AN SR e 245 W) e A b 7 A WA, B
TELGWAE MK T ANERSE , 15 AR 5 27 4500 ) R
R, FR NG o /Rt A )y
PRI E 1M 2K 2R 25 5%

BB K 7k (dextran-coated charcoal , DCC)
B 12 oy — ) S 24 W Il 3K AR 1 A A R T ik
SRR D BRI 5 0 SR U J2 R I R A 4
A b I RO 125 245 ), TS RE T B AR 1 455 B 25 W)
AYRFPE 38 00 250 7E DCC Ry 3l 77 2%, 4
G & SRR M EAL G R, H
TR KA T T L B 5 ) A A S 1k B, AN
TEA I [R]85 o 2R W) IO T I f 9e J3 p
BB AR ES SRCR B s, B2 T
HIV 25 [ B4 657 SC-52151° k& 9 v B % 1
(centchroman™) | P4 ¥ 5] 457 (cilomilast™ ) | & 1% 74
7T (duloxetine™ ) &R & F] (enalapril®’ ) } SO16-
1271745 (8 455 AR IIINE , LR HuE RZH S
ST AT TR LG TESE T %0 T SR

Z2 K2 ) ot T R 91 AR Y 1 5L PR 248
FLAT R B A0 B4R, o1 1o P 228 B 18 R 3 v M
BTk . A T HIEE 22 g e 25 ) vh B R AL Y
(D BYaE LAY )%k i 3% A 455 3R A 52 ) LA, A BF
FEBT T 7 R HA MR IR 7 51 fH S AL A
(D BYEY LAY BEALZ AL i SR A /S Ik e 259 , i
FIDCCWE BRI E 1 HAE R BN h A E 255
o RIEBRAER B AT E LTI A —Fh
I A 145 5 3R E B Ab e 07, 1T RLE T %
B SRR T I A 1 22 IRl 35 A DL IE 2590

1 # #

1.1 255535

7GRN IR 25 ) (A S % A ] Al R T
80% , Fr 5 FIF Y UL 1) 5 B kxR ity (b 7 9
A R A FR A R 465 99% ) 5+ [ iR £k 2%
M (D-PBS,pH 7. 4, 3 = RAEYFEARAGIRATF]) ;
IR ME A % (DCC, 3 [ Sigma-Aldrich A RS A ) 5

2N (it al, 52 [ Tedia 23 7)) s ALK (52505
il ) 5 25 I H £ R BAT Y SD A M R B4 it
(SPF 2% , b 5% 4k 38 F 42, F AT HIE % : SCXK ()
2019-0010) .

Table 1 Amino acid sequence and configuration of peptides

Peptide N—C terminal(D or L configuration)

1 Ac-P-L-H-S-,T-A-NH,(L-L-L-L-L-L)
2 Ac-P-L-H-S-,T-A-NH,(D-D-L-D-L-D)
3 Ac-P-L-H-S-,T-A-NH,(D-D-L-D-L-L)
4 Ac-P-L-H-S-,T-A-NH,(L-D-L-D-L-L)
5 Ac-P-L-H-S-,T-A-NH,(D-L-L-D-L-L)
6 Ac-P-L-H-S-,T-A-NH,(L-D-L-D-L-D)
7 Ac-P-L-H-S-,T-A-NH,(L-D-L-L-L-L)

1.2 & #

Shimadzu W AH 351X, BL A DGU-20AS5 EL55 i
ML LC-10AD —JC % | SIL-20AC H 3 U #f 2%
CTO-20A H:IRAE ( H A B HEA F] ) 5 AP14000 5 Ef
DU AT BT A, B A HL M 25 25 -1 (Turbo Spray) J2
Analyst1. 6. 2 £ 45 &b B 2 4t ( 35 5] Applied Biosys-
tem Sciex 2 Al ) 3 H J7 50 Z — 3 M1 K- (T [ Met-
tler Toledo 28 7l ) 5 Z1.S-1 BL 55 85 .0 e 46 X (I8 7 o
PUA AR R A BRA ] ) 5 Allegra X-30R ¥ Uk =y 8 25
AL (5 [ Beckman 24 7] ) 3 10 kD MWCO j# I8 45
(Amicon Ultra-0. 5 mL, Millipore INCID

