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R 5 T EREHE
Subject Pharmaceutical Synthetic Chemistry
ZRES
i W-1

Examinee’s Number

[FEFE]

1. MWL, NECH) OARR1EH D E TNV TS ZIN,

2. MEMHICRE SN TV DEZRE S EHEMBENELN & 2R LT
<TEEW,

3. FREMIZIE, T RALKPSRESZTLALTIEIN,

4. REZBROCHIER 2, &2 a2ty ML TWETOT, Bk
BRAAZ LT HER L, % T, 5L T, FIRIOREER 2R & 3 b o 72 & X 13,
FETFLCREEBIZH LTS,

5. HARGEIIFGFETHE L T ZE0,

Notice
1. Do not open this booklet until the "Start" signal is given.
2. Check that examinee's number and subject listed in this booklet are correct.
3. Write your name and examinee's number on the answer sheet absolutely.
4. This booklet consists of 2 pages of question sheet and 2 pages of answer
sheet except a cover sheet. If you find any missing, misprinted, or unclear
pages, please raise your hand and notify the exam proctor.

5. Answer in English or Japanese.



T8 FEEERE NMNKFERFFIEFN
BELFE SEANAO Tk AFARME
Iy Fi%EHS (Pharmaceutical Synthetic Chemistry)

1. KIS@)~(C)THEL L FAY A~E OREEZS{LER DD L H IR LS
W, Flo. ENENOACFEROCOHEE SOSHEZ TEITR L2 S0,
For reactions (a)—(c), draw the structures of the major products A—-E, and clearly

indicate the stereochemistry. In addition, carefully propose and show the reaction
mechanism for each transformation.

@ QL
1) PhMgBr SO3H

_— A —_— B

2) Hy0* A

(b) O

N'(5 mol%)
1) O3 AcOH (5 mol%)
2) CH3SCH3 A

(using Dean-Stark trap to remove H,0)

H+
H,0

(RD~—=T <)
(Continue to the next page)



2. TRED (1) 76 (3) OEMIERZ, WEUZROSEE, LB OE, 2B
BESOR DA T AR RIE L & Hic, SEBEFER DD LRIV,
Draw a synthetic procedure for the synthesis (1)-(3) along with appropriate

reagents, reactants, and intermediates formed in the multi-step synthesis, with
attention to their stereochemistry.

(1)

O — 4
OH
racemic

Y

Y

Q:N/P \Q:N/P
H H

chiral chiral

P XX ("P” means the protective group)



T8 FEEERE NMNKFERFFIEFN
BELFE SEANAO Tk AFARME
Iy Fi%EHS (Pharmaceutical Synthetic Chemistry)

. BOS@)~(c)THEL D EAY A~E OREZSIMEFER DD LIRS

W, FTo. ERENDARFROSOHEE PO Z TBITR LR SV,

For reactions (a)—(c), draw the structures of the major products A—-E, and clearly
indicate the stereochemistry. In addition, carefully propose and show the reaction
mechanism for each transformation.

O OH \©\ Ph
Ph
1) PhMgBr SOzH

—_ .
2) Hy0" A
A B
N'(5 mol%) SN
O 1) 0, A0 ACOH (5 mol%)
P — . ? o
2) CH3SCHs N A
0
C D
e} 0 HO/\/OH / \ o

M > O><O)J\
OEt \©\ OEt
SOzH

(-H20)

m

©/MQBF
O OH [\
Mph — O P OHPh
o M

Ph Ph
G F

(RD~—=T <)
(Continue to the next page)



2. FEO (1) »b (3) OARKKE, WMERKGRIE, LERMOFE, SE
BESOR DA T AR RIE L & Hic, SEBEFER DD LRIV,
Draw a synthetic procedure for the synthesis (1)-(3) along with appropriate

reagents, reactants, and intermediates formed in the multi-step synthesis, with
attention to their stereochemistry.

