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戊巴比妥 ；P物质；1-氨基环戊基．1，3-二羧酸； 

堕 筻苎 看 髓 毒台档 辛1中’毛 

以制霉菌素穿孔膜片箝技术检测其机能状态． 结 

果：分离的神经元对兴奋性和抑制性氨基酸具有 

良好的反应 ． P物质(sP)和反式．氨基环戊基．1，3． 

诼褊 品 薯 怒 反 蓑嚣 
目的 ：急性分离大 鼠骶髓后连台核神 经元． 方 

法：采用酶消化结台机械性分离技术分离神经元， 

著加强． 结论 ；急性分离的大鼠 SDCN神经元为探 

索 SDCN参与痛和镇痛的机制提供了理想模型． 
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A卫讧： To set up a new analytic method for 

m~dtidrug effects． Ⅳ匝 H0DS：Based on the 

principles of the target site kinetics and the 

equieffectivetest，a new mathematical modelwas 

set as Q：(E —E)／l ·W一如’Tl(一l< 

Q<l addition，Q≤ 一l antagonism，Q≥l 
syne sm)where Eo： a fitted value of the 

observed effect of a comb ination． E ： an 

expected valHe of comb ined effect． W ： an 

equieffective criterion decided by a special field， 

岛 = a COlnlTlOn standard elToY ofEoand ，and 

T ： a value of one．sided tn 05． A儿 the 

ealeulations were completed with computer． 

Dose-effect data from different types of 

experimentswerefitted  bythellew modelandthe 

results were comp~ with 山0se of other 

methods． RESII1．TS：This parameter method 

dealt with different types of data well fitted witIl 

theI-IJ11 equation，and w'a8 notlimited to analyze 

receptor interaction of dn】 ，or the number of 

eomb ined ． A series of D values was 
obtained from all levels of dose-effect for a 

systematic analysis． nle analysis took tIle 
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criterion of a special field and laboratory ell'Or 

into aecotmt， CONCLUSION：Tiffs pmmneter 

method can effectively analyze the nmltidrug 

effects． 

Quantitative analysis ofthe combined effects 
01 mmtlorugs’ sue[3 as synergism， antagomsm ， 

and addition， is not fidly solved ， especially 

quantitative data with more than  2 dn 笛 in 

comb ination，or in large animal experime nt and 

clinical nia1s． To qualitative data． Chou- 

Talalay comb ination index method~ · ． Xu’s 

me thod j and Ji s methodL are widely used on 

basis of different background (mechanism oY 
emp irica1)，butthosemethodsmay yield different 
or even opposite resets， Now， it becomes 

ilnp~rative to solve the problem to decide new 

moltidrug clinical therapeutic design． 

It is generally accepted that dose—effect 

Clll~e of sigmoid or hyperbola shape Call be 

expressed wi山 HiII equation and is eharaeterized 

bv its pharmacodynamic parameters． n 

pmm~ters in different comb ina tions must vary 

with the resdts of the comb ined effect． In this 

paper，wetrytofind a new analyticmethodfrom 

the regnianty oi the pararaeter8 changes． 

ANALYSISOFTHE Pf 伍 M时nIClD 

Formula 

Q=揣  
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(一1<Q<1 addition，Q≤ 一1 antagonism，Q≥1 
synergism) 

where E is a fitted value of the combined effect 

and E is an expected valHe of the combined 

effect． W ，an equieffective criterion decided by 

a sp~ alfield，generally，equals 0．1(10％)in 
clinical trial and whole body animal experiment， 

O．05 (5％ )in v／tro，and 0．2 (20％ )in 
bioavailabilit、T trial according to new drug 

biological statistics． ＆ is a common standard 

eil'or of E an d E ． T is a value of one．sided 

0．∞ · 

As all d0se．effect eludes have the saIne 

cttrvatuxe parameters( ：H1： ⋯ )and 

the values of maximal effects(E c=E～ l= 

Em 2⋯E～  )accords to statistical analysis， 
E can be calculated by Eq 2， otherwise， 

h Eq 3． 

E⋯ ( K
i

+ 

D2

⋯ + ) 

