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Diltiazem concentrations in plasma vs PR intervals 

on electrocardiogram in 8 men 
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MATERIALS AND METHODS elect

rocardiOgraphy；drug tolerance 

AⅡ ： To develop an acute toleran t modeI in 

describing relationship between diltiazern (Dil) 

concentrations in plasma an d PR intervals On E0G 

in men． M EⅡIoD：Both plasma concentrations 

0f DiI an d changes of ECG were simultaneously 

de termined after po DiI 90 mg in 8 1en． 

RESIJJ IS：A two-tompartman taI pharrnaco kinetic 

model with first-orde r input gave a good fitting for 

the plasma concentration  of Dil Correspon ding 

phe rmaco kinetic parameters were estimated：f D， 

5 9± 1 0 h；J旧 7_。15 9± 1 0 h；t0，0 38±0 07 

h；t ，2．7±O．4 h，and C ，161+-60闼 ’L_。 

The good fittings for plasma concentration-effect 

data were obtained with tolerant modeI E S×C／ 

(1+T／T~o)． The pharmacodynamic parameters 

were given as follows：S。829± 293 s。g ’L； 

K∞，0 037±0．024 h_。and Ts0，10±4 Pg。L_。 

OONCLUsl0N： Relationship between Dil 

co ncentrations in plasma and PR interval cha nges 

in men after po 90 mg was described using an 

acute tolerant modeI 

Diltiazem (DiI)is a calcium channeI blocker． 

It was widely used in therapy of cardiovaseular 

disorders The relationship between pharmaeo— 

kinetics and pharmacc~tynamies showed there was a 

positive relationship be tw een plasma concentration 

and PR interval ehange，but when the points on 

p】0协were connected in ehronologic order，there was 
a prominent clock—wise hysteresisL This 

indieated that there existed a forrfl of acute 

t0leran ce 

The goal of this investigation was to develop an 

acu e tolerant model in describing reNtiomNp 

betw een PR interval hanges and plasma 

concentrations of DiI after po． 
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sⅡ哟ects Eight healthy mate volunteers(aged，22± 1 

a and weighed 60 ± 5 kg) entered the study． The 

volunteers al~stained from an y other drugs，inctuding atml~ ， 

for 2wk beforethe study and duringthe study day 

E,~ rime．tai pmt 【 The su 0 ，fasted overnight， 

were giver】po three 30 rag tablets of Dil(Shangh~Yah-an 

Pharrnaeeufieal Factory) th 200 mL of water． Collections 

0f 5mL blood samplesworema dein heparinlaed glasstubes， 

at 0．5，1，1．5，2，3，4，6，8，12，and 24 h after加 ． 

Plasma 2mLwas obtained andplasmaDil concentrationswer~ 

assayed by FIPLC methodL using a mobile phase 0f 

N 0．05 nd ·L ， acetonitrite， methanol， and 

trlethylamine(5O：25：25：0．25)． 

EcG was simultaneously recorded bek~e dr岖 

a~rfinistrat]onand postde se：0．5，1，1．5，2，3，4，6，8， 

an d12 h． ThePR intervalwasmeasured． 

model TheI／lodel 

deve1(删 by P。 d 口』(Fig lj。。】1 s ed 0f three p s_3 

⋯ 一s 篙 
，  

／ 

Fig 1． PJ塌nm·o0ki耐 ic aⅨl pl蚺兀mK【Ily衄Inic model for 

Im tele~mee． K H = 由 嘲肛 阳佃堆 瞄 订m and 

eIi向 岫  rate∞nstan ，C pl~lma伽I 即ha峙蚰 0f Dil， 

T = ~ tratle． of hylmtheti~ Ⅻt Ⅻ ， T_蛐 = 

伽I-哪 I州 佃 of~ ieal蛐ta磐ⅡI 哪 l岫唣 in 5O％ 

i．hibidon of effect． S s[ope of】inear relation bet,a~en 

effect and伽I-哪 I仃aa帆 ，E effect，and K m elimination 

rate constant of antagonlst． 

Phannacokinetic mode1 was a classical Iinear 

two-compartmental model with first—order input． 

Link model㈨ a“tolerance’’compartmental 
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mod el，which linked C to E，to the negative aspects 

