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摘要 本文分析了8位中国健康男性血清咪达 

唑仑浓度一脑 电效应 的定量关系 ，采用 12—3O 

Hz之间的每秒总波数 (TNW )作为脑电效 

度一效应关系的研究 
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M icroprocessor—programmed infusion of theophylline rapidly attained 

expected steady—state level in rabbit plasma 

DUAN Shi Ming，XU Xun，YE Miao，FU Ying (Department 0，Pha~nacology，Faculty 0， 

Anesthesiology，Xuzhou M edical College，Xuzhou 221002，China) 

ABSTRACT A self—made microprocessor， 

programm ed (two—compartmental mode1) in- 

fusion controller was connected with an infu— 

sion pump， which achieved an expected 

steady—state plasma concentration(C )rapid— 

lY (5 T 。)and maintained the leve1． Theo— 

phylline was selected as an example，and its 

pharmacokinetic parameters of rabbits， ex— 

peered C ，body weight (wt)， and infusion 

time (￡)were inputted． The programmed in— 

fusion rate ( )was determined by the fol— 

lowing equation：(K )一 Cp蠲· 10· 。·wt {1 

+[( 2l一8)／~]Exp(一 ))and the pre— 
dicted value was calculated by the formula： 

c【c】一C x[1一EXP(一at)]． The needed 

concentration and total volume of drug were 

automatically shown 0n the screen． The drug 

was automatically infused after pumping，and 

the plasma concentration of theophylline was 

measured by colorim etric method． The re— 
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suits showed that the median absolute value of 

the performance error(MAVPE)was 8．3 、 

Although T of theophylline was 6．08 h，the 

expected CP was attained in only 30 min 

(5 T )after start of infusion and then well 

maintained． 

KEY W ORDS theophylline； pharmacokine 

tics； computer—assisted drug therapy； drug 

administration schedule 

Since 1 981 computer—assisted continuous 

infusion system (CACI) has been gradually 

developing in clinical drug therapy． The mi— 

croprocessor—controlled infusion is a conve— 

nient way to optimize application schemes in 

some area of drug treatment． In a CACI of a 

linear open (2 or 3)一compartment mode1． 

many investigators used a bolus loading dose 

so as to rapidly reach an expected Cp and then 

maintained this level by the automated contln— 

UOUS infusion system ’ ． Since some drugs 

could not be given in a bolus loading way，we 
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devised a single exponentially 

sion model and developed a 

d eclining infu 
REsuLTs 

programmed infusion controller to make CACI 

miniaturization and integralization． 

M A IERIALS AND M ETH0DS 

Rabbits White 0 rabbits weighi“g 2-5士 o．4 

kg(Laboratory Animal Center，Xuzheu Medical Col— 

lege，Chim )were used． 

Ck micals m d reak,eaU Aminophyllins contains 

8O．O2 theophyUlne (Changzhou Pharfiaaceutieal 

Factory， ChP 1990)i chloroform (W uxi Dongfeng 

Chemical Factory) and isoprop~nol (Shanghai First 

Reagent Factory)were AR． 

eIe珊 tⅡI1．on of p．瞄姒 theopl~'llln~ The coD．- 

centration of plssms theophylllne。- 8 a~sayed colori- 

melxically ． The linear range m s n l25一 lO g 

·m1～ ，recovery rate was 82士 s 3 ％． Standard 

curve AA =0．0002+ 0·0589C ( g·ml一 )(n= 5，r= 

0．9999)． CV ：2．17 ． 

phm-mansklaed~ stu衄 Rabbits were anes- 

thetized with iv ureth~ne l g·kg～． The blood sam- 

ples were co llected l∞ m carotid efy at 3，6，9，12· 

l8．24．3O． 6O． 120． 180。 240，and 360 m_D after 

thc~phylline 10 nag．kg一‘w" injeeted into posterior 

auricular vein． The plasHla was UBed tO measure the 

concentration of theophylline ． The da'ca Were aria· 

lyzed by PKBP-NI program in m M —PC computer ． 

programmed infusion MicropEocessoro 

programmed infusion controller was connected with a 

DY 2A E1ectro= Infusion Pump (Haimen Electoonic 

Machinery．Jiangsu)． The pharmacokinetic parame· 

ters( ·K1。'Kn。and P)，CM。 and t were in- 

putted to the 

contro ller． Drug solutions were prepared according  to 

the concentration and v01ume of the  tested dr shown 

on the screeD． Then． the prepexed drug solutions 

were in~ sed au协I呻 cally1 During the infusion，the 

blood writ taken and the plig]trlla theophylllne CO~rCen· 

tratlon w" assayed at 5．10，15．30，6O．12O，18O， 

and 240min． 

^-．Iy山 of d_“ The perce~t performance eITO~ 

( PE)and the med D absolute value of the pe~or- 

m岫 error(MAVPE)w哪 calculated ‘。 ． 

PE=[(measured--predicted)／Predicted]X 100 

M AVPE= reedian IPEI 

disposition exhibited a 

The 

mod — 

el after iv theophylline 10 mg·kg-。： 

C 一 24．6 EXP(一 0．1496t)+ 19．4 EXP 

(-- 0．00lgt) 