-+(鲁+ D2⋯+ Dn Hc 

E一_r(鲁) + (乏) ⋯+ ( ) 

1+(鲁) +(芝) ⋯+( ) 

E⋯·[扣] 

K 商D c+I∑ I 
r—————— ——一  

=√ +∑
i=1 

s⋯  

f=N —n一1 

(2) 

(3) 

(4) 

(5) 

where n js the number of combined dnl (i： 
1．2⋯ n)． Wi山 phannacodynamic parameters 

of combined d ，E。眦_c=maximal effect，E 

= equilibrium dissociation constant．and = 

curvature parameter in dose．effect ClLrve． With 

pharrnacodynatnic parameters of dnlgs used 

alone，E。眦 __-maximal effect，Ki：equilibrium 

elissociation constant， and Hi = curvature 

parameter． f s the deglee of freedoil1． N 
e玎u Is the sum of data points on dose．effect 

CUlWe$in single dl and in combined drugs． 

si—cor si一 is a standard elTor of a fitted effect 

(最)at certain dose(D)，Mrich can be 
calculated by 

＆ 一c Ol"矗 i： 

∑(弓一句) 

M 一2 
(6) 

where M is number of data points on a dose． 

effect curve of separate or combined drugs， 

D isthemean dose． 

Principle Certain effect Of one drug is 

exhibited only when the drug enters certain 

effective sites， such as receptor， enzyme， 

biological memb ralle， biochemAcal metabolic 
link．plasnla protein，DNA．e把． Iln take these 

spe cial terms as a more general co pt， we 

defmethe effectire site as atarget site ，which 

is reg~ ed as a fundamental unit for combining 

th a drug molecule and exhibiting an effect． 

When drugs are used aloneandin combination at 

a 6xed proportion，the number of bound target 

sitesisincreasingalong with the effectincreasing 

atthe dose changefrom low tohighleve1． When 

allthetarget sites are boun d．the effect reaches a 

maximal value，which wi11 keep un changed or 

little change despitethe dose incre~se，especially 

fnr the in vitro data． nle dose．effect 

relationship can be expressed as Clark or H_1l 

equation． Each of the drugs in comb ination has 

a contribution value to combined effect． At 

certain combined effect hve1．-if the effect of a 

drug is strong，the effect of other dnI must be 

weak，which is like the competitive an tago血sm 

in the kinetics of drug．receptor interactions oJ． 

So，we set up a new theory-about the target site 

kinetics described as following ． 

D1 R (DtR) E 

K1=Dl‘R／(D】R)， 

hence ／(D1R)=K】／D1 

D2+ ； (D2 )三 E2 

K2=D2· ／(D2R)， 
hence(D2R)=D2‘ ／K2 

(7) 

(8) 

茹 

+ 

●

一 

+ 
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On+ (ooR) 

墨 = ·R／(D )， 
hence(D )= ·R／墨 

巨 E⋯  
] 

(9) 一一 Ol+ 
一 一： 

02
+ ⋯  一

一  

(1O) 

R =R+(DlR)+(D2R)+⋯(DnR) (11) 

where R is the free target site．R is the total 

target site，(DIR)is the bound target site(i： 

1，2，⋯ n)． D is a dose， E is the 
corresponding effect， and is a proportional 

constant between effect andtarget site． Em艋一i， 

置 and n are the salne as above．mentioned． 

AccordingtoEq 10，we have 

E一  

Put Eq 11 into Eq 12，Eq 13 is obtained， 

-+鲁+ 02+⋯ On (14) 

