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serum albumin
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Abstract: The covalent binding of drugs and their metabolites to proteins forms drug-protein adducts, which
may cause adverse reactions in the body. The development of adductomics technology is helpful for the
identification of covalent adducts between drugs and human plasma proteins. For many drugs, such as beta-lactam
antibiotics, acyl glucuronides, covalent tyrosine kinases inhibitors, and reactive metabolites, human serum albumin
(HSA) is a potential target and biomarker for the formation of drug-protein adducts. In this review, we will
describe the relevant technical advances, describe the methods for the identification of covalent adducts of drugs
and HSA, define the chemical reactions that form adducts, and preliminarily explore the role of drug-HSA adducts
in adverse drug reactions and the potential effect on pharmacokinetics.
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ARAIN 212 5 5 L3R B AR AE S 45 &, DA TR
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I 3% & 1 45 4 % (binding rate of plasma protein,
BRPP) | iz M. H T 259 R I 5 I %, A4 T 25 4 -
2% HAE F (drug-drug interactions, DDI). {15 5 /7
T AL 2B 1) 52/ %5 71 %% (pharmacokinetics/
pharmacodynamics, PK/PD) 5¢ £ %5 . HSA fl al-1R
B H [ (al-acid glycoprotein, AAG) +& 2 Fi 5 W 45 &

B QRN Sl 157 I (W T 1 795 7 | P
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18~21 RFIS R, AEARMEFEARFENT, £
5L AR R E ) 60%. HSA & H 585 A& FE g 4H ik
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Table1 The amino acid sequence of human serum albumin (HSA)
1*10*20*30*40*50
1 dahksevahr fkdlgeenfk alvliafaqy lqqcpfedhv klvnevtefa

51 ktcvadesae ncdkslhtlf gdklctvatl retygemadc cakgeperne
101 cflghkddnp nlprlvrpev dvmctathdn eetflkkyly eiarrhpyfy
151 apellffakr ykaafteccq aadkaacllp kldelrdegk assakqrlkc
201 aslgkfgera fkawavarls qrfpkaefae vsklvtdltk vhtecchgdl
251 lecaddradl akyicenqds issklkecce kpllekshci aevendemra
301 dlpslaadfv eskdvcknya eakdvflgmf lyeyarrhpd ysvvlllrla
351 ktyettlekc caaadphecy akvfdefkpl veepqnlikq ncelfeqlge
401 ykfqnallvr ytkkvpqvst ptlvevsrnl gkvgskeckh peakrmpcae
451 dylsvvingl cvlhektpvs drvtkcctes Ivnrrpefsa levdetyvpk
501 efnaetftfh adictlseke rqikkqtalv elvkhkpkat keqlkavmdd
551 faafvekcck addketcfae egkklvaasq aalgl

Figure 1 The three-dimensional structure of HSA with the subdo-
mains rendered with different colors. Atomic coordinates were

taken from the PDB entry 1AO6
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FAPET RO 77 i e (S A s TBUR P AT B B0 45
TR TR B4 (radio flow detection, RFD) W< A 45k
1% (liquid scintillation counting, LSC)~ f#UH IN 6k £ AR
(microplate scintillation counting, MSC)- 15 it 1= %0k #H
3% (high performance liquid chromatography, HPLC)-
RFD. &) & it HPLC-RFD. Jill i #% Jii % (accelerator
mass spectrometry, AMS) 2%, JURE BT 51 b A
T 2 7 — 5% A 0 Tt i s JI FELVK (sodiium dodecy] sullfate-

polyacrylamide gel electrophoresis, SDS-PAGE) #1454,
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W) T B i T 35 93 AL 1) AR B 1) AR bR S ) 7 TR
I BRI 791, B AR 4 B B i 3L 4R (Fourier
transform ion cyclotron resonance, FTICR). Orbitrap-
AT -"KATBS [ (quadrupole time-of-flight, Q-TOF). 3
Jo B B 0 A RS R AT I ] (matrix-assisted laser
desorption/ionization time-of-flight, MALDI-TOF) % /&
Y HE S ACRT R T R AR SR A e
A, 247 BHE RPN, IERE 5B 8 4,
AL FE S R R A B3 7% (reverse phase liquid chromatog-
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CE)BUE: T RSTF4r B, 4 1 40 B ke, AT ik 3
Xof 56 B (1) 8 ST IR FE I A PR S e
CHRZUICRH B BT #5535 o
TKIs 5 HSA &Y BIANTEAR 4 HC A (R AR
# JE (neratinib). B 77 & JE (osimertinib) Fl Kk 3& & JE
(furmonertinib) 737 5 MK AT E 5, £ LCH E 5,
AJ £ Orbitrap £l 2 2 ¥ -HSA In& 9", th4h, 3¢
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Table 2 Drug modified human serum albumin detected in vitro and in vivo. NR: Not reported