2 FAEEHER

2.1 &5 RELt

(o, 3% 4 : Agilent Eclipse Plus Cg {6 FEHE (4. 6 mmx
100 mm, 3.5 wm) 3 L 0. 19% B & - 7K 15 W K 7K A
0. 1% W R - 2 B %5 Wk A8 LA, 28 47 6 B2 1 it
(0~8 min, 5% B—30% Bj; 8~9 min, 30%B; 9~9. 1
min, 30% B—5% B;9. 1~12 min, 5% B) ; i # : 1. 0
mL/min; 73 : 35 °C; PR 10 pL; )5 40 0
Fb:3:20 SRATHBEZE B IR (ESD) , 75 £ g Wl
(MRM) #5 2C T [R] Bf % 485 784 ik (m/z 746. 5—390. 3,
FHREAEDP A 75 V, il HL H CE 2 34 V) AN AR
Bl K (m/z 510.4—120. 1, 2FEHBJEDP N 64 V,
Bl 48 FL R CE 8 36 V) HEAT IE 25 TR R
2.2 DCCEW kB IR A 5 R 22

25 5 1% A 1 K DCC BIAVE 2 il ey . 24
TN RBEAR BT | A S 23 A 7E 3R



524 ‘? @ B # X # 224l Journal of China Pharmaceutical University 2020,51(5):522 - 529 51 &
K2, BRI B ) AR LR 1 I EALS 0L, D2 Yk e 2 v R
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Drug,,,,,.~—=Drug;,. . ~==Drug
() k, (1) 01 (1) _d[ Drug]PBS
Figure 1 Kinetics model of compound in plasma with dextran-coated T = klo [ Drug] [DCC ]PBi (7)
charcoal (DCC) TEt =00, v,y = km[Drug] DCC] (8)
S ) L B R DCC YR I L 4 RAEAA (O MA(S).

(25905 11 3 56 11 K DCC 454 09 07 5 808 /N FA v kof[Drg] " [DCC]
ﬂ]}f_i,ﬁ?%‘%#ﬂﬁmﬁﬁ%ﬁgﬁé*nﬁ%%%ww Vpps - klO[Drug][ [DCC]PBS )

F DCC a2 mT AR — 2 sh 27, A .

_djt(t) - 1296(5) kZIy(t) + klox(t)[DCC] plasma
ko z(2) v
-d
jt(t) = ko (1) = ko (1) (2)

ot x(0) vy () o2 (e) 4390 A 12 v it 25 254
W 5 KR A5 A 28R IS BT DCC i)
PATL /R 5 SN SN YN OO 51 o 1 4 s = B
BB L I AR 1A R R I DCC R R
B DCC fif 25 3 R 8 [DCC ., R IR W
DCC R .

HRYEAZCOAN(2) , 12 B 254 A8 fb R ]
VAN

~d[Drug], _(dm) . qy(x)) _
de de de
klox(t)[DCC] - ko, z(2) (3)
f, = x(t)/ Drug e s BRIV B 259 o L
M 245 e JE W o \T(3)Tblfr?1{3j\7:
—d[Drug]

- =k, f, [Drug] dddddd [DCC]plasma B

kmz(t) (4)

P I 10 i % B ¢=0 Bk %0 10 4 2
Wy BE AR, A -
B d[ Drug ] Dl - B
Vilasma = T =
mf[Dn%] [pec]’ = kaz(0) (5)

ﬁﬁt_oﬁ,iﬁ%%ﬁﬁwcc ) ¥ B 2(0) =0,
WA
Vo ,—kmf[Drug] [ocell (6)

