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Abstract: Depression is a complex heterogeneous psychiatric disorder with a potential to cause patient
disability worldwide. In the past decades, a number of the first-line drugs (tricyclics, monoamine oxidase
inhibitors, serotonin selective reuptake inhibitors, noradrenaline reuptake inhibitors, serotonin and noradrenaline
reuptake inhibitors, etc.) had been discovered for the treatment of depression. CY P450 superfamily is involved
in the biotransformation of antidepressants mainly through the CYP2D6, CYP2C19, CYP3A4 isoenzymes.
Their genetic polymorphisms are closely related to clinical use and the interactions have been already identified
between enzymes and antidepressants.  This review focuses on drug metabolism and the interaction for CY P450
enzymes. The content may contribute to the development of antidepressant, improvement of the safety of
antidepressants and the efficacy of treatment.
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Tablel The properties of CYP450 enzyme and the structure of antidepressants.

"Active metabolite.  TCAs: Tricyclic antidepressants;

SSRIs: Selective serotonin reuptake inhibitors; SNRIs: Serotonin and noradrenaline reuptake inhibitors; NaSSA: Noradrenergic and
specific serotonergic antidepressants; NDRIs: Noradrenaline reuptake inhibitors
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OH
CYP2D6 TCAs Amitriptyline %/\ . §/\< C-Hydroxylation
/H / *
SSRIs Citalopram N —— N N-Dealkylation
R
) . s _
SNRIs Venlafaxine T — Q O-Dealkylation
NaSSA Mirtazapine Y Y —¢ Yon C-Hydroxylation”
=
R H
CYP2C19 TCAs Amitriptyline N BN N-Dealkylation”
R R
/R /H
SSRIs Citalopram N BN N-Dealkylation
R R
/R /H *
Fluoxetine N — BN N-Dealkylation
. R R
s
Paroxetine fo\R—— $ O\H O-Dealkylation
R H
SNRIs Venlafaxine N —— N N-Dealkylation
R R
R H .
CYP3A4 TCAs Amitriptyline N BN N-Dealkylation
R R
/H /H
SSRIs Sertraline EN BN N-Dealkylation
R _H
/ %
Sertraline g\_>:og, §L2:O C-Hydroxylation
OH
NaSSA Mirtazapine N\_JN—R —_— N\‘_/N»H N-Dealkylation
N S
N NR—= N_NR N-Oxidation
CYP2B6 NDRIs Bupropion %% - %{ oH C-Hydroxylation
R H
CYP2C9 TCAs Amitriptyline N BN N-Dealkylation”
R R
/H /H *
SSRIs Fluoxetine EN—— BN N-Dealkylation
R H

TIEH AR . 24 CYP2C19 184 i B 4T iE 553 IR
PTG, HER A AUC BE w47 % i
FE TERR R KL 50%; XA ZGEL SRR
A [ FEE AR FH PH K 22 1) CY P2C19 124X 4 2L HIAR
iE BB A RO,

CYP3A4 T ZL7E NRFFIE S i h ik, 76/ IE
2 30%, TEImEH ) 70%, 2 5K %) 50% %
YIRS, FEDUHIAR 259 0 LR e Ak R A% T B EME
Fio CYP3A4 [ 235 78 A A ) 2 57 41 20~ 40 515,
AR R AE [N f 5 R 3.4%, HO B R 2 R
PR, DA N st G I IR S 56 B A i B
%X[SHO

CYP2C9 /& CYP2C FKJGEM FEE/M A, 295+
CYP450 fLHEff] 20%, ML 12% i PR H F 259,
HFEAH CYP2C9 BARIEIR KA H (CYP2C9*3)
KL 3%~5%, B 78 8RB, HUaas 254 | e iT
HIA 4k R %2 CYP2D6 fil CY P2C19 £ 75k 52

Ak, W52 CYP2CO #ifE 2 Az,

CYP2B6 £1Z 5 7%Im K H 25900, B
RN 2 A, FLA O e R s 2 OO, A
g A B, CYP2B6%6 fil CYP2B6*18 L[
T A6 5 i 22 At IR 8 R A0 AR U A 1 1 24 AR SR
i H AR AU L 2 F2AIC 33%.