(1)
@ —— / H 1) ethyl acrylate
— 2) LiAH,
OH
racemic
(2)

o o+ m - > !
SH SH ——
o O 0

1) HSCH,CH,CH,SH, BF;-OEt,
2) Buli, then a,a'-dibromo-m-xylene

3) HgC|2, Hzo
CO-H HO COEt 4y ki 1, NaHCO, (3)
= 2) DBU
N N~ 3)NaOEt
H H
chiral chiral

P iXf%# L ("P” means the protective group)

HEEX « Wiy +3GH 208 T ORI L E IR ARG AL S D B 2 [ D .
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EMHE ERZ
Subject Pharmacognosy
ZERES
. W-2
Examinee’s Number

[FEFE]

1. MWL, NECH) OARR1EH D E TNV TS ZIN,

2. MEMHICRE SN TV DEZRE S EHEMBENELN & 2R LT
<TEEW,

3. FREMIZIE, T RALKPSRESZTLALTIEIN,

4. REZBROCHIER 2, &2 a2ty ML TWETOT, Bk
BRAAZ I THER L, % T, LT, FORIOREEIR 22 GEAT AN b o 72 & X 13,
FETFLCREEBIZH LTS,

5. HARGEIIFGFETHE L T ZE0,

Notice
1. Do not open this booklet until the "Start" signal is given.
2. Check that examinee's number and subject listed in this booklet are correct.
3. Write your name and examinee's number on the answer sheet absolutely.
4. This booklet consists of 2 pages of question sheet and 2 pages of answer
sheet except a cover sheet. If you find any missing, misprinted, or unclear
pages, please raise your hand and notify the exam proctor.

5. Answer in English or Japanese.



S8 HEEERS JUNKFEREREKEN
ELHE SEANAOBIKR AFRBRRERE
A% (Pharmacognosy)

1. BEHRIFICETL2ROKM (1) & (2) IZEZXRIV,
Answer the following questions (1) and (2) regarding Kampo medicines (Japanese
traditional medicines).
(1) BFHLHIZDOWNT
About Mao-to
(@) FREED OWERAFE A LU T OMERAERR Y X R s BTN, ARALTT DR - ZhRE

IZOWTHB LRIV,
Select the constituent crude drugs of Mao-to from the list of crude drugs
below, and explain the indications.

KITT ORERAZED 55 MHAEDLETHND Z & THRITER 2RO 5
At 2 DZET RSV,

Among the constituent crude drugs in Mao-to, name two crude drugs that,
when used in combination, enhance the diaphoretic (sweat-inducing)
effect.

KALTT DRI GIZ XD I A F =BG RARE 2N E 2 2 WREMED &
Do BAGDTR TRIR SN D AEFZ LU OMRASK Y 2 h LV EY, £ D%
ARETFIZOWTEHB L2 S0,

Long-term administration of Mao-to has a possibility to cause myopathy
and rhabdomyolysis. Select one crude drug involved in the adverse effect
from the list of crude drugs below, and explain its developmental
mechanism.

HERAESK Y 2k (List of crude drugs)

FERZ (Cinnamomi Cortex), X# (Rhei Rhizoma)., it (Ephedrae Herba),
H ¥ (Glycyrrhizae Radix), ¥£ 2% (Scutellariae Radix), #%& (Astragali
Radix) . ¢ f§ (Sal Mirabilis). 4 #% (Zingiberis Rhizoma). 35 ff
(Phellodendri Cortex). 771~ (Armeniacae Semen). 74 i# (Coptidis
Rhizoma)

(D= ~fi< )
(Continue to the next page)