MY E DCC Y PBséﬁ{EP{wP ,JﬂUﬂE’z‘fﬁ%

A ZS 1L 2% A1 PBS %ﬁ@(&*ﬂ’ﬁi%%ﬁ@f

MRS [ Drug ] 50, = [Drug ], 75812052
£ = [Dcc]mS
' Vpps [DCC]

I 2% B 1456 % (% )
2.3 ERME &
2.3.1 B KL &R A TAE R ELE
W7 S0 RO = A W FR 2, T R S - 0K
(5:95) ¥ fife - # B il BUST F V& 224 2. 00 mg/mL 1Y
. VAT I -/K-F R (5:95:0. DR AR
B AW T bR AE 2R TR . T 74
TR JOR A S0 1% v %) e 7 R R AN [ BE ] T AN TR
[T fE i FBE Y % W . b peptide-1. peptide-4 ~
HitB’JIVE{MTz WV R 2.5,
5,7.5,10,50,75,100 pg/mL; peptide-2 it TAEVAWK
W E N :7.5,10,25,50,75,100,250 wg/mL;
peptide-3 Y T 4F ¥ W ot = vk &y < 10, 25, 50, 75,
100,250, 500 pg/ml [7]35 P il S 45 R i TAEVA R -
2.3.2 RNARE &R A AR R G EA  BURL
JUROKT St i RS B ROE I ) S -7K (5:95) %
ﬁ’%%%ﬁﬁ%ﬂﬁiﬁ%iﬂﬁ?j\] 1. 98 mg/mL ) N bRfiti 25
o LUARICNE-/K-H 2 (5:95:0. 1) 7 B il B
T E N 495. 0 ng/mL 1 PRI
2.3.3 Ao KA RIEAE SR KSR
25 ML 3% 5% PBS 28 i 50 wL & T 1.5 mL EP %
HSEAT Ty o RN AR ] J5 2 e B ) 26 M
WETAER WS L, R HE 30 s i 2 3R 2T, Be il B AR N7
o I JBE P LR A B PBS 28 i ik (HEHR peptide-
JIK B B A R B
250, 500, 750, 1 000, 5 000, 7 500, 10 000 ng/mL.,
peptide-2 [ F£ & i 5 ¥k B2 4 750, 1 000, 2 500,
5000, 7 500, 10 000, 25 000 ng/mL, peptide-3 H £f

(1-£)% 100 (10)

peptide-7 2

1. peptide-4~ peptide-7 2%
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A E N 1,2.5,5,7.5,10,25,50 wg/ml) . %
“2.57 IR H CRE i A Bl K 9 bR TR
5wl [FEEAL PR, B10 WL ERE 53T o
2.3.4 AR REDCC-PBS 4 ik & DCC-fr %
R B BUDCCH K 2 40 mg, A B HRE , A
PBS ZZ 413 10 mL, 37 °CAH 4R 32 4 {0 i H vk )
9 4 mg/mL 1) DCC-PBS VR &K . 5437l Fil PBS 2%
R R ) BB VR S 0..04.,0. 1 & 0. 4 mg/mL
) DCC-PBSTR B . 4 CL-AT, (H FH AT 7 L HT R4
¥4,

T e BE 4331 A 0. 4 Fl1 4 mg/mL () PBS &
& ,4 000 r/min B5.0> 10 min J5 3525 FI5 W, AR
AR 28 I A, TR 20 ) 0 B BC ] 1 0. 4 1
4 mg/mL ) DCC- Il 2 IR B
2.4 RME