HH UL WL, CYP450 i) 2 451 2 51 e 2 A 1
R ETERE. Bk, RARWE 02 551K A
ZiRAGE A, ARYE R ARG 00 3L AR R 25, it
T 251 SR, T 2070, SRR A 2y
(122 4 PR AT S
3.3 HUHNERZAYIXT CYP450 BEEISZME  HIARE &
{1 [F B P Bl LA R A DR, FEIARRE F IR T
H, PUIIAR 25 Wi 4 A A A 25 W 3t FR T BLE
REGMEREL, NEBA FH 257 K 1254 B (E 1 H B
VEF I A R A, T R 245 W 1 A 2ok A e 4 bk
D, 7ENGPR F 2, B S0 PR 25 P v AR U il 7% 14



K UESE PUIAS M A A A AT Tk

+ 1797 -

A N e

FUAMAR 25 % 512 CYP2D6 i 4 i/ F 5
CYP3A4 [ 515 S E I, AT & JF FH 2510 2
R, SURA RN .. Sy 567w o
FUREZ5W) A R RO, PG VT B FC AR 7= 4 v v
TTREE Z 0] CYP2D6 B ()35 M, * CYP2CO R A
Hh SRR R B HIAE T, 16 CY P2C19 1 CY P3A4 il
HHIE TS, 452 CYP2D6 AR Gy ks wh 7> 22
iE 25V IR B SR BRI B R A F I, S EOAR
MY LE BT PG T R PG T e A F 2, R IT
SR HE] CYP2D6 (13 14 5 e BT 5 76 VT i 28 e
YY) A-F2 HE BT HE 78 VT 76 %) 08 I 1R 45 & AR W, A8
AUC 4 11 10%~30%!°4, b4k, SSRIS 1% P57 51k
7RG A 4 B4 25 s Ty & I, R 2 P T f
CYP2D6 Wi, AT JyH M 25 B/ 2~13 fi%,
A LR AN R N, ARV B CYP2D6
M CYP3A4 B AGHMHIER, S5iRTT R 2EZ
PR R TA RS i 2R T, I HBU% G
SRR R M R A R, 2 1 25k
FEFHT 159%'%%; 15 i He e 25 W H FE AR & F I, S
L CYP3A4 N S AR AD, i 265 3 T 9

FH G 2 3 76 Wi PRI 90 R B, bR i ot 2
AHVHRARE . V697 FL IR A 2 2 MR 4-
FRIE-N-2 F A BE IR (K AR iR E L CYP2D6 5 5,
MEHAMAZAYNE T AR, 2S8R
AT P (9 P S 35 AR IOT. AE Se T,
YU 20 2 L3 B 5 HUA AR 254 22 A A R 2 A B 52
% 7 AR R, £ HREXT CYP2B6 (14 1 F
S T 2 A ER AR R, T2 JEAhER X CY P2D6
O R 2 2 L AR

BEAh, VBIT O I 25t 2 L BTFEAR A T 45 6
i 97 %L, tHIK SSRIsX} CYP2D6 1 CY P3A4 75 #l il
1 T 52 31 5 w1907

FAVIR, SR E S 2 R KRBT
B2 X A5, XF CYP3A4 £ 3% %5 SAF H
H P-gp K4 HEt 2 3] 7S, 5 %25 259
fib e B2 =] A R B, 51 A v 55 =] 1 R AR R R
% TR RS i 259 B 1 AR
4 H5E

TIF FEHUHNAR 24 42 1) A A AR 2 24 P T F R B i AR
4 2 AT D (R o VF 2205 PG A WA AR AR
36 b o B i v, 5 DR AR P AR R A R B
DAL 7= A 2 AR A T O 2 AN . DR, TR R T

Wi W SR 25 R R AR . 25T AR
FR SRAR S Wl S AR R o 7 A B PR A,
JEIE 250 AT g BOAR L AT, B B 1 0 A AR
EVE, R RS I RIEE R, S J5 i, £
FORERE R B S PR, AR S S S
Bt P AT G BB S SR TT, KA B R
2yaf o R S S VR AL S BT R A A 25 P A
Wi, DLIRA 28RO 1E AL . i Rt TL, Wi
W2 AT AR | 29 WA AR T ) S s il S L 2
SRS R B RRAL, B 2T LA AR N AR
B SRS, U250 AR IR B0 ) R B A
IR E B . BRILZAL, WA S 4. 2
55 Wi A LA P 45 5 T B PP Al e AN TT b, F TN
Wit PR P 245 o 2 55 5700 B 10 328 39 o B 22 4 ) 24 A A3
A 1A -

References

[1] Lam RW, Malhi GS, Mcintyre RS, et al. Fatigue and occupa-
tional functioning in major depressive disorder [J]. Aust N Z
J Psychiatry, 2013, 47: 989—-991.