Ⅱa dose．eff ect relationship is expressed as 

the Hi11 equation． curvature parameter can be 

obtained and Eq 14 is expressed as EⅡ 3． r0 

qualitative data，Em艋
一  ，

E 一1， Em艋一2，⋯  

E equal 1(100％ )． As dose-effect 
ClllWe8 in combination and alone have the san1e 

etLrval~Lre parameters and values of maximal 

effects according to statistieal analysis，addition 

is regarded as different doses of one dnlg in 

combination and we have Eq 2． 

According to traditional methods． we call 

get a formula： 

Q= ／E, (15) 
(12) (Q=0 addition，Q>1 synergism，Q<1 antagonism) 

k 舄 (13) 
Put Eq 7-9 into Eq 13，we have 

El= 
Em 一1。D 

一 ·警  

k皇 
一

1+iOl+ 02+⋯ On 

Similar to above， 

= E1+E2+⋯ En= 

墨 

But it is untrustworthy for Eq 15 t0 iust only 

consider the qu otient of all expected effect of 

m~ltiarug with an observed effect， and the 

criterion of a spocial field and laboratory error 

was not taken into account． For example，the 

influenee of one&ug alone on blood pressure is 

+5％ or一5％ hi erthanthati13．comb ination 

andmaybe O>1 or O<1． But eliniclam take 
it as clinical equivalency． So the equieffective 

eriterion sll0uId be decided by spo eial field． On 

the other hand． number of data points and 

experimental error must be taken into a~otmt i13． 

statistics． According to the principle of 

equieffective testL ，such as the two one．sided t 

test or the equivalent limit me thod，eqtfieffective 

cutoff ( ) of P < 0．05 is decided i13．the 

paraHleter method： 

L= l · 一＆ ’ 

E口一E is compared to ，and Eq 1 is got． 
We find from E0 1 that 

(1)ifDl，D2，⋯D are different doses of 
one drugincomb ination，itis real additan (E = 

Eo and O=0)． 

(2)In kinetics of drug-receptor 
interaction，a dose．effect curveis shifttoIi吐t or 
down in the presence of competitive or 

noncompetitive an tagonist． To target sites 

kineties，Q≤ 一1 caleulated by the parameter 
me thod indieared antagonism． which is not 

一 墨 

E 臣 
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fulther divided into competitive and noneompeti- 

rive antagonism． So a conclusion ven bv the 
parameter method is a comprehensive． For 

example， if the combined effect of 3 drugs 

(ABC)exhibits addition by paramters method，it 
is possible that A synergizes B and B 

antagonizes C． 

(3)If a drug has no effect or has opposite 
effect in single use，E— and K should be equal 

0，and notbe putintoan-,,equationto calculate． 

(4)According to Eq 1，a series of doses at 

afixed proportion can ve a series of Q Values 
for systenlatic analysis of comb ined effect． 

Ej!口 皿棚 4rl 

Influence of epinephrine (Epi) and 
JsopreP．a]Jne (]so) used al0ne and ．m 

~mblnatlon 0n systolic blood pn 鲺lre(SBP) 
ofa dog An adult mongrel dog weighing 12 kg 

was anesthetized with $odiu／n pentobarbital(ip)． 

NaCl 0．15 mol·L一 solution was infused into 

femoral vein at 1 mL·rnin一 and all other drugs 

were iniected into femoral vein． 11le series of 
doses ofEpiandIsowere preparedseparatelyand 

in comb ination (proportion ed as 1：4．44)． 

Propranolol was giyento block S receptor 30min 
before Epi and Iso administmtion． SBP of 

carotid arterywas measuredas described ． 

瑚 uelK~of acetylcholine(ACh)，BaCI2 
and atropine (A打) used alone and in 
combination oli gI n哪 pig ileum contraction 

The ileum segments were in length 2．2．5 em． 

Tension of segment contraction in KFeb~- 

Henseleit solution bubbled with gas was recorded 

bv 2一channel physiograph． 111e volume of 

medication was 0．1 mL． Basal tension was 

approximately 2 g． Tk  series of concentrations 

0f the 3 drugs were prepared separately an d in 

comb ination of 2 drugs or 3 dnl嚣 at a fixed 

proportion． Atr was ven at first when it was 

comb ined with other dnl嚣 ． Afterthe effect of a 

concentration was observed． the segment was 

washed twice before the next concentration was 

glven· 

Inhibitory effect of 5-fluorouracil(5- 
FU)．vincristine(Vin)and cyclophosplmmide 
(Cye)used alone and in combination on 
human c adenocarcinoma cells Gastric 