(2) HIFAEIZHONT

About Toki-shakuyaku-san

(@) HIHATEBICET2HHO O ~ @ IS I D EEL EE RS,
Answer the crude drugs that apply to O ~ ® in the explanation of Toki-
shakuyaku-san.
WIRATHERBOL, 2R, REE. Bl AL s, NSEI MRS D, O
& @ %, MEMERZSET HEEOMFITHY @, @, @IFFIAKET
H%, ® FHOREL LD, HRIEMAZEET L, £72. O & ® i
FIMAER 2N & 2, HImATEEBIL, A & KFNR AT A ILSBES ST
IFTHY  ARTIET T, o <0 LS M RJET, Kl d & 5 2k
WK BEH END,
Toki-shakuyaku-san is composed of Angelicae Acutilobae Radix, Poria,
Atractylodis Lanceae Rhizoma, Cnidii Rhizoma, Alismatis Tuber, and
Paeoniae Radix. @ and @ are warm-natured blood-regulating crude
drugs that improve blood circulation, while @), @, and & are diuretic
crude drugs. ©® relieves muscular tension and exhibits analgesic effects.
In addition, ® and ® have blood-tonifying actions.
Toki-shakuyaku-san is a formula in which blood-regulating and water-
regulating crude drugs are well balanced. It is widely used for women who
are physically weak, have poor blood circulation, are sensitive to cold, and
exhibit signs of water retention.

(b) AWT7 1%, BECRE, BEAPU, BRI 722 ST LERER &2 5] &

BITZEnHD, TNODIERICEEG NIRRT IS N D EHKAE 2 H%
F7e vy,
Toki-shakuyaku-san may cause gastrointestinal symptoms such as loss of
appetite, epigastric discomfort, nausea and vomiting, and abdominal pain.
Name two crude drugs that are strongly suggested to be involved in these
symptoms.



S8 HEEERS JUNKFEREREKEN
ELHE SEANAOBIKR AFRBRRERE
A% (Pharmacognosy)

(1) —(a)
MERCAESE « BREE. MR, VL HOE
A - hEE  FIRERANCHEINTEY , BOBRKEEL T, 2EOVOXIZLH T,
FTHEN L THE, FR1AHY, AR THEROSLELMRWS, FRH TR0
DR DFEREIZ AN D,
P, S, [REIR, BROFEY

(1) —(b)
R, FER

(1) —(c)

H

AT HEOARES 7 ) FA) F oL, BNMEEDREAT HBEEE(B-7 V7
D= =)L 7YV TFAYF UM EIND, ZOT IV FNLLF BB aNT
VB A F S o AEET A 18- X R T A R KERELLEST S 2
ETHEaLNTFaf ROaLF Y — RIEaNT a4 REREETEE L, &R
FICBITSH Na OFRINE T K OFEAMEEST 2, ZnamT /L RAT r U GEs v
W, K OPERIMEEIZ LV IRA U U AMENSIEEZ Svd, TORR I A TF—0M
BB RRIE DS Z 5,

(
O S @ NE O~O RKE, B, /iE © N

(2) —(b)
NP

HEEX :
1. — (1) ~ (2)
B ONFN S ORI BT 2B E 2 5,
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[FEFE]

1. MWL, NECH) OARR1EH D E TNV TS ZIN,

2. MEMHICRE SN TV DEZRE S EHEMBENELN & 2R LT
<TEEW,

3. FREMIZIE, T RALKPSRESZTLALTIEIN,

4. REZBROCHIERK 6 K, A2 a2ty ML TWETOT, Bk
BRAAZ LT HER L, % T, 5L T, FIRIOREER 2R & 3 b o 72 & X 13,
FETFLCREEBIZH LTS,

5. HARGEIIFGFETHE L T ZE0,

Notice
1. Do not open this booklet until the "Start" signal is given.
2. Check that examinee's number and subject listed in this booklet are correct.
3. Write your name and examinee's number on the answer sheet absolutely.
4. This booklet consists of 6 pages of question sheet and 2 pages of answer
sheet except a cover sheet. If you find any missing, misprinted, or unclear
pages, please raise your hand and notify the exam proctor.

