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« Ach ~ Glutamate ~ 5-HT - GABA
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— Morphine

« BINRISHEE @ BETEEY)

— Anti-histamine




Morphine

Methadone

OCH;

Hydrocodone R'=CHzand R"=H

Oxycodone R'=CHz and R" = OH Buprenorphine
Hydromorphone R'= H and R"=H

Oxymorphone R'= and R"=OH

N
o' O“QZQ

©/\/ . 4’— _:Jl /lL o
ZY =grz))\ s
Fentanyl Sufentanil

https://new.qg.com/rain/a/20190905A0
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R [R=H. Apk- 0.8
—~  |RecLapx 13 | L™V

b =" [Rem, apk02 | paa
| i lREﬂl.ﬂpﬁ,:ﬂ.d]E "Q

SAR | docking + MD

o (R=H, Apk.: 0.8 I
":-‘llwr@) recy api; 15 | LMV

T (R=H, A 1.1 | msasen |
"o lH=t3!.|:|nﬂ.‘.-2ﬂ-]E "

Med. Chem. Commun., 2013,4, 193-204
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http://www.hkpe.net/hkdsepe/human_body/neuron.htm
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SEXFSE N

— ﬂ_JZf't’? Jz RN
— BB (Catecholamlne)

. Noreplnephrlne

o HNHIEREBRV G

— MAOI
— COMT inh.
Bl A3 [k fH 4K

—BIEBEER
— Acetylc ’1oline, Ach
« Nicotinic 5

« Muscarinicxfs
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— Isoflurophate  Echothiophate
- EBMENIRAE

— Parathion ~ Sarin
- BIRKE

« BEM : Pralidoxime




Organophosphate Aging — chemical
stabilization of phosphate bond
to AChE occurs over time

Organophosphate

if H._I:I

adds -poin T E / if Hy
Orangophosphate  here adds
has attached to AChE R,O0-P-R;, "=
but bonding has not aged “Hydrolysis

o/
“Estenc Site”
Acetylcheolinesterase

The rate of aging is unigue for each organophosphate

compound, and can occur over minutes to days depending

on the agent

Bond is now

strengthensd
RﬂDH Can't ba

Organophosphate interaction ﬁ
has aged (AChE can't be HO- |:|r_R3
1

regenerated)
e/ o
M L$n|ﬂm

“Estenc Site”

Acetylcholinesterase

ydrolyzed  The departure of the Rz alky!
group {aging) results in increased
electron sharing between the

phosphate group of the organophosphate
& the serine on AChE. This bond
can't be broken by 2-PAM.

Pralidoxime (2-PAM) prevents aging
& regenerates AChE

i
2-PAM @-—%
N-0H Organophosphate
]
CH, 0 /

R,0-P-R,

| @ L]

"Estenic: Sina"

Azeryhehabneste aae |

2-PAM bonds to
organophosphate

o Organophosphate

3
IS, mlihce
o@_; (] I

e LL |

“Erls Sale"

Acetpitholirmitenise

"Regeneratied
AChE"
EQ—{ N-O ..p-*na

Ay JL ‘

Agetyicholnegherans

Modifed from: CDC Case Studies in Environmental Medicine
http://www.atsdr.cdc.govicsem/csem.asp?csem=11&po=23
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i}%ﬁ%éﬁg}%ﬂ%%ﬁ  BENZIFHEEZL -  BRERASIZEE -
RS E -

BAPSEBBENE SO LUER S MM - A TTHL g/kg -
%’950—100%’%%1 /kg ° B O] DIA30%MEER ~ AR
100-150% - 12551 1 sce 497 g/kg -
PHEEA-SNGANLEE BRI ELTE - LEER
BB MG R RAGFEE -