adenocarcinoma cells and blcod 5 mL were taken 

during operation． 

procedures ofthe 

The plasma was used． The 

experimentwere done according 

t0 the iTlanual of the tumor drug senszttvlty 

experimental box门 五 Bioehemieal Factor),，No 

941201)． 111e cells(1×10 per betfie)with 
dm鼬 were cultured in bettles for 48 h． n 

the inhibitot3r rate was measured according to the 

decreased rate of b】Uwn dotin 1o0 cells． 

Data analysis Tk  simplex method was 

usedtofit curves of dose．effect． AⅡ parameters 

were estimated by computer and all cLl1％re fittings 

were of statistical significance(P (0．01)． 

ItEsIII AND 脚 CU l0N 

Combined effect of Epi and Iso on sBP 

of dog  The pharmacodynamie parameters ofthe 

two dmgs used alone：(1)Epi：E一 =7．57 

kPa，K=6．22 nmo1．L～，H=0．79；(2)Iso： 

E一 =6．06 kPa，K = 14．65 nnlo1．L～ ，H = 

1．10． At山e same proportion (Epi：Iso = 

1：4．44)，the comb ined effect of Epi(7．98— 

12．oo)nmol·L and Iso (35．43—53．46) 

nltlO1．L_。，analyzed by the parmneter methods， 

exhibited addition． It exhibited syne喇 sm above 

the range and antagonism below the range at the 

same proportion(Fig 1)． 

4 

{ 2 

0 

． 2 

1． systematicm  0f删  of (mnol·L 】 

andIso(nmoi·L。 )in。0nIl m (Epi：lso=1：4．44】∞ 

SBP of dog Iso+卫枷：3．113+0．硝 (A】。如．12+2．28 

(B)．30．32+6．83(C)．101．23+22．8(D】． 

Cmnbined effect of A0l，BaCh．and 

Atr on guinea p-嚷 ilemn contraction 
phammcodynamie pman~ters of the 3 dnl嚣 used 

alone：(1)ACh：E一 = 325【|lg，K=300．8 

tmaol‘L～，日=0．90；(2)BaC12：E一 =4OO 

nag，K=8．8 tmnol·L_。，H=1．4JD；(3)Atr： 
E一 = 0， K = 0， H = 0． According to the 

pmarr~ter method， ACh comb ined with BaCl， 

(BaC12：ACh= 1 tmnol·L ：35 mnol·LI1) 

indicated syne sm． As ACh and BaC12 

comb ined witIl Atr，the s~erglsm (O values) 
was reduced and becalne antagonism， which 

indicated that Atr was an antagenist． BaC12 
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(0．86—1．42 mmol·L )，ACh (30—5Otmaol 
·L )．and Atr(17．1—28．6 mnol·L )in 

combination at fixed propo rtion (1 mlT101·L ： 

20 mnol·L ：35 gmol·L )exhibited addition． 

At the SaBle proportion，synergism was exhibited 

below the range and antagonism above tlle 

ranget 

Inhibitory effect of S-FU．V-n and eye 

in eombinatlon on lmman 鸳ash{c adenocarci- 

noma cells The pharmacod)q~a．．-nic parameters 

ofthe 3 drugs used alone：(1)5一兀J：E一 =1 

(100％)，K=53．93 gmol·L。。，H=2．48； 
(2)Vim F一 =1(100％)，K=2．27 wnol 
·L～， H = 2．05； (3) Cyc： E一 ： 1 

(100％ )，K =8．85 · _。， ： ． ．,Lcmol L H 2 22 
The combined effect of 5．nJ． Vin and Cyc 

(1昕：3：11)was from addition to syne嘣sm． 
again to addition along witll the increase oftheir 

doses． At the sal11e proportion．tlle combined 
effect indieated synergism as 5．FU was i171 the 

r~lge of 9．17—59．15 Ⅲ110l·L_。，Vin was in 

the r~lge of O．25—6．09 

was in the range of O．94 

Above or below the础 e， 

addition．(_rab 1)． 

Ⅲ 0l‘L～ ，and Cyc 

一 6．09 tm~ol·L～ ． 

the effectwould be 0f 

The data of 5一兀J comb ined tll Vin belong 

to mutually non-exclusive case according t0 e 
median effect prlneiple originated by Chou J， ． 
Change trend and size of 0 or(7／values were 