Drug-HSA adduct Number of

Drug Reactive motif Modified amino acid Adducts formed

In vitro In vivo modified sites
Amoxicillin® Beta-lactam N N 1 Lys-190 (in vitro and in vivo) Amide
Aztreonam'*® Beta-lactam N NR 11 Lys-4, 12,137,190, 199,212,  Amide
351,432, 436, 525, 541 (in
Vitro)
Benzylpenicillin (BP), Beta-lactam N N BP: 12/14  BP: Lys-20, 137, 159, 190, 195, Amide
benzylpenicillin acid BA: 16 199, 212, 351, 432, 525, 541,
(BA)P7 545 (in vitro)
BP: Lys-20, 137, 159, 190, 195,
199, 212, 351, 372, 432, 436,
525, 541, 545 (in vivo)
BA: Lys-20, 137, 159, 162, 190,
195,199, 212, 351, 372, 432,
436, 475, 525, 541, 545 (in
vitro)
Cefazolin, cephaloridine, Beta-lactam J NR NR NR Amide
cephalothin, cefotaxime™”
Flucloxacillin Beta-lactam J N 10/10 Lys-162, 190, 195, 199, 212, Amide
(5-hydroxymethyl 351,432, 525, 541, 545 (in
flucloxacillin)®” vitro)
Lys-137, 162, 190, 195, 199,
212,351,432, 525, 541 (in vivo)
Meropenem™®! Beta-lactam J NR 7 Lys-12, 137, 190, 199, 212, Amide
351, 545 (in vitro)
Piperacillin®®*"! Beta-lactam v v 13/4 Lys-4, 12,137, 162,190, 195,  Amide
199,212, 351, 432, 525, 541,
545 (in vitro)
Lys-190, 195, 432, 541 (in vivo)
Benoxaprofen AG"? Acyl glucuronide J Drug-plasma protein 7 Lys-159, 199; Ser-312, 470, Amide or
adducts 480, 489; Arg-222 (in vitro) ketoamine
Diclofenac AGF Acyl glucuronide N N 10/7 Lys-137, 162, 190, 195, 199, Amide or
351, 432, 436, 525, 541 (in ketoamine
vitro)
Lys-190, 195, 199, 432, 436,
525, 541 (in vivo)
Tolmetin AGP*+*! Acyl glucuronide J Drug-plasma protein 9 Lys-195, 199, 525, 541; Ser- Amide or
adducts 220, 232, 480; Arg-222, 521 (in ketoamine
Vitro)
Zomepirac AGF") Acyl glucuronide J Drug-plasma protein 3 Lys-195, 199, 351 (in vitro) Amide or
adducts ketoamine
Beclobric acid, carprofen, Acyl glucuronide J Drug-plasma protein NR NR Amide or
diflunisal, fenoprofen, adducts (beclobrate, ketoamine
furosemide, ibuprofen, carprofen, fenoprofen,
naproxen, salicyl acid, and furosemide, ibuprofen,
suprofen AGP**! salicyl acid AG)
Afatinib™! Acrylamide N Drug-plasma protein 1 Lys-190 (in vitro) Michael adducts
adducts
Evobrutinib™*! Acrylamide J NR 4 Lys-137, 351, 402, 525 (in vitro) Michael adducts
Furmonertinib''?! Acrylamide J Drug-plasma protein 2 Lys-195, 199 (in vitro) Michael adducts
adducts
Ibrutinib!"**4! Acrylamide N Drug-plasma protein 6 Cys-34; Lys-351, 402, 414, 525; Michael adducts
adducts Arg-348 (in vitro)
Neratinib!""! Acrylamide J Drug-plasma protein 1 Lys-190 (in vitro) Michael adducts
adducts
Olmutinib™’ Acrylamide J NR 6 Lys-106, 137, 351, 414, 525; Michael adducts
Cys-34 (in vitro)
Osimertinib!'?! Acrylamide N Drug-plasma protein 2 Lys-195, 199 (in vitro) Michael adducts
adducts
Pyrotinib™” Acrylamide J Drug-plasma protein 1 Lys-190 (in vitro) Michael adducts
adducts
Remibrutinib™*’ Acrylamide J NR 2 Lys-351, 414 (in vitro) Michael adducts
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Continued
Drug Reactive motif - Drug-HSA adduf;t Nul'*nber O,f Modified amino acid Adducts formed
In vitro In vivo modified sites
Tolebrutinib™”! Acrylamide N NR 6 Lys-137, 351, 402, 414, 525, Michael adducts
545 (in vitro)
Zanubrutinib™®’ Acrylamide J NR 3 Lys-262, 351, 414 (in vitro) Michael adducts
Nitroso sulfamethoxazole® Nitroso J J 1/1 Cys-34 (in vitro and in vivo) Sulfinamide
Acetaminophen metabolite  Quinone imine N N 1/1 Cys-34 (in vitro and in vivo) Thioether
(N-acetyl-p-
benzoquinoneimine)***"
a-Hydroxy trimethoprim®*  Phenylmethanol J NR 2 Cys-34, Lys-313 or His-288 (in  Thioether
vitro)
Frusemide (F) Chlorobenzene J NR NR Warfarin-binding site of HSA ~ NR
F glucuronide”
Isoniazid®™! Hydrazide J v 6/3 Lys-137, 190, 199,212,351,  Amide
525 (in vitro)
Lys-137, 190, 525 (in vivo)
Abacavir aldehyde!*” Enone J J 7/3 Lys-190, His-146, Cys-34, Lys- Michael adducts
159/Arg-160, His-146/Arg-145, cross-linking
Cys-34/GlIn-33 (in vitro) adducts
Cys-34, His-146, Cys-34/Gln-
33 (in vivo)
Ethacrynic acid®® Olefinic link J NR 1 Cys-34 (in vitro) Thioether
Houttuynin®” p-keto aldehyde J NR 5 Lys-212, 414, 525 (Schiff base) Schiff base
(in vitro) adducts and
Lys-414, 432 ( pyridinium) (in  pyridinium
Vitro) adducts
12-Sulfoxyl nevirapine!®* Sulfate J J 4/1 His-146, 242, 338; Cys-34 (in  Michael
Vitro) adducts
His-146 (in vivo)
Carbamazepine 10,11- Arene oxide J NR 2 His-146, 338 (in vitro) Epoxide ring-
epoxide”” epoxide opening
Aspirin!®”! Acetyl N N 1/1 Lys-199 (in vitro and in vivo) Amide
Captopril®! Thiol J NR 1 Cys-34 (in vitro) Thioether
Butaselen (Phase 11)?) Se J v 1/1 Cys-34 (in vitro and in vivo) Se-S bond
Nornitrogen mustard, Chlorethamin J Drug-plasma protein 1 Cys-34 (in vitro) Thioether

