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Research progress in pharmacogenetics of p-receptor analgesics
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Abstract: The p-receptor analgesics are mainly used to treat post-operative pain and cancer pain, and there were some

progresses in its pharmacogenetics study in recent years. This article reviews the pharmacogenetics study of the p-receptor

analgesics as to provide the basis for clinical use of the p- receptor analgesics.
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RYTI2 5 540\ Bk A Ak 2 AR
CYP W R GG VE AP AFAE MR Z 5, U ER 2
AR H BT kIR CYP450 [ T J ik 30 Fh,
Horb 5 w32 A6 8 25 ¥ % D) A < 1 H CYP2D6.
CYP3A4. CYP3PAS5 }x CYP2B6. 5 B {2525 W)
FCUHAH OC 1) 4E CYP B (45 )L 7% By O- W 5 i # 1y
(catechol-Omethyl transferase, COMT) Fl J& H — ik
1% 761 2 BH S PR FL 4 F2 B (UDP-glucuronyl transferase,
UGT) Fi%Hh i UGT287 4.
1.1 CYP2D6

CYP2D W5 AX 1 — N8 F g i 2 [ CYP2D6
AR AT HE CYP B R G 2% ~ 5%, 2045 45%)
AR 25%. CYP2D6 i 5T K 5p % FH B B Fr 2K 25
YRR, BB R (codeine) | B 5% (tramadol)
2 (oxycodone) KA Wl (hydrocodone) 45, 5
HAth CYP BRI 2 YA, CYP2D6 £ H 55 AL
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SR G YE . IRIEIER AR 7 A, CYP2D6 R I
H VORI A AR, 7 B PR AR s
AR AN AR AR . S22 AR U B B AN AR Th RESE
P SE IR, rSE AR E A T AR AR ) 5 o7 S T
Ik, PR EDE AU AR, R
S 2 A DRSO LA/ (50) A 3T RAE AL
K P, CYP2D6*1 1 CYP2D6*2 5 fi 3 H At % 1F
WA B, B WA AL CYP2D6*3,
CYP2D6*4. CYP2D6*5 J% CYP2D6*6, ' 2218 1% igf
RRIELIIER [ 93% ~ 97% 4.,

CYP2D6 4 To i P (1 0] A7 DR AR 4 4y L35 M 7 =X
mhife (morphine) SRk B4 IE A . 180U LIk
K A A R R R R, 5 8080 IR
R, WGP EUR RN, AR RN 4 b 2 1
Tns RE AR A A DA R AR T AR AR &
() AT A5 R B AT A 380 2 AR (R BRI . A RkE R
CYP2D6 J& JL 2 i FH 7T 45 R Ja SE T ) S R 2% &
2014 i (4HAR 2 P450 CYP2D6 Jt R B AT u] 75 R4
T W R 25 4300 A 2 S Ik R F ) HE#E CYP2D6
AR A0 PO AR U AT R R N R, R AR
& NG A U 2 U 3 A8 P G Ath B 24 LIRS AT A5
SR

CYP2D6 H4 il B 2 AR oy 3 3 ZEIE PE AR 7= 4
O- LRI T %, AR H & ol /8 R 7= 41
s R % B R A 1 . A %4 1R CYP2D6
LA REEmM D 2 ERRNRB BRI E .
CYP2D6 ZZ 1% X it & il T £ (AR 7= 7 A /b,
T 9 55 FEERURE VB . 9% [ FDA Rl A 2 2 5K 2
#r4%: (Royal Dutch Association for the Advancement of
Pharmacy, KNMP) [1) 2448 4% % T AF 4 # 0 iE A
7] CYP2D6 AR =¥ i A FVE A . KNMP f i
AR PR R i D 2 (M= R 30%,
BUEB AR A S 2T R,
I A = A L4 s ZRASAR 2 Bz B — P AR 24
W Bk 5 PR R MRS S AR o

CYP2D6 H4 ¥2 2% i AR 1 it B A 480 1 FH 1 ¥

HERR (hydroxymorphone) . — T L4 N\ 30 14 52 4h
BFFEARIGIT JLE M BT 45 R BoR, CYP2D6 PR X
U 5 2 I A A g e i I P R v, DR bR 27
18 A 2 AR A A 3 B v R g MR
FERAE BT, AR E L BoR B
R R . AR YR KNMP (i, Z2met
U AN O A N 2 T B AR 2 W O 5 2 IR
GZREA L P E NS T & R A B g A
RUSORE MY ERER pE F d S D . WA
far AL, Bk, BARAGWARLE A B CYP2D6 R
W it 5 2 BT R A