5. Answer in English or Japanese.



S8 EEERE NMKZRFRELRF
BHEE SEANAO B AFRBRME
i E = (Pharmaceutical Cell Biology)

1. Tt (1) ~ (4) OFERNDL 2HOBATHEIRICHHA LRIV,
Explain the following two of four subjects.

(1)

(4)

2775 —PCB ORHE LK, BREEIRE, WO
Structural characteristics, environmental dynamics, and toxicity of 'co-planar
PCB'

BARBLOFRIA & & RED BRI T
The cause of 'eutrophication', and the effect of 'eutrophication' on the
environmental conditions

PRBIIER DT D 2 IR TR OWNE
'Secondary prevention' as a term for the suppression of diseases

AFN= b YT I UPNMENTAER S DR &
The production mechanism of 'dimethylnitrosamine’ in the body and its toxicity

(RD_—T~fiE <)

(Continue to the next page)



2. K XIZETHUTOXELZGAT, MWIZEZLR IV,
Read the following paragraph on drug-X and answer the questions below.

X OL4FNT (a ) THDH, EOWXOEMRBFEEK T, ( b ) KT
b, W RNERT D, ZORISEFHHERIT (1 ¢ ) ThY, filEk
IZ ( d ) THDH, ZOEEEITEL LTHFED ( e ) IZRTEL T
5o FEWRHBNZEI G5 b7 v b P450 (P450)i%. FARIZATIRD ( e )
CRTE LTS, PASO 1M RN T (27 7 7 #—)& LT ~ABEE LT\5,
ANLDOHFLNIE, EBEFTHD ( f )DBENLLTWD, ~AfEA X T L
LTI, b RMERFICZEICEENDS (g VENHLILTWD, P450 ZiE
gL, ( h )YZEXT 5 &, 450 nm (TR A & SRHERI 78 AT V&R
3, P450 (2 L 2P OBV EOGICIE, DB FOENMLETH D, < D
BINBIE (0 )DL (] )RS LTHE SN S, b MFIRICIZEEFRED P450
MBEBT L, 20550 ( k NImbIBLENZL | EWRHHZ PO & B %
FEL TS, X ORIMREHREE E LT, PA50 LD ( | YIRSV R
Y 2 B L ORI 3 AT 5, ﬁ?ﬁﬂ@Z 1%, FHMEAEY Th 23K X 1T~
HAEMD TR, H X 2B L7256, K3 1 NIRPICHRt S 523, Z DR
Z( m ) TUETS L, %%Xﬁ)ﬁ%ﬁ?éo

(RDO~N—T~f5i <)
(Continue to the next page)



The name of drug X is ( a ). The predominant pathway for the metabolism of
drug Xis ( b ) to form metabolite 1. This reaction is catalyzed by ( ¢ ). Co-
factor ( d ) is needed for this reaction. The enzyme ( ¢ ) is mainly located in
( e ) of liver. Drug-metabolizing P450s are also mainly expressed in hepatic
( e ). P450 holds a heme as its co-factor. In the molecule of heme, a metal
( f )ischelated. There are a number of heme-binding proteins suchas( g ),
which is rich in red blood cells. When P450 is reduced and then bubbled with
( h ), atypical spectrum exhibiting maximal absorption at 450 nm is observed.
The P450-catalyzed oxidation of drugs requires two electrons donation. In many
cases, the P450 accepts electrons donated from (i ) through ( j ). Multiple
P450 isoforms are expressed in human liver. Of those, ( k ) is most abundantly
expressed in human liver and plays important roles in drug metabolism. In the
minor pathway for the metabolism of drug X, P450 catalyzes oxidative de( | )
reaction to form metabolite 2 and metabolite 3. The metabolite 2 exhibits stronger

pharmacological activity than the parent drug X. If a man is administrated with
drug X, metabolite 1 can be found in his urine. If the urine was artificially treated
with (  m ), drug X is liberated.

