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3EBRAN S DI (TCA) OFFEL AIERIC DV TIRET L 72, 15 mg/kg ® imipramine (IP) hydro-
chloride #5 v PO K TS L, IP B & U desipramine (DP) DN B X CIIEREE OHREL 2R
Tt TCA OB TRIMESEREHRBE 7 o< b 757 4 — & 254 nm I B 2 FAERIGE R
B, TORFETRELZ DO TCA CHT 2RERIIBF2ERMEERL 2. WEHEE L LTI clomipra-
mine ¥ V272, IP & DP OEINRZHET 3 &, AME TIEEL100+£2.0% (FH{E+S.D.),97.9£3.1%
THH, 7y FMETIE 97.3+3.0%, 98.8+3.2%, T v MYKEY = 2 — M TH96.9£5.2%, 97.7%
6.0%TH-7:. IPDF v MBI 2HERIRNTIIRO LS Thovz, [P idHEE 30 4T v 1
ERIEEIZARL, T0%ZDOMBEREER 72003 MATHA L. ZORNBER 305 TERE
Y, ZORMBREEORAICHIGL TEELL,. —F, I[P OEERBEYTHS DP OBEEX, A
B X UMBEATE ST 30 DR EEIC ER L. 20%, 180 SR TR AFICS 2 2 DBER,
#BrIC AL, IP B XU DP ORM/MEANBELLR, EiE 30 2 T—EB L kol A 44.1£13.3(F
BB +S. D., n=16), #%#320.4+5.3 (n=16) THo1:.

Key words measurement, antidepressant, high-performance liquid chromato-

graphy

i, SERHS D% (TCA) DRERLNBEEOM
EaEAN, MTBET=SY > 7OLEREIERE
ENTWAEYY, o7, BETBREORVEIEEL,
EYHRERTTESLED LD L EZ 65,

Pk, TCABEAEDO OB DFENERS
hn, W OROBFIHHTWE, LiL, LTAD
ABER P LB T AL, FOMPEERELEET
Ho, AED-dIZELOMAND -1, HF, &
Hkr o= r 79 7 (HPLC) B & M * OFEFI D&
Bz brw, BELFENRE SN, TCA MH
BEAZIEEOBICAENIZ b0 ERDDDDH

%, 4EH, bAbhid imipramine (IP) 2 E & L1
TCA @ HPLC E&#: %84, db¥TI7 v bEHL
TZDMENE L URPEEOBRELITEL, KikO
EEERIS A DO TATREME I DV T HHRET L 72,

NRE & UFHE
1.8 X
IP hydrochloride, desipramine (DP) hydro-
chloride, ‘maprotiline (MT) hydrochloride ¥ & ¥
clomipramine (CP) hydrochloride i& Ciba-Geigy %t
& 0 iEft% 3 1F 72, methanol, tetrahydrofran (il

Abbreviations : AT, amitriptyline ; CP, clomipramine ; DP, desipramine ; HPLC, high-
performance liquid chromatography ; IP, imipramine; MT, maprotiline ; NT, nortripty-

line ; TCA, tricyclic antidepressant.
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OEERBEEZu 7274 —RAERY, V) UE,
triethylamine, n-heptane, isoamylalcohol i:Hrk
b IRV AN

2. BERAEIuRbNST T 4 —

oA —F—AFBI 6000 A B KR > 7, UKE 4 >
Yz—7F—, 440 BEIMHRFUNET (254 nm BEEHE
#) 12 x-Bondapak C*%FH L 72 %7 7 A4 (30 cm % 3.9
mm i. d.) ZEHL L.

BEHEIZ 1 % triethylamine KB+ ) ~ B THE
LT, pH3.0 X8R L 724D &, tetrahydrofran &
methanol # 1 © 2 QEIATES L - HHEE % 58 :
2 DOLETRELTHY:, BEHEOKER 1.0ml/4%
YU 2B, BRRER05mD7 4 VY -T2
BREL, BET CETRLELZITY, TAKEEL
rrRER L 7.

3. 8B ?