[2] Ma LN, Li Yun. The progress of antidepressant drug [J].
Med Recapitul (% 2:47iR), 2011, 17: 3777-3779.

[3] Zeng S. Drug Metabolism (Zj#Xii%%) [M]. Hangzhou:
Zhejiang University Press, 2008: 6—8, 249-250.

[4] Shah MM. HCN1 Channels: a new therapeutic target for
depressivedisorders[J]. Sci Signal, 2012, 244: 44,

[5] Fajemiroye JO, Silva DM, Oliveira DR, et al. Treatment of
anxiety and depression: medicinal plants in retrospect [J].
Fundam Clin Pharmacol, 2016, 30: 198-215.

[6] JiaHM, Feng YF, LiuYT, etal. Integration of *H NMR and
UPLC-Q-TOF/MS for a comprehensive urinary metabonomics
study on a rat model of depression induced by chronic unpre-
dictable mild stress[J]. PL0S One, 2013, 8: €63624.

[7]  Schmidt M, Butterweck V. The mechanisms of action of St.
John’swort: an update [J]. Wien Med Wochenschr, 2015, 165:
229-235.

[8] ZhouJQ,WangC. Clinica observation of remifemin combined
with paroxetine for perimenopausal syndrome complicating
with depression [J].  ChinaPharm (1 [E %5 5), 2013, 24: 3419—
3421.

[9] FuJH. Study on the Mechanism of a New Type Antidepres-
sant Shuganjiuyu Capsule in a Rat Model of Depression (%!
TR o 225 &7 JH AT M 28 e A A 2 K Bt 40 1 FH AT O )
[D]. Changsha: Central South University, 2014: 44—45.

[10] Richelson E. Pharmacology of antidepressants [J]. Mayo



+ 1798 -

2424 24% Acta Pharmaceutica Sinica 2017, 52 (12): 1791 —1800

(11

[12]

[13]

[14]

[19]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Clin Proc, 2001, 76: 511-527.

Kalem RR, Jillel AB, Ravula AR, et a. Highly sensitive
LC-MS/MS-ESI method for determination of phenelzine in
human plasma and its application to a human pharmacokinetic
study [J]. J Chromatogr B Analyt Technol Biomed Life Sci,
2016, 1022: 126-132.

Breyer Pfaff U. The metabolic fate of amitriptyline, nortrip-
tyline and amitriptylinoxide in man [J]. Drug Metab Rev,
2004, 36: 723-746.

Steimer W, Zopf K, Amelunxen S, et a. Allele-specific
change of concentration and functional gene dose for the
prediction of steady-state serum concentrations of amitrip-
tyline and nortriptyline in CYP2C19 and CYP2D6 extensive
and intermediate metabolizers [J). Clin Chem, 2004, 50:
1623-1633.

Zhou X, Chen C, Zhang FR, et al. Metabolism and bioactive-
tion of the tricyclic antidepressant amitriptyline in human liver

microsomes and human urine [J]. Bioanal, 2016, 8: 1365 —

1381.

Soara J, Perkinsb GD, Abbasc G, et al. European Resuscita-
tion Council guidelines for resuscitation 2010. Section 8.
Cardiac arrest in special circumstances [J]. Resuscitation,
2010, 81: 1400-1433.

Margolis M, Donnell JP, Mankowski DC, et al. R-, S, and

racemic fluoxetinen-demethylation by human cytochrome
p450 enzymes [J. Drug Metab Dispos, 2000, 28: 1187 —
1191.

Pae CU, Patkar AA. Paroxetine: current status in psychiatry
[J. Expert Rev Neurother, 2007, 7: 107-120.