&2 ek g e His T - B2 M&ESHRAPRIERN]A
SPHERILE -

e 2A%%FT[H%UT$/£EQ7’5T BH—5315m g/kg
Cyclophosphamde@%éf?% Ml E8gH—
methylprednisolonefB/&E3 X - FE# TH6/)\RKEH5 mg
dexamethasone &% PaO2 A 1X80 mmHg] nRmA PaO2
IZVIR60 mmHgRIB R4 FEH—=meth prednlsolone/\
R — 5%_215 mg/kg Cyclophosphamide 1 X89/8% -
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— Lidocaine

Beta-blocker
— Propranolol, atenolol, acebutolol

$HEE 8T

— Amiodarone

&5 sk [H & | (CCB)

— Verapamil




Prolong repolarization

Quinidine * procainamide * disopyramide

Shorten repolarization

Lidocaine » mexiletine ~ tocainide * phenytoin

Little effect on repolarization

Encainide - flecainide * propafenone * moricizine (?)

Sympatholysis: beta blocker

Propanolol » esmolol + acebutolol

Prolong repolarization

Ibutilide + dofetilide + sotalol + amiodarone » bretylium

Ca channel blocker

Verapamil * diltiazem * bepridil

Adenosine * digitalis * magnesium




o 10 T

- EihE
— Digoxin
« B CHIRATFAHE

— Dopamine, Dobutamine
o foaBE B R0l

— Amrinone, milrinone, exoximone
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« Beta-blocker
— Propranolol
- 5t PHETE (CCB)

— Nifedipine, Nicardipine, Felodipine,
Amlodipine

o fEIfiE ES 2T
— NTG, Isosorbite
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A
— ACEI, ARB, ANI

B

— Beta-blocker

C
— CCB

D

— Diuretic






W FR % 45t - B b Bl

BB PR
— Mannitol

ik 8 BT i+ w1 )

— Acetazolamine
Thiazide#) px

— hydrochlorothiazide
I A oK 2

— Furosemide

R &8 A P 25

— Spironolactone
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« HMG-CoAz=|R fH ! 2
— Statin#g

« HA
— Fenofibrate
— Gemfibroazil
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X0

&4

M
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o« Al
— Wartfarin, DOAC, heparin

o MM/
—Asp|r|n dipyridamol, clopidogrel

EFAY
— Urokinase, anistreplase
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L/ RSB & U5 MR (E FA i 0 e

i

- TF released from Prothrombin <«— Prothrombin precursor
damaged endothelium ] ‘ ®
Coagulation Enoxaparin ) \4 \/ Dabigatran  \itamin K epoxide reductase
Ri b = . -
easeads |v'aroxa an 1 ® Q ® T .
Apixaban Thrombi Warfarin
Factor Xa S i -0 -0 >~ OO
lla Fibrinogen Fibrin  Fibrin polymers W o
= Inactive thrombin f@
Antithrombin IlI By ik
T Eptifibatide
®
Heparin
Platelet
activation ‘ T"A2>@ \
and .\ O e
aggregation & ; Gplib-lila I'l] e
Dipyridamole = pHE ® :
Cilostazol T*"’
@ Clopidogrel
Ticagrelor

Necrotic core

Normal Exposed subendothelium Ruptured plaque
Ref: Front. Pharmacol. 24 October 2011, Figure 1



st MEZEY) 15 A XE

| Dabigatran

Risk  High Low High Low High Low High Low
CCr >

» S I T A T R A T I T B
E P I T O R R R I R R
ol 422|221 2| <
e - - 2 15 2 15 2 15
 mBmm | ;mMR
Warfarin Aspirin Clopidogrel  Ticagrelor
5
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rhll i

Qﬁﬁﬁiﬂ Fundus of stomach EE

Antrum of stomach

g- Vagus Fundic blood vessel g Elﬂl *
— preganglionic

HEME
Vagus

— preganglionic
nerve

:
BEEmE
Antrum blood vessel

GRP a
P o\ —
\®\O\ T' | == H2 blocker
—‘ Somatostatin |
Somalostahn—R nﬁ!* |
== — Proton pump