A THIEH SR AL, EZH CYP2D6 i
A S P A S HERR - (hydromorphone) o {H H A iX
JT TR . A B R R W], CYP2D6
{14 J5k [R] 22 25 1 W R s ) S ] I PR A 2 TR UR
T AB AR & 10 S R R
1.2 CYP3A4 1 CYP3A5

CYP3 K jk A fF — AWK Jtk CYP3A F1JU A~ T)
Bt A CYP344. CYP3A5. CYP3A7 1 CYP3A443.
CYP3 X Jk 1 g 7£ 25 ¥ A i 12 b 2 & 3 1E A,
CYP3A4 #1 CYP3AS5 ;&2 555 K Je (fentanyl) . #7355 K
J& (sufentanil) 23SV (methadone) %5 p 52 K HH
2y YIA SR K CYP3A . CYP3A4/5 AlK25 K Je
AU ETETEPEA 3 25 K J2 (norfentanyl) ™,
B HEFCIRIE CYP345*3/%3 I35 K e 535 K e M)
L3 P LG B A T CYP345*1 41 M, 4 23 %t
191 51 o PO i) b B35 CYP3A44*1G 5547 B Al i
47 DNA M7, &5 R 2R 1 3G & & CYP344*1G
BRIy AT R H R AR RE AL, A
SRR N E B BED, XATRRR T RS
B CYP3A4 G M 3245 U BRIk, 2% INN CYP344
FLK oy AT ReXHET X R e I A R R E. b
HEIN T HATH B R A AT R AT, S5 R R
7N, CYP3A4 HER Z 851 5 & 55 KB AR 2 [AfF1E
M, RBLA T (GG) CYP344*1G W7 10 tL B
A Y DR R ) 7 4 R LR ) B () BT S5 K e R
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R T 3 RS I T B AT BT 0004 JRR T S s a2 AN R
JBE M FERGE LT R R,
XF 62 ] B35 1) 155 4 LB FEABEAT Rl 45 SRR 9
CYP3A5*3 A& 34K o VD B MBI FE / & LR
ETbE, FWEIERR TR Y,
1.3 CYP2B6

CYP2B6 E T IE CYP i 24t 5 1% ~ 10%, )
H AR B R 7% ~ 8%. CYP2B6 /i B2 35
PERFE R 2 —, A 70 ANEEALHE R A8 53 A 38 MR E
AR, MR VE. BSRORIE AT, m(E
fi RNA FIEE AR ERIE, RIHIE 300 £5 A4
;)tEE,_ [19]o

FVVHA LA R- 1 S- X WA ) T A AE, CYP2B6
5 5V X B ARG B E e &,
CYP2B6 % 5 VE 7] DAL A8 2 V0 I i AR 2. 2 Uit
FieaN, H 5B EGTT B Fr S8 25 ) Ok 1 7R 2
RIFFEAMEZ T . Lee 25 PV Xf 678 178 432
VDI YE R0 IT I B F AT, R I CYP2B6*4
o 26 v W ISR UK FE A B2, CYP2B6*4 464 F ANk
[t (R, S)- SE¥DHA I 3% K F T+ . Gadel 25 2 5@ i
PRAMRIGIESE CYP2B6*4 A8 S48 in T &YW () N- 2
AL, AT 3 BN W] R e 0 5 2 R R VD
CYP2B6*6 5% H CYP2B6*4 F1 CYP2B6*9 Wi ~JE[R] XL
A S BRI FLR Y] CYP2B6*6/%6 A~
F(R, S) SEIER (S)- £V E MK AT TR ",
XSG T CYP2B6*6 B 5L R B, CYP2B6*6/*6 [
ARUHE 1 B IE KT CYP2B6*9 (1) 516G > T A8 5
1.4 LA O- HEHFEH (COMT)

COMT FE R 45 1) COMT AL A 11 ) L 25 i
(catecholamine) {8} (1) 8 ZE A T, I8 A2 I/ A% 308
i EE EIRERA 2 BZRE s & R . COMT
R 5w AEAF K S5 %L #. Koolen
4 O gk I COMT 78 5 i 5 i 25 K J2 1 77 & 76
RAAR RN R ARG A 25958 % 2 (1 i 5 2
v COMT 154680 (G472A) 1 i 2 o448 i k1) 24 AR 3))

jj % [24]
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L5 JRVF BRI A 4 I IR AL Fe A2 i (UGT)