The changes of plasma drug concentra- 

tion口 time are shown in Fig 1． 

{辱 
舌 

Time，h 

Fig 1． Theepbylllae cem entra~inns In plu m _rhr iv 

be]ns 10m8· In 7 r·bb ． i±，． 

The phe rmacoklnetic parameters obtained 

were：B；O．0019 rain～，K1o=0．0043 rain～I 

K21— 0．0670 mln-。and V。一 0．2279 L·kg一 

(Tab 1)． 

Tab 1． Pharmacakine~ —M e after h tbeo- 

phyll／me 10 ml· _。in 7 rabbits- ±，． 

A 23．3+ 7．3mg-L一 

B 19．3+ 3．3 nag·L一’ 

a 9．1士 3．9h一 

K12 4_76士 2．41 h一 

0．246-4-0．058 L·kg— 

K " 0．248士 0．079 h一 

P 0．114+0．034 h 

K“ 4．22 士 1．79 h 

Rate of programmed infusion The equa— 

tion for rate of programmed infusion ( )is l 

一 cl坤 I。V。wt{1+[( 1一p)／阳 EXP 

(一 ：1t)} 

The phermacokinetic parameters，c瞳(40 

·ml )，wt(2 kg)and t(240 rain)were in- 

putted into the microprocessor-progr ammed 

infusion controller． (rng·min )； 0．0784 

+2．6862×EXP(一0．0670t)． The change of 
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drug efflux time was shown in Fig 2． tratron was shown in Tab 3· 

Fig 2． Theoretical values of the program med infu- 

sion． 

Accuracy of programmed infusion The 

effluent solutions from programmed infusion 

pump were collected at different intervals，and 

compared with predicted volumes(Tab 2)． 

Tab 2． Efflux ~alues of 

Infusion pump． n=4， 土s 

The volumes(m1)were calculated as fo1． 

1ow： 

[0．25+8．57 EXP(一0．067t)]dt 
J ‘● 

The dispersion of measured and predicted 

plasma theophylline concentration was shown 

in Fig 3． 

Theophylline concentration in plasmn 

during programmed infusion 

The predicted value was calculated by the 

form ula： 

C。】一c ×[1一ExP(一4t)] 
The predicted "US measured drug concen— 

Measu red conc~，⋯ mj 

Fig 3． Pred icted (P) measured (M )theephyline 

concentration tn 55 plasma sam ples． DLshed  lines— 

delineates measured sam ples at+ 30 of predicted． 

Tab 3． TheophyIIIne eoeeentration in plasm a during 

programmed Infusion in 7 rabbits- z~s． 

Time 

／min 

Concentration／vg-ml一 

predicted measured 

D鸥 CUSSION 

In the present study，the standard curve， 

recovery rate and CV of plasma theophylline 

assay were consistent with those in others 。． 

The plasma theophylline concentration 

reached 31is 4 g·ml (78 of C )in 10 

rain and 94 ofC in 30min aftertheinitia 

tion of the programmed infusion． W ith the 

way of constant iv drip and the same pharma— 

cokinetie parameters(to attain the same C )， 

the plasma theophyUine concentration was on— 

ly 14．9Is I．3 Pg·ml一 4 h afterthe start of 

infusion ”． According to this result，it would 

，

／ 

一／． ／， 一一，，一，，，一 、、 ． ． ， ，，． ／， 一，，，一，， ， ，， ．＼ 一 ，，，． ，，一 一 ， 
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take 30．4 h(5丁 日)to achieve the( 。． It was 