G cell D cell
‘ ‘ inhibitor

Dietary peptides Luminal acid Q@
“ﬂ!"’ BERK . | R Ve Luminal acid 23 B « (=) = — Antacid
Lumen of antrum .; [ _Lumen of fundus l
BEk B Kz

E— - S8 ERHEREY)SE
http://www.ysp.com.tw/tw/magazine/1129




rhll i
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— NaHCO; ~ MgO - Al,(OH),4
H2 Blocker

PPI

B AR REH
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SV H AR R

A +
W
Drug Interactions Checker

ﬂl"
'%a 2
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IRy A\
(absorption) \

paN il
(distribution)

(V)
(metabolism)

BEBR
(elimination)
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E Cran b~~~ Therapeutic
% Range
5
o
=
o
S e e—_ MEC
\
R U HA } HEBREA
Onset
me  mex Time
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VIR 2R

RS HAE
2 %Kﬁ/ﬁ% = <pH> ~ad s Fed D4 FE BTV A & ~ p%léﬁ
ﬁ_pi

TIHIAE G AE

&Tﬁw}w “:f;—

AT E ]
ENT N

HEPRASCEAE R

I “%rf (ex: lithium)

d
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%02 30311 STANDARD
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Chelation (ZZ &)

FIpeAI P 2 £ HY+ = 4 > ¢ Btetracycline ~ minocycline

quinolones #pFid 2 AN A L& fr > FMInd F 2 A RF H Ko oD
T2 40% 0 o PR E R o BRI 32 R R A EARY
FAECZEY X CRERIRERE - L o

melal ion binding site

TetracyclineZ EGEEF R A BAMESY) \ o |
(insoluble chelates ) @ STEER FNIEE ? L L L e s " o
O:Mn;-'D
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tde =1 (R [ B ok B
Fjﬁ“l’% —W‘ (-W‘ mj\/p IV—-—L ]ﬁﬁh'fr%rs> PR%;}’”'\* /E ‘;IL “uﬁ/pf‘%ﬁ“d I/‘ t};l«]/{t:’-i—'l‘j‘

ketoconazole'» R AP pHET A ¥ sz
Flpt frantacid - * € g S BT

/&ﬁ%&%ﬂﬂﬁuﬁﬁﬁ%

Vb P TR T e

AR E S ST AR MBS ST BF
v aifree form®) i P04 1+ *tsalt form#r 1 s Tt 2 4F
ASERE Ful=pli ¥ TR0 T BN R W eI

gﬁﬁgﬁﬁgﬁg@m%bwbk,ﬁﬁﬁﬂﬁﬁwdﬁﬁ%@iﬁﬁ+%W?
f}l] 4
»(Capecitabine(Xeloda )% ‘g &1 30minve
TEEEERLE FEVIET U SN L
»Prodrug(Plavix) ¥ % A<{s PR * 123 4o v T

P

RIS ﬁﬁa#“%ﬁk B[ STIiv, 2 B G b 18 Bl
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V£ 02

TIEEA g H B PN ke
¥ erPHE > W40 R EF S B

(=) BB PR E A S RES PR BfRE 30
a) BEMES ARk BT S T idF o PP L g
'j]g 1—3'?,;]5 ﬁﬁ,%;s.fii?r)g,ﬂt A3 L ,gﬁp)u]{/ﬁk P B (ﬁr
digitoxin ~ digoxin ~ phenytoin ~ chlorpromazine¥? isoniazid )

T &
4o
>
=

b) #rEH eI+ > FIHPHE 'mﬁgﬁc  BH A4 A i, B
A mre e RE TR R AV AL A S REY (4
pseudoephedrine ~ levodopa? meper1d1en)
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B2