(1)( ) WD a~m (i bl ekf) 2 TREOREENOEA TR LRIV,

Answer appropriate and different terms for the boxes (a) ~(m) from the
candidate list.

fBL a & hiHtE&EWwa. b B IO NIFUEOFA, ¢, jk BX U mITEEEA, dB
FO I3AHiRER L. e TANT X T X HDWVITMIBAESA ., fIZ&EOATR. g
XX TEAL LT D,

Remarks
a and h, name of compound; b and i, type of reaction; c, j, k and m, enzyme name;
d and i, co-factor name; e, organelle name or intracellular fraction; f, name of metal;
g, protein name

(RD—T~fiE <)

(Continue to the next page)



FERE

a TERNTI )Ty, =TV, aBAy, aAFTA L,

A-7 R Ze ket /s—i

b: B2k, &=io, IKDEE, AT v igRe, WRBERG, V2 TFFURA,
T F RS

c: JIWETH-SHEBIER, N-TETFNEEBHSR 717k REXR ¥ —E,
HIVR= VL E T2 —F, HLRFIALZATT—F, ZARFL e RaF—7F,
UDP-Z7 /v 7 b U IRise ISR, MilRisfs i

d: 7V XZF A4 (GSH), UDP-Z /L7 ik (UDPGA), 3-RAKTT /¥
> 5 IR AKHiEE (PAPS), 7 t&F /1 CoA, NAD*, NADP* H20

e &%, I haRU7, /plEK, MRE, IvVEE, ~AdFxTV—L,
Uy Yy—»5nh, TURY—Lh

f:a Lk, BLY, 8, 8 ~oHy, wTRITUA

g TINVTIy, ruardUy, FIUARTxUr, ANEFObEY, NEVT =V
h: —igfbz=3R, vz, —mbiksk, ebiREE, BifbokFE

ii ©4F>, FAD, FADH2, FMN, NAD* NADH, NADP*, NADPH

i TRV Ry, TRV REVUETHESE, o7 ik #EREE,

27 unb5 NADH-I 27 1k b5 g e, U o Ik EEEE,
NADPH-3 | 7 1 2 P450 & jtli# 5

k: CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP3A4, CYP4Af1

I =F ik, Fuvefk, TFuk, XUk, SXUFaflk, A Fuk

m 7I7—8, 4 VFx—F, o-FNavF—+t, B-Ir/u=F—1,
V-TINHEIN KT AT FH—F (y-GTP), Y77 ¥ —8, 77kt F7—F,
77 82—

(RD~—=T~5i<)
(Continue to the next page)



Candidate list:
a: acetaminophen, nifedipine, cocaine, codeine, A°-tetrahydrocannabinol
b: oxidation, reduction, hydrolysis, glucuronidation, sulfation, glutathione
conjugation, acetylation
c: glutathione-S-transferase, N-acetyltransferase, aldehyde oxidase,
carbonyl reductase, carboxylesterase, epoxide hydrolase,
UDP-glucuronosyltransferase, sulfotransferase,
d: glutathione (GSH), UDP-glucuronic acid (UDPGA), acetyl-CoA, NAD*, NADP*,
3’-phosphoadenosinine-5’-phospohsulfate (PAPS), H20
e: nucleus, mitochondrion, endoplasmic reticulum, cytosol,
Golgi-apparatus, peroxisome, lysosome, endosome
f: Co, Se, Cu, Fe, Mn, Mg
g: albumin, globulin, transferrin, hemoglobin, hemocyanin
h: NO, NO2, CO, CO2, H2S
i: biotin, FAD, FADH2, FMN, NAD*, NADH, NADP*, NADPH
j: adrenodoxin, adrenodoxin reductase, succinate dehydrase, cytochrome b5,
NADH-cytochrome b5 reductase, malate dehydrogenase,
NADPH-cytochrome P450 reductase
k: CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP3A4, CYP4A1
I: ethylation, propylation, butylation, benzylation, pentylation, methylation
m: amylase, invertase, a-glucosidase, p-glucuronidase,

y-glutamyltranspeptidase (y-GTP), sulfatase, deacetylase, lactase

(2) FRREofRE 1. KR8 2 B8 IO 3 DfbEWA B L O E L2+
NWENRE LR Z 0y,

Answer the structure and name of underlined ‘metabolite 1’, ‘metabolite 2’ and
‘metabolite 3’, respectively.