435 LA PBS 28 v IROR I 3% Ay 35 Jo %o 7 2% A 7l
JRTE 37 “ClE AR 46 h #E17T3h J1 2 W S8 . LA
24 FLARAE Ay W BAF 25 485 , W2 o6 B vz B[] e 4 5914 0,
5,7,10,15,20,25,30 min, % 8 4~ B )52 1 4L o
AT B SO AL A3 S KR R B A R RE Y
DCC-Z3 [ 1ML VA W 8% DCC-PBS 2% P (0 min W Fff
S B 8] g5 5% 7 B4 L H I AAS B DCC AR [ AR FR
()25 L3 7 T 8 PBS 2% 1) 360 L, AR 14>
JNEAL PRI AR 7 B 5 VA B 1 D 245 ) 1A S W
40 pL J5 FF R IH R, 7E 5 5, 10, 15, 20, 23, 25,
30 min HRUFE AR 4 52 ;L I A TR A FR ) 1
I 25 %) U AR5 i ORI 19 W B s 1z Bt 1) B A7 30,
25,20,15,10,7,5,0 min) , Z & T 3 500 r/min 5.0
1 min, 3725 F )26 Mk, MR B w2 1k, b i W BD
R
2.5 Henal 4y ik

B2, 47 35T W B S5 50 AR5 I V5 W 50 L, K 2%
A 5 -7K-F R (5:95:0.1)5 L K B8 i ik 9 s
TAER S WL, IR HE 30 s i Z IR 45) s FA ZiE-H
fiz (100: 1) 100 pL UL ¥E & 1, P HE 5 min, 4 CF
12 000 r/min Z5.0> 10 min, L _EIHW 110 pl.,37 CF
HAEBELOET ,MAZHE-K-F R (5:95:0.1)
50 WL, B0 B RS 10 pL 1T LC-MS/MS
O3 o AT EC I 3% R PBS R o il £, $5 bR ik
THERE
2.6 R

DL 8] A 4 AR A, AN [) I ] o5 9 58 R DA B

AT R/ R G , 15— I8 IR T (y = ax® +
_ - d .
by + ¢) ,xmﬁﬁwy\fé(ay = Dax + b) 3R H il

28 7E 1=0 Kb () ) b R Bl Viutier (Viutie = —D) Al
Vs Vit = =b)o MR “2. 27 T T #E 2 (1 20 X 45
B4 FETUT XN DCC MR BRI R 2 IR 8

. WA
éIZIIII/‘O

3 8 R

3.1 FEME

B B I RD 7 AR R4 ) ISR
Fi¢ BEI AT ot Ak R 5 3 454 5 64T LC-MS/MS 43
B R FRAA TR R R (E2),
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70000 Peptide-2
L Peptide-3
60000 ——— Peptide-4
L — Peptide-5
" 30000 Peptide-6
5 L Peptide-7
i; 40 000 /IS — Blank
£ 30000 | ‘
E |-
20 000 M
f U A
10 000 ]
0k
0 2 4 6 8 10 12

t/min

Figure 2 Chromatograms of blank plasma, blank plasma spiked with

seven model peptide and IS (octreotide), respectively
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o VA 32 A O A TR A 1) € 3 0 TR AR A A3
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s B A B e 6 R A, R A8 S /)N
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Table 2 Matrix effect and recovery of model peptide (¥ + s,n = 3)

c/ Matrix
1 ) 0]
Peptide (ng/ml) effect/% RSD/%  Recovery/% RSD/%
1 750  93.93:1.44 1.53  90.09+4.05 4.50