Fee 8 (PH) » # 407 32 Fhcfe » R 2383 7 i

28
T e

TIpeH /B 5P
i PHE » 3 4e

(=)= ‘ﬁ%%z‘ﬁﬁ%&b W7 FrE («krTetracycline)
BV f5g e magnesium trls111cate£ magnesium hydroxide » # =
& aluminum hydroxide#% calcium carbonate

(Z)RBRFBIKE BFFELREEF
FIpLA € MR T o RBIRIEERRT B R AT N SR
oo @ i FEpr g o 4o ¥ kR > (4-Quinidinedw
amphetamine) > @ %5 (4o-kffpesgSalicylate) et I 35 o
Sodium bicarbonate¥t sk ik fedw & 32 5 P &g -
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F1pa A € 3 =i
=

% i
F APHIE > 3400 F L B DT RGE

(2 )F|BaRcPT IR
PRz R AR gﬁﬁﬁ%é*ﬁﬂﬁﬁﬁ&é,%ﬁgﬁgg
PR zAl (48) el Fadl ¢ $4]3 B3 oigds > 3 B E R 3 |

t
* > % H Fdigoxin ~ penicillin ~ isoniazidefrlevodopa - 7 (4%)

Z

Mgterdl el § i€ | 5 g 3 4o > $0 KR § RILE S ﬂéﬁm

é’—/~ﬂ§mﬂx”]{0?ﬁ5 ﬁ’x ]F’Bé?g.)a_[rg'fr'i%f‘],g»‘ M3

#EP-m B
M F /{i}imﬁaé‘f"Bb’&kﬁnm’f'”:'abbnﬂ—v-?}’”m/r}%‘

T ER

R F oA LEEFR A g o

47



Levofloxacine A g R s FIEA T 5y € 'F 1
Quinolones# 32 i* Quinolone =% % i

Ciprofloxacine

#* \:)g"]{
Quinidine A R Gy g e ARSE SPHE R Quinidinefo+ | pe Al &5 * - B E
(o 7 B ) H 4e Quinidine sz QUInICJI\Inem%};ﬁ i“f Bl P ERZ & Hag 4 o i
IR CORR AT FEK FATZREHE - Hpg4E
L Xl gl Se ﬁ?ﬁ‘lﬁ—‘ﬁé‘?'l » BERC] o
Tetracycline '# i Tetracyclinesr Tetracyclinesfr= % 3 & &5 JR o = F & JK - /ﬁ':;‘ %
Minocin w?ER ; :% m$ K B+ %ﬂ/ mtetracycllnei o2l RS
pIAE e (£ RAEH Ao g 454 15
Doxycycline —%i —E»L!ﬁ?éﬁ-—r ) @ ope o R o 3 A ftetracyc clines % 41
H ez fi& A
Aspirin i Aspirinenn ¥k FIpLH] € i§54cf" i e
i G %—I@i 2 Asp |r|nf“
E""'g’-n_F_ BT o ﬁa%t
?;fﬁfj :
Ferrous Sulfate ) B A {z’]z‘}é‘ AR IR e 7§ PH = —‘g FEVARERE A - BRY o
SO R v g S E R ’1'1;\2 * A
'I:F.% ZAL)‘F]— ’ }é‘ ﬁﬁ‘m/p
i
i kA s ET ] THAET S 4EE - P E e TR BeA s JRAIRY T EEA RFFIH 0 S
A —H2+ FuH @;ﬁﬁﬁ@ﬁﬁd*%ﬂﬁﬁﬁ- RS PR R -
3 e g
I i ARM R A e iT F] | pe A §iﬂ‘g%\:‘§ N IR A E L S 304 480
(Sulcralfate) o 4 PHE > Fril4edan JR* o
fR3g - B0 3 hIE
I A5 > m fE M
T e M aE X AR
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Interaction)

1R fAn :Pf:ﬁ»w » & B 5w v (albumin) ~ o 1-& 4 pF 30
(al-acid glycoprotein) 2 z 3 v (globulin) -
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associaton