Wistar % 1# 7 v b, RE 150—-200g % F \», IP
hydrochloride 15 mg/kg % K T 5%, 3ERIE
b, FTEDCKMICHEEL, Mk - ez, K
BEERAERCZLCHEEL, R mE EEE,
ERBRIC —80°CTRTEL 7o, BIX AT E R R K
4.0ml #i0%, Ika-Werk #:%! Ultraturrax 18-10 S1
HRES 2+ A V- TIFMRES 22— P LD
ORER L LY,

4. TCA ORHIRF

MmEFZLEMAEY 22—+ 0.1-1.0ml 2 0.5
N-NaOH 0.5 ml, A#R#EHE CP 200 ng, MT 2000 ng
& U'n-heptane/ isoamylalcohol (99/1) 5.0 ml %0z,
A7 A 10 ml OERBRRE AN, 60 FRHHEL S -
BLHE, RIATAR TRy N fIzoF, KEXE
RiEL:8, LEORBBE2RBORRE L.,
ZOFEHBIZ0.05NHCl 2 0.1ml Nz, 15 SR :
J FBOETRBONKE 10—30 «l # HPLC OAMTEO
BEE L2 mEBL CMMNEEOHE I peak
height ratio i % Fw 7z,

B 1#

B1d (A) KB AME 2.0ml 2 IP, DP % &%«
100ng, MT 2000ng, CP200ng ZMZ THIH L 72
HPLC fith 8% —> &R L7, 1 0B IP135
mg 1H3ERAHORELD Z 5N/ 2.0ml
12, MT 2000 ng, CP200ng N2 CHH L7z D%
AL, B1RT & 312, IP,DP, MT, CP @ reten-
tion time 13£410.8, 12.4, 15.2, 20.8 3% %L,
S RIFTHo L, Ty MOE, AMBEEZL.0ml
BLUZy MMAREY 22— 1 0.2ml D &5 5 HH
THLAFEERY— 3R wonT, AiEsBEy

PUBEREE L Loz,

[ 2 iz AXSHRINE 2.0 ml i [P, DP #%& %20, 50,
100, 150, 200, 300 ng ¥ & U'PIERIEHE CP 200 ng %10
27208, IP, DP @ CP «zxtd 2 peak height ratio
DB ERL . IP,DP & bEARELEGEETRL, B
HERMENZ SNz, 1P, DP Ly MiFE 1.0ml 2/
WL 5. 0ng/mI BE X DAIELHRETH 72, T
MpREY 22—, 7y MOETLEROBFLZE
BENZ SN,

IP, DP # &4 100ng,200 ng # A M 2.0 ml = M
Z, 5%172%® peak height ratio £#& L 7=, 100
ng TIFIP1.11+0.02 (E#{E+S. D), DP0.95+
0.03, 200ng T3 IP,2.144+0.13, DP1.90+0.10 T&
D, &2 OEBFRMT 1.8, 3.2, 6.1, 5.3% %R L7,
AME2.0ml, 7y bIIFEL.0mI BEIU Ty bRK
EYxA—1r0.2mliz, IP, DP&£4150ng B & O}
CP200ng Mz, &% OHf#%s> 5, IP, DP OEIEE
4P0DMENT 5 £, AINIE 100+2.0% (FHfE+
S.D.), 97.9%+3.1%, 7 v MM 97.3+£3.0%, 98.8%
3.2%, 7v MK 96.9+5.29%, 97.7+6.0% TH 7=,
BB CP #WIMEE L 7228, Kicih<3 X3
WEBOBIR ETidfEr OFEI»BFERS s h, TCA
DHEE RBET 2H/EMNDH 2D T, MT 2000ng #A
R T2 VMR L. 20K, IP,DP 284
100 ng,200 ng D2f0Z, EF S EIZDWTHRETT 2 &,
IP, DP %% 100 ng TU& peak height ratio i& 1.37+
0.16 (¥¥fExS.D.), 1.10£0.07 TH b, 200ng T
i$2.36£0.31, 1.98+0.22 &R LI, LidioT, &
BiRSd 11.7, 6.4, 13.1, 11.1%T®H Y, CP 2 %R
B LB AR L BENKE o T2,

WIZ, —BHCBEL BV o3 DB L UHS
DEHHENITREDOH IRV VT EE VR, 7=
S FT Y REYO R DL THREIL, &40
BYOEBFEE (K) 2R LICRLE, ZOERE,
amitriptyline (AT) , trimipramine, estazolam,
chlordiazepoxide, carpipramine, levomepromazine
& IP.DP, ¥ & U chlorlpromazine & CP O 53 BE» T
KATHoT,