mechlorethamine,
chlorambucil, melphalan,

adducts (melphalan,
cyclophosphamide)

cyclophosphamide®’!

A BB - 1 3% P (single ion chromatogram, SIC) 451
Xf AX-HSA & P47 2 2 5, AX-HSA &40 15
I 3% HSA £ & 1 1%~2% (6~12 pmol-L™")>, A [A]
SE AT B- 9 TG Jie 7 AE 21 B AN [ (1 S R, 5 HSA
[FIFE A 4 A s BVE LR 2.

B~ B B A 3 HS AL RO #5 &0BR ik 366 1 3R 18
i LA TR R B AR AP 25300 (R A 72 3R B, R
75 #K (piperacillin). 3% % 1% B (meropenem) 1% il B4
(aztreonam) LA B [H] FTAR FE 4 6t 1Y) 77 A& i Lys-190 Al
F/DF A6 N E RIS, H R G (benzylpeni-
cillin, BP) Fl E Q! ¥ 75 % R 2 (benzylpenicillin
acid, BA) 7EMICIKZ T 5 HSA 4 I A5 & &, 49 il ik %
PEAS M Lys-199 Fl Lys-525 5% 3k . B & % & B [0 20 24
IR FE (3, R DU B S HSA 1 2 M7 . o TR
LRI, TEILA B 2 /T, SRR R — AL A B
JH B B8 5078, AT AR (flucloxacillin A14X 4 5-