(R D= ~fi <)

(Continue to the next page)



(3) ~LONMEMOEZERNRHEIEL ( b ) THD, ZONLIHREY
DILEMALETR LIRSV ZORIERFE L KT LIZBA ORHIZBN D HEE
AL L7230

Major metabolic pathway of the compound resulted from degradation of heme
is ( b ). Answer the name of the compound. Also answer the ‘name of symptom’
appeared in whole body of the patient caused by the severe retardation of the
metabolism.




SR8 EERE JUNKFERFEEERN
ELRE SEANAORBIK AFRBRRE
a4 E2E (Pharmaceutical Cell Biology)

1. Tid (1) ~ (4) OFEZRNPDL 2 OBATHBRIZHH LRIV,
Explain the following two of four subjects.

(1) =777 —PCB Ol LK, REEBNRE, W ONCEHME

Structural characteristics, enwronmental dynamlcs, and toxicity of 'co-planar PCB'
g5
BT 2= VOKBICEEOEENER L2 R Ve 7 == (PCB)E W5, &
DO B, AN MLHEREWEN 72N DT, FHEEEZ IR 3 <, 2777 —PCB &
FEINA A FF T HO—FEE LTIV D, £/o, A0 MLHERERR 1 255,
®/ AN MEOPCB 2777 —PCBICED 5, ZblE, 2,3,7,8-TCDD (ZH~ T
PEIZF5V 3, TCDD oA <3, F7z, TCDD £V HEREHR THM I Lz <,
R B T DT DAEREEN R E SN TV D,

(2) BRBOFIK L FBRBACDEREIZ LT THE
The cause of 'eutrophication’, and the effect of 'eutrophication' on the environmental

conditions
g 254
ﬁ%%@@g@%ﬁmﬁ’%%ﬁmﬁw)VMA%%%imA%%fﬁ%<ﬁé& fiH
W77 o7 N UDBNRFERT S, ZhiZ . ERFREEDNMET L, A KR

T 5, HEAKICTR ZAUIEIRE KJOKTJZT;*&_;}/L ‘i7}<0)ﬁ<‘: L5

(3) BEFIEMIEDTZ DD 2 KFHONE
'Secondary prevention' as a term for the suppression of diseases
g5
EWIRERERZWT, ANM Ky 7722 81 k2 BRI R, RHNRE

(4) VAFN=br YT IR TAER I DS & EiE

The production mechanism of 'dimethylnitrosamine’ in the body and its toxicity
MR - RIS < B E DB I, DPEPNHIEIC X 0 dAEERIE 2= T S 4,
Z A, ESOD@E@?M#:T CHifERR L 72D, ZivE | RIZEZLSGEND VAT LT I U0,
HNTRILT D EV AT L= YT IVUPRERSIND, PAF/N=Fa YT I AT
MAETHY, EITY F 7 B L P40 281 1KY N A FIALRIGEEZITDH 2 Lick
D, AFNLTT Ve Raxy REERL, DWTERT D AT VANV R=T LA F N
DNA DA F AL Z 51 &k 27,

(K DR—T~Fi<)
(Continue to the next page)