Hiemke C, Hartter S.  Pharmacokinetics of selective serotonin
reuptake inhibitors[J]. Pharmacol Ther, 2000, 85: 11 —28.
Jornil J, Jensen KG, Larsen F, et a. Identification of
cytochrome P450 isoforms involved in the metabolism of
paroxetine and estimation of their importance for human
paroxetine metabolism using a population-based simulator
[J. Drug Metab Dispos, 2010, 38: 376—-385.

Jiang WF, Li WB.
research [J]. Qilu Pharma Aff (57 243), 2010, 29: 682—
684.

Mandrioli R, Mercolini L, Raggi MA.

Application of deuteration in drug

Evaluation of the
pharmacokinetics, safety and clinical efficacy of sertraline
used to treat social anxiety [J]. Expert Opin Drug Metab
Toxicol, 2013, 9: 1495-1505.

Rao RN, Talluri MV, Maurya PK. Separation of stereoisomers
of sertraline and its related enantiomeric impurities on a

dimethylated beta-cyclodextrin stationary phase by HPLC [J].

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32

(33]

(34]

[35]

(36]

J Pharm Biomed Anal, 2009, 50: 281 -286.

Mrazek DA, Biernacka JM, Kane DJ, et al. CYP2C19 varia-
tion and citalopram response [J]. Pharmacogenet Genom,
2011, 21: 1-9.

Korte SM, Prins J, Krajnc AM, et a. The many different
faces of major depression: it is time for personalized medicine
[J. Eur JPharmacol, 2015, 753: 88—104.
Karlsson L, Zackrisson AL, Josefsson M, et a. Influence of
CYP2D6 and CYP2C19 genotypes on venlafaxine metabolic
ratios and stereosel ective metabolism in forensic autopsy cases
[J. Pharmacogenom J, 2015, 15: 165—171.
Cooper JM, Brown JA, Carns R, et al. Desvenlafaxine
overdose and the occurrence of serotonin toxicity, seizures and
cardiovascular effects[J]. Clin Toxicol (Phila), 2016, 53: 18 -
24.

Wille SM, Cooreman SG, NeelsHM, et al. Relevant issuesin
the monitoring and the toxicology of antidepressants[J]. Crit
Rev Clin Lab Sci, 2008, 45: 25—-89.

Jaguenoud SE, Harenberg S, Vandel P, et al. Multicenter
study on the clinical effectiveness, pharmacokinetics, and
pharmacogenetics of mirtazapine in depression [J]. J Clin
Psychopharmacol, 2012, 32: 622-629.

Stahl SM, Pradko JF, Haight BR, et al. A review of the
neuropharmacology of bupropion, a dual norepinephrine and
dopamine reuptake inhibitor [J. Prim Care Companion J
Clin Psych, 2004, 6: 159-166.

Hesse LM, Venkatakrishnan K, Court MH, et a. CYP2B6
mediates the in vitro hydroxylation of bupropion: potential
drug interactions with other antidepressants [J]. Drug Metab
Dispos, 2000, 28: 1176—1183.

Pandhare A, Pappu AS, Wilms H, et al. The antidepressant
bupropion is a negative allosteric modulator of serotonin type
3A receptors[J]. Neuropharmacol, 2016, 113: 89-99.
Oliveira Al, Pinho C, Sarmento B, et a. Neuroprotective
activity of hypericum perforatum and its major components [J].
Front Plant Sci, 2016, 7: 1-15.

Chuan YY, Li Y. Research review of Hypericum perforatum
(St. John’s Wort) [J]. J Northwest Pharm (PdL2455%2% &),
2016, 31: 330-330.

Sarris J.
disorders[J]. Psychiatr Clin North Am, 2013, 36: 65—72.
Hokkanen J, Tolonen A, Mattila S, et a. Metabolism of

St. John's wort for the treatment of psychiatric

hyperforin, the active constituent of St. John's wort, in human
liver microsomes[J]. Eur JPharm Sci, 2011, 42: 273-284.
Zhou L, Zhong DF, Chen XY. Research advances in non-

P450-mediated drug oxidative metabolism [J]. Acta Pharm



K UESE PUIAS M A A A AT Tk

+ 1799 -

[37]

[38]

[39]

[40]

[41]

(42

[43]

(44

[49]

[46]

[47]

(48]

[49]

[50]

Sin (Z52424)), 2017, 52: 8-18.