$2 B 5L B0 & V5 AR (5-hydroxymethyl flucloxacillin) %f
HSA (3L A2 06 LA BE B 18] RIS Ui A 55 4 v 1 7
R A . T8 8 AL 52 S S VG AR 9T 1 2, X HSA
o0 2 TR B ik IR L B 1 208 9 ML A, AN R R
i 2 %) HSA Lys-190 Al Lys-212 (3L 1816, 54k 4k
A AR,

F4 L fUMEAK (cefazolin) 3k flUENE (cephaloridine).
Sk # & (cephalothin) 3k il BEfi5 (cefotaxime) 5 HSA
HEAT AR AR, 240 8 4R R 00 pH A 7 386 21 10 B, 24
YI-HSA Jn-& P He g 38 fn
22 BEEEREER

TR BR S K I 25D AE A N AT AR AR B 1-0-B-T8k
FAH EREEF R (acyl glucuronide, AG), %A AT L4
A B R ) SR A% SR R ik B, T R 22 2 PR K
AR KL RARE . AG Rl 2 FAE F B
AR A, DLSUE ST R (diclofenac) Ay, — Fif
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A HO /\ HO\/O
X\NH

HQN/\/\/LVS - !
\Q\\)LNj\:/N\/\/\ %
Amoxicillin HSA Amoxicillin-HSA adduct
? /\ J@L
Hooc cl cl al
HO o
o._0o NH
Hot\:\sﬁ HN@ H2N/\/\/Lys\ @/)OL .
cl N/\/\/‘/tp@
H
Diclofenac 1-O- acyl glucuronide HSA Acyl adduct (Lys-190, 195, 199, 432, 436, 525, 541)
Hooc H
1\ % ~Lys—HSA
HO
Diclofenac 2-O-2 acyl glucuronide ¢l H
cl

Glycation adduct (Lys-195, 199, 432)
Diclofenac 4-O-p acyl glucuronide

L Amadori
/ rearrangement
HOOC HOOC
0 oH HOOC  oH OH | lvse
HO /O HO P ys—HSA
o%/OH Ho%ﬁ %_'
HSA-Lys-¢ -NH
cl 9 = ¢ ) i cl o
H H H
o4 L CL,
cl al cl
Diclofenac 3-O- acyl glucuronide Glycation adduct

{ ST /_/—/ HS1osrice
= HNT S SLYSS \>—NH
>——NH M ; NH

/ \ NH o / \
F%“J F
/
—\_N\ / ‘\_N\/
Furmonertinib HSA Furmonertinib-HSA adduct

Figure 2 Proposed mechanisms of protein adduction at lysine residues by amoxicillin (A), diclofenac acyl glucuronide (B), and furmoner-
tinib (C)

A2 HSA HIZRAZFE A0 Lys 5 e b i e-NH, BEXCH B-AG F14-0-8-AG. AG RIRL LI R R, £
B,ORAEEEEA, ARBEEB M A (acyl  REER, I SBUER BRI K e-NH, & L 45 G R, T
adduct); 73— FlIRAE R & B RR R S BRI R W B B4R D& ) (glycation adduct). B 5 K A=
ITERIGE, SBW IR, 2004 K 2-0-8-AG3-0-  Amadori B HF, 42 Ak 2 B 88 5 (1) 1-f& 3 -2-F 7= 4 (K
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2B, WA IR L E T K& B (benoxaprofen). 135
T (tolmetin) ¥ 3£ (zomepirac) 1 AG X415 HSA
(3N & B o g 02247,

