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Prediction of N-acetyIprocainamide disposition kinetics in rat by comhina- 

tion of gamma variate find physiologica1]~harmacokinetic model 

LIU Xiao-Dong， DENG Ning ， HUANG Sheng-Kai 

(Department ofPharmacology，China Pharmaceutical University，Nanjing 210009，China1 

AB rRACT C~earances and tissue／blnod drug 

concentration ratios of lv～acetylprocainamide 

fNAPA)in rats were determined The el~arances of 
NA A in rat blood，liver，and kidney were 13．J．4 8． 

and 8 24 mI_k呈 。m1lr。，respectively I)isposition 

kinetics of NAPA 1n rats was predicted with combina- 

finn of gamma vafiate and physiological phar— 

macokinetic mode1． Equation for estimating the con． 

centration of NAPA In rat blood following iv NAPA 

40 mg。 was c=55．06t exp(-~∞ 130 

Using — value as a criterion， we found a good 

agreement between pred icted and observed concentra 

tions in blood， lung， smalHntestine，heart brain， 

and skin 

KEY W ORDS acetylprocainamide； pharruaco— 

I(inetics；statisticaI models 

The gamma variate C=At~expf-bt1 was 

suggested as a substitute fitting function for 

potyexponential series in various applica- 
tions(1-3J

． W eiss sugg ested the application 

of gamma variate t0 fitting pharmacokinetic 

data and interpreted the parameters with phys 

iological mode1． 

Since Dedrick and Bischoff developed the 

concept of physiological model， there have 

been many successful examples of application 
of this model to describing disposition kinetics 

of drugs( 。 However． there has been no ev． 

idence to desertbe disposition kinetics of drug 

wjth tombination of gamma variate and phys— 

iological pharmacokinetic model 

In t his paper， some equations for esti- 

mating drug concentration in rat blood and 

tissues wel'e derived  with combination of 
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gamma variate and physiological mod el； at 

same time， we used Ⅳ一ace tylprocainamide 

(NAPA)as a typical compound to further"qer— 
jfy the present method． In addition， we test— 

ed whether the physiological model developed 

forNAPA in rat couIdbe usedto describe its 

disposition kinetics in man， in spite of 

interspecies difference in disposition and dis- 

tribution． 

M ATHEM ATICAL M ODEL 

M odel In order to describe the kinetics 

Of NAPA in rat． a Bischoif-Ded rick type 

multicompartment mode1 was developed， 

which depicts the body as being composed  of 

l1 compartments(Fig l1 The orgads with 

small volum e such as splee n were omitted in 

Fig 1．Dlagrftm of physlologie pharmaeoMnelic rood- 

eldei'elol~ l forNAPA． 

． f 正 ． j 
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the model A number of assumptions were． 

made in the mathematical analysis of the rood· 

e1． First， intercompartmeutal transport was 

assumed to 0ccur via blood flow． Second， 

instantaneous equilibrium is achieved between 

tissue and blood within the tissue， and drug 

concentration in the em uent blood is in equi． 

1ibrium with that in the tissue Third， all 

processes are finear． Fourth， elimination of 

drug Occurs onIv in both kidney and liver． 

Evellts jn tissue Probability density 

function Pirt1 of drug transfer time across the 

ith tissue may be described by gamma variate． 

P
，
(t)= A t exp(一b．c) [1】 

Relationship between (t)and frequency 

function hi(t)of drug transfer time across the 
ith tissue was given by W eiss 

hi(t)= FiPi(t) 【2_2 
where is availability of drug acroSS the ith 

tissue and the extraction ratio E=l 。 
Basing on statistical moments， we 0b· 

tained 

6t卜 J 

， 
[31 

t
。 

(1一ai)／b， 【4】 

= (1一a．) ／b． [5】 

whete 7【x)=to t ’exp(一t)dt， and 

o- are the mean transfer time an d the 

variance across the ith tissue，respectively 

These ，parameters are also given as 

follo~,$(6．-
． 

， 

：  

O． 

Q +， Cl 

Q。+_厂 Cl 

fraction of dru g in blood． 

Utilizing eqs(3—8)，we got ai 0，b． 

【 
h‘ d

： F
．

t一
．

一 t 

exp(一t 一 ) 
．
(r)= ．．‘ (一 ． t) 