Oliveira Al, Pinho C, Sarmento B, et al. Neuroprotective
activity of Hypericum perforatum and its mgor components
[J. Front Plant Sci, 2016, 7: 1-15.
Zanger UM, Turpeinen M, Klein K, et a. Functional phar-
macogenetics/genomics of human cytochromes P450 involved
in drug biotransformation [J]. Anal Bioanal Chem, 2008, 392:
1093-1108.

Hicks JK, Bishop JR, Sangkuhl K, et a. Clinical Pharmaco-
genetics Implementation Consortium (CPIC) Guideline for
CYP2D6 and CYP2C19 genotypes and dosing of selective
serotonin reuptake inhibitors [J].  Clin Pharmacol Ther, 2015,
98: 127-134.
Bertilsson L. Metabolism of antidepressant and neuroleptic
drugs by cytochrome p450s: clinical and interethnic aspects [J].
Clin Pharmacol Ther, 2007, 82: 606—609.

Hicks JK, Swen JJ, Thorn CF, et al.  Clinical pharmacogenetics
implementation consortium guideline for CYP2D6 and
CYP2C19 genotypes and dosing of tricyclic antidepressants
[J. Clin Pharmacol Ther, 2013, 93: 402-408.
Pelkonen O, Turpeinen M, Hakkola J, et a. Inhibition and
induction of human cytochrome P450 enzymes: current status
[J. ArchToxicol, 2008, 82: 667—715.
Lobo ED, Bergstrom RF, Reddy S, et al. In vitro and in vivo
evaluations of cytochrome P450 1A2 interactions with
duloxetine[J]. Clin Pharmacokinet, 2008, 47: 191 —202.
Turpeinen M, Raunio H, Pelkonen O. The functional role of
CYP2B6 in human drug metabolism: substrates and inhibitors
in vitro, in vivo and in silico [J]. Curr Drug Metab, 2006, 7:
705-714.

Spina E, Leon J. Clinical applications of CY P genotyping in
psychiatry [J]. JNeural Transm (Vienna), 2015, 122: 5-28.
Weinshilboum R. Inheritance and drug response [J. N
Engl JMed, 2003, 348: 529-537.

Cheng D, Xu WR, Liu CX. Progress of research on genetic
polymorphism of CYP450s [J]. Chin Pharmacol Bull ('
24T 2E3E ), 2006, 22: 14091414,

Ota T, Kamada Y, Hayashida M, et al. Combination analysis
in genetic polymorphisms of drug-metabolizing enzymes
CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3AS5 in the
Japanese population [J].  Int JMed Sci, 2015, 12: 78 —82.

Yan F, Xian CH, Xiong YQ. Effect of CYP2C19 genetic
polymorphism on drug metabolism and individualized therapy
[J. Chin JClin Pharmacol Ther (7 i PR 2538 2 51677 %),
2010,15: 949-953.

Haufroid V, Hantson P.  CYP2D6 genetic polymorphisms and

(51]

(52]

(53]

(54]

(55]

(6]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

their relevance for poisoning due to amphetamines, opioid
analgesics and antidepressants [J]. Clin Toxicol (Phila),
2015, 53: 501-510.

Shams ME, Arneth B, Hiemke C, et al. CYP2D6 polymor-
phism and clinical effect of the antidepressant venlafaxine [J].
J Clin Pharm Ther, 2006, 31: 493-502.

Sallee FR, Devane CL, Ferrell RE. Fluoxetine-related death
in a child with cytochrome P-450 2D6 genetic deficiency [J].
J Child Adolesc Psychopharmacol, 2000, 10: 27 —34.

Dai DP, Hu LM, Geng PW, et a. In vitro functional analysis
of 24 novel CYP2C19 variants recently found in the Chinese
Han population[J]. Xenobiotica, 2015, 45: 1030 —1035.

Zhou Q, Yu LS, Zeng S. Personalized dosing from
perspective of pharmacogenomics of drug metabolizing
enzymes and transporters [J]. Acta Pharm Sin (2§22%4R),
2017, 52: 1-7.