different by different metlled s in _rab 1． At the 

first point of data，the effect levels of 5一FU and 

Vin used alorle wei'e veIv low and their standard 

elTors were comparatively big． But Jin’s 

method、 J did not take the errors into account so 

that 0 value became so big(6．8)． c'n the 
other hand，it was questionable for 0 = 1．1 

indicating synerg"8nl in Jin’s method and C／= 

1．1 indicating antagorfism in Chou-Talalay 

comb ination index metllad without statistical and 

equalient tests． 

T parameter method 0lJlⅡⅡared wim 

other methods The Darameter method could 

effectively analyze different types of data well 

fittedwith theHill equation (_rab 2)． 

Evaluation of the method Th e parameter 

method call effectively dealwith differentt)33es of 

data well fitted  tll tlle Hi11 equation．which is 

not limited to receptor action of drugs only． D 
vahles can be gotfrom alllevels ofdose—effectfor 

a systematic analysis． T}le results of analysis are 

obtained  by taking the criterion of a special field 

Tab1． 1r~ Cam-S 0f diff~-mt d0se 0f5-FU．V_m aⅡd Lye删 ．m 伽m 删 肌 on hⅢ啪 gasa~ 蝴 即 哪arcl帅 cells 

(eq 田b ti'|e~t'~rlma：5％1 

PM：the parametermethod，+：1>Q>·1 addition，#：口≥lsye．e晒sra；Chou：Chou-l'alalay cmnbino?ionindexmethod 

#：C／<1 synetglmn，一：6'／>1 anta~ sm；Jim Jin’smethod．#：Q>1 s~ergism． 

Tab2． 0如 叫 n 4meIl 

PM ：the paramaer nmthod；CAM：the competitive antagonism method ；Chou：Chou-Talalay combinaffon index methodI1， ；Ji“：Jin’s 

mahOdL J；yes：can he usedt0 deal withthe data；no：can no?he usedto dealwith the data
．  
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and labomtoiy ei'iDr into account． e nmrrher 

of combined drugsi8 notlimited．butwhenmany" 

drugs are combined．it is labol~ous to get dose— 

effect cul~re of ever)"drug． The method Call he 

used for clinical tria1．especially in dealing tI1 

the data in vitro for getting dose—effect ctllTes 

easily and precisely． Curve fitting is better than 

linear regression and must be of statistical 

significance (P<0．01)． Some conditions 

using the parameter method are suggested t}1at 

(1)tI1e data of dose—effect should be well fitted 

with the HiⅡequation；(2)E be examined 
and estimated precisely． T0 qualitative data． 

E⋯ sheuld be Fixed as 1(100％)；(3)A 
range of dose for every dIus in comb ination 

should be kept in tI1e range used separately． 
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关键词 互翅 回丝旦；苎塑蔓垫堡虽；药物联 
合治疗；生物统计学 舞 

目的 ：建立一种新 的分析多药物联用效果 ( 同， 

相加或拮抗 )的方法． 方法 ：根据靶体动力学原 

理，引人药物等效性检验法，建立新的数学模型： 

Q=( —E )／l 。 一曲‘Tl 

(Q≤ 一I拮抗 ，Q≥I 同，I>Q>一I相加) 

其中 E 为药物联用实测效应拟合值 ，E 为联用 

药效期望值 ， 为专业等效标准，大小据专业而 

定，一般为 1O％ (w=0．I)． ％为 E 和 E 共同 

标准误 ， 是单侧 ￡检验 o．  值 ． 并设计不 同实 

验，取得不 同类型具有多重属性的数据 ，用此模 

型对实验结果进行分析 ，并与其他方法比较． 结 

果：本法适用于能用 Hill方程进行拟台的数据，质 

反应数据 E 固定为 1(100％)，不局限于联用药 

物是否作用于受体 ，联用药物数 目不受 限制 ，可 

对数据进行系统分析 ． 所得结论为专业结论和统 

计结论的综合 ． 结论 ：参数法能有效地分析多种 

类型联用数据 ． 
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