+ =

dissociation

Free albumin Free drug Drug-albumin complex

L Eh—EBOEAHRERRK

LGEERANRE (NBAEE» a; —acid BBEA%) o
2 BEMAY IR L o

3 ER EASHEE -

L RMBAFGESHOBE N -

5 H A F MR R AAWENEAE (MR8 ) °
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Nwmm 2R g%
(Phen oin sodlum 2K
|n1 250 mg/5 miigaisl!
H FRETE !ﬁt
05{ Z H &ﬁﬁ

IﬂllIlllllllllll||l||||||||||IllllﬂlﬂllllllllllllllIII||I|||IN

l 2L pale )

 06AFIAR + BXH:
2.

3

1. A8 P phenytoint) fn 3t ¥ F W) fo ] B 7 E42.) 8F » F3522.) 8F o £ F45 v A3E3%
300 mg/dayi& &tk » ZEVHFTEIORFEHB R ,UH( fi& o ?fphcnytom sodium
MmE o RERISEI N THEL A FRSRA - Phenytoin FSIIUZ A RS
%) R LR EAR(LRXAZTA)ES -
Phenytoing- i K5 -3 & ~ "B ~ #ik ~ B Mk ~ BT AT o ISHM%
R ~ *# & F t)phenytoiniR & $L d #E F i &iphenytoinay R Z 48 1 o
Phenytoin /& A 5 A AL KB o £ 2218 6,464-72 K1LE A » 41580% « CYP2C9 £
phenytoin®) KB F » HFE L A & » MCYP2CI194- 8KV - R&BF
phenytoini® /& 3% & 8F » BICYP2C196) TR # T2 & -

KRB AR FH N o T8 B £ fphenytoini® K ALAE M &9 e o &,

% (cytochrome) 2 LM Ao jR & o A F aFRERARL A EHLEGH L
FRB¥ » F 353 wphenytoind) & & » KTREE R FEN » B aFRERB L
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Nonelderly

PHT Dose m=)p

|9A3] |Hd wnJ1as



MHEHES

Pl b B Fd B8
Warfarin~Phenytoin~Digitoxin-
Barbiturate ~ Salicylate ~ Sulfonamide ~
Phenylbutazone

Wt B b Bal - pERY 2L
Quinidine ~ Lidocaine ~ Propranolol ~ TCAs

L HES € BTk Y B4
Heparin ~ Thyroxine
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Y Z 2 T IR e

- 4 F & (phase I reaction * f£Z F v 4 F J&)
%v: i & (phase II reaction * f£2z 4% & * J&, conjugation) -

BRI F T T A AR RS I E g

% -4k & (phase 1 )
R e H ¥ tpr (mix-function monooxygenase) f. 7 ° P450 R E_f
T

3 ‘“ 3] 2_ %% (7 CYP450, CYP450 reductase, cytochrome b5%) -
Fr(aA)~BR KRR KoF R

% -4 F & (phase II )

& 5 #EF & (conjugation) ° § & #EfEpe * & (glucuronidation) -
Fifc i F & (sulfation) ~ ® & it F & (Methylation) ~ ¢ it * J&
(Acetylation) ~ z AAfa = #= &~ & ~ 2 glutathione conjugation °
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Y

AR Electrophiles
Lipophilic HGH R=0 » [R-SG
(zlutathione
O ot .
Oxiclation A conjugation 00
/ Hydrophilic
R \ Phase | Phase Il
Hydrolysis » K-
Riduc::@n \, / SuUlfation R=SO;H
RFOH R-SH R-NH, ——rmmr® R-Ac
Nucleophiles N\ » R-Gl
Glucuronidation
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Phases of Drug Metabolism