Ny 2 UGT AU Ay e ik -3- 6 7 1 1 1 A
N HE -6- & BEREIR, WA R TR IEAS, AT
SRR BRIk, UGT FEBRAT 2178 5 2 6 B Fr 28
AR RS EH TSR, o] R E AR
5 UGT2B7 34 &,

2 BB
2.1 P-#i&EH (P-glycoprotein, P-gp)

P-gp & — ' tH ATP 25 & & W. % B %: [5] (ATP-
bindingcassette subfamilv B, ABCBI)/ % #j i} #j 3&
K gm RS I 25 AR 18k, T2 AFAE T ke IR
/NI R B A R 4 2R, RR BRI 254 75 K
O R ) A AT, R ORI 4 32 N AR S B )
KR I EBEVIFEIA, S S0 R 9 24543 71 2 R0 251 AH
HAEMmEEER .

A BT 78 2% W P-gp AT BR 1 1 mE 3 N oA BT
ABCBI =Z%ifid p- ¥R A s A 5L, ABCBI 1)
BAEAR S 5 P-gp RIB DA Bk, ABCBI (1)
A, fHA T 2 (R e e N K SR G, 2T R AR
Bastami 25 "Y' K I, SEAELMET (AA) BEHLL,
ABCBI rs1128503 (C1236T) A1 rs1045642 (C3435T) T
S 5 TR 1) BB AR ARG R R 10 P e AT 4 i R
J5 PE . B A B TR 1E, ABCBI K [ rs2032582.
151128503 [ 2 A1 5 F AR B E7 35 R Je MR 1E A
Fo A 5
22 AHLHE T2 1& (organic cation transponer,
OCT1)

OCT1 2% ik iz E& A (solute carrier, SLC) ##
FIRMEE RN — , 250 2GR Fiad
. AN S TG =1 TE8, G4 OCTl,
OCT2 }% OCT3. OCTI Ye B! = Z 5 A fE FE, E N
JH- 248 10 5 G JEE rh A B R M R Ak, 2 U 0 A L B
B BRI AT PR A A 3R . OCT1 ) 4 AL 2 1]
SLC22A1 BA & FE it 48 5, ] 5l OCT1 i 1
oy B ek .

OCT1 2 JFF U4 i Ak, K i A2 45 B it & 22 A1 O-
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o 3L I % (K9 78 B 35 1. Matic & B (T
UESE OCT i 4 1) 28 4% i 25wl ot ith 5 22 254080 7 2
PR, B OCT1 #is ik fl O- £ H i 5
Z MW LTI T — 5. AR R L KF,
OCT1 A HEAE O- % HI JE il 1 22 119 JHF U 48 B K 4
HEAMEH. 5 H AR IE OCTI 172552763 (*2) /
rs34130495 (*5) ¢ fiE 5. 35 AR e 254050 412 Y
Balyan 2§ °"' % 311 4552 F A7 (1 L HEAT WA
RIL OCTI FEF (1) rs12208357 5 A J&5 T L WK i 1) =5
RAERMIE, A O ] 5 R B 3%
RIEK (P < 0.05) . 1s7255B2763 GAT 2k 5 W1 41
1l 1Ay v R 2B R 2 TAHBAFAE B3 AR R (P = 0.007) &
$27R OCTI B 18 fA 0t i mE 25 AX 5] ) % 0] 77 A 5l
3 2k

BT S 20 = AR FH B 524k . OPMRI %hd
() w BT Fy A AR BT SR 25 ) 1 s s Y, A
Z AN S p 2B AW LR BORAFE A2 5
H T, B9 & % 1) OPMRI 7 /52 A118G. Al118G
KA AT 5 118 AL IR TR A % 9 H #E G B,
S5 118G 2547 K K15 18 RNA £k b A118 & i 3
PRI RRAIS 1.5 i, S2ARKPRRAIK 10 £, DR 118G
G ER B ERETZM p ZHRBIR D L.
OPRM1 151799971 (A118G) A 43 N AA. HFA &
(AG). GG.