The drug concentration Ci(t1 in the ith tis· 
sue is written( 

． 

c (c)=  ̂(t—T)c(r)dT 

= K
．
F

。 ~'0exp[一 ，一 (t—r)] 

／C(i) 。 IlO】 
At time tp_l， tj．1 tj+k， 

C
，
(t⋯ ) K，F t， exp(一t， k) 

j exp[一 (t 一 )】c( 

+ K ，
。 

一

。f： ’exp[一 一 (t．+k— )] 
‘

C(Od~ 【l1】 
The integration from time tj to tj+1 may 

be estimated with linear trapezoidal rule， thus 

equation 11 is rewritten． 
一 ． 

C
，
(t⋯ ) C，(tj)exp(一t， k) 

+ F
。

t
，
。【C(t⋯ ) 

+C(t
．)exp(一t． k)lk／2 【12】 

where C『1)is drug concentration in arterial 

bloodandkis steplong，and 

C a(t )： ，， exp[_。 

(t．一{)l／C( ) 

Butinliver(h) 
一 ． 

C h(t'-1) Ch(t )exp(一t h’k) 

+ 旦 【C(t )+C(Ij) 
“

一 ． 0 
。 p(一t h’k)】 ／2 【c

g
(t1+1) 

[71 
c ( J)exp(一 h [’ 】 

⋯ and1．nlung(p) 

= t
．‘ 【8_8 

where Vi and Qj are volume and blood flow 
of the ith tissue，respectively： is tissu~／ 

blood drug concentration ratio； c is intfin- 

sic clearance in the ith tissue and is flee 

(t)= Gc(t) 【14] 
where C (c)is drug concentration in small in． 
testine． 

Events in the body Probability density 

function t1 of residence time in the whole 

body may be also described wj【h gamma 

、 l 1 x 二  

●  ^ ● 
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vanate． 

e(t)= At-"exp(一bt) [15] 

The drug concentration C(t)in blood af- 
ter iv administration of a dose is given as fol- 

lows： 

c(t)= t-％xp(一bt) 

h cI_ 

where A 

a = l-M DRT ／VDRT 

b — MDRT／VDRT 【l71 

0 is cardiac output； E is extraction ratio 

of drug through circulation， E = l—F and 

CI：0 ； M DRT and VDRT represent the 

mean residence time and the variance， 

respectively． Estimations of these parameters 

were given in papers( _ ． 

MDRT = ／E [18】 

VDRT = 2／E+嚣F／E2 【19] 

F ： FpZ(FiQ．)／Q [20] 
= 0 ∑(FIQ，0／∑ Q，) [21】 

2 = +∑【 Q，( ．t )】／Z(6Qj)一 

( Q，审／Z(6Q3] [22] 

MATERIALS AND ,METHODS 

NAPA was synthesized in OUr labo— 

ratory． Sprague-Dawley rats(244± 22 g) 

were used． 

‘ Urinary recovery ofNAPA after iv Rats 

(36，42)received iv 40 mg·kg NA2A 
via tail vein and were housed in the individual 