OH SOH
© Phase | @ Phasell ©

phenyl
sulfate

benzene phenol

Increasing polarity of drug/metabolite

e Society of
L) Critical Care Medicins%

Reiday KU Cosne



Portal Vein

Intestinal Lumen

Hepatocyte

AN

| OH group added \

CYP3A4

Phase 1
metabolism Phase Il

metabolism
4

Glucuronide 0 kidneys

Phase I ® I & elimination

metabolism

~ Sulfate

intestines



Wk &P - dp 2 - 40 S BHF

phase I reaction phase Il reaction
Oxidation Glucuronide conjugation (UDPGA)
Aromatic hydroxylation
Aliphatic hydroxylation Sulfate conjugation (PAPS)
M-, O-oxadation
N-, O-dealkylation Glutathion conjugation (GSH)
Deamination
Reduction Acetylation (Acetyl coenzyme A)
Azoreduction
Nitroreduction Methylation (SAM)
Alcohol dehydrogenase
Hydrolysis

Ester hydrolysis
Amide hydrolysis

UDPGA=uridine diphosphoglucuronic acid, PAPS= 3’-phosphoadenosine
5’-phosphosulfate, GSH= glutathione, SAM= S-adenoylmethionine

substrate + UDPGA —ICGT o substrate-glucuronide + UDP
PAPS = 3'-phosphoadenosine 5'-phosphosulfate

ST = sulfotransferase
PAP = 3'-phosphoadenosine 5'-phosphate

58



4B CYPZIE

fig - INEE : Eftlakﬁff&ft/\%(ﬂ%%)

Cytochrome P450, CYP/Sges’

FERI AR Z B A B #(smooth

endoplasmic reticulum)ZEj

BT iEE - N1A2, 2C9, 2C19, 2D6, 3A4

K CYP3A4E 1L : Terfenadine—Fexofenadine
583 N HDHICYP3A4 : Ketoconazole, Erythromycin
 Terfenadine ) RE _EFt— /DS BEFIBIE 7 o -

BHEOLNEHOHE E - MARARMIET
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CHg

CH,
CHj
N ]] P450 oxidation i
H {mainly CYP3A4)
Ho
terfenadine (Seldane™) fexofenadine (Allegra™)
drug substance active metabolite

CH4 CH%
CH3 Hs
COgH
P450 oxidation
g {mainly CYP3A4) H

terfenadine (Seldane™)

When patients take this drug AND ketoconazole: fexofenadine (Allegra™)
- substance concentrations increase in plasma e
- adverse events become major problems NQ:‘__,N

~AT D\"’\/“;Qm

0
N
’ ? N ketoconazole
3

potent CYP3A4 inhibitor 60



CYP 3A4 inhibitors

» Inhibitors reduce clearance

L Increased blood levels
» Dose reduction of quetiapine
may be needed

¢ Erythromycin
¢ Ketoconazole
* Nefazodone

Quetiapine

CYP 3A4 inducers

» Inducers increase clearance
Decreased blood levels

> Dose increase of quetiapine

_— may be needed

v e Carbamazepine
4 * Phenytoin

PSYCHOPHARMACOLOGY
INSTITUTE

@
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Drug Development and Drug Interactions

] A | Strong index Moderate index inhibitors
inhibitors

CYP1A2 |fluvoxamine -

CYP2C8 |clopidogrel, -
gemfibrozil

CYP2C9 - fluconazole

CYP2C19 |fluvoxamine -

CYP2D6 fluoxetine, paroxetine | mirabegron

% EA Strong inducers Moderate inducers

CYP2B6 - rifampin

CYP2C8 |- rifampin

CYP2C9 |- rifampin

CYP2C19 (rifampin -

CYP3A phenytoin, rifampin |-
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CYP3A4

CYP2D6

CYP1A2

Midazolam

' Examples of CYP 450
Substrates, Inhibitors & Inducers

"Substrateg

Atorvastatin
Felodipine

'Risperidone N

Amitryptiline
Codeine

'Clozapine

Theophylline
Caffeine

|inhibitors

Ritonavir
Ketoconazole
Grapefruit juice

Fluoxetine
Cimetidine

IFluvoxamine
Cimetidine
Ciprofloxacin

1Quinidine '