%t 6 % ik F AU ZF R (100~150 mg/K) £/ 14F
(1) BB R A 4 i 4 B HSA #EAT S &5 & 4 mi % e, 3%
For I3 7 A Lys 5 IL B0, A2 5% 7 Fhit L 2 m &
VAN 3 MR R BRI 5 43 A AE 6 AL 4 fr B
) HSA K 2 Lys-195 F1 Lys-199 3L 81, Al &g
J& R A Lys-195 fil Lys-199 5% 3 A7 T HSA Z5 )47 £ 1
(drug site 1) 158 @ T RIG RN 1 Ad, 3X & — A F M
WVERC AR LS G AR, FR36 T VLSRR AG AR 45
A L& 1 HSA 1) Lys-195 Fll Lys-199 5% 3£543, 6 44
RS2 FH IR R 400 mg FE36 T )5, MK HHFERT -
|EHBEMEDN C,, J91.14~3.76 ng-mg" protein; i%
8:10 K ITRFESET (400 mg/Ik, BID) JiF, Ifi % Hh T 36
T-EAFINAEDN C,, N 18.8~37.1 ng'mg” protein,
mEr N 3.7~6.1 R, EER AGIEINS
HSA W% B W 5 L W1, F AL 456 1 R B2 I 18] AT pH
WO . % B I EIE 6 h &, & Y0 A il f e, Bl
0 A I TR E G, NS S AR T B, W RE S BT
GRS K ARG L) . 7EpH S~9YEH N, &1
A Rl F B A pH G i g . AE S S pH R, N
EWRAIK AR, Il B R K A R 6 i R
2 AR 4 ) 25 11 Bl 100 mg A4 38 R B IBE FH 1A T A
(500 mg, BID) J&, LA In& 4 i S ik B2 5 1 SR 1R
AG ) Z 1) il 28 F [ X (area under the plasma concen-
tration versus time curve, AUC) A 1E tb, & FH 79 ik &7 1
Y M i L8R AG 19 AUC, I8 SL 4 & 4 i 2R
PRE G INET . 5 A, A& %5 (ibuprofen) AG 5 Ifil
AL A A I RS R T AT S AG [ AUC BEIE
t (- = 0.966).

& Ah 58 T K M IR (salicylic acid). 25 3 4=
(naproxen). - % JE Ml (diflunisal) & ¥ 25 (suprofen) 5
HSA L0 45 A HLHIE2 6k 92591 AG AR
HEAT TARSMIT A, S5 SRR W1, B0 25 AG AR D 1) B
IR (Jr 7 N B AR ) 5IL00 456 B HSA 12
JERGIE L (2 = 0.995). XF 6 A5 75 NAK A BRI 78 %
B, M MEMNAERES AG MK REEH—{LE,
H5 AGAHMNE R E R F AR RN (7 =
0.873), AJ H T UM A& P 1) L0 45 B St - e 8
W F R W, o=k SR 1~ B E 35 v A PR R 3 B0 o B v 1)
Fe g P
2.3 HNERRELHEGHIH

A Tk 2 T T T 00 1) 751) 55 A0 b P T 0 T e 7 e
P e ik B 55 05 FbE, WS EEAR R Y Cys B AR 1Y

Uit B8 SH R A Michael I, AT #00 il T 57 45 5 i 4% 1)
BT, RAE RUFHIPUIRIT 2. B T 5¥E A KEILN
ghr b, L TRI W AT 5 HoAh B (T i HSA SR A R 4=
HtrdG. LMRIER JE I, 4546 b i oA s I i =L A e
5 HSA 1] Lys-195 fil Lys-199 & 4= Michael il i, 4 %
R JE-HSA &4 (K20, WiEBEE) iz M
156 EGFR T790M FAZ ) A1 = AR 3R je A K 1
24K (EGFR) #1771 « N 2 e 4B K K 7 %2 4£-2 (HER-2)
FIHER-4 $01#i] 71), DA K A7 & 1 5% 20 B2 ¥ B (BTK) 41
il 7S5 . W SR BH, Fili% B JE (afatinib). evobrutinib.
RZE# B (furmonertinib) K & & JE (ibrutinib). 3 3 &
JE (neratinib). B 55 % JE (olmutinib). ® 7 & JE (osimer-
tinib). Mt 7% ¥ JE (pyrotinib) remibrutinib- tolebrutinib.
# i #% J& (zanubrutinib) %5 fE 5 HSA & 4 L i) 45
A USSR IR SR A TR FIAR 3 AN 2 3)
AR E MR I TR 5 M B B R A i 4 &
J&i , BRI 2 e T P 2 3 K T SR s AR A
=