2. FEYXITHET LU TOXEEG AT, BIWIZEZRIV,
Read the following paragraph on drug-X and answer the questions below.

FEMXOLFRT (a 3714 ) ThoH, EMXOERFEEKIL. ( b: 7L
o s YRISTH Y AR A BERT S, ZoRSEF HEEFEIZ( c:
UDP-7 /v 7 o U ERiRERESE ) Th Y MilERIZ(  d:UDP-Z v m )
THD, TOREFRITTELE LTHIED (1 e:/NMalk ) ITRIELTHD, EHk
RIS 5> b7 v A P450 (P450) %, [RERICHFIERD (1 e:/Malk ) 1T/
FELTCWD, P450 ([ZIFiRD T (27 7 7 X —) LT ~NADBRFEELTWND, ~A
DOHFLNTIE, EBRFRTFThD ( f: 8 )BEMLLTHD, ~AFE/Z v g b
LT b RIMERPICZ ®mICEEND ( g:~EZBEY YERHLNA TN,
P450 =t L. ( h: —@bixsE )x@xT 5 &, 450 nm ITHRRILIN % & D RFE
72 AT SV ERT, P450 12 K DEYOBRALSIZIE, —oOEFOHE M
Thb, 2 DHBENHIE, ( 1:NADPH )25, ( j: NADPH-3 | 7 11 2\ P450
EoolEsE )R LTRSS, B MITIRICIZEERED P450 BNRET 5, £D D
HD ( k:CYP3A4 )ImbIHBEN L | EWRFHNZH ORI REEIZEH T T\ D,
) X OFIRHHER & LT, P450 2L B ( |2 AT ) KERdH 0, RE 2
B L OMREY 3 AT 5, (R 2 1%, RHEEW Th 53 X I AFEIER A
SR, SR X AEE LGS, G NRPICHER s s, ZoRE (1 m:
B-7rn=F—F ) TUHETDH L, Y X NS5,

(RDO~—=T <)
(Continue to the next page)



The name of drug Xis ( a ). The predominant pathway for the metabolism of drug
Xis ( b ) to form metabolite 1. This reaction is catalyzed by ( ¢ ). Co-factor
( d )is needed for this reaction. The enzyme ( ¢ )is mainly locatedin( e )of
liver. Drug-metabolizing P450s are also mainly expressed in hepatic ( e ). P450
holds a heme as its co-factor. In the molecule of heme, a metal ( f ) is chelated.
There are a number of heme-binding proteins such as ( g ), which is rich in red
blood cells. When P450 is reduced and then bubbled with (  h ), a typical spectrum
exhibiting maximal absorption at 450 nm is observed. The P450-catalyzed oxidation
of drugs requires two electrons donation. In many cases, the P450 accepts electrons
donated from (i )through( j ). Multiple P450 isoforms are expressed in human
liver. Of those, ( k ) is most abundantly expressed in human liver and plays
important roles in drug metabolism. In the minor pathway for the metabolism of drug
X, P450 catalyzes oxidative de( | ) reaction to form metabolite 2 and metabolite 3.

The metabolite 2 exhibits stronger pharmacological activity than the parent drug X.
If a man is administrated with drug X, metabolite 1 can be found in his urine. If the
urine was artificially treated with ( m ), drug X is liberated.

(1)( ) A a~miZx bbb RiErZFL LI,
Answer appropriate and different terms for the boxes (a)—~(m).

B LalhibaEwa., b BEXONIKEOERX, ¢ j,kBLOmIIdEEE4, dB X
Wi 3R L . e 1 IANVT XT84 55 WITMIENE D4, FIXEEOAFR, g 134
YNTEHET D,

fRZEB - RIS R
Remarks
a and h, name of compound; b and i, type of reaction; c, j, k and m, enzyme name; d
and i, co-factor name; e, organelle name or intracellular fraction; f, name of metal; g,

protein name

RHAE

aa Tt T Ty, =TV, alify, OaTAy,

A-7T FZ e RmliF B —)b

b WL, BT, MUKAME O/ m oG, WG, A% FA s,
T FE

(RDOR—T~f5i <)
(Continue to the next page)



c. INVETH -SSR, N-7TEFVEEBERE, 7LV7 e REXv 4 —F
HIVR=V L E T H—F, HILRF LT T—F, =ARFL Kb Fas—8, O
UDP-Z7 V7 b RIS,  MilRisfe i