Inducers

Rifampin
Carbamazepine
Phenytoin

Nil clinically
relevant

Smoking
Omeprazole
Cruciferous veg




EAeAEH CYPRIE

&1 HEEREYBEHERAA cytochrome P450 (CYP450) ik

¥

B =H billk 2y o AL
Enzyme Substrate Inhibitor Inducer
. . . L . cimetidine, fluvoxamine, charbroiled meat, cigarette
amitriptyline, clomipramine, clozapine, imipramine, L :
CYP1A2 . . grapefruit juice, smoking, omeprazole,
olanzapine, paracetamol, propranolol, R-warfarin _ e :
marolide antibiotics phenytoin
) . . cimetidine, fluoxetine, ) .
CYP2C9 phenytoin,tetrahydrocannabi-nol, S-warfarin . rifampicin
omeprazole, sertraline
citalopram, clomipramine, clozapine, diazepam fluoxetine, fluvoxamine,
Cyp2c19 S oopramh P ’ pine, pam, omeprazole, rifampicin
imipramine, omeprazole, phenytoin, propranolol _ .
sertraline, tranylcypromine
amitriptyline, chlorpromazine, citalopram, cimetidine, citalopram,
clomipramine, clozapine, codeine, desipramine, fenfluramine,
CYP2D6 dextromethorphan, doxepin, fluoxetine, haloperidol, fluoxetine, fluvoxamine,
imipramine, methadone, metoprolol, nortriptyline, haloperidol,
oxycodone, paroxetine, pethidine, propranolol, paroxetine, quinidine,
risperidone, tramadol, venlafaxine ritonavir, sertraline
alprazolam, amitriptyline, clozapine, atorvastatin, cannabinoids, cimetidine,
buprenorphine, diazepam, carbamazepine, fluoxetine, carbamazepine,
clomipramine, tetrahydrocannabinol, clonazepam, fluvoxamine, grapefruit juice, glucocorticoids,
CYP3A4 . . . . R
dextromethorphan, macrolide antibiotics, fentanyl, macrolide phenobarbitone,

imipramine, midazolam, omeprazole, quinidine,
ritonavir, sertraline, simvastatin, trazodone, warfarin

anticiotics, nefazodone,
paroxetine, ritonavir

phenytoin, rifampicin
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Allele

CYP2C1971

CYP2C19%2

CYP2C19%3

CYP2C19%4

CYP2C19%5

CYP2C19%17

GENETIC POLYMORPHISMS OF CYTOCHROME P450 (CYP) 2C19

Population

General Population

2-5% Caucasians
18-23% Japanese

13% Islands of
Vanuatu

0.6-3% Caucasians

Low in both Chinese
& Japanese

18% Ethiopians
& Swedes,
1.3% Japanese,
0.64% Chinese

Single Nuc]e?tlde Location
Polvmorphism
Wild-tvpe: 50,720bp 10q24.1-3
40bp deletion -
(681GA) Exon 5
W212X(636G—+A) Exon 4
M1V (Mutation in e
e Initiation
initiation codon codon
AG
R433W (1297C—~T) Exon 9

5'-flanking

C806T (3402C—T) region

Activity

Normal

Notes

Extensive metabolizer

Poor metabolizer

Poor metabolizer;
premature stop codon

Poor metabolizer,

Defect in initiation
codon

Poor metabolizer

Ultra-rapid metabolizer
Increased 2C10 gene
transcription
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A BEZE Pro- ! =it
drug Clopidogrel S Prasugrel
/ Hydrolysis ‘o
CYPs: Est < e %
85% Inactive s ?_ (Esterases) o>
Metabolites -
2
S— v, 1 W—
Oxidation 2B6 . *..! . Oxidation
(Cytochrome P450) = CYPs: (Cytochrome P450)
AN Oy -O0-CH; Proton ik g

|

A

Inhibitors 2B6

CYPs:
* &

A . w2t s, 209

GapDa’ T Ty

2C9

0. _OcH; 2B6 Oﬁg

Active Hooc—= Hoocmp Active
Metabolite " C' Metabolite

Omeprazole + esomeprazole inhibit CYP2C19
antoprazole does not

jiDXOmeprazoIeEﬁ?J%%Eﬁ ° Other PPIs unclear
Pantoprazole%&x55CYP2C19#|
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CYP Interactions