— TGN 88 il fE e L FE M RTREER LR B, 15
i A OPRMI 1s1799971G %54 5 A (1) )L 28 A J5 78 9/
VRS HE T B g R R Y. Matic 5 B
T s Sk e B e SRR T AT E AR B, S5
OPRMI 118AA. COMT 472GA/AA i FL R fF)
I, A OPRMI 118AG/GG. COMT 472GG
(Val 158 Val) %5 v J& [R] 1) 58 35 75 22 58 K71 = 1y e e
k45 . Koolen 28 ) 45 1 OPRMI 151799971 75 &
A RERZIA 557 K8 I A& 7 SR A B R B A — T
g N 225 451 Hh [ IR fiti 98 AR VA R R S T A R I,
OPRM1. ABCBI FE R 2 75 P Xt ifiJess i s 5% il B AR ¥
ARG 8535 K Je SR AR & B A 2. OPRMI

F K 151799971, 151323040 £ 75 P LA ) ABCBI #&
1s2032582, rs1128503 £ & M 5 v [ 0k fi 8 AR
BFARBHEE TR BURER KHEA K M
I B % OPRMI %= [H] 15563649 fi7 55 1 ABCBI %
RAL 11045642 A s RAZ 4G, RABKEG. B A&
RAEFFRERE L LR EER. —TLL 123 &
B BT R B3 B TS R RTREE B AR,
H KRB OPRMI 151799971 5 4= B Bk Ik o #ii 25 K Je
(remifentanil) (I FFIEA I, AA BH TR 15 SF
KEFIELT AG B3, #HA G SEA5EEH M EE
U 55 B KB B ST K SR AR Y

ZHWT TN OPRMI 118A/G Snnfe, 25K J8
EPIF KR I 55 K Je B AR A %, #57H OPRM
rs1799971G %54 L PR (1) £ o 75 ZE B8 Z (M 24 .
H/DEARIEFK OPRMI 151799971 5 p SZAK R 254
(IR A B T A Y
4 Hih5 p ZAMERAMIEREXIER LM

Hg 15 2 Tk B /K fi#t B (fatty acid amide hydrolase,
FAAH) #3185 P Y5 1 KR 25 1 5 20 1E A
5 B, Cajanus 2§ B g4 N 1000 1] 3L R & # L
WAL FAAH 2 51 5 %W BUR R R R, 4R &
7R, FAAH 11571138, 15324420 (C385A) « 153766246
(196-2092A > G) # rs4141964 (196-2723T > C) &5
ARG 75 SR AR B = k.

A R SR BRI TR I T — A7 1 5 R A A
I T AN N 351 15 B2 52 I 5 A B 45 T U0 B R T
B B AT AT, R BT T LAMB3 3 [H X 15, Py
) 152076222 (C2777A) H5ARJ5 %5 K # K &% V)M
5 BY. LAMB3 BJ i 1 2R 3 2R 19 -332 ) B T3,
JERGIE R -332 DhRE M K T RE 5 — U i 1) P
K. HA rs2076222 C ZE{r L [K] (1) B3 o Bl Fr 2524
Y U B A1 o

ABCC3 F:[H ity 1 — Fh e JFF 4 i v o 308 1
BEE, (kA HEACH R, 5 A
W72 M 1935 . Chidambaran 25 P 4 i 7 ABCC3
% 25 1 0 i E Y S e . 7R LT AT AR S g N 316 49
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B2 m kAR VI B R )L, 45 R BOR, rs4148412
AA F1 154973665 CC FE A AL )1, 28 it ME 35 % H 2R &
WIS B 2210 10, rs4148412 A7 5 (1 2 i JE R A Al
1$729923 £i7 s SEAL LR G 43 J31) 5 S50 0T R 00 ) e K
(17 L3 T 2.36 £% Fl 3.701 #2278 ABCC3 % 451k
5 A B HEAS RSB R AR I LA 2K
5 B

w R BUR AT SAFE MR E R, 5
Mg SISO AR MR Z /A HEVIR R, HH5T u
AR 2] 25 DAL G B TP Al R 2 ) B
YT BSONE,  AN T Sy 24 49 ¥ 30 436 AR50 s %) 1 o 4 it
fFE. HATIRE AT T2 1 25 W 1A% 2 5 J T8
R RIS 1) BT B TR I PR AT 5, DA PR 2 I ik B8 22 24
WAL TR S, AR S R I R AR AL RS 1
&IT o

B :

[1] Kadiev E, Patel V, Rad P, et al. Role of pharmacogenetics in
variable response to drugs: focus on opioids[J]. Expert Opin
Drug Metab Toxicol, 2008, 41 (1): 77-91.

[2] Trescot AM. Genetics and implications in perioperative
analgesia[J]. Best Pract Res Clin Anaesthesiol, 2014, 28(2):
153-166.