6 4 i JE 52 iR BRI R 97.9 uCi/81.5 mg “C-H
TR AR 22 5 )8 Ja , I v I 25 F0 & PE AR T4 ASTS5902
I3 ) o L SO PR 1.68% F10.97%, JR 25 . AST5902
R I 2 A TS P 1 e 2 0 40 il /2 37.2.62.1 F1333 h
(B 3)7, i AR G % 5 45 3R, BRJE 25 F0 ASTS5902
(M6-3) Ak, Al 2 (12 B 2 R 25 & W M 19 B
1) M10 Fl1 N-25 H L AR 4 M6-2, 3R B I 2% H 46 K
2RI IS T S I B (R A SR 45 A1

1000

IS
S

=)

-o- Total radioactivity

-# Furmonertinib
—— AST5902

Plasma concentration
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o
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Time /h

Figure 3 Mean plasma concentration-time curves of total radio-
activity, furmonertinib, and AST5902 following a single oral
administration of 97.9 pCi/81.5 mg ['“C]-furmonertinib mesylate

to male volunteers (n = 6)

KUC-REB RS MK E 5, LRTHH (i
(SEC) 435, VSUSE FEUH M I Hh P 40 25 2 1 Bl K A,
MBI HC-ARE B e - E BRI &1, IFE BbrdE ah AT
Wk . K% & 5 BE 5 4 SDS-PAGE K 4 5 )5, 4% BF
SRS N IR R B KA J, 1EAT R 4 R AR
A3 BTRITBCH PRSI, B AR 56 8 Je B LA 455 B HSA
) Lys-195 F1 Lys-199. £ Jii #f & I 2] “C- R 3£ & Je -
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ASSAKQR ([M+3H]" m/z 439.894 0) Fl 2C-{Rk2E# Je -
ASSAKQR ([M+3H]" m/z 439.226 2) In&¥. Zy2' .
YR STy 6 HE R TN, AR EF R T 4 A
Lys-195. 5 Bb 28 0L, 20 5 3% A& I 2 “C- 1k 36 % e -
LKCASLQK ([M+3H]" m/z 506.601 8) Fl'2C-{k 3£ #
Jé-LKCASLQK ([M+3H]" m/z 505.934 1) In&¥. 4
y1  yd Rl y6 B B 1 Hi ik, AR 36 % Jé T 45 & B Lys-
199121,

HSA RN 18~21 K, K FREB B LK
SRR 2 3 1, G5 A AR A SR A 45 G I R I I A
RIPRIFET JE 5 HSA FIFEAN 445G 10 A P 3 43 T 2%,
BB e I N AR 5 P 9F 5 b, i 22 U 1 ST 3
W 474 h, 5 HSA 4 B2 2 {2, 45 & 1R 4b
WF L as 3, R A 5 JE 5 HSA FI i 45 & N AT
WO L TKI S 2R A L0 45 & B F g RE 5
PRI SRR B 5 HSA WIS 45 &K T & pH
B B TR R B2 AR AS A 8T Y6 7 Y Bl N PR P i B
KA Je 5 HSA ISt 45 & BA v i ™,

L TKIs SHE A G N2 8, H—5 R
Y SR AR e A DR R AN S S, EECE
HMEE. F2PBRERMEEDH, M TKIs
[R5t S b5 B0 AR 1 P RS A VS B R R R 1 RO AN
U, JLAF HSA Hh Cys-34 5k 5 1T 55 5 35 1) I o 1k
FE W R % e-NH, [ 10 £i%, {H Cys-34 5% 27 T HSA
FA) 2 T, A 5 9 1) T, B Pro-35. His-39. Val-77
A Tyr-84 ) &% £, [, K 2 £t TKIs %A A il 2]
5 HSA 1) Cys-34 5% 55 1) 0 & 90 (1) 7T RE filt B 02, 24
TKIs 5 Cys-34 5 B R B M E LN 44, LET
Cys-34 5 L 1A 3 35 e A R W5 1R I 8] 5 45 47 TKTs T2 &
e, 55— 7 1, WL E HSA Hh % /> 4 A M2 R ik
B I AR, 3% 2 & HSA B 3t 59 AN # & R ik
B — /N AT, XK 4 AN WS TR R R T R D 43 HE LA
ST RGN DA B 259 n] LB, IF B E A E 4
DA RS AR ER,

2.4 Hihz54y

LW GE R R A, AT 2SR, 5
HSA KA 455 . Bl % (sulfamethoxazole)
RIS Bl AU A T i A i i O B (nitroso
sulfamethoxazole) J&, 7] 55 HSA f] Cys-34 5% & it 37 3t
e o A S S S O AR L7 A = N
(Acetaminophen) 28 % {4 25 i N- 2, Bk 2 - 06 2% 1t 0. i
(NAPQI), & P #h 4 fit 55 HSA 1) Cys-34 7R JE (57 58 &
S A, R 2 AN R G S AR, SRR A N A B R
HE LR A ALY, AR IE (trimethoprim) 45 1)
HR IR 3 T A AR 1 R R B, SR T 5 HSA [ Cys-34.