metabolic cage during study． The 24 h con- 

tent ofNAPA in urine was then mea sured． 

Disposition kinetics of NAPA in rat after 

iv Rats(9S， 9旦 )were divided 1nto 6 

groups of 3 rats each． Each rat r。ceived iv 40 

mg。kg-‘ NAPA via tail vein． The rats were 

killed by femoral artery bleeding at 5， l5， 

30，60， l20， and 24o min． One ml of blood 

was used  for analysis of NAPA． The rest of 

blood was centriftlged t0 obtain plasma The 

heart， liver， lung， muscle， kidney， skin， 

small intestine， brain． and adipose tissue 

were immediately removed， sliced， blotted， 

and weighed． The tissues were homogenized 

in 1．0 ml 0f20％ trichloroacetic acid 

Assay pmeednre NAPA was quantitat- 

0d by TLCt ． Briefly，tissue homogenate was 

centfifuged arid supernatant was obtained；the 

residue was added l ml distilled water， mixed 

and centfifuged ． Tbe two suDernatants were 

tombined ． To the tombined solulion l ml of 

petroleum ether was added  and agitated， the 

organ ic 1ayer was removed ． NaOH 20％ 0．5 

ml was added to the aqueous solution， the 

mixture was extracted with 5 mI chlorofoITn 

twice． The two chtoroforul solutions were 

combined and evaporated to dry， and the res— 

idue was used for TLC analysis． Recovery of 

NAPA in body fluid 87．6± 6．8％ flevel 10 

,ug ml。‘)and 88．9± 5．5％ (1evel 20 g 

m1_。1． The correlation toemclent r is>0．99． 

TREATM ENT OF DATA 

Body clearance Total body clearance C1 

was calculated as the ratio of dose divided by 

the Riga under血e blood drug concentration 

time curve(AuCB)，ie，CI=Dose／AUC 
The AUCR was calculated with linear trap- 

ezoidal rule． Clearance in kidney was es． 

timated by equation C1k=fkCl and clearance in 

liver CIh=Cl—Clp wherel厂k is urinary recov— 
ery ofNAPA inrat during 24 h． 

Determinatinn of tissue／blood drul!con— 

centration ratios in rat Tissue／blood dru g 

concentration ratios of NAPA in rat were es— 

timated with area metho ． 

For nonelim ination tissues 

K = AUC，／AUCB 【23】 
and for liver and kidney 

(1 C1：／Q )AUC，／AUCR 【24] 
where AUC．is the AUC in the ith tissue． 

Simulation of concentration of NAPA -n 

rat tissues The parameters needed to develop 

a physiological pharmacokinetic model for 

NAPA disposition kinetics in rat and man 

were derived as f0Uows Physiological and 
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anatomica1．parameters in 0．25 kg rat and 70 k鐾 
man were derived from reported data 

Parameters describing metabolism kinetics of 

NAPA in rat were determined in the experi— 

ment and those in mall were taken from report 

of S~ong el at These parameters were 1ist 

edinTab 1． 

Using the parameters and the present 

equations， we Call simulate concentration of 

NAPA in rat and human tissues． 

RESULTS 

Urinary recovery ofNAPA in rat after iv 

Urinary recovery of NAPA in 24 h was 62．9± 

32．O％ oftheivdose 40mg。kg～． The result 

is in good agreement with that of Pang et 
口 】

． No procainamide was detected in 

urine， indicating the absence of a deacety一 

1ation process． 

13ody clearance B10od clearance of 

NAPA in rat was calculated from dose／ 

AUCB to be 13．1 m1．kg ‘mill-。． The es— 

timated clearances in plasma， kidney， and 

liver were 10．7， 8．24， and 4．88 m卜 kg-_． 

min 。， respectively． The estimated plasma 

clearan酣 was lower than that of Schneck 

a~(12 
． 

Tissue／blood drⅡg concentration ratios in 

rat tissues The values of AUC in rat tissues 

were calculated  with linear trapezoidal rums 

after ivNAPA 4Omg。kg (Tab 2)．Tis- 
sue／blood drug co ncentration ratios in kid． 

ney and 1iver were estimated  with e0uation 24 

and those in other tNsues were calculated with 

equation 23． For example， the values of 

AUC in blood and heart were 3045．3 and 

Tab 1． Physiological and  bioc~mical parameters for NAPA in 0．25 kg rat and 70 kg man(，】 

M etabolic parameters of NAPA in rat 

rived from Ref 10 was 222 nlI'min 

⋯L =c ／(1—c1．／Q．)． 

were determined in the present study "Plasma cleai'ance in marl de- 

total blood clearance was 222× 1,22／70=3 87 ml-kg rain 
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6648 0 g min。ml-I,respectively．and heart 