1000 103.52+3.05 2.94

5000 107.75+3.57 3.31

2 1000 110.74+9.05 8.18
5000 122.99+3.96 3.22

10000 100.89+2.04 2.02

3 2500 108.99+2.96 2.71
5000 102.58+4.08 3.98

10 000 106.62+0.75 0.70

4 750 102.45+4.89 4.77
1000 101.93+4.73 4.64

5000 98.82+2.52 2.55

5 750 86.15+12.54 14.56
1000 94.81+7.92 8.36

5000 98.07+£9.43 9.61

6 750  95.11+10.86 11.42
1000 98.55+11.30 11.46

5000 97.13+4.99 5.14

7 750  92.74+3.38 3.64
1000 101.97+2.13 2.09

5000 92.49+3.65 3.94

IS 50 122.42+3.80 3.11

82.86+1.64 1.97
82.57+1.06 1.29
99.67+11.60 11.64
93.16+4.56 4.89
86.74+1.48 1.71
93.38+0.88 0.94
93.50+2.39 2.56
84.16+0.75 0.89
90.67+2.12 2.34
89.99+1.14 1.27
89.67+1.99 2.22
89.31+3.84 4.30
99.18+7.17 7.22
91.03+4.50 4.94
95.89+7.16 7.47
95.17+10.32  10.84
86.64+3.34 3.86
95.86+1.92 2.00
107.18+6.92 6.46
93.48+4.33 4.63
105.62+1.77 1.68

JFE AR AL AR (2, ng/mlL) , 22 BK-5 PN b 06 T AR LU A
S AR (y ) BEAT A LU, A R 724 174,
BRI R 3. 45K W], peptide-1 ., peptide-4~
peptide-7 Y7 250 ng/mL~10 wg/mL i [l N 26 Pk ¢
Z BT, peptide-2 7 750 ng/mL~25 wg/mL 8 [ P £k
K R R U, peptide-3 7 1~50 pg/mL i [l P £k P
KRR

Table 3 Linear regression equation of model peptide

Peptide Plasma PBS

1 y=6.26x10*x+0.016 8(:=0.999 6)  y=6.39x10"*x+0.075 6(r=0.995 7)
¥=9.39x10x+0.005 04(1=0.999 4) y=1.23x10"*x+0.117(1=0.992 1)
y=1.47x10“x+0.001 9(r=0.999 7)  y=2.05x10"*x+0.022 9(=0.993 2)
y=3.82x10"x~0.040 9(:=0.997 6) ~ y=5.98x10*x~0.114(1=0.996 0)
y=2.48%10"x~0.004 04(r=0.998 4) y=3.37x10"x-0.001 5(r=0.999 3)
¥=5.54x10"x-0.025 2(r=0.995 8)  y=3.24x10"*x+0.002 29(:=0.998 0)
y=7.78%10"x~0.074 5(r=0.999 2)  y=9.85x10-x~0.060 7(:=0.997 6)

~N O W B W N

3.4 AR AKIE £ R PBS 4 b ik b e AL
ZELT 37 CF 7 ABERUAL A & 34
e B AE 1ML 2K A PBS ZZ vy v R e . N 4 r

7N, T ZHEHIRR 30 min PN AE L3 RN PBS 2% i Hh AR
EVERL .

Table 4  Stability for peptide-1-7 in plasma and PBS buffer (x + s,n = 3)

o/ c / Cpps/
Pentide plasma D/% PBS D/9
eptide (ng/mL) (ng/mL) RSD/% (ng/mL) RSD/%
1 750 744.80+46.55  6.25 710.6+69.85  9.83

1000 976.90+81.96  8.39

5000 4970.5£168.5  3.39

2 1000 970.70+20.58  2.12
5000 5286.5+75.60 1.43
10000 10498+616.23 5.87 979521745 2.22

3 2500 2672.2+80.97  3.03 2144.3+20.80 0.97
5000 4999.0+37.49  0.75 4893.5+68.02 1.39
10000 10674+11.74  0.11 9790+199.72  2.04

4 750  688.8+23.01 3.34 787.8+31.59  4.01
1000 1011.9+£78.02  7.71 988.7+48.35  4.89

5000 5250.5+317.13 6.04 4909+311.23  6.34

5 750 778.7+26.16  3.36 712.1+29.98 421
1000 10454+22.89  2.19 874.8+17.93  2.05

5000 4642.5+189.41 4.08 4966.5+370.99 7.47

6 750 743.1+50.31 6.77 857.0+71.30  8.32
1000 1068.8+23.73 222 887.4+44.64  5.03

5000 5139.5+53.45 1.04  4994.5+194.29 3.89

7 750  723.4+36.82  5.09 730.4+12.20 1.67
1000 1025.2+£78.22  7.63 1011.0+81.28  8.04