[3] Eap CB, Broly F, Mino AR, et al. Cytochrome P450 2D6
genotype and methadone steady-state concentrations[J]. J Clin
Psychopharmacol, 2001, 21 (2) : 229-234.

[4] Trescot AM, Faynboym S. A review of the role of genetic
testing in pain medicine[J]. Pain Physician, 2014, 17(5):
425-445.

[5]  Friedrichsdorf SJ, Nugent AP, Strobl AQ. Codeine-associated
pediatric deaths despite using recommended dosing guidelines:
three case reports [J]. J Opioid Manag, 2013, 9 (2): 151-155.

[6] Crews KR, Gaedigk A, Dunnenberger HM, et al. Clinical
pharmacogenetics implementation consortium guidelines for
cytochrome P450 2D6 genotype and codeine therapy: 2014
update[J]. Clin Pharmacol Ther, 2014, 95(4) : 376-382.

[7]  Lassen D, Damkier P, Brosen K. The pharmacogenetics of
tramadol [J]. Clin Pharmacokinet, 2015, 54 (8) : 825-836.

[8]  Pratt V, McLeod H, Rubinstein W, et al. Tramadol therapy and
CYP2D6 genotype[J/OL]. [2019-05-28]. https://www.ncbi.

[9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

Vol.40 NO.8

nlm.nih.gov/books/NBK315950/.

Balyan R, Mecoli M, Venkatasubramanian R, et al. CYP2D6
pharmacogenetic and oxycodone pharmacokinetic association
study in pediatric surgical patients[J]. Pharmacogenomics,
2017, 18(4): 337-348.

Stamer UM, Zhang L, Book M, et al. CYP2D6 genotype
dependent oxycodone metabolism in postoperative patients [J].
PLoS ONE, 2013, 8(3) : €60239-e60239.

Swen JJ, Nijenhuis M, De Boer A, ef al. Pharmacogenetics:
from bench to byte-an update of guidelines[J]. Clin Pharmacol
Ther, 2011, 89 (5) : 662-673.

Hutchinson MR, Menelaou A, Foster DJ, et al. CYP2D6 and
CYP3A4 involvement in the primary oxidative metabolism
of hydrocodone by human liver microsomes[J]. Br J Clin
Pharmacol, 2004, 57 (3) : 287-297.

Bell GC, Donovan KA, McLeod HL. Clinical implications of
opioid pharmacogenomics in patients with cancer[J]. Cancer
Control, 2015, 22 (4) : 426-432.

Tanaka N, Naito T, Yagi T, et al. Impact of CYP345*3 on
plasma exposure and urinary excretion of fentanyl and
norfentanyl in the early postsurgical period[J]. Ther Drug
Monit, 2014, 36 (3) : 345-352.

Zhang W, Yuan JJ, Kan QC, et al. Influence of CYP345*3
polymorphism and interaction between CYP345*3 and
CYP3A44*1G polymorphisms on post-operative fentanyl
analgesia in Chinese patients undergoing gynaecological
surgery [J]. Eur J Anaesthesiol, 2011, 28 (4) : 245-250.

Zhang H, Chen M, Wang X, et al. Patients with CYP344*1G
genetic polymorphism consumed significantly lower amount
of sufentanil in general anesthesia during lung resection[J].
Medicine (Baltimore), 2017, 96 (4) : ¢6013-¢6013.

Lv J, Liu F, Feng N, et al. CYP344 gene polymorphism is
correlated with individual consumption of sufentanil[J]. Acta
Anaesthesiol Scand, 2018, 62 (10): 1367-1373.

Kringen MK, Chalabianloo F, Bernard JP, et al. Combined
effect of CYP2B6 genotype and other candidate genes on
a steady-state serum concentration of methadone in opioid
maintenance treatment[J]. Ther Drug Monit, 2017, 39(5):
550-555.

Ahmad T, Valentovic MA, Rankin GO. Effects of cytochrome
P450 single nucleotide polymorphisms on methadone
metabolism and pharmacodynamics[J]. Biochem Pharmacol,

2018, 153: 196-204.



i R, &L n REURZ VB R R R 2019 55 4055 8 8

[20] Lee HY, Li JH, Sheu YL, ef al. Moving toward personalized [31] Balyan R, Zhang X, Chidambaran V, et al. OCTI genetic
medicine in the methadone maintenance treatment program: variants are associated with postoperative morphine-related
a pilot study on the evaluation of treatment responses in adverse effects in children[J]. Pharmacogenomics, 2017,
Taiwan[J]. Biomed Res Int, 2013, doi: 10.1155/2013/741403. 18(7): 621-629.

