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非伤害性信息传递 

， 嫩  · 
(中国科学院上海脑研究所，上海 200031，中国) 

摘要 用多管微电极离子电泳技术研究猫脊髓背角神 

经元活动．80 的神经元被兴奋性氮基酸 NMDA、使 

君子氮酸，卡 固酸或 DL一高磺丙氮酸 (DLH)激活． 

NMDA受体拮抗剂APV和氯胺酮．非NMDA受悻拈 

抗剂 DNQX以及广谱拮抗剂 d一羟基哇啉酸(Kyn)均抑 

制神经元的伤害性反应．Kyn抑制非伤害性反应大大 

强于氯胺酮．NMDA和非NMDA受体均参与介导脊 

髓伤害性反应，非伤害性信息主要由非NMDA受悻 

舟导． 

关_调 笾量堡壁量壁-羔舅 氮基酸受悻-Ⅳ一甲基 
D一门冬氮酸}使君子氮酸I卡固酸I D五一高磺丙氮酸 

翱萄酸 删  
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M  idazolam pharmacokinetics and electr0encephal0graphic changes in 

eight Chinese men 

LU 3ian-- Feng'W U M ao-- Fu，CHEN Gang，X IAN G Bing-- Ren ．A N Deng-- Kui 

(Delsavtment Clinical Phaemac~ Jinlin9 Ho~ital，Naajing 210002，China- Depa~'tment 

Pharmaceutical And塘ms’China Pharmaceutical Univev64Jy，Nasjino 210009，China) 

ABSm ACT Eight Chinese healthy male volunteers 

aged 27士 8 4 a were injected iv midazolam (M id) 15 

mg． Bloed samples were collected at 0．2．5，7，10， 

20，30，I5，60，9O，l20．180．and 240min． A HPLC 

m ethod wa| established 量or determ inin g the M id L'on 

oentratto ns in serum - The conoentratton—time data 

was 矗tted with biexponential c~rve． Pharm scokinetle 

parameters were；T 一6．8士 2．5 min ， 毒 1l8士 27 

min ，V 一 25± 7 L， = 393± 79ml·min～ ⋯V 一 59 

士 l3 L，AUC0一 = 39．6士 B．6 g ·min ·L一1． The 

(EEG )showed a decrease in 

activity and art in crease in B activity· The EEG pat— 

tern reverted toward baseline Ltter 2— 3 h． 

Pharmacokinetie and EEG findings suggest that 

M id 扭 a preferable anesthesia inducing agent． 

KEY W ORDS midazolam } pharmaeokinetics} high 

pressure liquid chromatography； electroen— 

cephalography 

Received 1902-10-26 Accepted 1993-07-15 
Midazolam id is used in anesthes r 一 (M ) iaf0 

Pr。 ct Bupp口fIed by thc^rmy Eigbth Five一 ar R删 cb prem editation’ induction of anesthesia’ and 

’Ptosram． 1ntraoperative hypnosis( -”． But there has 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


·486· BlBLID l ISSN 0263—9756 中雹蔚理学拉 ĉ把 P̂ 口tma∞f。口 似 s‘t批 1993 No ‘14(6) 

been no report on M id kinetics in Chinese． 

Since evaluation of the pharm acokinetic prop— 

erties Of M fd is important for its clinical use，a 

5en5itire H PLC method w as established for 

quantitation Of M id． Pharmace kinetic tourse 

Of M id follow ing a single iv dose w as studied 

in 8 Chinese volunteers and EEG changes were 

observed sim ultaneously． 

M ^TERÎ LS AND M ETHODs 

Volunteers A^er personal approval and written 

consent were obtained，8 healthy men sged 27土 4 a， 

wei|hin$ 6l土 4．5 kg， participated in the study- 

N one was  receiving btnzodiazepines ‘al l were reffained 

血om alcohol， c ne-containiIIB beverages and food 

血om the mtdday prior to the in． st姬ation· 

y desisn All studies were undertaken at 

4l 00 pm in a same room． The subjectlay on a bed． 

Tw o iv catheters were inserted t One fo r blood sam — 

piing and the other in an other arm for injection of Mjd· 

MId maleate (Roche) 15 mg dissolved in 20 mJ of 

D．9 saline was injected in 2 min． W akening was de— 

fined as eyes opened  and COTLSCiousnes$resumed 

Blood sampling Venous blood samples (3 m1) 