through a hypothetical antagonist(T)． The model 

for toMrance introduced 2 parameters： the first- 

order rate constant(K∞)governing the rate of 

onset and decline of tolerance after exposure to C 

and the concentration of hypothetical antagonist 

(Ts0)resulting in 50％ inhibition of effect． 

The pharmacodynamicmod el was： 

E=S×C／(1+T／T50) (1) 
where E was PR interval cha眯 ，ie，measured PR 

interval—basefine PR interva1．C was plasma ooneen- 

tration of Dil，T was concentration of hypothetica! 

antagonist and S wssthe slopegoverning thelinear 

relationship of E to C． 

The Concentration-time data were fitted by one— 

and two-oompartmented pharmacokinetic 1TlOde1 with 

first-order input using  PKBP—N1 program[4。
，  

respectively． 

The relationship of plasma ooneentration of Dil 

and PR interval chaT ge was described using Eq 1． 

The parameters of pharmacodynamles K∞，S，and 

T50 were estimated ng least-square nonlinear 

regressi0 ， The oharmacokinetie parameters 

estimated were used to fit the pharmacodynamie 

modd to the corresponding effect data． The 

goodness of fit wss assessed by the coefficient of 

determination r2[ 
．

and AIC(6] 

Pharmaeokineties Them@Atn plasma qonl~TI- 

tration-fime profile for Dil in 8 men was shown in 

Fig 2． 

16 20 

2． Ⅸ1．哪plamm 0f 8眦 n after DjI 90噬 ( ± ) 

A two-compartmental model pmvidd a better 

fit than a one-compartment model did， by the 

objective rneasure of the AIC． The phamna- 
cokinetic parameters for two-compartment model 

were estima ted andIisted inTab1． 

Tab 1- Pharmaeoldnelk and p 呻n睇 bn蛐-ic pm'mueters 

forDil afterpo 90mg( =8)． 

Param eters ± s 

A，旭 ’L。。 

B．tag’L 

Gn虹，tag。L。。 

， h 

to，h 

， h 

却，h 

{h，h 

T ．h 

CA／F．L-h_。 

AUC，耀 。h’L‘ 

S．s‘g。。‘L 

K∞，h I 

，pg’L 

， h 

E一 ，rrm 

219±67 

125±盯  

16l±60 

2．7±0．4 

0．38±0．07 

2．7±0．6 

5．9±1．0 

0．87±0．15 

15 9±1．0 

64±31 

1 658±684 

827±293 

0．037±0．024 

10±4 

1．64±0．2l 

82±21 

a，time of peak cxmcentration；b，time of peak effect 

The peak concentration of DiI ranged from 63 

to239／tg‘LI1(161±60腭 ‘LI1)and occurred 

between 2．33 and 3．38 h(2．7±0．4 h)after the 

dose． The ￡1日and the apparent oral clearance 

(CA／F)were 5．9±1．0 h and 64±31 L·h一． 

respectively． Our mean estima te of the￡ of Di1 

(5．9 h)was in accordance with that(11．but higher 

than that of Xiao’ ． The mean value of￡一  

2．7 hwas consistentwiththat ． Them锄 value 

of C／／F was lower than that(11
． The mean lag 

timeinthe 8 n1ertⅥ镪 0．4 h． 

PJlanIIao0d Ⅲllics W hen 10oth the ehang es 

in PR interval and the plasma concentrations were 

plotted against time，it was found that the peak 

con centrations were behind the Deal【 effects． 

Furtherm ore， when the p9ints on plots were 

connoted in chronologic order． there was a 

prominent clockwise hysteresis loop in the 8 men 

(Fig 3)． 

●  
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Subject B 

， 
／ 

， 

Subject F 

0 40 80 120 160 200 240 280 一 — —1 — 1荀— 0 
Diltiazem in plasma／~tg·L一 

3． al in PR lnt~,al Dil∞ in 8Ⅻ ． Direction of m s instates~．hrollal~ ~m-der of the 

m 0口h'6Ⅻ ． 

Becallse clockwise hysteresis may imply some 

form of acute tolerance[8]
。 we fitted 0ur Di1 

eoncentratioI卜巳ffect data tO the pharmacodynamic 

modd of tolerance( g 1)． Tl1e good fittings were 
found in atlmen．with the valuesof r >0．95． 