347 v b T2 IP hydrochloride 15 mg/kg %
#5L, 5, 15, 30, 60, 90, 120, 180 41z £h4s
LUMEFROIP, DPBE2HIEL BRERL 72,
IP 13854 5 FLAPIIC RGBT RIN & h, £ DIMERE
B RGEICTRE L7, 30 LA BRI T L, 2
DEHBIA 72 53 THA L7z, DP 0 MENEBE I 30
SECHEBIC FRL, 0% 180 AMOBERMEG L
eI LR U7, IP PRI 30 A TRKERL, Z
DOEITMBENERE & FBICEE L7z, DP IMPIBEE X
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131 DP MiEME & HHT B L 72, 1P, DP D4/
PEELLE, BHEE b 05U L0 —EEERLL,
0DLBEDIFI DV THETT 25 &, IP44.1%
13.3 (F#{E=+S. D), DP20.4+5.3 7Rl 7.

* %=

bh bl Wallace 592 # U C TCA D it %
Tor., BEEETLAVHICRE, FHEETHEY
%, VEOFERTHRBHL:. ZOHEREETDH
D, RIFnEBEdnLoN:, TCAR 7=/ FT7 Y
REYRLEELIZ, ¥IRAAOBRENFEL LY, %
OB IREESET S, —RCTbhdXoe, B
BREWEREE L, BEETIFETIERRRT
Bk, #5ABBEDY S VAN LETHS, b
AbhERBICBLT, ¥IABREDY T VIEDE
B2 L A EEBEOER I OV TR LI CER

(A)

Dp cp
MT

Absorbance at 254 nm

N[

I I T T T |
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TEPAY

BE - O

gotz, BB, BRBROVEDKBIZOWLTIR,
pH HERK % AV TIRET L 7225, BIZ pH 2.0 AT %57
L, 7Vva)DEREZAShEM T,
AEEZEEMNCAVRBEEELT, R1WTFTE
> RBLDERZOWTIP, DP L O3B EREL
7z. AT, trimipramine % IP,DP L 3BICSHBET & %
poteh, BERLEIRRRI DEOHARIVLOT,
Epe FiEETREE Bhbh b, chloromazine & CP B
L 'IP, DP & estazolam, chlordiazepoxide,
carpipramine, levomepromazine O3B IC b B S8
Hotz. Lo, KETERRYITEEVREWIZ
ABIZIEEASERE SN EZWDT, EBER7 =/
F7 v REVORESMEL %25, chlorpromazine
wWOWTIEMT 2EMEEE THISHETEETH
23, levomepromazine \Z D> TIZRRET DR H 2
3. 2B MT 2 ABIEEICEG S L EEMENPPTR
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Fig.1. HPLC elution patterns of IP, DP, MT and CP obtained from standard sample (A)
and patient’s serum (B). (A): IP 100 ng, DP 100 ng, M'T 2000 ng and CP 200 ng were added
to a 2.0 ml of the drug-free serum. (B): MT 2000 ng and CP 200 ng were added to a 2.0
ml of patient’s serum, receriving a 135 mg of IP every day. The serum levels of IP and

DP were 62 ng/ml and 49 ng/ml, respectively.
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Peak height ratio

100 200 300
Tricyclic antidepressant {ng)
Fig. 2. Peak-height ratio as a function of drug

concentration for IP (®) and DP (A). A 200 ng of
CP was used as an internal standard.

Table 1. Comparison of capacity factors of
various drugs in this analytical system

Druds k’
Cloxazolam <0.6
Carbamazepine 2.25
Promethazine 2.67
Estazolam 3.46
Imipramine 3.50
Chlordiazepoxide 3.50
Amitriptyline 3.83
Carpipramine 3.92
Trimipramine 3.96
Desipramine 4.16
Levomepromazine 4.63
Nortriptyline 4.75
Maprotiline 5.33
Chlorpromazine 7.04
Clomipramine 7.67
Desmethylclomipramine 7.83
Clocarpramine 8.04
Diazepam 9.00
Clotiazepam 9.33
Thioridazine 9.92
Sulpiride -