Desta Z, Zhao X, Shin JG et a. Clinica significance of
the cytochrome P450 2C19 genetic polymorphism [J]. Clin
Pharmacokinet, 2002, 41: 913-958.
Dong ZL, Wang GX, Fang XM. Progress in research of
cytochrome P4503A4 gene polymorphism [J]. Int J Anesth
Resusc ([ Fr fRI 2 5 5 7544 %), 2012, 33: 705-709.

Chen X, Li YZ, Fang Y. The characteristics and polymor-
phism of CYP3A4 for the metabolic drugs [J]. China Pharm
(hEZ5F), 2010, 22: 2097-2099.

Kim SH, Kim DH, Byeon JY, et a. Effects of CYP2C9,
genetic polymorphisms on the pharmacokinetics of celecoxib
and its carboxylic acid metabolite [J]. Arch Pharm Res,
2016, 40: 382-390.

LLerena A, Dorado P, Berecz R, et a. Effect of, CYP2D6,
and, CYP2C9, genotypes on fluoxetine and norfluoxetine
plasma concentrations during steady-state conditions [J]. Eur
J Clin Pharmacol, 2004, 59: 869—-871.

Qin WJ, Zhou HH. Advances in study of CYP2B6 gene
polymorphisms and its functional significances [J. Chin J
Clin Pharmacol Ther (1 [H IR 2535 53677 %%), 2008, 13:
1434-1440.

Zhang SN, Yao H, Li JM, et a. Drug interaction during
combing fluoxetine and risperidone to treat schizophrenia [J].
Chin J Clin Pharmacol (' [E Ilfs K 25 B2 2% 4 &), 2009, 25:
11-13.

Todor |, Popa A, Neag M, et al. Evaluation of the potential
pharmacokinetic interaction between atomoxetine and flu-
voxamine in healthy volunteers [J].  Pharmacology, 2016, 99:
84-88.

Micallef J, Fakra E, Blin O. Use of antidepressant drugs in



+ 1800 -

2424 24% Acta Pharmaceutica Sinica 2017, 52 (12): 1791 —1800

[64]

[65]

[66]

[67]

schizophrenic patients with depression [J].
32: 263-269.

Encephale, 2006,

Lin H, Lu SP, Shang XF, et a. The interaction of clozapine
combined with fluvoxamine in the treatment of schizophrenia
[J. ChinPharm J ("' [E252£7% &), 2008, 43: 1919-1920.
Spina E, De LJ. Clinically relevant interactions between
newer antidepressants and second-generation antipsychotics
[J. Expert Opin Drug Metab Toxicol, 2014, 10: 721 —746.
Nishikawa H, Inoue T, Masui T, et a. Pharmacokinetic
interaction between tandospirone and fluvoxamine in the rat
contextual conditioned fear stress model and its functional
consequence: involvement of cytochrome P450 3A4 [J].
Psychiat Clin Neurosci, 2008, 62: 591 —596.

Juurlink D.  Revisiting the drug interaction between tamoxifen
and SSRI antidepressants [J]. Br Med J, 2016, 354: 5309 -

5310.

(68]

(69]

[70]

(71]

He J, Yu Y, Prasad B, et al. Mechanism of an unusual, but
clinically significant, digoxin-bupropion drug interaction [J].
Biopharm Drug Dispos, 2014, 35: 253-263.
Sager JE, Tripathy S, Price L S, et a. In vitro to in vivo
extrapolation of the complex drug-drug interaction of bupropion
and its metabolites with CYP2D6; simultaneous reversible
inhibition and CYP2D6 downregulation [J].
macol, 2016, 123: 85—96.

Herbet M, Gawronska-Grzywacz M, lzdebska M, et al. Effect

Biochem Phar-

of the interaction between atorvastatin and selective serotonin
reuptake inhibitors on the blood redox equilibrium [J. Exp
Ther Med, 2016, 12: 3440-3444.

Lucire Y, Crotty C. Antidepressant-induced akathisia-related
homicides associated with diminishing mutations in metabo-
lizing genes of the CYP450 family [J]. Pharmgenom Pers
Med, 2011, 4: 65-81.