d: ZAZFF4r (GSH), OUDP-Z /L7 m g (UDPGA), 3-RAKRTF /v
v B R AR (PAPS), 7t/ CoA, NAD*, NADP*, H20

e: %, I b= U7, O/Mafk, Mg, LI E ~LvdFsy—L,
Uy J—Ah, T RKJ—A

f. a vk, kLY, @, O, ~rHTr, w7 FXTTA

g: TNTIy, a7y, I UAT=Y Yy, ONETBrEY, NEVT =V
h: —lgfbeEsR, “fefbER, O—mbikkE, R bRE, mifbksa

ii 4>, FAD, FADH2, FMN, NAD*, NADH, NADP*, ONADPH

i TRV KXy y, TRV REVUIRTHR, a7 BEKERSE,

v hZ v b5 NADH-v k7 v b b5iEEE, Vo TEKERE,
ONADPH-3 k7 11 1\ P450 1% Tli% 35

k: CYP1A2, CYP2B6, CYP2C9, CYP2C19, OCYP3A4, CYP4A1

. =F ik, Zmavefk, 7Fub, XUk, NUFak, OAF ik

m 7I7—8, A F—F, oa-sNavd—8 Op-Inrrsua=x—= y-
TNHEINKNTUARTFH—F (y-GTP), Y77 ¥ —8, 7k F7—8, 77
X —F,

Candidate list:
a: acetaminophen, nifedipine, cocaine, Ocodeine,  A°-tetrahydrocannabinol
b: oxidation, reduction, hydrolysis, O glucuronidation, sulfation, glutathione
conjugation, acetylation
c: glutathione-S-transferase, N-acetyltransferase, aldehyde oxidase,
carbonyl reductase, carboxylesterase, epoxide hydrolase,
(OUDP-glucuronosyltransferase, sulfotransferase,
d: glutathione (GSH), OUDP-glucuronic acid (UDPGA), acetyl-CoA, NAD*, NADP*,
3’-phosphoadenosinine-5’-phospohsulfate (PAPS), H20
e: nucleus, mitochondrion, Oendoplasmic reticulum, cytosol, Golgi-apparatus,
peroxisome, lysosome, endosome
f. Co, Se, Cu, OFe, Mn, Mg
g: albumin, globulin, transferrin, hemoglobin, hemocyanin

(RDOR—T~f5i <)
(Continue to the next page)



h: NO, NO2, OCO, CO2, H2S

i biotin, FAD, FADH2, FMN, NAD*, NADH, NADP*, ONADPH

j: adrenodoxin, adrenodoxin reductase, succinate dehydrase, cytochrome b5,
NADH-cytochrome b5 reductase, malate dehydrogenase,

(ONADPH-cytochrome P450 reductase

k: CYP1A2, CYP2B6, CYP2C9, CYP2C19, OCYP3A4, CYP4A1

I: ethylation, propylation, butylation, benzylation, pentylation, Omethylation
m: amylase, invertase, a-glucosidase, O B-glucuronidase, Y-

glutamyltranspeptidase (y-GTP), sulfatase, deacetylase, lactase

(2) THREORED 1. Y 2 B JOREHY 3 DIbEwA R LUOHEL T h €
MR LR SV,
Answer the structure and name of underlined ‘metabolite 1’, ‘metabolite 2’ and
‘metabolite 3’, respectively.

FRE
Rl arFarrnrve=F #HEX (274D 6T VT v D 101 B
e LIS Z T 2 2 &, Z V7 v VBROBENF T T XFOHL DA, #57 5)
Rt 2 Erbex fHEX (5400 3 AFAERMNN, OH HEich->TnD 2
&)
Rt 3 s ras oAy fHEX (25400 N AFVERNN, NHEEZRR->Tn D
Z &)

(3) 2 OBMEMOTEERMHMEINE ( b ) THdH, ZONLGMREHDIL
BT LRI, ZORIGHEFE LR N LICEEORFIZENLRELZTL LR
S,
Major metabolic pathway of the compound resulted from degradation of heme is
( b ). Answer the name of the compound. Also answer the ‘name of symptom’
appeared in whole body of the patient caused by the severe retardation of the
metabolism.

ey
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