The changesofPR andplasma concentrationof 

Di1，as well as the concentrations of the hyp0thetica1 

antagonist for subject A were shown in 4． The 

measured dfec~ were in accordance with those 

predicated( =0．989)． 

The estimated vatues of K ，0．037± 0．024 

h ，indicated that the of development and 

regression of tolerance to DilⅥm  approxlmately 

19 h．Thatwasto say，4—5f (about 4 d)after a 

dose． nearly full sensitivity should have been 

regained, The estimated value of T∞， 10 ± 4 

ug’L-。，indicated that the mP~D．c~ centration 0f 

hypothetical an tagonist resulting in 50 ％ inhibition 

of effect WaS 10 ttg·L一． The estimated value of 

S，827±293 S·g L，showed the sensitivity of 

subjects to Dil in the absence of any to1ca'ance 

Our experiment demonstrated a rapid acute 

developm ent of tolerance to prolongation in PR 

interval of Di1，evidenced by clockwise hysteresis 

when change in PR interval WaS plotted against the 

叶●叶●_壶_● _言● 
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prng rm~ for calctdatlng pharmacokinetic naraⅢ ers 
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8 Hollord NHG．sl’面】㈨ LB Understanding the  dc effect rda- 

Fig 4· Dil w lrati~m， hypothetical antagonist cll'll~ll- 

tl~ lt，anddl lnPRinterval timeI-伸s~ eetA加 0 

DII 90mg． 

concentration of Dil． This indicated a decreasing 

effect with time for the san'le concentration of DiI． 

The result was consistent with that reported by 

Boyd et at t1 3
． The acute tolerance model provided 

a go d fit of plasti~ concentration-effect datel of Di1 

after加 90 n1g． 

1 B。 RA，Chin SK，Don-Pedro O，Verotta D，Shem 153， 

Willimas RI．． 

pM etics and pharmaccd：mmnics diltmzera and its 

metaboht~ in heahhy adults aher a s咄 oral dose 

a _m pharmacol1]her1989；46：40~一19 

2 Kinney∞ ．Kelly JG Eadmati~~ co~0enttalons of diItiaz~n 

in plasma using normal-phase∞ Ium  1iquid chromatogr／iphy with 

ultravoilet demetlon J Chromatogr 1986：382：377—81． 

3 Potchd 卜lc．B~tlowitz NL．Sheiner 133 

PhⅡnH0 ， 删 c nrxtel of to／er~ oz：ap catkin ∞ tt／c~tine 

J PhammmlExp Ther 1988；244：23l一6 

4 Y吣 YC， CheaG， Yuan L A n~ linearmethod删 its 

tionship： chnical ap~icaticn of phermacokinetic—phermaco- 

一  

地尔硫革在 8名男子血浆中浓度与 PR间隔关系 

√ 
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关键词 

耐受 

地尔硫革；药 动力学；心电图；药物 

目的：建立描述血浆中地尔硫革(D|1)浓度与 PR 

间隔关 系的耐受模型． 方 法：8名男性受试者 

口服D_l 90 mg后 ．同时测定血 浆浓度和 EOG 

结果：口服 Dil后，血药浓度一时间数据符合二房 

室模型 相应药动学参数：t4B，MRT和 t 分别 

为 5 9±1 0，15 9±1 0和 0 38±0 07 h；t 和 

C 分别为 2 7±0 4 h和 161±60 g·L 耐受 

模型 E=SxO／(1+T／T50)能很好拟台浓度 c与 

效应 E间关 系． 药效学参数：S，Km和 7-5o分别 

为 827±293 s·g一。。L。0 037±0 024 h一0和 10±4 

·

L-。 结论：用耐受模型描述 口服给药后血浆 

中 D|I浓度与 PR间隔间的关系 

乏 ．f 

， 牛f 
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