／blood drug concentration ratio was 

664 8 0／3045．3=2．18： AUC ’in liver was 

5418．7 g min ml- ，LCI was 1．33ml。 
min- ， and blood flow in rat liver was 14．7 

tration ratio 

3O45．3=1．94 

Thus liver／blood dr~lg concert- 

was (1+1．33／14 7)× 5418．7／ 

The tissue／blood drug concentration fa- 

tips demonstrated that heart， small intes- 

tine， kidney，liver，and musele show greater 

affinities to NAPA than blood components d0 

fTab 2 ． The relatively higher kidney／blpod 

drug coneentration ratio and higher kidney 

clearance ale consistent the fact that NAPA iS 

excreted bv an active process in rat( ，． 

Tab 2． AUC and tissae／blood drug concentration ra· 

tiesin rattissues afterivNAPA40mg‘kg- ． 

Simulation in rat tissues Tbe ， ， 

and in 0．25 kg rat tissues were estimated 

with equations 6-8 and parameters listed in 

Tab l and Tab 2 These parameters were list- 

ed in Tab 3． Using equations l8-22． we got 

E=0．0736，(i =8．05 min， 2=313．5 min2， 

MDRT=109．4 min and VDRT=l5341．9 

min ． Using equation l7， We obtained a： 

0．220，b=0 00713 min～， and A=0．245．The 

equation for estimating concentration of 

NAPA in 0．25 kg rat blpod following iv 

NAPA 40 mg- kg- was C=55．06t--0 20 

·exp ．007130．After prediction ofconcen· 
tration of NAPA in blood， the co ncentrations 

in liver and in lung were estim ated with equa· 

tions 13 an d 14， respectively， and those in 

other tissues were simulated with equation 12． 

Tab 3． The iil~ala transfer time and the variance  of 

NAPA inrattisF41es． 

Tbe predicted concentrations of NAPA -n 

rat blpod and organs or tissues (brain， 
heart， lung， small intestine， fiver， kidney， 

muscle， skin，and adipose tissue were shown 

in Fig 2 and compared with observed ones af 

ter iv NAPA 40 mg。kg-‘． Using— values 

as a criteriont ． we found a good agreement 

Fig 2- Predicted(1ine)and observed (pDjnt)NAPA 

eoncelltratioas in blood and tissues Of 0．25 kg rat after 

ivNAPA 40mg kg-I
． Each point and verticaltepr~ 

serifs ± of3 rats． 

．_

一E ． ＼ E日s0。】dl 8日 之 

0 0= = Euu 0 
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fr>0 O1 between predicted and observed va1． 

ues in blood， brain， liver， skin，lung， and 

smallintestine． There was an underestimation 

in kidney and an overestimation in adipose tis． 
sue． The simulated curves for muscle， skin， 

and adipose tissue fwhich were poorly 

perfused)showed that NAPA c0ncentrati0ns 

in these tissues increased  to a peak over a peri- 

od about 40， 25， an d 10 rain， respectively， 

while our observed data showed that NAPA 

uptakes in these tissues were extremely rapid． 

The reason for this discrepancy was not 

knowm． 

Simulation in man Using physio1ogical 

parameters of man listed jn Tab l and 

tissue／blood drug concentration ratios ob． 

tainedin rat，we obtained E：0．0428， =l4．2 

min， 3O15．8 mi ， MDRT =33l盘 

min ， VDRT=175826．5 min ， a=0．374． 

b=0．00189 min～。 and A=0．3524 The con 

centration of NAPA jn plasma of man was 

predi~ed ． The closeness of fitness between 

the simulated curve， based on the perfused  

model， and that observed in plasma( rFig 

3)wasnoted． 

2 4 6 

Time／ h 

啦 3．Predicted and observed NAPA~oncentl'alJ0~in 

plasma ofman．Observed data of3 norllnal men after iv 

NAPA 250 mg were taken from Fig 2 ofRef 15． Body 

weights of3men were 83 (0 )，54 (×)，and 77 

(●) kg，~speetively． 

DIsCUSSION 

W e proposed a method for simulating 

disposition kinetics of drugs in animal using 

combinatio~n of gamma variate and physiolog- 

|cal pharmacokinetic mode1． The present 

method demands that all processes be linear． 

W e selected NAPA as a model drug and pre． 

dicted concentrations of NAPA in,rat tissues 

following iv 40 mg。kg- of NAPA． A good 

aglreement between prediction and observation 

was noted in most of the tissues． This indi． 

cated  that the present method call be used  to 

describe disposition kinetics ofNAPA in rat 

When scale--up from rodents to man  js at． 

tempted， the most difficult problem is how to 

estimate the tissue／blood drug concentration 

ratios jn man． There are two ways of dealing 

with this problem， One is to apply the 
tissue／blood drug concentration ratios ob- 

tained in the laboratory animal to other spe- 

cies without an y manipulation．
．
In order to 

describe disposition kinetics of NAPA in 

man， we presumed values of tissue／blood 

concentration ratios of NAPA in man to be  

the same as those in rat， as being determined  

in the study． Tbe results showed that values 

of tissue／blood ratios of NAPA obtained jn 

rat call be sucessfully applied to human being． 
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