5000 4990.0£209.08 4.19 4948.0+101.43 2.05

969.6+52.55 5.42
4826+283.77 5.88
929.2+63.56 6.84
4942+158.64 3.21

3.5 EMHHFwL
AR 2. 47 350 W B S 30 3k A, 2l X 7 2R A
BUIRAE 34> ik B T 647 3 ) 2 W B, 25 T
BRF EH TE] F1%) 25 9 v g 22 2. 57 T A i Ak B 7 32 [
TEALBR S FH LC-MS/MS HERE BT o LA 25 W2 B LS ]
REARER , S W2 ) R VR D AR AR, R AT BT
e B - [E] 2R A PLA L peptide-1~peptide-7 445
AT DR 3 g 2% T2 ) 1 W B R (g, B
uph,smi,)ﬂ%% 5.

4 it it

4.1 )RR ZAM

B SR A MR D8 I R AT b 7 AR K G B 1 4
BRI, B IR T AR IKAE R A AR TE 20%~
50% 1% B, ke B DCC W BFF k5 o 3% 7 B i
I Yuan 2538 H 0 F HIV 8 A B0 6 571 SC-
52151 25 1456 R A9 % , B )5 Khurana 55 [6] k#
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Table 5 Kinetics of adsorption to dextran-coated charcoal (DCC) for model peptides

Peptide gL Vyutted! Y sl Plasma protein
(ng*mL* min"!) (ng*mL"* min") binding/%

1 750 9.56* 14.58¢ 84.75
1 000 5.44* 9.06° 83.33

5000 106.50° 200.80¢ 81.15

2 1 000 13.31¢ 20.31¢ 84.74
5000 233.41¢ 250.83¢ 89.25

10 000 524.87¢ 534.13¢ 89.82

3 2500 4.74¢ 2.401 94.93
5000 12.80¢ 7.114 94.44

10 000 173.28¢ 77.69¢ 95.52

4 750 2.50 0.83¢ 91.70
1 000 16.50 4.00¢ 93.94

5000 117.11¢ 99.594 91.50

5 750 3.74 0.15¢ 99.02
1 000 29.05" 5.75¢ 95.05

5000 232.13¢ 29.634 98.72

6 750 8.24" 4.50¢ 86.36
1 000 18.27" 8.86¢ 87.88

5000 129.78¢ 127.33¢ 90.19

7 750 15.49" 10.73¢ 82.69
1 000 21.97" 13.67¢ 84.45

5000 65.91¢ 138.01¢ 79.06

{DCC]=0. 04 mg/mL; *[DCC]=0. 1 mg/mL; [DCC]=0. 4 mg/mL; {DCC]=4 mg/mL

iz FHZ 3 1 SR g T 53— TE D8RS _L W it ™ o
PP SINES 63 ZFETs Y & 25 A I
KEEWOIMA DCC I , [RIBF AEAE 3 I 210 W B ik 5
R (DB B AE DCC b5 (2)TiF 5 1 24
Y5 MK AL A (345G RIZ5 Y I 28 85
fif 2 o B DA 25 B9 PBS I WAE X BE, T
NG G EE R DCC 5 , 259 78 58 B 8] N JL-F- 4 56
W B 5 o T W RIS AE AR DCC ISR 38 1 M 2l
W, K855 T 2G5 K R RS R T B T 25 )
P DCC W, 5% B4 7 3 W 25 4 Wk B oy
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Figure 3 Adsorption of model peptide to DCC in plasma and DCC in PBS buffer
A:peptide-1;B:peptide-2; C: peptide-3 ;D : peptide-4 ; E : peptide-5; F: peptide-6; G : peptide-7
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