Lys-313 B His-288 % Jt & A= 3L A 45 A5, i ZE K
(frusemide) J & AG AR 4544 H (1) R SR 5 HSA 11
HIEMGE GO AL R AN G &, 45 G 00 RUR N,
S O ik 4 R R Bk RT B B A U R, B S S HSA Y
Lys 5% 58 J A= R Bt Y

o, B-ANEFIEERR B AT — 2 Mok bk, Be 5 oR iz
H AN A . FIE RS (abacavir) £ AE B o,
B-ASVFNWE, PR A1 5% B TR 5 HSA 1) Lys-190. His-
146 f1 Cys-34 7% F£ K A4 Michael I, tHAE1& 1 HSA (1)
Lys-159/Arg-160. His-146/Arg-145. Cys-34/GIn-33 %
B, A RS BRIN A ; TE B I3 AR nT A 3 5 HSA
) Cys-34. His-146 5% ik ) 4 Michael Bl B, tH G812 1
Cys-34/GIn-33 5% & A= gt 22 B¢ In & 90 4k A JR 1R
(ethacrynic acid) £5 4 1 (1] o, 8- ANV AT .58 5 HSA 1)
Cys-34 5 FE kA Fe i 45 609, FIE K (houttuynin)
SER AT - S A5 H, PR AN E AR I, HLBE 5 HSA
f) Lys-212. Lys-414 F1 Lys-525 %% J& 4= B % R B8 0 &
W, 5 Lys-414 Fl Lys-432 7% & A4 sl ik e in & 4907

ZFHF (nevirapine) £ J5 A B 12-Bm BR TR 4%
Fh T, RN R R B AL, & 25 A O 5
R E) A, 7E R A sz I 1) 5 HSA ) His-146 His-242
His-338 fil Cys-34 5% 3 KA SL i 4 &, TEAR RN 21 5
HSA [¥] His-146 5k 5 A L 45 5%, R4 75 (car-
bamazepine) £ A= AR 1 U 10,11-F AL, 36
AL KE BT B, AT 5 HSA ) His-146 £ His-338 5%
BRAEM A,

Bl =] ULAK (aspirin) AEXF £ BE3EHe 7 3 HSA 1 Lys-
199 5% b, A2 R, HSA 1) Cys-34 B B E N £
Bl U5 PE LA (@0 NO), &8 & 7 (W1 Au(l). Pt(ID)+
Ag(l) Fl Hg(IT)) FZ59) (B35 48 A WAL A YRI5 5
FREL AR ) 250, W0 R 6 R (captopril) ATSUER
(disulfiram)] {145 &AL A0, B RARITEFR E, o]
T8 1M ARG B T R -HSA /ALY, EW T R
W) 235 ¥ T R 5% JE T 55 HSA (1) Cys-34 5k 5 (1 3% B9 37
FER N A B, T e (butaselen) 254 H
Hfi J5 7 (Se) fit 5 HSA [ Cys-34 5% 55 10 7 B % 3 e b7
A2 1l Se-S B VRIS BRI IR 2 W A R v ) U
F (C) "] HSA [) Cys-34 5% FE 1) I 25 37 2L AR, MM
LB HSAS . 259 () 454 K J 37 % ] L1 4
3 MRAYW-MEEAMEIHNEN
30 YRR

B-W B A R AN R SR DA A2 B 2 5
IS S R 8. MO BUE R A B H R CD4T
CDS'E CD4'CD8" T 41 it . 2 £ A F R PG Ak L 55 20 1%
B R R, R AR S O R A B R . B A
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Figure 4 The structures of drugs or metabolites covalent binding to human serum albumin
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PIFRREBOE K A BB E N E SRR ETH M, A
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B, AV & A S A 2 LS T 29V U N, s

SR 175 3 1 25 WD AL 2 S5 R AN B 2R A S TR AR
R 8 R0 R ST R W 2 A - A L A 24 W R
I REOAT B AL L A [F) 25 W PR R R R T 4H P A T
El-diop