Grapefruit juice

St. John's wort

Active Platelet
Inhibitor R-130964

CYP Inihibitor je—-
CYP Induction}_>
CYP Activation pe—-

Clopidogrel
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How Grapefruit Juice Affects Some Medicines

When medicine is swallowed, it dissolves and the body absorbs it through cells in the small intestine. Grapefruit
juice can interfere with this process, causing too much or too little medicine to be released into the body.

proper dose 'l |

Some medicines, like statins prescribed to lower cholesterol, are broken down in the body
(metabolized) by proteins called enzymes in our small intestine. Grapefruit juice can block
the work of enzymes, increasing the amount of medicine absorbed by the body and risking
an overdose,

....................................................................................................

Cther medicines, like Allegra (fexofenadine) used for treating allergies, are moved into the body's cells
with the help of proteins called transporters, Grapefruit juice can block the work of transporters,
decreasing the amount of medicine absorbed by the body and reducing the medicine’s effectiveness,
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Berberine vs CYP 450 {&%

= NCBI Resources ¥] How To (¥

Pl-lbla]Ed-gm- PublMed v

S Mational Library of
Medicine National Institutes of Advanced
Health

Abstract - Send ol =

EurJ Clin Pharmacaol. 2012 Feb;68(2):213-7. doi: 10.1007/500228-011-1108-2. Epub 2011 Aug 26.

Repeated administration of berberine inhibits cytochromes P450 in humans.
Guo Y, ChenY, Tan ZR, Klaassen CD, Zhou HH.

#+ Author information

Abstract

PURPOSE: Berberine is a plant alkaloid that is widely used to treat gastrointestinal infections, diabetes, hypertension, and hypercholesterolemia.
Many studies have reported interactions between berberine-containing products and cytochromes P450 (CYPs), but little is known about whether
berberine alters CYP activities in humans, especially after repeated doses.

METHODS: A two-phase randomized-crossover clinical study in healthy male subjects was performed. After 2 weeks of berberine (300 mg, t.id.,
p.0.) administration, midazolam, omeprazole, dextromethorphan, losartan, and caffeine were used to evaluate enzyme activities of CYP3A4, 2C19,
2D6, 2C9, and CYP1A2, respectively.

RESULTS: A decrease in CYP2DE activity was observed as the 0-3 h urinary dextromethorphan/dextrorphan increased ninefold (P < 0.01). In
addition, losartan/E-3174 ratio doubled (P < 0.01) after BER administration, indicating a decrease in CYP2C9 activity. CYP3A4 activity was also
inhibited, as the C{max), AUC{0-=), and AUC{0-12) of midazolam were increased 38% (P < 0.058), 40% (P < 0.01), and 37% (P < 0.03) after BBR
treatment, respectively. Compared with the placebo period, the T(max) and T(1/2) of midazolam during BBR administration were prolonged from
3.03+0271t0366+037 hand 0.66+0.03to0.99+0.09 h, respectively; the oral clearance of midazolam was decreased 27% (P < 0.05); and the
phenotypic indices of 1 h midazolam/1'-hydroxymidazolam increased 59% (P < 0.01). There were no statistically significant differences in the
pharmacokinetic parameters of the other probe drugs between placebo and the BBR-treated group.

CONCLUSIONS: Repeated administration of berberine (300 ma. tid., p.o.) decreased CYP2D6, 2C9, and CYP3A4 activities. Drug-drug interactions
should be considered when berberine is administered.
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