k', capacity factor

E2507T, BECP 2AMEREE L,

7 v b OEYEERRE T, IP RTRE# 55
AR KT L, 0% IP, DP ORP-INERA
BEOELIKICRT LI THoz. %72, IP,DP
DO/ MERBEIZAL44.1, 20.4 2R 7,

FREDFEREWERD T v Mz BT 5 TCA OWE
L84 3 &, Brookman 590 IP 80 mg/kg O BRRE
W5 TR, IPKNBEORRAK 30 7, B/ AR
EIiZ IP 24—42, DP 3.5, ¥#HA82 5L &h, DP D
B/ AR PRIBREELELIAM I, bbb DR L L {—HL
T, ATTRATBIUZOEUERBMEY
nortriptyline (NT) OP/MmEEAREEHITEX 8 —
40'12, 20.9—36.72 % ¥ h, NT OIMENBEIZ AT
D 1/1029TH 5, Lizdt- T, TCA O/ MmFENE
EHIIAFZE L SHT20—40 EE 2 5h, #5304
HE ) ZFOMBNEBEIR, BHEARBMEDDLED TR
BEIRBRT S, £k, IPO¥EBII20THo7
M, TCAIZ3-2> /=AYb ETFNEHESD

Total tricyclic antidepressqnt
concentration in brain (ng/g)
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Fig. 3. Changes of IP and DP in serum and brain
of rat after IP administration. IP hydrochloide
was injected s.c. (15 mg/kg). é, IP concentra-
tion in serum; ¢, IP concentration in brain; I,
DP concentration in serum ; %, DP concentration
in brain.
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T, ZO¥RiE -HEObDTH A S, B, TCA
O first-pass effect  90—100%'""CH Y, REFMRES
ENTEEERES TIRE L < bicavailability #%
EET 58, FHECRETRECTRE 21To L.
¥7:IP T3 AT LIEL TIEMABEY DP B KE
WEUKY, ThiZRAUCTCATH->THHS»IZR
BHEANRE LI L pHRIZ 3,

= B

TCAOHMELRERBEICDVTREL, ZO&KIP
hydrochloride 15mg/kg 27 v FET&EL, IP
£ DP QM- MiENBEOHBIZ DWW TR L. &
RBREERDEI THolz.

1. TCADAEERHHEARL 7 o= b 77 4 -5
R, 254nm K THE L. ZOFETIXIP, DP
T 2RBRIIRFLESERR L. AERREL
LTz CP 2Fw/z, IP,DP OEIRE 2T 2 &,
AIE TE&2100£2.0% (FHELS. D), 97.9+
3.1%, v FHIFETIZ 97.3+3.0%, 98.8+3.2%,
SoMKRE SR T 96.9£5.2%, 97.7+
6.0%TH o7,

2. v bIPERE T, BE0SLARICIP I
Zv MERUEBRCHEL, TORTOMBEBER
25 DFFIATHE L 2. 1P ORPIBE I 30 ATk
BERD, ZORMBERBEOBRD I > THEL L.
—77, IP OEERBEY DP 128 & UmER I 8
T30 SLNIRBFIC LR L, Bl b #HRa SN LgE D
jz. IP, DP O/ MiE NI E I35 30 2 LAIE—TE &
D, £%44.11£13.3(FHfELS. D, n=16), 20.4%
5.3 (n=16) Th-o'.

PlEDRR & D &ED TCA fIEEE, BERB LU
ERNFRIEERTHS tiEwmans,

X "

1) Amsterdam, J., Brunswick, D. & Mendel, J. :
The clinical application of tricyclic antidepressant
pharmacokinetics and plasma level. Am. ].
Psychiatry, 137, 653-662 (1980).

2) Jatlow, P.: Therapeutic monitoring of
plasma concentration of tricyclic antidepressants.
Arch. Path. Lab. Med., 104, 341-344 (1980).

3) Mendlewicz, D. R.: Tricyclic antidepressant
plasma level: The state of the art and clinical
aspects. Neurophychobiol., 8, 73-85 (1982).

4) Breutzmann, D. A. & Brouer, L. D.:.
Reversed-phase liquid chromatography and gas

chromatography/mass fragmentography compared
for determination of tricyclic antidepressant drugs.
Clin. Chem., 27, 1907-1911 (1981)._

5) Moyes, R. B. & Moyes, 1. C. A.: Measure-
ment of plasma antidepressant levels by high-
performance liquid chromatography. Post. Grad.
Med. J., 53 (Suppl.), 117-123 (1977).