X T P 5 ] 7 R R ) VR AE B, A = PRI
PEFIBLEL, 2002 © i T BEAE A w0 BE IR 3L 45 5
FEER A TR AENEAR A, T E R IR
@ & A BRSO E I TE SOFT R, B8 S BOE s R 4t
AP S B, SR B BUR N B E & R R G) B
2 B RO BN IR A ) (A BEH AR, glutathione,
GSH) [ J B4 7T A2 e S IR 1k 259 77 A 7 % 1 JL 1A
o, IRl el FE vk GSH M i FL AR AR P 5T 1 7
PRV, e S ol T o B S B T R AT . W TR A,
PRI AG S E R E A UHZME &A) Aot
MInEY, Ja# vl fe = B0 2 R R PG A
BB TR IR P9 IR B 8 I S )
I 20 P IR - R A, IR I E B XN & P i
PUU, (EPUAARRE B ARFAR, 55 PR BB R S Bk
ERMEYE™.

BUBE 25 Ytk B T S e A S 1 e A SRR ME (IR

T RRAN RSO AH R ) R AR S AR B, R
e 5 (A1 A 03 e DR A I ) S e A ST Al 26 v TR A A K
A AR S R A B A AR R R L R B T
AR ILAN 25 G, B GSH SO AR AR IS ) SV Al P9k i fiT
ARSI R i R A T TE R R 4 B R B ALk, X
ERAE AT AR T 20 P SSCRROVE R RT LR AE R B R
A, FEOZ LY 5]k T R R R BT R B IR R
BH, 259)- 55 VN & D AFAE T A% 20 5] IRk B 25 i R 2R
AREH R, T MR 2590 1) B TR B R ) R e 28 O TR
R SRR 240 L T 36 S 4 A P AR 0 A B R R AR
) B A 08 T 4 R (T A 5T 4 R T R RURE TR N S
YIERTS 5 29 A R P R A s B Y

P& 4 18 , HSA ] Cys-34. Met-87. Met-123 . Met-
298, Met-329, Met-446 Al Met-548 5% 3 B4 It A AL %
P, Cys-34 B dk 3 24E 0y 5 BTG B 7, 1 Met 75
AR N &R AT . HSA IS a1, WImaELL .

ZIBETE ORI R ERAL, T RE OB A T, BRI B
IECAASE RN T o Bl PRI 908 AV W R 5 R AR R
R, 02 HSA TR 0,

— AN, AN S S S AR E O, 4
U1 5 8 B B B AN 45 & ] R S BUR
H#s BB EE NG TR AR KR
JE R B, (B — RN, 29— A NG Y2 8
ok 47 S B0 A o A ) e EUE O S A AL 5] B
PR VF2 IE e | A UM 8 &AM 5 5
PR BVE R B2, X R R G R R 2
V- H 50 A W0 BRORA B AR 1R B)) 0 5 B2 e 1) B
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5 RT28  DA B S 1 s A% R B 2R 1T
3.2 WH|FERFEM
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SREWA . FRFAE T HSA &M A SR BRI 15 1
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U HSA I ER 1 e 4548, (E 0T HSA I 25 6 10 ot A i
. LR RS &MY, T, it25
1A R 45 A 259, i e 2k, %oF iy 58 A 45 6 6 R
SN ) A A, T S A s 85 S IR AL 3R,
HRM Dy B8 Im . SR, 5400 TERAL A 1L 455 1) 25
YIRS B (L G SE RN D 45 A 07 s IS A ) 8 35 14
iKY 5L, 9T 7 4 & = LM B 1 /S 1) HSA
Mai &R, 5RMEAMEL, B E A K g4t
WA AR . J3 il R 2R T R b P R AR 20 R AR
RFRIEY), 45 R BB S I HSA X & 56 F ) 456 A
FURISERN 7T FRAIEY

TE N TEUSS V40 0~ i BT L 2 O
I M T A 29 R B I LR a e R .
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AR A ML I 22 S 35S R 4 L J e 1~ 347 2 3
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(PRI 28] 5 B AR R I [ P 24 I it 4 T TR AR 49 )
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) R R B R I A T R R Y 66.5%,
P R R I AR S SR A PR T 38 2 3 B 40 i) 2 18.0 A
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