acceptable that PE of assayed plasma concen— 

tration ranged from 士 2O to 土 30 ，never 

exceeding士 50-- 士60 in computer—assisted 

infusion ”． In our study，96 (53／55)of 

the measured values were within 士 3O of 

those predicted and M AVPE was only 8．3 ． 

The results indicate that the programmed 

infusion used in this study is very reliable． It 

is also shown that the individual programmed 

infusion with population pharmacokinetic pa— 

rameters is practical and usefu1． 

The single programmed infusion devised 

in the present study could also be used for the 

drugs，which could rlDt be given in a bolus 

loading way，to achieve a required expected 

C* rapidly and then maintain this leve1． 

In general，a CACI system consists of a 

computer(IBM—PC or A pple II)，an interface 

and an infusion pump． W e have developed a 

programmed infusion pump which can make 

the CACI system miniaturization and integral— 

ization for clinical drug therapeut~s． 

However， our programmed infusion 

pump lacks the ability of feedhack regulation 

on the concentration of drug and therefore 

remains to be further improved． 

APPENDIX 

W e are concerned with a genera1。1inear 

two—compartment model shown as Fig 4． 

A + Be一 

啦 4． Line~ two-compartment mode1． 

W e assume that the infusion 

·rain )is 

K∞= A+Be一 ． 

The amount of drug obtained by Eq(1)is 

infused into the central compartment，elimi — 

nated from the central compartment and redis— 

tributed to periphera1 compartment． 

Let XiO)be the amount of drug in com— 

partment i at time The variation of Xi“) 

with time is described by 

』dXc／dt=A+Be一 + 21墨一( t。+ 12)Xc (2) 

ldXp／dt=K12Xc—K2lXp (3) 

where K are the first—order rate constants 

(rain )． 

The solution，obtained by Laplace trans— 

forma tion，is 

Xc= 一c + 豁 
— —  

A

口

(

(

~p--
— —

K z),)+
—( 4 --- ：： ； - ： ]e— 口(p—n) 。 p)(p一7) 

一  

一  

(4) (7
一 n)(B一7) ⋯  

The concentration-time equation is 

C【I】一(AK~I／Vo邙)一Le一 一Me一 一Ne一 (5) 

where Vo is the apparent volume of the centra1 

compartment and L， M and N are coeffi— 

cients． Let M ，N be zero，solving the values 

0fA ，B and 

7=K 2l，B=A(Kz -D／P 

W hen ÷ 。。，the equation (5)may be 

written as 

Lim=C 一A K21／ 邙 

￡—+ oo 

or AmC ．Vo邙／K21一C ． K10 

Substituting the values of A，B，and 7 in Eq 

(1)，and solving the equation for the sing le 

exponentially declining  infusion yields 

墨= 1o+c附 五 o[( 。1一B)／阳EXP(-K2 ) 
=  

． K a(1+[(岛r_B)佃 EXP(-K： )} 

Substituting the values of A，B，and 7 in Eq 

(5)，and solving the equation for the concen— 

tration—time yields 

C0】=C (1--e一 ) 

rate (mg REFERENCEs 

(1) 1 Sehw~ldenH．A generalmethodfor caku1ad gthedosage 
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茶碱经微处理机程序输注迅速达到期望兔血浆 

稳态水平 
．， 

．  

段世明，徐 迅，叶 妙 ，傅 英 (像州医学院 

耳京 室，棕州221。02，中国) 

4 摘要 自制二室模型药物程序输液泵． 向控 

制器输入兔茶碱药物动力学参数，期望血浆稳 

态浓度(c ，)，体重及时间． 输注速率 ( )一 

C⋯K 。 wt(1+[( 一口)／~3EX2(一Kz ))， 

血药浓度预报式为 Cm—c (1 re一)，依据显 

示配药液，自动输注． 比色法测定血药浓度． 

96 的执行百分误小于士30 ，其绝对值的 

中位数为8．3 ． 虽然 T B=6．08 h，但输注 

后30 min(5T )，血药浓度达期望 c 
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Protective effect of tetramethylpyrazine against damages of aortic 

endothelial cells elicited by low—density lipoproteins 

LI Yu—Jie，LI Yuan—Jian，WU Jin—Xiang，YU Xian—Jie，YAN You—Fang 

(Department of Pharmacology．Hu一 Ⅱ Medical University，Changsha 410078，China) 

ABSTRACT Effects of tetramethylpyrazine 

(TMP)on endothelia1 cells damaged by 1ow— 

density 1ipoproteins(LDL)were investigated． 

W hen endotheli丑l cells were incubated with 

LDL (1．5 mg protein·m l )the 1eve1 of mal— 

ondialdehyde (M DA) was increased and the 

activity of superoxide dismutase (SOD )was 
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inhibited， and levels of cGM P and 

epoprostenol were decreased． TMP at con— 

centrations of both 2O and 150 mg·L nulli— 

fled the inhibition of SoD activity and the re— 

duction of cGM P and epoprosteno1 content 

elicited by LDL． However，the elevation of 

M DA content induced by LDL was negated by 

TM P onlY at 150 mg·L一 ． TMP also caused 

a reduction in M DA content and an increase of 

epoprosteno1 level in norma1 endothelia1 cells． 

This study suggests that TM P protects an— 

dothelial cells against damages elicited by LDL 
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