6) Wallace, J. E., Shimek, E. L. J. & Harris, S.
C.: Determination of tricyclic antidepressants by
high-performance liquid chromatography. J. Anal.
Toxicol., 5, 20-23 (1981).

7) Watson, I. D. & Stewart. M. J.: Quantita-
tive determination of amitriptyline and nortripty-
line in plasma by high-performance liquid
chromatography. J. Chromatogr., 132, 155-159
(1977).

8) Preskorn, S. H. & Glotzbach, R. K. : A liquid
chromatographic method for quantitating
amitriptyline in brain tissue. Psychopharmacology
78, 23-24 (1982).

9) Raddats, B. A. & Thompson, S. G.: Reliable
routine method for the determination of plasma
amitriptyline and nortriptyline by gas chromato-
graphy. J. Chromatogr., 162, 351-366 (1979).

10) Brookman, S. & Kourounakis, P.: Altera-
tions induced in distribution and in vivo metabo-
lism of imipramine by pregnenolone-16-carbo-
nitrile. J. Pharm. Sci., 66, 1492-1494 (1977).

11) Glotzbach, R. K. & Preskorn, S. H.: Brain
concentrations of tricyclic antidepressants: Single-
dose kinetics and relationship to plasma concentra-
tions in chronically dosed rat. Psychopharmacolo-
gy, 78, 25-27 (1982).

12) Baumann, P., Gillars, J. M., Jonzier-Perey,
M., Gerber, C. & Bouras, C.: Evaluation of the
levels of free and total amitriptyline and metabo-
lites in the plasma and brain of the rat after long-
term administration of doses used in receptor
studies. Psychopharmacology, 84, 489-495 (1984).
13) B8z -BEF— - AFAHE - - BHMEMR- WL
ORR: EYFNBREEZSLOES (HHEZR),
367-370 H, ~AIA»F—F+vati, BE 198.
14) Beaubien, A. R. & Pakuts, A, P.: Influence
of dose on first-pass kinetics of *C-imipramine in
the isolated perfused rat liver. Drug Metab. Dispos.,
7, 34-39 (1979).




SRR DEOME 669

Measurement of Tricyclic Antidepressants in Serum and Brain Tissue by High-
performance Liquid Chromatography Kouichi Kurata, Hisakazu Furuta, Hideki Kido,
Kazuyuki Kishitani and Nariyoshi Yamaguchi, Department of Neuropsychiatry, School of
Medicine, Kanazawa University, Kanazawa 920 — Juzen Med. Soc., 95, 664 — 669 (1986)

Key words : measurement, antidepressant, high-performance liquid chromatography
Abstract

A routine method for determination of tricyclic antidepressants (TCA) was studied.
Thereafter, the time courses of imipramine (IP) and desipramine (DP) concentrations in the brain
and serum were studied in rats afiter the administration of IP hydrochloride (15 mg/kg, sc).
Separaion and quantitation for TCA were performed by reversed-phase high-performance liquid
chromatography using ultravioled detection at 254 nm. Clomipramine was used as an internal
standard. A high degree of linearity of standard curve for each TCA compound was obtained by
this method. The recovery rates of IP and DP were 1004-2.0% (mean+S.D.) and 97.9+3.1% from
the human serum, 97.3+£3.2% and 98.8+3.2% from the rat serum and 96.9+5.2%, and 97.7+6.0%
from the brain homogenate, respectively. In a kinetic study of the rats, the results were as follows.
IP was rapidly dispersed through the rat body within 30 minutes of the injection, and thereafter,
its serum levels declined with a half-line of 72 minutes. Its brain concentration showed a
maximum value at 30 minutes and then declined in accordance with the decrease of its serum level,
while the concentrations of DP, an active metabolite of IP, rapidly increased in both the serum and
brain within 30 minutes. Subsequently its concentration in both tissues gradually increased
within 180 minutes. The brain: serum concentratrion ratio of IP and DP appeared as constant
values 30 minutes after the injection. The former was 44.1+13.3 (mean+S.D., n=16), and the
latter was 20.4+5.3 (n=16).