[21] Gadel S, Friedel C, Kharasch ED. Differences in methadone [32] Lee MG, Kim HJ, Lee KH, ef al. The influence of genotype
metabolism by CYP2B6 variants[J]. Drug Metab Dispos, polymorphism on morphine analgesic effect for postoperative
2015, 43 (7): 994-1001. pain in children[J]. Korean J Pain, 2016, 29 (1) : 34-39.

[22] Kharasch ED, Regina KJ, Blood J, ef al. Methadone [33] Matic M, Jongen JL, Elens L, et al. Advanced cancer pain:
pharmacogenetics: CYP2B6 polymorphisms determine plasma the search for genetic factors correlated with interindividual
concentrations, clearance, and metabolism[J]. Anesthesiology, variability in opioid requirement[J]. Pharmacogenomics,

2015, 123(5): 1142-1153. 2017, 18(12): 1133-1142. 585

[23] Koolen SL, van Der Rijt CC. Is there a role for [34] Al-Mustafa MM, Al Oweidi AS, Al-Zaben KR, et al. &
pharmacogenetics in the dosing of fentanyl? [J]. Remifentanil consumption in septoplasty surgery under general E

=)
Pharmacogenomics, 2017, 18 (5) : 417-419. anesthesia. Association with humane mu-opioid receptor gene 5

[24] Matic M, Simons SH, van Lingen RA, ef al. Rescue morphine variants[J]. Saudi Med J, 2017, 38 (2) : 170-175. z
in mechanically ventilated newborns associated with combined [35] Zhang F, Liao Q, Li L, et al. The correlation between post- >
OPRM1 and COMT genotype[J]. Pharmacogenomics, 2014, operative fentanyl requirements and p-opioid receptor
15(10): 1287-1295. gene A118G polymorphism in patients undergoing radical

[25] Armstrong SC, Cozza KL. Pharmacokinetic drug interactions gastrectomy [J]. Exp Ther Med, 2013, 5(4) : 1147-1152.
of morphine, codeine, and their derivatives: theory and clinical [36] Sadhasivam S, Zhang X, Chidambaran V, ef al. Novel
reality, Part II [J]. Psychosomatics, 2003, 44 (6) : 515-520. associations between FAAH genetic variants and postoperative

[26] Urquhart BL, Kim RB. Blood-brain barrier trans-porters and central opioid-related adverse effects[J]. Pharmacogenomics
response to CNS-active drugs[J]. Eur J Clin Pharmacol, 2009, J,2015, 15(5) : 436-442.

65(11): 1063-1070. [37] Cajanus K, Holmstrom EJ, Wessman M, et al. Effect

[27] Thompson SJ, Koszdin K, Bemants CM. Opiate-induced of endocannabinoid degradation on pain: role of FA4AH
analgesia is increased and prolonged in mice lacking polymorphisms in experimental and postoperative pain in
P-glycoprotein [J]. Anesthesiology, 2000, 92 (5) : 1392-1399. women treated for breast cancer[J]. Pain, 2016, 157(2):

[28] Bastami S, Gupta A, Zackrisson AL, et al. Influence of 361-369.

UGT2B7, OPRM1 and ABCBI gene polymorphisms on [38] Mieda T, Nishizawa D, Nakagawa H, et al. Genome-wide
postoperative morphine consumption [J]. Basic Clin Pharmacol association study identifies candidate loci associated with
Toxicol, 2014, 115(5) :423-431. postoperative fentanyl requirements after laparoscopic-assisted

[29] Zhao Z, Lv B, Zhao X, et al. Effects of OPRM1 and ABCBI colectomy [J]. Pharmacogenomics, 2016, 17 (2) : 133-145.
gene polymorphisms on the analgesic effect and dose of [39] Chidambaran V, Venkatasubramanian R, Zhang X, et al.
sufentanil after thoracoscopic-assisted radical resection of lung ABCC3 genetic variants are associated with postoperative
cancer[J]. Biosci Rep, 2019, 39(1): 1-8. morphine-induced respiratory depression and morphine

[30] Matic M, de Wildt SN, Elens L, et al. SLC2241/0CT1 pharmacokinetics in children[J]. Pharmacogenomics J, 2017,

genotype affects O-desmethyltramadol exposure in newborn

infants[J]. Ther Drug Monit, 2016, 38 (4) : 487-492.

17(2): 162-169.
(%itE: T M)