Weretakeu at 0，2，5，7，10，l5，20，30，45，6OI 9O， 

120， l80，an d 240 rain after infusion was finished． 

The serum WlClt stored at一 40℃ ． 

m 哪 effect measurement For recording EEG．5 

AgCl electrodes w ere fixed to scalp- Electrode posix 

tions were frontal pole (Fpl，Fp2)，occipital (o1， 

O2)and central zero (C )，according to the interne- 

tinhal l0— 20 system． The normal EEG waves and 

heart beats were recorded  oll paper 5 ra in befo re iv 

M 埘 ． Thc EE0 and heart beats were sinlultan eously 

recorded l0min afteriv andthen recored  1 min every 

16 min afterwards with a 17一channel EEG instrument 

(Ninon Kohden 4217) and EEG sisnals were also 

recorded  in SUN一386 computer for subsequent off-line 

analys is． The injection time，time of onset of sleep· 

tim e of wakening，and respiratory rate were ealculat· 

ed ． 

Assay 0f M Id M 埘 concentrations in serum were 

measured  by re~ rse HPLC(‘ ． Serum aliquo~ of 

O。5ml，towhich 6htzepam wa0ed ded丑丑inte~nal sta~- 

das d．wore mixed  with 25 山 NaoH l tool ·L一‘in a 

co ntrituge tube． The sam ple was  extracted with di- 

ethylether 8 ml for 1 min with a whirl—mixer and then 。 

centrifuged at 2000X for 5 min． Organic phas e (5 

m1)was evaporated to dryness． The residue was d 一 

solved in methanol 100 pl如 d 20 1 w~s injected into a 

modular Shlmadzu HPLC sys tem ·consisting of LC一6A 

pump，SPD-gAV uv detector，C-R6A integrator，an d 

a stainless-steel coiumn (250 mm X 2 mm)prepacked 

with ultrasphere TM C18．3 m． The uv absorban ce 

detection was set at 220 nm ． The mobile phas e c0n— 

siswd of methanol (35l 35l 30．vol 

‘vo1)to which R-butyiamine 1．2 ml per ilter of mo- 

bile phase was added· Final pH of the mobile phase i 

was adjustedto 7．OwithHAean dtheflow ratew船 1 

mI·m ln-1． The retention tim es of diazepam and M 埘 

were 6．5 and 8．3 mit1。respectively． The detection 】 

limit was approximately 10 ng Mid／ml serum The 

CV in this study was < 5 ． 

Data a~al yalJ The e data w ere 

fitted osiris weighted(1／c )least—squares nonlinear re— 

gression analys is with the softwar e package PKBP-N 1- 

The pharm aCokin ctic parameters were calculated fo r 

each volunteer using standard equations- EEG trac— 

lngs before and after iv weTe compared． 

RESUL rS 

The 8 subjects fell~sleep at 58士 l3 

The time of wakening ranged l06— 158 min． 

The M id cOncentratjon at the tim e of wakening 

was 91士 1 4 ng·ml_。． 

Heart rate and respiratory rate did not 

change durin g or after iv M id． In all sub—- 

jects，disappearance of Mid from serum was 

consistent with the two exponential curve(Fig 

1 and Tab 1)． The initjal distribution half— 

life of Mid was rapid，with T of 6．8士 2．6 

min． T he elimination half life佃 { )was 118 

士 27 min． Mid distribution was reasonably 

extensive，with “ values averaging 59士 】3 

L． M ean total clearance was 393 ml·rain一 ． 

T be EEG of 8 men were simUar． After 

6O一 9O sfrom the start of 2rain injection．B 

activity (above l3 Hz)emerged with a de— 

creas e of d activity． T be B activity increased 

rapidly to a maximum 2— 5 min from th÷ end 

of iv·with the disappearance of。rhythm (8一 
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F18 1． M ldu olam concentration in setum of 8 men 

after iv mtdazolam I5 mg． i土 & 

13 Hz)． Thereafter，B activity declined rapid— 

ly． The EEG pattern mainly consisted of 

activity with well—m odulated spindling． Then 

the frequency and heisht of EEG waves de— 

creased gradually． Prior to wakening， some 

measurable 吐 rhythm reappeared． The rflen 

waked after 2——3 h and EEG pattern reverted 

to the baseline (Fis 2)． 

DISCUSsl0N 

The results showed that M id bad only a 

minor effect on the respiratory and cardiovas— 

cular system． All men waked up in 1O6— 158 

ra in which was m uch longer than the duration 

reported by Breimer“ al[”． In a study simi一 

0m／n 

‘m／n 

Fl窖 2 ． EEG tracing (Fp I )from a man after Iv 

m tdu olam 15m g． 

1ar to ours Breimer“ Ⅱ￡gave 15 mg M id as a 

5-min infusion to 8 young male volunteers 

weighing 75士 d kg，they found that all volun- 

teers waked up in 60— 7O min ． The differ— 

ences of the results might be explained by 

which method was used． The studies of 

Breim er etⅡZ took place in the m orning and 

vigilance was m aintained by regular verbal 

contact． Our study took place in the after— 

noon and no visilance WaS maintained，so the 

subjects slept longer easily． 

KIn etic findings showed that M id was a 

short-acting benzodinzepine derivative that WaS 

rapidly cleared from plas ma． After a quick 

distribution of a phase( 一 6．8 min)，elimi- 

nation of M id proceeded with a half life aver— 

aging 119 man in Chinese Rqen． This was coil— 

sistent with that reported in  sim ilar stud— 

ies[J， - 

Tab I．Pharmacoklnetlc parameters for mldagolam ln individual sulHeeU 
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